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ARTICLE INFO ABSTRACT
Article history: Background: The molecular reclassification of the order Trichosporonales placed the medically rel-
Received 9 June 2020 evant Trichosporon species into three genera of the family Trichosporonaceae: Cutaneotrichosporon,
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- J . Trichosporon, and Apiotrichum. From the clinical and epidemiological standpoint, it is important to identify
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any species of the family Trichosporonaceae because they present different antifungal susceptibility pro-
files. In Mexico, little is known about trichosporonosis etiology because the fungi are identified through

Keywords: phenotypic methods.
;Zf:g;f;;;" Aims: To identify at a molecular level 12 yeast isolates morfologically compatible with Trichosporon,
Cutaneotrichosporon obtained from pat1er}ts with superﬁcm! infections. ‘ ‘ ‘ ‘ .
IGS Methods: The yeast isolates were obtained from patients with white piedra, onychomycosis, and hand
Dermatomycosis and foot dermatomycosis, and were identified morphologically and genotypically (sequencing of the IGS1
region and phylogenetic analysis using the Maximum Likelihood Method). The phylogenetic analysis
included 40 yeast sequences from the order Trichosporonales and one from Cryptococcus neoformans as
outgroup.
Results: Based on the molecular analysis, we identified three (25%) Trichosporon inkin isolates, two
(16.7%) Trichosporon asteroides, two (16.7%) Cutaneotrichosporon mucoides, and one each (8.3%) of Tri-
chosporon aquatile, Trichosporon asahii, Apiotrichum montevideense, Cutaneotrichosporon cutaneum, and
Cutaneotrichosporon jirovecii.
Conclusions: The molecular characterization of the isolates showed a broad diversity of species within
the order Trichosporonales, particularly among onychomycosis. It is essential to identify these yeasts at
the species level to delve into their epidemiology.
© 2021 Asociacion Espariola de Micologia. Published by Elsevier Espaiia, S.L.U. All rights reserved.
Identificacion molecular de levaduras del orden Trichosporonales causantes de
infecciones superficiales
RESUMEN
Palabras clave: Antecedentes: Lareclasificacion molecular del orden Trichosporonales ubicé las especies de Trichosporon
Trichosporon de importancia médica en tres géneros en la familia Trichosporonaceae: Cutaneotrichosporon, Tri-
Apiotrichum chosporon y Apiotrichum. Desde la perspectiva clinica y epidemiolégica es importante la identificacién
lcé'smneommosmmn de las especies dentro de la familia Trichosporonaceae debido a sus diferentes perfiles de sensibilidad a

los antifiingicos. En México, la etiologia de la trichosporonosis es poco conocida porque los hongos son

Dermatomicosis . . ; P
identificados por métodos fenotipicos.
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Objetivos: Identificar molecularmente 12 aislamientos de levaduras, morfolégicamente compatibles con
el género Trichosporon, recuperados de pacientes con infeccién superficial.

Meétodos: Los 12 aislamientos, procedentes de pacientes con piedra blanca, onicomicosis y dermatomi-
cosis de las manos y los pies, fueron identificados morfolégica y genotipicamente (secuenciacion de la
regién IGS1 y anadlisis filogenético con el método de maxima verosimilitud). En el andlisis filogenético se
incluyeron 40 secuencias de levaduras del orden Trichosporonales y una de Cryptococcus neoformans como
grupo externo.

Resultados: En base al analisis molecular se identificaron tres (25%) aislamientos de Trichosporon inkin,
dos (16,7%) de Trichosporon asteroides, dos (16,7%) de Cutaneotrichosporon mucoides y uno (8,3%) de cada
una de las siguientes especies: Trichosporon aquatile, Trichosporon asahii, Apiotrichum montevideense,
Cutaneotrichosporon cutaneum y Cutaneotrichosporon jirovecii.

Conclusiones: La caracterizacién molecular de los aislamientos mostré una diversidad de especies dentro
del orden Trichosporonales, especialmente en las onicomicosis. Es importante identificar estas levaduras
a nivel de especie para profundizar en su epidemiologia.

© 2021 Asociacion Espaiiola de Micologia. Publicado por Elsevier Espafia, S.L.U. Todos los derechos

reservados.

Trichosporonosis is an opportunistic infection caused by some
yeasts of the genus Trichosporon.® These yeasts, which are occasion-
ally part of the microbiota of skin, mucous membranes and nails
of mammals, can cause superficial trichosporonosis (white piedra,
onychomycosis, and foot dermatomycosis), genitocrural piedra and
invasive disease (peritonitis, endocarditis,among others), as well as
allergic pneumonia.”!” Invasive trichosporonosis primarily affects
immunosuppressed individuals, while superficial infections and
allergic pneumonia are mainly diagnosed in immunocompetent
hosts.*> The species most commonly associated with hematoge-
nous and disseminated infections is Trichosporon asahii, whereas
Trichosporon asteroides and Trichosporon cutaneum are predomi-
nant in superficial infections, Trichosporon inkin in white piedra of
the hair and Trichosporon ovoides in the genital area. However, any
species can cause an invasive infection with a bad prognosis, which
is particularly unfavorable for immunosuppressed patients.!0.14.19

Until recently, Trichosporon domesticum, Trichosporon montev-
ideense, T. cutaneum, Trichosporon dermatis, Trichosporon jirovecii,
Trichosporon mucoides, T. asahii, T. asteroides, Trichosporon coremi-
iforme, Trichosporon faecale, T. inkin, Trichosporon japonicum,
Trichosporon lactis, T. ovoides, Trichosporon loubieri, and Tri-
chosporon dohaense were known as the medically relevant
species of the genus Trichosporon (class Tremellomycetes, order
Trichosporonales, and family Trichosporonaceae).” However,
tremellomycetes were recently reclassified based on phylogenetic
analyses using sequences from different genes: the small sub-
unit (SSU or 18S), the D1/D2 domains of the large subunit (LSU
or 26S) rDNA, and the rDNA internal transcribed spacer (ITS1
and ITS2, including 5.8S) regions. Two subunits of the RNA poly-
merase I (RPB1 and RPB2), the translation elongation factor 1-a
(TEF1) and the mitochondrial cytochrome b gene (CYTB) were
also considered.’>?3 This reclassification caused changes in the
Trichosporon genus since the medically relevant species were relo-
cated in three genera: Cutaneotrichosporon (Cutaneotrichosporon
cutaneum, Cutaneotrichosporon jirovecii, Cutaneotrichosporon der-
matis, Cutaneotrichosporon mucoides); Trichosporon (T. asahii,
T. asteroides, T. coremiiforme, T. faecale, T. inkin, T. japonicum, T. lactis,
T. ovoides, and T. dohaense), and Apiotrichum (Apiotrichum domes-
ticum, Apiotrichum montevideense, and Apiotrichum loubieri).'®
Therefore, the identification of any fungus in the order Tri-
chosporonales is necessary from both clinical and epidemiological
perspectives to determine the specific pathological agent and to
implement a proper antifungal therapy since different susceptibil-
ity profiles have been reported depending on the species.!??!

In clinical laboratories, yeasts’ identification is often based
on morphological (observation of arthroconidia, hyphae, blas-
tospores, and trichoid bodies) and biochemical criteria using the
API 20C AUX and Vitek 2 Compact YST (bioMérieux, Marcy I'Etoile,

France) systems. Nonetheless, several authors have demonstrated
that these methods are inadequate to identify the species within
the order Trichosporonales since these methods only allow to
identify three species (T. asahii, T. inkin, and C. mucoides).'%'* For
this reason, the sequencing of the intergenic spacer 1 (IGS1) of
the D1/D2 domain and the ITS regions is now being used for the
molecular identification of Trichosporon species, being the IGS1
region the most relevant for this purpose.'®?2 These molecular
methods enhance the knowledge about the species distribution
and their genotypes, providing a better understanding of the
trichosporonosis epidemiology.'? In several countries, including
Mexico, both the incidence and the specific etiology of this disease
are poorly recorded, mainly because the pathogens are identified
only phenotypically. For this reason, this study was designed
to re-identify through sequence analysis of the IGS1 region, 12
isolates recovered from patients with superficial infections in
Mexico City that were identified previously as Trichosporon spp.
by their phenotypic characteristics.

Material and methods
Clinical isolates

This study included 12 clinical yeasts obtained between January
and December 2018 in a third-level hospital. The isolate source,
diagnosis, and underlying conditions of the patients are included
inTable 1.In order to improve the isolation of any fungus from nails
the technique described by Fernandes-Meireles et al. was carried
out.® Samples of scales and hair were collected according to Del Boz
etal®

Morphological analysis

The isolates were cultured in Sabouraud agar (BD Bioxon™, MX)
tubes at 28 °C, and their macroscopic and microscopic morpholo-
gies were observed.!®

Molecular identification

Genomic DNA extraction: The yeasts were cultured in 15 ml of
YEPD broth (yeast extract 10%, peptone 10%, dextrose 20%), with
shaking (150 rpm), until the ODgg( reached the value 10. The cells
were recovered by centrifugation at 7500 rpm for 10 min. After-
wards, DNA was extracted according to Bolano et al.> Then, the
DNA was eluted with 50 pl of sterile MiliQ water. The quality
and concentration of the obtained DNA were determined using
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Table 1

Isolates according to the type of infection and underlying condition of every patient.

121

Isolate Source Diagnosis Underlying conditions
11 Scalp White piedra NA
12 Scalp White piedra NA
70 Toe nail TDO NA
97 Toe nail DSO NA
143 Toe nail DLSO NA
152 Toe nail DSO Scleroderma
178 Toe nail and soles TDO/Feet dermatomycosis Lung cancer
220 Toe nail TDO NA
267 Hair White piedra Asthma
374 Toe nail TDO Venous insufficiency
380 Hand Hand dermatomycosis NA
600 Feet interdigital scale Feet dermatomycosis Breast cancer

NA: not available; TDO: total dystrophy onychomycosis; DSO: distal subungual onychomycosis; DLSO: distal and lateral subungual onychomycosis.

spectrophotometry at 260 nm (Spectrophotometer DS-11, DeN-
ovix, USA).

PCR: The IGS1 region was amplified by PCR using the
primers 26SF (5'-ATCCTTTGCAGACGACTTGA-3’), and 5SR (5'-
AGCTTGACTTCGCAGATCGG-3).2" The PCR was performed in a
thermocycler (model T100; Bio-Rad Laboratories Inc., USA) with a
first denaturation at 94 °C for 3 min, followed by 30 cycles of 94°C
for 30s, 57°C for 30s, and at 72 °C for 1 min, and a final extension
at 72 °C for 10 min. The amplification products were separated by
electrophoresis in 1,5% agarose gels in TBE 0,5X buffer (45 mM Tris-
Base, 45 mM boric acid, 1 mM EDTA and pH 8.3) at 90V for 60 min,
and visualised by GelRed 30 X stain (Biotium, USA). The 100 bp DNA

ladder (Jena Bioscience™, Jena, GE) was used as a molecular size
marker. The Molecular Imager® Gel Doc™ XR (Bio-Rad Labora-
tories) was used to capture the gel images. The expected size of
the amplicons was in the range of 195-719 bp, depending on the
species.??

Sequencing: The amplicons were purified with the Agarose Gel
Extraction Kit (Jena Bioscience™) and sequenced with the 26SF and
5SR primers at the Genomic Services Unit in LANGEBIO (CINVES-
TAV, MX). The obtained sequences were deposited in the GenBank
database (accession no: MT531540-MT531551).

Phylogenetic analysis: The amplicon sequences were edited
with the program BioEdit ver. 7.2.5'2 and compared with

:
-
Fig. 1. Colonial (a) and microscopic (b) morphology of Trichosporon isolate 267.
Table 2
Identification of the studied isolates based on the BLAST analysis.

Isolate Identity (%) Query cover (%) e-value Species Accession no.
11 100 100 0.0 T. inkin AB066424
12 100 100 0.0 T. inkin AB066424
70 100 100 0.0 T. aquatile AB066403
97 100 100 5e-170 C. cutaneum MG708456

100 100 5e-170 T. domesticum FJ754252

143 100 100 0.0 T. asteroides EU934802

152 100 100 0.0 C. mucoides MH879573

178 100 100 0.0 T. asahii MN255830

220 100 100 0.0 T. montevideense AB066431

267 100 100 0.0 T. inkin KM488289

374 100 100 0.0 T. asteroides EU934802

380 99.69 100 3e-167 C. jirovecii MG708460

99.69 100 3e-167 C. mucoides MG746595
99.69 100 3e-167 C. cutaneum MG912611
600 100 100 0.0 C. mucoides MH879573
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MHS79575 Trichosporon azahii strain 16L80935
JF302591 Trichosporon asahii strain PUMCHSZ6443
Isolat= 178

JF303024 Trichosporon asahii strain PUMCHSW2883

AB439007 Irichosporon coremiiforme strain 1120-01
KN488281 Trichosporon fascals strain L§331-EB0S7B

AB066405 Irichosporon asteroides strain CBS2481

Tsolate 143 ) A
Lsolats 374 Trichosporon

100 | AB066403 Trichosporon aguatils strain CBS5973
Isolatz 70
100" KT936598 Trichosporon ovoides strain PGIV12
L KT936600 Irichosporon ovoidss strain PGIV2
JF302980 Trichosporon inkin strain PUNMCHBY 23

94
Isolate 11
T Isolate 267
— ABO066424 Trichosporon inkin strain CBS3585

Isolate 12 —

$1

1001 JX124688 Trichosporon loubieri strain CBS7063
93 I | AB066428 Trichosporon loubieri strain CB37065
NF401393 Apionichum loubieri strain ZYFG01

[—— AB066421 Trichosporon gracile strain CB38189
100 MG708453 Apionichum gracile strain jyz1251
AM2635559 Vanrjja albida strain HB466
18] AM265558 Vanrjja albida strain HBS2
100 AM265557 Vanrija albida strain HBS1
AM263560 Vanrjja albida strain HB467

Vanrija

Apiotrichum
MG708448 dpionichum brassicae strain jyz12353

JF302982 Trichosporon domesticum strain PUMCHBY 20

B3 MG708443 Apionichum domesticum strain jyz983
JF302983 Trichosporon domesticum strain PUMCHBY21

100 | JF302984 Trichosporon domesticum strain PUNMCHBY22
JF302981 Trichosporon domesticum strain PUNCHNJ32

94\ KY421053 Apionichum montevidesnse strain FOS01
1091 Isolate 22

4 AB066438 Trichosporon sporonichoides strain CBS8246
_:AB066435 Trichosporon porosum strain CB32040 -
KP453832 Trichosporon mucoides strain XFN-JGC

Isolate 152
Isolatz 600

EUS34806 Trichosporon mucoides strain CBS7623
KN821100 Tnichosporon mucoides strain ATCC 50046
NH879573 Cutaneonichosporon mucoides strain 1618565

KT93655%4 Trichosporon mucoides strain PGIV11
AB066430 Trichosporon moniliiforme steain ETS3-1 | Cutaneotrichosporon

MG708456 Cutaneomichosporon cutaneum strain jyz30202

Isolatz 67

JF302586 Trichosporen cutancum strain PUNMCHBY28

JF302978 Trichosporen jirovecii strain PUMCH6Z2374
JF30297% Trichosporon jirovecii strain PUNMCH6Z10950

KY421055 Curaneonichosporon jirovecii strain F2601
Isolata 380

=
KX721893 Craprococcus neaformans strain Pu-Ca-E530

|y T
00

Fig. 2. Phylogenetic analysis with the maximum likelihood (ML) method based on the model GTR (General Time Reversible) implemented in the MEGA 6 program. The
branch support was inferred through a non-parametric start program.
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registered sequences in GenBank through the BLAST program
(http://www.ncbi.nim.nih.gov/).2 The alignment of the sequences
was performed with the program Muscle implemented in MEGA
6.0.2* With the maximum likelihood statistical method a phylo-
genetic tree was constructed, and the groups’ node significance
was determined with 1000 repetitions (bootstrap). The analysis
included 40 yeast sequences (available in the GenBank) that belong
to yeasts within the order Trichonosporales. A Cryptococcus neofor-
mans (KX721893) sequence was also incorporated as outgroup.

Results

The studied isolates showed the typical morphology of the
yeasts within the order Trichosporonales. The colonies were
whitish, waxy, and cerebriform (Fig. 1a). The amplification of the
IGS1 region showed fragments within the range 328-716 bp.

The sequence analysis of the 26S-5S region of the rRNA
intergenic spacer showed a high percentage identity with the Tri-
chosporon, Cutaneotrichosporon and Apiotrichum genera. (Table 2).
In the phylogenetic tree constructed with the IGS1 sequences
the studied isolates and the reference sequences were grouped
according to the genus: Trichosporon, Cutaneotrichosporon, and Api-
otrichum. The genus Vanrija was placed with Apiotrichum.

Within the genus Trichosporon, sequences from isolates 11,
12 and 267 were grouped with reference sequences of T. inkin
(AB066424 and JF302980); isolate 70 was grouped with the refer-
ence sequence of T. aquatile (AB066403); isolates 143 and 374 were
grouped together, and with the reference sequence of T. asteroides
(AB066405); and the isolate 178 was grouped with the reference
sequences of T. asahii (MH879575, JF302991, and JF303024). All
these groupings were supported by a 100% bootstrap value (Fig. 2).
In the Apiotrichum genus, isolate 220 was grouped with the ref-
erence sequence of A. montevideense (KY421053) with a 100%
bootstrap. Finally, for the Cutaneotrichosporon genus, isolates 152
and 600 were grouped with the reference sequences of C. mucoides
(MH879573) and T. mucoides (KP453832, EU934806, KM821100
and KT936594) with 100% bootstrap; isolate 97 was grouped with
the reference sequence of C. cutaneum (MG708456) (bootstrap
95%), and isolate 380 was grouped with the reference sequence
of C. jirovecii (KY421055) (bootstrap 100%).

Discussion

Trichosporonosis is commonly diagnosed based on the pheno-
typic characteristics of the isolate, something that, oftentimes, does
not lead to a correct species identification.>2> For this reason, and
similarly to what has happened with other genera of fungi, molecu-
lar methods are recommended for the correct identification of the
yeast species previously classified within the genus Trichosporon,
currently separated into three genera: Trichosporon, Apiotrichum,
and Cutaneotrichosporon. The preferred molecular method is the
analysis of the IGS1 region.!>2122 However, these methods are not
used regularly in clinical laboratories, leading to a lack of data about
genera and species distribution. This study characterized 12 yeast
isolates from patients diagnosed with white piedra, onychomyco-
sis, and hand or foot dermatomycosis. Based on the morphological
analysis, all 12 isolates were identical, showing a morphology com-
patible with the genus Trichosporon. However, only seven isolates
(11, 12, 70, 143, 178, 267, and 374) belonged to the genus Tri-
chosporon according to the analysis of the IGS1 region sequences;
one isolate (220) belonged to the genus Apiotrichum, and two (152
and 600) to Cutaneotrichosporon. Two isolates showed ambiguous
results, as isolate 97 showed 100% similarity with species from two
different genera: C. cutaneum and T. domesticum (A. domesticum).
Isolate 380 showed a high percentage of similarity with three

species of the genus Cutaneotrichosporon: C. jirovecii, C. mucoides,
and C. cutaneum. This ambiguity was solved by observing the phy-
logenetic tree, where isolate 97 groups with C. cutaneum and isolate
380 with C. jirovecii. Based on all the obtained results, we identi-
fied three T. inkin (11, 12 and 267) isolates, two T. asteroides (143,
374), two C. mucoides (152 and 600) and one each of T. asahii
(178), A. montevideense (220), C. cutaneum (97), T. aquatile (70)
and C. jirovecii (380). The three isolates identified as T. inkin were
recovered from patients with white piedra, which coincides with
literature reports in which T. inkin and T. ovoides are found the
most frequent etiological agents of this disease.'?' On the other
hand, the isolates identified as T. asteroids (143, 374), T. aquatile
(70), C. cutaneum (97), T. asahii (178), T. montevideense (220) and
C. mucoides (152) were obtained from patients with onychomyco-
sis. It is worth mentioning that although these fungi may colonize
nails already infected by dermatophytes, our isolates were the pri-
mary pathogens. This fact has also been described in other studies
where T. asahii, C. mucoides, T. inkin, T. ovoides, T. asteroides, T. fae-
cale, and C. cutaneum were isolated as etiological agents in nail
infections.!13:1620 It is worth noting that, to our knowledge, no
information in the literature was found regarding T. aquatile as
an onychomycosis pathogen, so our case could be the first report.
Finally, the isolates identified as T. asahii (178), C. mucoides (600),
and C. jirovecii (380) were obtained from patients with dermatomy-
cosis on feet or hands. Other authors also found the aforementioned
yeasts as the causative agents of dermatomycosis in patients with
suspected tinea pedis and tinea manuum.”!! It is important to
highlight thatisolates 178 and 600 (T. asahii and C. mucoides, respec-
tively) were obtained from chronically ill patients (breast and lung
cancer, and scleroderma) undergoing a treatment with immuno-
suppressive agents. Those agents are risk factors for developing
superficial or invasive infections caused by trichosporonales.!”

Despite the small sample size, the diversity of species belong-
ing to the order Trichosporonales found as etiological agents in
superficial infections gives us a glimpse about the importance of
identifying any yeast at the species level, especially due to potential
antifungal resistances. It has been reported in vitro resistance to
amphotericin B in T. asahii and resistance to triazoles in non-T.
asahii Trichosporon species.?! It is also well known that superfi-
cial infections may spread to the subcutaneous tissue and even
deeper, causing severe systemic disease in immunosuppressed and
immunocompetent patients.*

Conclusions

The molecular characterization of the studied isolates revealed a
wide variety of trichosporonales as etiological agents of superficial
infections, particularly in onychomycosis. Therefore, identifying
these yeasts at the species level is essential to broaden the knowl-
edge of their epidemiology.
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