
Among the wide range of fungi responsible for inva-
sive infections in humans, species within the Tricho-

sporonaceae family are generally considered rare or  

uncommon pathogens (1–4). However, recent reports in-
dicate an increasing incidence in both high-income and 
resource-limited countries over the past decade (2,4–6).
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Fungi in the family Trichosporonaceae are rarely in-
volved in invasive disease but are frequently associated 
with colonization or respiratory allergic infection. Tricho-
sporonaceae exhibit intrinsic resistance to echinocan-
din antimicrobial drugs, posing challenges for treatment 
and contributing to high mortality rates. We compiled a 
nationwide analysis of 112 cases of invasive disease 
caused by Trichosporon spp. and related fungi, diag-
nosed in France over 20 years, that combined clinical 
data, susceptibility profiles, and molecular identification. 

We identified 12 species; T. asahii was the most com-
mon species recovered, and the new species T. aus-
troamericanum was next. Comparison of clinical data 
highlighted species and genotypic differences, such as 
a much higher proportion of children infected by T. asa-
hii and major differences in antimicrobial drug suscepti-
bility. Correct identification is not only of epidemiologic 
interest but also necessary for patient management be-
cause of the varying clinical and microbiological charac-
teristics found in different species.
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Trichosporonaceae is a family of basidiomyce-
tous, yeast-like fungi that produce arthroconidia and 
are commonly found in air, soil, and water worldwide 
(7). Trichosporonaceae can also be recovered from con-
taminated materials or medical devices. Some species 
are part of the normal or transient human microbiota, 
particularly on the skin and in the gastrointestinal tract 
(8–11). After taxonomic revisions, clinically relevant 
Trichosporonaceae are now distributed into 3 genera, 
Trichosporon, Apiotrichum, and Cutaneotrichosporon. Each 
genus contains multiple species known to cause inva-
sive infections in humans (12–14). T. asahii remains the 
most frequently reported species responsible for inva-
sive fungal disease (IFD) caused by Trichosporonaceae 
(5,6,9,15–17), but it is also known to cause summer-type 
hypersensitivity pneumonitis, particularly in Japan 
(18,19). This species is also considered the most virulent 
among Trichosporonaceae and demonstrates higher 
MICs for amphotericin B and azoles than other fungi 
(15,17,20–22). The distribution of other species varies, 
but typically Cutaneotrichosporon dermatis, T. asteroides, 
C. mucoides, T. inkin, and T. faecale are relatively com-
monly involved in IFD (2,4,5,17,21,23,24), and T. inkin is 
recognized as a leading cause of white piedra (25).

IFD caused by Trichosporonaceae has a high mor-
tality rate, ranging from 30% to 90% (4,24,26,27). Such 
infections are commonly associated with hematologic 
malignancies (1,2,28) and are frequently reported in 
pediatric populations (26). Immunosuppressed pa-
tients are particularly at risk, especially those with 
central venous catheters, urinary or peritoneal cath-
eters, broad-spectrum antimicrobial drug use, corti-
costeroid therapy, intensive care unit (ICU) stays, or 
prior exposure to echinocandins such as caspofungin, 
to which Trichosporonaceae fungi are intrinsically re-
sistant (1,3,4,23,29,30). Clusters of infection have been 
described previously (16). Current treatment guide-
lines recommend voriconazole monotherapy for IFD 
caused by Trichosporonaceae (28,31), although other 
azoles and amphotericin B are also commonly used. 
Some studies advocate combination therapy with am-
photericin B and voriconazole (17,20).

Despite the clinical relevance of Trichosporona-
ceae infections, epidemiologic data from multicentric 
studies remain scarce (4), and most information stems 
from case reports or small patient cohorts (6,27). Be-
cause of the variability in antimicrobial drug sus-
ceptibility across species, accurate identification is 
essential for both epidemiologic understanding and 
clinical management (1,21). In this article, we report 
112 episodes of IFD caused by Trichosporonaceae,  
diagnosed during 2002–2022 in France. The cases 
were documented across 41 centers and are supported  

by clinical data, precise molecular identification, and 
antimicrobial susceptibility testing.

Materials and Methods

Clinical Data
We included in the study all first episodes of IFD 
caused by Trichosporonaceae notified at the National 
Reference Center for Invasive Mycoses and Antifun-
gals (NRCMA) during 2002–2022. Demographic and 
clinical data concerning the patients were collected 
during prospective national surveillance programs. 
The surveillance of the NRCMA was approved by 
the Institut Pasteur Institutional Review Board 1 (ap-
proval no. 2009–34/IRB) and the Commission Na-
tional de l’Informatique et des Libertés, according to 
French regulations. The YEASTS program collected 
information and strains corresponding to fungemia 
episodes in hospitals near Paris during 2002–2022 (1). 
The Réseau de Surveillance des Infections Fongiques 
(RESSIF) program centralized data on IFD episodes, 
without selection bias, from 36 hospitals throughout 
France, diagnosed during 2012 and 2022 (32).

We collected demographic and clinical data by 
using electronic case report form designed on the 
VOOZANOO platform (http://www2.voozanoo.
net). We conducted statistical analyses by using Stata 
software version 17 (StataCorp, LLC, https://www.
stata.com). We expressed categorical variables as per-
centages and continuous variables as medians +SD. 
We evaluated differences between the groups by us-
ing χ2 or Fisher exact tests and considered p values 
<0.05 statistically significant. We conducted Shapiro-
Wilk tests to determine the distribution of MIC val-
ues for genotypes 1, 3, and 4 of T. asahii and then per-
formed a Kruskal Wallis or analysis of variance test.

Isolates
As part of this prospective surveillance program, clin-
ical isolates were sent to the NRCMA for complemen-
tary investigations, including species identification 
and in vitro antifungal susceptibility testing by the 
EUCAST method. Depending on the period, methods 
for identification were different (ID32C carbon assim-
ilation profiles or matrix-assisted laser desorption/
ionization time-of-flight mass spectrometry profiles 
associated with internal transcribed spacer [ITS] or 
intergenic spacer [IGS] region sequencing), but when 
it was possible ITS+IGS regions were sequenced pro-
spectively or retrospectively. For the isolates (n = 3) 
not sent to the active surveillances programs YEASTS 
or RESSIF (32,33) and from before 2008, retrospective 
identification was not possible.
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We amplified ITS regions by PCR by using pan-
fungal primers V9D (5′-TTAAGTCCCTGCCCTTTG-
TA-3′) (34) and LS266 (5′-GCATTCCCAAACAACTC-
GACTC-3′) (35) and the IGS region by using 26SF and 
5SR, as previously reported (14). We edited sequences 
by using Geneious Prime software (https://www.
geneious.com). We trimmed ITS region sequences 
with sequences of primers ITS1 (5′-TCCGTAGGT-
GAACCTGCGG-3′) and ITS4 (5′-GCATATCAATA-
AGCGGAGGA-3′) and IGS1 region sequences by 
using sequences SCTTTGSACT and ACYGCATCC, 
adapted from previous reports (14).

For species identification, we compared concate-
nated sequences of ITS and IGS regions of the clinical 
isolates with concatenated sequences of type strains. 
When sequences of isolates had a percentage of simi-
larity with sequence of type strain >98%, we consid-
ered isolates as belonging to the same species. When 
the percentage was 90%–98%, we suggested that iso-
lates could belong to a putative undescribed species, 
and we named them with a cf. in front of the species 
name. For those isolates, we deposited sequences into 
GenBank (accession nos. PV575975–8).

We conducted multiple alignments of 106 
ITS+IGS concatenated sequences of 1,556 bp (95 clini-
cal isolates and 11 type strains) by using multiple 
sequence comparison by log-expectation alignment 
and constructed a neighbor-joining tree by using a 
Hasegawa-Kishino-Yano model with a bootstrap 
analysis of 1,000 replicates. We used a newick tree 
to design a cladogram with Itol software version 1.9 
(https://itol.embl.de). We used IGS1 sequences for T. 
asahii isolates to determine genotype.

Antimicrobial Susceptibility Profile
We determined MICs for fluconazole, voriconazole, 
posaconazole, and flucytosine for all isolates accord-
ing to the EUCAST broth microdilution standard-
ized method (https://www.eucast.org/fileadmin/
src/media/PDFs/EUCAST_files/AFST/Files/
EUCAST_E.Def_7.4_Yeast_definitive_revised_2023.
pdf). We also determined caspofungin, micafungin, 
and amphotericin B MICs with a modified version 
of the protocol, which uses AM3 medium instead of 
RPMI medium as described previously (36).

We calculated values of MIC inhibiting at least 
50% (MIC50) or 90% (MIC90) of the isolates among 1 spe-
cies. Of note, neither EUCAST nor Clinical and Labora-
tory Standards Institute currently publish breakpoints 
for any Trichosporonacea species. Recently, EUCAST 
proposed interpretation of amphotericin B and anidu-
lafungin MICs for Trichosporon spp.; but because we 
did not use standard conditions to determine MICs for 

amphotericin B, we cannot take those values into ac-
count. However, epidemiologic cutoffs have been pro-
posed for fluconazole for T. asahii and for fluconazole 
and voriconazole for C. dermatis (https://www.eucast.
org/fileadmin/src/media/PDFs/EUCAST_files/
AFST/Files/EUCAST_guidance_for_Rare_yeast_
with_no_breakpoints_final_clean_19-06-2024.pdf).

Phenotypic Observation
We examined the macroscopic appearance of 10 isolates 
belonging to species of the ovoides clade, containing the 
main Trichosporon species involved in IFD. Those iso-
lates were CBS 4828 type of T. faecale, CNRMA15.795 T. 
cf. faecale, CBS 5585 neotype of T. inkin, CNRMA20.443 
T. austroamericanum, CBS 2482 type of T. coremiiforme, 
CNRMA19.523 T. cf. coremiiforme, CBS 7556 neotype of 
T. ovoides, CBS 9051 type of T. lactis, CBS 9052 type of T. 
caseorum, and CBS 2479 type of T. asahii.

We prepared a suspension concentrated at 2.105 
cells/mL on the basis of a fresh culture of isolates in 
sterile water. We determined concentration by us-
ing luna cell counting slides (Logos Biosystems Inc., 
https://logosbio.com). Then, we deposited 2 µL of 
the solution on Sabouraud agar plates and incubated 
at 20°C. We measured the size of the colony after 4, 
5, 6, 7, and 10 days and noted color and appearance.

Results

Episode Characteristics
During 2002–2022, a total of 112 cases of IFD caused 
by Trichosporonaceae, mainly bloodstream infec-
tion (77.7%), concerning 112 patients, were reported 
to the NRCMA from 41 hospitals in France (37 met-
ropolitan and 4 overseas) (Table 1). Most patients 
were male (66.1% vs. 33.9% female); median age was 
43.77 years, and a high percentage were extreme ages 
(18.8% children <15 years of age and 17.9% adults 
>65 years of age). The main underlying conditions 
were hematologic malignancies (39.3%), recent sur-
gery (<30 days from diagnosis; 28.6%), and solid 
organ transplantation (11.6%). Twelve patients also 
had diabetes mellitus, 7 had traumas (generally se-
rious accidents involving contact with plants, such 
as being crushed by a tree, or mower or rototiller 
accidents resulting in multiple fractures or amputa-
tions), and 23 were neutropenic. Risk factors associ-
ated were stay in ICU (45.9%), presence of catheter 
(56.3%), immunosuppressive drugs (37.5%), or ad-
ministration of steroids (22.3%). At least 33.9% of pa-
tients received antimicrobial drugs before IFD diag-
nosis, mainly echinocandins (24.1%). Most patients 
received antimicrobial drugs after diagnosis (90.2%), 
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mainly with voriconazole (57.1%). Mortality by day 
30 after diagnosis was 38.4%.

Of note, among the 112 episodes, 14 corresponded 
to mixed infections. Those patients were simultane-
ously infected with 1 or 2 additional fungal species, 
mainly ascomycetous yeast (n = 9) at the same infection 
site (Appendix Table, http://wwwnc.cdc.gov/EID/
article/32/1/25-0504-App1.pdf). Those episodes were 
caused by 6 different species of Trichosporonaceae, al-
though T. asahii was involved in most cases (9/14).

Species Diversity
Among the 112 episodes studied, 101 isolates from 101 
episodes were sent to the NRCMA. On the basis of the 
ITS+IGS sequencing, 94 isolates belonged to 9 already 
described species, distributed across 3 genera (Tricho-
sporon [n = 5], Apiotrichum [n = 2], Cutaneotrichosporon 
[n = 2]). Seven isolates corresponded to 3 putative un-
known species: 4 closely related to T. faecale (GenBank 
accession nos. PV575976 and PV575977), 2 to T. coremi-
iforme (GenBank accession no. PV575975) and 1 to A. 
loubierii (GenBank accession no, PV575978) (Figure 1).

Most isolates belonged to the Trichosporon ge-
nus (90.1%). Two species represented most cases of 
IFD caused by Trichosporonaceae in France: T. asahii 
(51.5%) and the species recently described as T. aus-
troamericanum (22.8%), which is closely related to T. 
inkin (Figure 2). Among the 58 cases of T. asahii, 51 
isolates were received at the NRCMA. On the basis of 
IGS sequencing, 6 genotypes were identified, mainly 
genotype 1 (n = 25) and genotypes 3 (n = 11) and 4 (n 
= 11), followed by genotype 7 (n = 2), genotype 5 (n = 
1), and 1 isolate with an undefined allele.

Episodes of IFD caused by Trichosporonaceae 
were reported under several national surveillance 
programs. If we compare the distribution of species 
and the number of episodes by year over the same 
period for the RESSIF program and the YEASTS pro-
gram, the proportion of T. asahii is higher among the 
YEASTS program than among the RESSIF survey but 
the opposite for T. austroamericanum. A trend for an 
increased number of episodes over time in the RESSIF 
survey was seen (Figure 3).

In Vitro Antimicrobial Drug Susceptibility
Voriconazole appears to be the most active antifun-
gal agent in vitro (Table 2), with the lowest MIC50 
or MIC90 values and ranges of MICs for all species, 
except for A. mycotoxinivorans, for which both iso-
lates have lower values for posaconazole than vori-
conazole. Conversely, all isolates of all species have 
high MICs to flucytosine (>4 mg/L and all MIC50 
determined ≥32 mg/L) and to echinocandins (data 
not shown). Trichosporon asahii, A. loubieri, A. myco-
toxinivorans, and isolates closely related to T. faecale 
have reduced susceptibility to amphotericin B com-
pared with other Trichosporonaceae species. More 
precisely, T. asahii isolates belonging to genotype 4 
tend toward lower MIC50 or MIC90 values for azoles 
and amphotericin B than isolates of genotypes 1 and 
3 (genotype 1 displayed the highest MIC50 or MIC90 
for all antimicrobial drugs), but the differences were 
statistically significant only for amphotericin B (p = 
0.0073). EUCAST recently defined epidemiologic cut-
off values for fluconazole (wild-type <16 mg/L) for T. 
asahii and for fluconazole (wild-type <16 mg/L) and 
voriconazole (wild-type <0.125 mg/L) for C. dermatis. 
Taking those values into account, we can see only 4 
isolates of genotype 1 can be considered resistant to 
fluconazole. We found no resistant isolates among 
the other genotypes or for C. dermatis strains. Fur-
thermore, T. asahii have higher MICs for azoles and 
amphotericin B than T. austroamericanum and T. inkin 
with a difference in voriconazole MIC distribution 
(Figure 4).
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Table 1. Demographic and clinical characteristics of patients in 
study of clinical manifestations of emerging Trichosporon species 
infections, France, 2002–2022* 
Characteristics Value 
Sex  
 M 74 (66.1) 
 F 38 (33.9 
Age, years, mean SD (range) 43.77 24.39 (1–90) 
 <15 y 21 (18.8) 
 >65 y 20 (17.7) 
Clinical information  
 Bloodstream infection 87 (77.7) 
 Bone infection 12 (10.7) 
 Stay in intensive care unit, n = 98 45 (45.9) 
Underlying conditions  
 Hematologic malignancy 44 (39.3) 
 Acute leukemia 25 
 Lymphoma 13 
 Recent surgery 32 (28.6) 
 Solid organ transplantation 14 (11.6) 
 Kidney 5 
 Heart 4 
 Liver 4 
 Lung 1 
 Diabetes 12 (10.7) 
Risk factors  
 Neutropenia 23 (20.5) 
 Presence of catheter 63 (56.3) 
 Immunosuppressive treatment 42 (37.5) 
 Steroids 25 (22.3) 
 Antifungal exposure 38 (33.9) 
 Echinocandins 27 (24.1) 
Antifungal treatment 101 (90.2) 
 Containing voriconazole 64 (57.1) 
 Containing amphotericin B 24 (21.4) 
Outcome, n = 99  
 Death within 30 days of diagnosis 38 (38.4) 
*Values are no. (%) except as indicated. 
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Growth Rate and Morphologic Aspect
On the basis of the growth rate measured for 10 iso-
lates belonging to different species of Trichosporon 
(Appendix Figure), we observed that T. coremiiforme 
and isolates corresponding to the potential T. cf. co-
remiiforme (isolate name CNRMA19.523) species had 
the highest growth rate, whereas T. inkin and T. aus-
troamericanum had reduced but similar growth rate. 
All isolates grew as white colonies on Sabouraud agar 
plate and were generally creamy, although some spe-
cies appeared smooth or flat to domed and wrinkled 
(Figure 5).

T. asahii versus T. austroamericanum
Episodes involving only 1 species (excluding mixed 
infections) and those with isolates sent to NRCMA 
were included in this comparison, which corresponds 
to 44 episodes of T. asahii infection and 22 of T. aus-
troamericanum. A higher proportion of women and 
children among the patients infected with T. asahii 
were observed, whereas the proportion of men was 
much higher among patients infected with T. aus-
troamericanum. Furthermore, infections because of T. 
austroamericanum were more frequently associated 

with recent surgery (p = 0.03) or solid organ trans-
plantation (p = 0.008) (Table 3).

Discussion
In this report, we describe demographic, clinical, 

and molecular characteristics of a large collection of 
112 cases of IFD caused by Trichosporonaceae fungi 
diagnosed in France throughout 2 decades during 
multicentric national prospective surveillance pro-
grams. As mentioned in other studies, we observed 
a high proportion of children among the patients 
(18.8%) but with a significant difference in propor-
tion depending on the species (26). As outlined in this 
study, most cases of IFD caused by Trichosporona-
ceae are bloodstream infections (77.7%) and occur in 
patients with underlying conditions such as hemato-
logic malignancy (39.3%), recent surgery (28.6%), or 
solid organ transplant (11.6%) (1,2,28). A recent study 
concluded that, in cases of fungemia caused by Tricho-
sporon spp., advanced age, use of mechanical ventila-
tion, and persistent neutropenia were associated with 
poor prognosis (4). Another study demonstrated 
that exposure to caspofungin is a risk factor associ-
ated with fungemia caused by Trichosporon spp. (1).  
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Figure 1. Cladogram of 94 
clinical isolates and 11 reference 
strains from study of clinical 
manifestations of emerging 
Trichosporon species infections, 
France, 2002–2022. Tree was 
designed using Itol software 
version 1.9 (https://itol.embl.de) 
on the basis of the newick tree 
obtained from the Hasegawa-
Kishino-Yano model analysis 
after multiple alignment of 
concatenation of trimmed 
sequences of internal transcribed 
spacer and intergenic spacer 
regions (Geneious Prime, https://
www.geneious.com). GenBank 
accession numbers or type 
strain identification numbers are 
provided for each isolate. Scale 
bar indicates substitutions per site. 
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Similarly, the risk factors that we found frequently 
were hospitalization in ICU (45.9%), presence of cath-
eter (56.3%), and exposure to antimicrobial drugs 
(33.9%), primarily echinocandins (27/38).

On the basis of the data from RESSIF, we seem to 
be observing a trend in France toward an increase in the 
number of cases of IFD caused by Trichosporonaceae.  

However, the incidence of those infections is difficult 
to determine precisely, because some participating 
centers did not participate exhaustively over the entire  
study period.

Sequencing of ITS+IGS regions of rDNA enabled 
us to identify >12 different species of Trichosporona-
ceae responsible for 112 IFD cases in 41 different hos-
pitals in France during 2002–2022. Of note, all cases 
reported from overseas territories were because of T. 
asahii only. We suggest that 7 cases were because of 
putative undescribed species, for which additional 
molecular characterizations such as whole-genome 
sequencing analysis are now warranted. As expected, 
most cases were caused by T. asahii, but unexpected-
ly, the recently described species T. austroamericanum 
ranked second (12). The percentage of children was 
significantly lower among patients infected with this 
new species (4.5%) than among those infected with 
T. asahii (29.5%; p = 0.024). On the other hand, the 
percentage of men was much higher (86% vs. 52%; 
p = 0.007). In addition, T. asahii was more frequently 
involved in bloodstream infections or exposure to an 
antimicrobial drug, whereas T. austroamericanum was 
more frequently associated with recent surgery (p = 
0.03) and solid organ transplant (p = 0.008) (Table 3).

Sequencing of the IGS region for T. asahii isolates is 
described as a useful tool for genotyping this species. 
At least 13 different genotypes have already been iden-
tified, some of which appear to have geographic prefer-
ences. Genotypes 1, 3, and 4 seem to be more frequent 
worldwide (5,15,16,23,37). Among the 101 isolates re-
ceived at the NRCMA during the study period we re-
port, the 51 isolates of T. asahii belonged to 6 different 
genotypes, and we confirmed the major genotype was 
1 (49%), followed by genotypes 3 (21%) and 4 (21%). Of 
note, genotype 3 is frequently reported in the United 
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Figure 2. Proportions of species involved in invasive 
trichosporonosis cases from study of clinical manifestations  
of emerging Trichosporon species infections, France,  
2002–2022. The cf. designation indicates putative  
undescribed species.

Figure 3. Species distribution 
over time for RESSIF survey 
used in a study of the clinical 
manifestations of emerging 
Trichosporon species infections, 
France, 2002–2022. Number 
of episodes diagnosed in the 
centers participating in the survey 
are reported for each year. The 
cf. designation indicates putative 
undescribed species.
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States, in Thailand, and in the houses of summer-type 
hypersensitivity pneumonitis patients in Japan (14,17). 
Of interest, among the 11 patients infected with geno-
type 3 in this study, at least 6 were recovered from pa-
tients born or diagnosed in the Americas. Surprisingly, 
according to the genotype and excluding cases of mixed 
infections, 13 of 21 patients infected by genotype 1 died 
within 30 days of diagnosis: 5 of 11 for genotype 3 and 
only 1 of 8 for genotype 4. Those results could suggest 
some epidemiologic characteristic related to genotype 
or some difference in terms of virulence.

We confirmed that no matter the species or geno-
types, voriconazole is the most effective antimicrobial 
drug in vitro against isolates belonging to the Tricho-
sporonaceae family (17,20). Because of the small 
number of isolates for 10 species, we can only give 
the MIC values obtained for informational purposes. 

However, there are some differences worth noting: T. 
asahii, A. loubieri, A. mycotoxinivorans, and the isolates 
closely related to T. faecale have a lower susceptibil-
ity to amphotericin B compared with other species. 
Furthermore, T. asahii has higher MICs for azoles and 
amphotericin B than do T. austroamericanum and T. 
inkin. Some differences are noticed between geno-
types; genotype 1 has the highest MIC for all antimi-
crobial drugs tested, whereas genotype 4 has lower 
MICs to azoles and amphotericin B than isolates of 
genotypes 1 and 3. Some studies reported a lower 
susceptibility for certain genotypes (17,37,38) and one 
study found that genotype 7 isolates have the high-
est MIC90 values for azoles, suggesting those isolates 
contributed to the increasing rates of voriconazole 
non-wild–type isolates observed in the past 10 years 
(37). In this study, the proportion of genotype 7 was 
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Table 2. Antimicrobial susceptibility profiles of 101 clinical isolates determined by using the EUCAST method, according to species 
and genotypes recovered, in study of clinical manifestations of emerging Trichosporon species infections, France, 2002–2022* 
Species and genotype (no. 
isolates) 

MIC50/MIC90, mg/L (range of MICs) 
AMB 5FC FLUCO VORI POSA 

Trichosporon asahii (52) 2/>4 (0.25–>4) 64/>64 (4–>64) 4/16 (0.25–64) 0.06/0.25 (<0.015–1) 0.25/0.5 (<0.015–1) 
 Genotype 1 (25) 2/>4 (0.25–>4) 64/>64 (4–>64) 4/32 (0.25–64) 0.125/0.25 (<0.015–1) 0.25/0.5 (<0.015–1) 
 Genotype 3 (12) 1/2 (0.5–4) 32/>64 (8–>64) 1 /4 (0.5–8) 0.06/0.25 (0.03–0.5) 0.25/0.5 (0.06–0.5) 
 Genotype 4 (11) 1/1 (0.25–2) 32/>64 (8–>64) 2/4 (0.25–16) 0.06/0.125  

(<0.015–0.25) 
0.06/0.25  

(<0.015–0.5) 
 Genotype 7 (2) −/− (2) −/− (>64) −/− (2–16) −/− (0.06–0.5) −/− (0.03–0.5) 
 Genotype 5 (1) −/− (4) −/− (32) −/− (2) −/− (0.03) −/− (0.25) 
 Genotype 13† (1) −/− (>4) −/− (>64) −/− (8) −/− (0.125) −/− (1) 
T. austroamericanum (21) 0.25/1  

(0.06–2) 
>64/>64  
(64–>64) 

0.5/4  
(0.25–4) 

0.03/0.06  
(<0.015–0.125) 

0.06/0.25  
(<0.015–0.25) 

T. inkin (7) 0.5/− (0.125–>4) >64/− (16–>64) 2/− (1–16) 0.03/−  
(<0.015–0.25) 

0.125/−  
(<0.015–0.5) 

T. cf. coremiiforme (2) −/− (0.5–2) −/− (8–32) −/− (0.5–1) −/− (0.03–0.125) −/− (0.06–0.125) 
T. coremiiforme (1) −/− (0.5) −/− (16) −/− (2) −/− (0.03) −/− (0.125) 
T. cf. faecale (4) −/− (1–>4) −/− (16–>64) −/− (1–16) −/− (0.03–0.25) −/− (0.03–0.5) 
T. japonicum (4) −/− (0.25–4) −/− (8–>64) −/− (0.5–4) −/− (<0.015–0.125) −/− (0.03–0.125) 
Cutaneotrichosporon dermatis (4) −/− (0.06–0.25) −/− (>64) −/− (2–16) −/− (0.03–0.125) −/− (<0.015–0.125) 
C. mucoides (1) −/− (0.06) −/− (8) −/− (2) −/− (0.125) −/− (0.5) 
Apiotrichum loubieri (1) −/− (1) −/− (8) −/− (2) −/− (0.03) −/− (0.06) 
A. montevideense (2) −/− (0.06–0.25) −/− (>64) −/− (1) −/− (0.03–0.06) −/− (0.03–0.125) 
A. mycotoxinivorans (2) −/− (2) −/− (16–32) −/− (2–8) −/− (0.125–1) −/− (<0.015–0.25) 
*AMB, amphotericin B; cf., putative undescribed species; FLUCO, fluconazole; POSA, posaconazole; VORI, voriconazole; 5FC, flucytosine. 
†Genotype 13 corresponds to the genotype described previously (GenBank accession no. MN936175) 

 

Figure 4. Voriconazole MIC 
distribution for 3 species of 
Trichosporon from study of 
clinical manifestations of 
emerging Trichosporon species 
infections, France, 2002–2022. 
MICs determined by using the 
EUCAST method.
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too small to calculate MIC90s. Nevertheless, determin-
ing natural diversity would be useful to explain dif-
ferences in susceptibility or even virulence, possibly 
linked to environmental pressures such as repeated 
exposure to azoles, because that mechanism is known 
in other pathogenic fungi (39–41).

We confirmed that T. asahii, especially genotype 1, 
is the major species of the Trichosporonaceae family in-
volved in human IFD. We also confirmed that the pedi-
atric population is at a higher risk and that the most fre-
quent underlying conditions associated with infection 
are hematologic malignancies, recent surgery, and solid 
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Figure 5. Macroscopic aspect of colonies grown on Sabouraud agar plates incubated 10 days at 20°C for 10 isolates recovered from study 
of clinical manifestations of emerging Trichosporon species infections, France, 2002–2022. A) T. asahii type strain isolate CBS 2479. B) T. 
austroamericanum isolate CNRMA20.443. C) T. inkin neotype strain isolate CBS 5585. D) T. coremiiforme type strain isolate CBS 2482. 
E) T. cf. coremiiforme isolate CNRMA19.523. F) T. faecale type strain isolate CBS 4828. G) T. cf. coremiiforme isolate CNRMA15.795. H) 
T. ovoides neotype strain isolate CBS 7556. I) T. caseorum type strain isolate CBS 9052. J) T. lactis isolate CBS 9051. T. coremiiforme 
and isolates corresponding to the potential T. cf. coremiiforme species (E, G) had the highest growth rate, whereas T. inkin and T. 
austroamericanum had reduced but similar growth rate. The cf. designation indicates putative undescribed species.

 
Table 3. Comparison of demographic and clinical characteristics of the patients with single trichosporonosis episodes caused by 
Trichosporon asahii versus T. austroamericanum from study of clinical manifestations of emerging Trichosporon species infections, 
France, 2002–2022* 
Characteristics T. asahii, n = 44 T. austroamericanum, n = 22 p value 
Sex    
 M 23 (52.2) 19 (86.4) 0.007 
 F 21 (47.8) 3 (13.6)  
Mean age, y, SD (range) 43 24.5 (1–83) 50 19.7 (8–83) 0.159 
 <15 y 13 (29.5) 1 (4.5) 0.024 
 >65 y 6 (13.6) 5 (22.7) 0.35 
Site of infection    
 Bloodstream infection 37 (84.1) 15 (68.2) 0.038 
 Bone 3 (6.8) 4 (18.2)  
 Skin 3 (6.8) 1 (4.5)  
Intensive care unit admission 15 (34.1) 8 (36.4) 0.903 
Hematologic malignancy 22 (50) 6 (27.3) 0.082 
Acute leukemia 12 (27.3) 3 (13.6)  
Lymphoma 8 (18.2) 1 (45)  
Recent surgery  6 (13.6) 8 (36.4) 0.03 
 Orthopedic 2 (4.5) 2 (9.1)  
 Cardiac 0 2 (9.1)  
 Kidney-urinary tract 0    2 (9.1)  
Solid organ transplantation 3 (6.8) 8 (36.4) 0.008 
 Liver 2 (4.5) 1 (4.5)  
 Kidney 1 (2.3) 3 (13.6)  
 Heart 0 3 (13.6)  
 Lung 0 1 (4.5)  
Presence of catheter 29 (65.9) 10 (45.5) 0.315 
Exposure to antimicrobial drugs 13 (29.5) 10 (45.5) 0.175 
Neutropenia 11 (25) 3 (13.6) 0.535 
Immunosuppresive drugs 19 (43.2) 11 (50) 0.571 
Corticotherapy 12 (27.3) 4 (18.2) 0.665 
Death within 30 days of diagnosis 14 (31.8) 5 (22.7) 0.389 
*Values are no. (%) except as indicated. 
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organ transplantation. We identified 3 main genotypes 
recovered among the patients diagnosed in French 
hospitals (genotypes 1, 3, and 4). Of note, we observed 
that genotype 4 seems to be more frequently associated 
with trauma and having lower MICs values for ampho-
tericin B and azoles, compared with other genotypes. 
Species and genotype identification of environmental 
isolates will be necessary to increase the knowledge 
about natural reservoirs, diversity, and virulence.

We observed that the recently described T. aus-
troamericanum, closely related to T. inkin and frequent-
ly misidentified by using carbon profile assimilation 
pattern, 26S, ITS sequencing, or matrix-assisted laser 
desorption/ionization time-of-flight mass spectrom-
etry, was the second most common Trichosporona-
ceae family involved in human IFD. When compared 
with the clinical data of patients infected with T. asa-
hii, we found very different species characteristics. In 
contrast, T. inkin, T. faecale, and C. dermatis, which are 
frequently identified as responsible for non–T. asahii 
IFD, were rarely involved in our survey (4,17,21).

In conclusion, this study confirms that the correct 
identification of Trichosporonaceae species and geno-
types is not only of epidemiologic interest but also 
critical for patient management. Certain clinical and 
microbiological characteristics, such as in vitro sus-
ceptibility to antimicrobial agents, can vary according 
to species. Clinicians must have the correct organism 
identification to treat patients correctly. 
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