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Abstract  Trichosporon spp. are ubiquitous environ-

mental and emerging opportunistic fungi that can be 

part of the normal microbiota of the skin, vagina, and 

gastrointestinal tract in humans and other animals. In 

a state of microbiota imbalance, both immunocom-

promised and non-immunocompromised patients are 

susceptible to trichosporonosis, which can present 

as either superficial infections, such as White Piedra, 

or deep-seated infections, such as fungemia. Due to 

intrinsic resistance or limited efficacy reported with 

fluconazole, polyenes, echinocandins, and flucyto-

sine, voriconazole is currently recommended in clini-

cal guidelines. Biofilm formation and the overexpres-

sion of efflux pumps may contribute to this limited 

efficacy, but other resistance mechanisms have also 

been reported. The high antifungal resistance levels 

present in this genus highlight the urgent need for 

new therapeutic approaches and a better understand-

ing of Trichosporon pathogenesis and the molecular 

mechanisms underlying this resistance. In this review, 

we discuss antifungal resistance and the mechanisms 

of this resistance in Trichosporon spp., addressing 

key points that require further investigation.

Keywords  Review · Trichosporon spp. · Antifungal 

resistance · Mechanism resistance

Background on Trichosporon spp. 

and Trichosporonosis

The Trichosporon genus belongs to the phylum 

Basidiomycota, class Tremellomycetes, order Tri-

chosporonales, and family Trichosporonaceae. Mor-

phologically, the Trichosporon genus is character-

ized by the production of true hyphae, pseudohyphae, 

arthroconidia, and blastoconidia. It is known to con-

tain at least 15 clinically relevant species, but new, 

normally clinically relevant, species are regularly 

being described [1, 2].
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Until 1992, nearly all infections caused by this 

genus were linked to Trichosporon beigelii [1]. How-

ever, taxonomy was gradually updated based on 

biochemical and molecular data, allowing a more 

accurate differentiation between species previously 

grouped under T. beigelii and T. cutaneum [3]. Fur-

thermore, a recent taxonomic revision led to the 

reclassification of some species previously grouped 

within the Trichosporon genus, now described as 

part of the Cutaneotrichosporon genus (e.g., Cuta-

neotrichosporon cutaneum and Cutaneotrichosporon 

mucoides) [1, 3].

According to NCBI taxonomy, there are currently 

15 known Trichosporon species: T. aquatile, T. asa-

hii, T. asteroides, T. beigelii, T. caseorum, T. coremii-

forme, T. dohaense, T. faecale, T. infestans, T. inkin, 

T. insectorum, T. japonicum, T. lactis, T. austroameri-

canum, and T. ovoides. Although predominantly 

associated with the human microbiota and clinical 

manifestations, most of  these species have also been 

isolated from environmental sources [2, 5–7].

Currently, T. asahii is considered the main species 

of the genus, causing invasive trichosporonosis in 

clinical settings [1, 4]. Besides T. asahii, T. inkin and 

the recently described T. austroamericanum are also 

important agents in invasive infections [1, 2].

This genus comprises ubiquitous fungi that can be 

found both in the environment and in association with 

humans and other animals [5, 6]. It can be part of the 

normal microbiota of the skin, vagina, and gastro-

intestinal tract of various animals, such as birds and 

humans [5–7]. However, changes in the microenvi-

ronment can trigger their pathogenic potential, lead-

ing to trichosporonosis. This ability depends on host 

factors, virulence factors, metabolic flexibility, and 

the fungi’s ability to invade tissue [8].

Infections caused by these fungi can be broadly 

classified as superficial, which can occur in both 

immunosuppressed and non-immunosuppressed indi-

viduals, or life-threatening invasive diseases, which 

occur mainly in immunosuppressed patients [2, 5, 6].

Clinical Manifestations and Diagnosis 

of Trichosporonosis

Benign, irregular nodules on the hair shaft, known 

as White Piedra, represent superficial infections 

typically caused by T. inkin and T. ovoides, and are 

usually observed in immunocompetent individuals [9, 

10]. These nodules range in color from white to light 

brown, possess a soft texture, and are loosely attached 

to hair on the beard, mustache, eyebrows, axillae, and 

genital areas. Diagnosis is primarily clinical and con-

firmed through direct microscopic examination and 

fungal culture [9–11].

In contrast, invasive trichosporonosis is more 

frequently associated with immunocompromised 

patients, including individuals living with HIV/AIDS, 

cancer patients, transplant recipients, and those 

exposed to specific risk factors such as major surgery 

or severe burns [5, 6]. In such cases, T. asahii is the 

most frequently isolated species, affecting multiple 

organs with a broad spectrum of clinical manifesta-

tions. These include fungemia (in over 70% of cases), 

pneumonia, and cutaneous lesions, and are associated 

with high mortality rates ranging from 50 to 70% [5, 

6]. These clinical manifestations are often nonspe-

cific and may include persistent fever unresponsive to 

broad-spectrum antibiotics, pulmonary involvement, 

skin manifestations (including papules, nodules, or 

necrotic lesions), and signs of disseminated infection 

involving the lungs, liver, spleen, kidneys, skin, and 

central nervous system. Diagnosis is challenging due 

to the overlap of symptoms and signs with those of 

other fungal and bacterial infections. Definitive diag-

nosis requires the isolation of Trichosporon spp. from 

sterile sites such as blood or tissue cultures, often 

supported by direct microscopy and histopathological 

examination [5, 6, 8, 16–18, 21]. Early identification 

and prompt initiation of appropriate antifungal ther-

apy are critical.

Notably, during the COVID-19 pandemic, severe 

and fatal opportunistic infections caused by T. asahii 

were reported, either as co-infections or secondary 

infections following COVID-19 [12–15]. Moreover, 

dissemination to the central nervous system has been 

documented, leading to cases of meningitis [16–18]. 

Although invasive trichosporonosis is uncommon 

in immunocompetent individuals, it can still occur 

under specific circumstances, such as in post-surgical 

patients or those in intensive care units, including 

cases of mediastinitis [2]. The clinical presentation in 

these cases remains nonspecific, and diagnosis con-

tinues to pose a significant challenge.

Given the growing incidence of antifungal resist-

ance, particularly in invasive infections, it is essential 

to investigate resistance mechanisms and evaluate the 
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effectiveness of current antifungal therapies. The fol-

lowing sections will examine the efficacy of different 

antifungal classes (azoles, polyenes, echinocandins, 

and flucytosine), highlighting key studies and resist-

ance mechanisms specific to Trichosporon species.

What do We Know About Antifungal Resistance 

to Common Antifungals?

Azoles

Azoles are a class of synthetic antifungal agents 

widely used to treat a range of fungal infections, 

including those caused by Trichosporon species [22]. 

Their primary mechanism of action involves the dis-

ruption of ergosterol biosynthesis (a critical compo-

nent of the fungal cell membrane) through the inhibi-

tion of lanosterol-14-α demethylase, encoded by the 

ERG11 gene [23]. However, high minimum inhibi-

tory concentrations (MICs) values to these antifun-

gals in  vitro are commonly observed in this genus. 

T. asahii typically displays low MICs values to vori-

conazole and posaconazole, but higher MICs values 

for fluconazole [22]. For this reason, within this class, 

triazoles (especially voriconazole) are considered the 

most effective agents for managing trichosporonosis 

and are recommended as first-line therapy for patients 

with invasive disease (including central nervous sys-

tem infections), although fluconazole is still widely 

used in clinical practice in some countries [5, 6, 10, 

16, 20]. Overall, susceptibility to azoles varies among 

Trichosporon isolates, with some reports of high MIC 

values for azoles in strains capable of biofilm forma-

tion [25, 26].

Despite the absence of interpretative breakpoints 

or epidemiological cutoff values (ECV) for Trichos-

poron and antifungals, several studies have used 

adapted CLSI (Clinical and Laboratory Standards 

Institute—Method for Broth Dilution Antifungal 

Susceptibility Testing of Yeasts; Approved Stand-

ard: Wayne, Pennsylvania, USA, 2012) and EUCAST 

(EUCAST guidance on Interpretation of MICs for 

rare yeast without breakpoints, 2024) guidelines to 

generate in  vitro susceptibility data. Among these 

studies, the CLSI method remains the most used, as 

summarized in Table 1.

Francisco et  al. [4] analyzed antifungal suscepti-

bility in several clinical isolates of the Trichosporon 

genus, focusing on 273 clinical isolates of T. asahii. 

Table 1   Timeline of significant MIC studies within the genus Trichosporon used in this review

Study Tokunaga et al. [48] 

– 1992

Guo et al. [27] – 

2019

Francisco et al. [4] 

– 2019 

Kuo et al. [29] – 

2021

Wongsuk et al. [28] 

– 2022

Number of isolates 

tested

52 clinical isolates 133 clinical isolates 358 clinical isolates 115 clinical isolates 53 clinical isolates

MIC method CLSI CLSI CLSI CLSI CLSI

MIC range values Flucytosine: MIC 

range of 3.12–

6.25 μg/mL

Amphotericin B: 

MIC range of 

0.125–4 μg/mL

Caspofungin and 

Micafungin: MIC 

of > 8 μg/ml

5-FC: MIC range of 

0.25–64 μg/mL

Fluconazole: 

MIC range of 

0.125- > 512 μg/

mL

Voriconazole: MIC 

range of 0.008–

16 μg/mL

Itraconazole: MIC 

range of 0.125–

32 μg/mL

Fluconazole: MIC 

range of 0.25–

64 μg/mL

Voriconazole: MIC 

range of 0.03–2 

μg/mL

Posaconazole: MIC 

range of 0.03–2 

μg/mL

Amphotericin B: 

MIC range of 

0.25- > 16 μg/mL

Amphotericin B: 

MIC range of 

0.12–2 μg/mL

Caspofungin and 

Micafungin: MIC 

of > 8 μg/ml

5-FC: MIC range of 

0.06- > 64 μg/mL

Fluconazole: MIC 

range of 0.12–

16 μg/mL

Voriconazole: 

MIC range of 

0.008–8 μg/mL

Posaconazole: 

MIC range of 

0.008–1 μg/mL

Itraconazole: 

MIC range of 

0.015–1 μg/mL

Voriconazole: 

MIC range of 

0.01–0.25 μg/mL

Fluconazole: MIC 

range of 0.5–8 μg/

mL

Amphotericin B: 

MIC range of 

0.25- > 16 μg/mL
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Fluconazole was the least effective antifungal (sug-

gestive ECV set at 8 μg/mL), indicating reduced sus-

ceptibility. In contrast, voriconazole demonstrated 

superior in  vitro activity among the azoles tested, 

with a suggestive ECV of 0.25 μg/mL. Guo et al. [27] 

also reported elevated fluconazole MICs for 25% of 

T. asahii isolates (MIC ≥ 8  μg/mL), while voricona-

zole MICs remained low (geometric mean MIC of 

0.09  μg/mL) (Table  1). However, different Trichos-

poron species may have distinct antifungal resistance 

profiles [4, 27].

More recent studies corroborate the potent in vitro 

efficacy of voriconazole against Trichosporon clinical 

isolates. For example, Wongsuk et al. [28], in a study 

on antifungal susceptibility, genome sequencing, and 

biofilm formation of clinical samples, demonstrated 

that voriconazole remains the most effective antifun-

gal agent for treating Trichosporon infections (MIC 

range of 0.01–0.25 μg/mL). In addition, posaconazole 

also exhibits significant antifungal activity (Table 1). 

In a study involving 115 clinical isolates, Kuo et  al. 

[29] reported a mean MIC of 0.251 μg/mL for posa-

conazole, compared to 0.111 μg/mL for voriconazole. 

Furthermore, some studies suggest that combining 

voriconazole with amphotericin B enhances therapeu-

tic outcomes, particularly in cases of severe or refrac-

tory infections [20] (Table 1).

Although still poorly investigated, Trichosporon 

spp. resistance to azoles may be linked to mecha-

nisms such as biofilm formation, ERG11 gene muta-

tions, and the overexpression of efflux pumps, as 

observed in other pathogenic yeasts like Candida 

spp. and Cryptococcus spp. [5, 25, 26]. Additionally, 

biofilm formation has been associated with increased 

tolerance and antifungal resistance, linked to extracel-

lular DNA and persistent cells in Trichosporon [25, 

30, 31] (Table 2 and Fig. 1).

In many opportunistic fungal species, including 

Candida spp. and Aspergillus spp., mutations lead-

ing to amino acid substitutions in the ERG11 gene 

reduce azole binding to the target enzyme [32, 33]. 

Some studies have evidenced the role of this mecha-

nism in azole resistance in Trichosporon [34, 35]. 

Hisako et al. [35] described that long-term flucona-

zole use may select for the G453R amino acid sub-

stitution in Erg11p, leading to azole resistance in T. 

asahii. Abbes et  al. [34] also reported amino acid 

substitutions potentially involved in azole resist-

ance. ERG11 sequencing revealed two mutations, 

H380G and S381A, in TN325U11 (MIC for flu-

conazole of 8  μg/mL) and H437R in TN114U09 

(MIC for fluconazole of 256  μg/mL), occurring in 

highly conserved regions (close to the heme-bind-

ing domain). However, further functional validation 

is necessary (Table 2 and Fig. 1).

Despite the discussion on point mutations, the 

primary reason for variations in MIC values for 

azoles appears to be active efflux pumps. Overex-

pression of these pumps leads to enhanced drug 

efflux, reducing intracellular azole concentrations 

and contributing to treatment failure in Trichos-

poron and other opportunistic fungi [36]. Padovan 

et al. [23] used Rhodamine 6G, a substrate of ATP-

binding cassette transporters, to demonstrate that 

efflux pump overexpression significantly contributes 

to azole resistance. In 2021, Abbes et al. [34] used 

RT-PCR targeting Pdr11 and Mdr genes to show 

that efflux pump activity in T. asahii is similar to 

that in Candida species and contributes to flucona-

zole resistance (Table  2 and Fig.  1). Furthermore, 

Aguiar et  al. in 2023 [24] provided indirect evi-

dence that inhibiting these efflux pumps with pro-

methazine could be a strategy to control T. asahii 

and T. inkin.

Subsequent studies [25] explored the MDR and 

esterase superfamilies in T. asahii, offering more 

insights into TaMDR and TaPLA2 genes associated 

with azole resistance and active efflux. This study 

compared TaPLA2-overexpressing strains with 

their parental strains, analyzing the role of TaPLA2 

in azole resistance. The overexpression of efflux 

pumps (such as TaMDR) and increased biofilm for-

mation suggest that T. asahii PLA2 enhances drug 

resistance to azoles by improving drug efflux and 

biofilm formation. Additionally, the upregulation 

of membrane lipid metabolism has been associated 

with azole resistance [25] (Table 2 and Fig. 1).

Other hypotheses are also under investigation. 

For instance, Ma et  al. [37] demonstrated that 

farnesol (a quorum-sensing molecule) increases 

azole tolerance in fluconazole-resistant Trichos-

poron strains. Additionally, azole exposure induces 

significant transcriptional changes in the T. asa-

hii genome. These transcriptional alterations may 

contribute to resistance development, as the fungus 

adapts its gene expression in response to antifungal 

pressure [4].
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Polyenes

Polyenes are natural products (produced by Strepto-

myces spp.) and a class of antifungal drugs character-

ized by multiple conjugated double bonds and a heav-

ily hydroxylated region on the ring opposite to the 

conjugated system. They primarily target the fungal 

plasma membrane by binding to ergosterol, leading to 

cell membrane disruption [38]. However, some stud-

ies on yeasts, such as Cryptococcus spp., suggest that 

these drugs also play a role in inducing endogenous 

reactive oxygen species (ROS) and peroxynitrite in 

the cell [39]. Amphotericin B is the only polyene 

clinically approved for invasive fungal diseases but 

has shown poor efficacy in treating trichosporonosis 

[5].

High MIC values for amphotericin B, with an 

epidemiological cutoff value (suggestive ECV) 

at 48  h set at 4  μg/mL for T. asahii, were found 

by Francisco et  al. [4]. Similarly, Guo et  al. [27] 

reported high amphotericin B MIC values (ranging 

from 0.125 to 4 μg/mL) for T. asahii isolates. Other 

studies reinforce these findings, showing ampho-

tericin B MIC values varying from 2 to 16  μg/

mL [28, 29]. This evidence highlights the role 

of microbiological resistance to amphotericin B 

(MIC ≥ 2  μg/mL) in treatment failure, as high val-

ues are generally incompatible with standard treat-

ment due to the drug’s toxicity. However, suscep-

tibility may vary among other species, since lower 

MIC values have been detected for T. inkin [4, 27] 

(Table 1).

Despite these findings, the mechanisms underlying 

Trichosporon resistance to amphotericin B are not yet 

fully understood. Some authors suggest that biofilm 

formation, associated with extracellular DNA and 

persistent cells, may contribute to resistance [26, 30, 

31]. Resistance could also be linked to active efflux 

mechanisms, lipid membrane alterations, and meta-

bolic adaptations, considering the primary target and 

mode of action of this drug, similar to azole resist-

ance [25, 37]. However, these hypotheses are only 

Fig. 1   Main resistance mechanisms of Trichosporon genus: 

modification of the drug target and overexpression of efflux 

pumps in plasma membrane; low frequency of the drug target 

in the cell wall (β-1,3-glucan); mutation and modification in 

genome/trascriptome targets; and biofilm formation
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briefly suggested by some authors [5, 6] (Table 2 and 

Fig. 1).

Echinocandins

Echinocandins, a class of lipopeptide molecules, pri-

marily target cell wall biosynthesis by inhibiting the 

synthesis of β-1,3-glucan, a key component encoded 

by the FKS genes [40]. However, their efficacy 

against Trichosporon species has been consistently 

questioned, as these species may exhibit intrinsic 

resistance to echinocandins, such as micafungin and 

caspofungin [5, 6, 10]. This resistance is supported 

by other studies, including those by Guo et  al. [27], 

Kuo et  al. [29], and Matsumoto et  al. [41], which 

collectively conclude that echinocandins, such as 

micafungin and caspofungin, are ineffective in treat-

ing trichosporonosis (Table 1 and Fig. 1).

As shown in Table  1, susceptibility studies have 

reported high echinocandin MIC values (greater than 

8 μg/mL) against Trichosporon [27, 29]. This innate 

resistance may explain the occurrence of Trichos-

poron fungemia in patients receiving echinocandin 

prophylaxis or empirically [43, 44].

Despite these consistent findings, the precise 

mechanisms underlying echinocandin resistance in 

Trichosporon species remain poorly understood. One 

study suggested that intrinsic resistance in this genus 

is not linked to natural amino acid changes in the 

FKS gene [45]. Other studies proposed a lower pro-

portion of β-1,3-glucan in the cell wall of this genus 

[40]. Further research is needed to better elucidate the 

molecular basis of this resistance and to explore alter-

native therapeutic strategies for managing trichospor-

onosis, particularly in patients with invasive infec-

tions (Table 2 and Fig. 1).

Flucytosine

Flucytosine, an antimetabolite drug, is typically used 

to treat systemic and severe infections caused by 

Cryptococcus spp. and other specific cases, always 

in combination with another antifungal. It interferes 

with DNA, RNA, and protein synthesis [46]. How-

ever, its efficacy against Trichosporon species, par-

ticularly T. asahii, remains controversial [47]. Recent 

studies have also tested flucytosine (5-FU), but the 

MIC range is consistently large, reaching > 64 μg/mL 

[27, 29] (Table 1).

Furthermore, an earlier study by Tokunaga et  al. 

[48] demonstrated that the MIC values for flucyto-

sine against T. beigelii strains ranged between 3.12 

and 6.25  μg/mL, proposing it as a good antifungal. 

However, these values are significantly higher than 

those observed in other genera. This suggests a poten-

tial resistance of Trichosporon species to flucytosine, 

but more comprehensive studies are required to fully 

assess its clinical relevance (Table 1).

Given the variable response rates and observed 

resistance, flucytosine is not widely recommended 

as monotherapy for Trichosporon infections, par-

ticularly in the case of biofilm-associated infections 

where resistance tends to be more pronounced [5, 26] 

(Table 1 and 2) (Fig. 1).

Treatment Recommendations to Trichosporonosis

Topical or oral azoles, particularly imidazoles 

(mainly ketoconazole), in conjunction with appro-

priate personal hygiene to prevent recurrence, have 

demonstrated promising outcomes in the treatment 

of superficial infections, including White Piedra. The 

standard dosage of oral ketoconazole ranges from 200 

to 400 mg per day, administered either as a single oral 

dose or divided into two doses (morning and even-

ing). However, the most recommended formulation is 

topical ketoconazole, in the form of a 2% shampoo or 

cream [11, 19].

For invasive infections, triazoles have shown supe-

rior efficacy, particularly when used in combination 

with other antifungal agents such as amphotericin B. 

This therapeutic strategy generally involves the use 

of oral or intravenous triazoles in conjunction with 

intravenous amphotericin B, tailored to the sever-

ity of the infection and the pharmacokinetic profiles 

of the antifungal agents [5, 10, 20]. In this context, 

voriconazole is currently recommended as the first-

line treatment for invasive trichosporonosis. The ini-

tial recommended dosage is 6  mg/kg intravenously 

every 12 h for the first 24 to 48 h, followed by 4 mg/

kg every 12  h, or transitioning to oral administra-

tion (100 mg to 200 mg every 12 h), for maintenance 

therapy. Treatment may be discontinued once clini-

cal resolution is achieved, laboratory results confirm 

infection control, and radiologic imaging no longer 

indicates signs of invasive fungal disease. However, 

ongoing monitoring of the patient’s clinical status and 
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potential antifungal resistance remains essential [5, 

10, 16, 20, 21].

May Newer Antifungals Help in Treating 

Trichosporonosis?

Some new drugs are currently being evaluated for the 

treatment of opportunistic yeasts, including Ibrex-

afungerp, Rezafungin, Olorofim, Opelconazole, and 

Fosmanogepix [49] (Table  2). However, there are 

no in-depth studies on Rezafungin, Olorofim, and 

Opelconazole indicating their effectiveness against 

trichosporonosis.

Ibrexafungerp (formerly SCY-078 or MK-3118) 

is a first-in-class triterpenoid antifungal that inhibits 

the biosynthesis of β-(1,3)-D-glucan in the fungal 

cell wall, a mechanism similar to echinocandins. The 

in vitro activity was tested in some Trichosporon spe-

cies, but the activity of ibrexafungerp was variable, 

making it difficult to predict the use of this drug in 

trichosporonosis [50].

Fosmanogepix is a potent new antifungal agent 

targeting the fungal Gwt1 enzyme. It has previously 

been demonstrated to have good in  vitro activity 

against clinical isolates of Candida and Aspergillus 

species. A recent study demonstrated the potential of 

fosmanogepix against some yeasts, including Trichos-

poron [51].

Some other groups are testing natural compounds 

in this context. For instance, Yang et al. [52] analyzed 

the antifungal characteristics of allicin against T. asa-

hii. Allicin is the main biologically active component 

with broad-spectrum antimicrobial activity in garlic, 

and these findings shed new light on the potential of 

allicin as an alternative treatment strategy for trichos-

poronosis [52].

Trichosporon spp. Resistance from the One Health 

Context

The One Health approach, published by the tripartite 

strategic partnership of FAO/OIE/WHO, recognizes 

that human health, animal health, and the environ-

ment are interconnected, with antimicrobial resist-

ance being one of the priorities of this alliance [53] 

(Fig.  2). Of particular concern, resistance to anti-

fungals has significantly increased in yeasts, putting 

millions of people affected annually by yeast-like 

fungi at risk [53]. Thus, the CDC and WHO have 

already considered antifungal resistance in yeasts 

to be a serious threat to global public health (2019 

CDC’s Antibiotic Resistance Threats in the United 

States Report).

Studies have pointed out that exposure to agri-

cultural fungicides, such as azoles, select for resist-

ant genotypes in Aspergillus fumigatus, which may 

develop cross-resistance to the medications used in 

humans, potentially leading to treatment failure [54, 

55]. From this point of view, it is now clear that envi-

ronmental yeasts may also develop resistance to clini-

cal antifungals, which could be transmitted to human 

and animal populations. There is growing evidence 

that pathogenic yeasts, such as Candida spp. and 

Cryptococcus spp., can develop resistance to azoles 

due to pesticide exposure [54, 56–58].

In this context, Trichosporon is widely distributed 

in nature, encompassing species that inhabit different 

ecological niches and can be found in water or soil, 

as well as interacting with animals (such as birds, as 

Fig. 2   Trichosporon genus in the One Health context: antifun-

gal resistance in yeasts, driven by environmental factors such 

as agrochemicals, disinfectants and antimicrobials, poses a 

growing threat to global health. Ubiquitous and opportunistic 

pathogens like Trichosporon exposed to these substances may 

develop cross-resistance, linking human, animal and environ-

mental health, and challenging the antifungal resistance and 

treatment perspective
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well as bird droppings) and humans [3, 5, 59–61]. 

Since the Trichosporon genus is composed of ubiqui-

tous emerging yeasts found both in the environment 

and in animal host, it is important to consider that the 

exposure to antimicrobials, agrochemicals, and disin-

fectants may influence the development of resistance. 

These substances may contribute to the development 

of resistance in these yeasts, potentially leading to 

the occurrence of cross-resistance, as has already 

been demonstrated for other species [56–58] (Fig. 2). 

Therefore, the potential transmission routes (from the 

environment or animals to humans) could also influ-

ence the efficacy of the treatment, in this context of 

One Health.

Perspectives and Current Gaps

Trichosporonosis poses significant clinical challenges 

and urgently needs further scientific investigation, 

particularly concerning antifungal therapy and poten-

tial multidrug resistance (resistance to at least two 

different classes of drugs). Without new therapeutic 

strategies and a deeper understanding of its patho-

genicity, trichosporonosis will continue to pose a sub-

stantial threat to vulnerable patient populations.

Although there is still limited data to support 

susceptibility-driven antifungal therapy, in vitro sus-

ceptibility testing using reference methods is recom-

mended for epidemiological purposes. Furthermore, 

the establishment of ECV/clinical breakpoints is also 

important to facilitate the interpretation of MICs in 

clinical labs. Some recommendations are now avail-

able (2024) from EUCAST (EUCAST guidance on 

Interpretation of MICs for rare yeasts without break-

points), and some studies are already contributing to 

this scenario [4], but this is just the beginning. This 

will further allow us to identify isolates, showing evi-

dence of acquired resistance. Moreover, some studies 

continue to highlight the differences between species 

within this genus when it comes to susceptibility to 

antifungal agents. Therefore, further in-depth studies 

on this topic would also be important.

Additionally, more in-depth studies on the applica-

bility and effectiveness of new antifungals for the Tri-

chosporon genus are necessary. In addition to clinical 

trials, which will be crucial for introducing these new 

forms of treatment for trichosporonosis.

Significant advancements are still needed to gain 

a deeper understanding of trichosporonosis suscep-

tibility and treatment. There is also a pressing need 

for more precise diagnosis, prescriptions, and dos-

age guidelines. Furthermore, Trichosporon spp. 

is becoming increasingly relevant within the One 

Health framework, as environmental exposure to fun-

gicidal substances may be contributing to its growing 

resistance.
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Abstract

The resistance in Trichosporon species poses a signi¿cant challenge in clinical treatment, limiting the e൶cacy of com-

monly used antifungal drugs. In this context, T. asahii poses substantial risks as an opportunistic pathogen, especially in 

immunocompromised patients, where the e൵ective antifungal treatment is also challenged by the absence of standardized 
testing methods. In this scenario, the present study evaluated and discussed the broth microdilution susceptibility testing 

of Trichosporon species to Àuconazole and amphotericin B. A total of 33 Trichosporon spp. strains, isolated from di൵erent 
sources, along with reference strains, were tested. Di൵erent adaptations of the CLSI guidelines were applied to investigate 
optimal conditions for minimum inhibitory concentration (MIC) determination in this genus. The results revealed that Àu-

conazole showed less variation between the tested incubation periods, with reading at 50% inhibition, while amphotericin 

B demonstrated more accurate results with extended incubation (48 h) and reading at 100% inhibition. Additionally, Àuco-

nazole exhibited higher MICs when isolates were incubated at 30 °C, with a range of 1–32 µg/mL, where amphotericin B 

showed higher MICs at 37 °C, with a range of 0.5–4 µg/mL. This work also reveals signi¿cant variability in susceptibility 
results, underscoring the necessity for standardized testing protocols. Based on the results, the study recommends for the 

optimal susceptibility testing a 48 h incubation period at 37 °C, with reading breakpoints of 50% inhibition for Àuconazole 
and 100% inhibition for amphotericin B. Yet, this study highlights the urgent need for standardized testing methods and 

better understanding of antifungal resistance in Trichosporon infections.
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Introduction

Over the past few decades, Trichosporon species have been 

increasingly recognized as opportunistic pathogens capable 

of causing life-threatening invasive diseases, particularly 

in immunosuppressed patients [1–3]. Most species of this 

genus are opportunistic pathogens, normally residing as 

commensals on the skin and gastrointestinal tract of healthy 

individuals (both humans and other animals). However, 

under an imbalanced environment, Trichosporon spp. may 

cause trichosporonosis, also depending on speci¿c viru-

lence factors and metabolic Àexibility [2, 4, 5].

Trichosporonosis is primarily caused by six species: T. 

asahii and T. mucoides, which are the main agents of inva-

sive infections, and T. cutaneum, T. asteroides, T. ovoides, 

and T. inkin, which are primarily associated with super¿-

cial infections [2, 3]. Recently, the taxonomy of this genus 

was revised, and some of the species tested and cited in this 

work now belong to the genus Cutaneotrichosporon (Cuta-

neotrichosporon jirovecii, Cutaneotrichosporon mucoides, 

and Cutaneotrichosporon cutaneum) [6]. However, in this 

study, we will discuss these species from the perspective of 

the former genus Trichosporon.

Benign irregular nodules on the hair shaft, known as 

White Piedra, represent the most common clinical pre-

sentation of super¿cial infection [7]. In cases of invasive 

infection, trichosporonosis is predominantly observed in 

immunocompromised patients, such as those with advanced 

HIV infection, cancer, or transplant recipients. In these 

cases, T. asahii is the most common agent, and the infec-

tion can a൵ect a wide range of organs with highly variable 
clinical manifestations, such as fungemia (> 70%), pneumo-

nia, and skin lesions, with lethality rates of 50–70% [2, 3]. 

Notably, during the COVID-19 pandemic, severe cases of 

co-infection and opportunistic infections after COVID-19 

caused by T. asahii were described [8–11].

These life-threatening invasive diseases have become 

increasingly frequent and are often associated with inef-

fective antifungal treatments or antifungal resistance [1, 

8, 9]. Furthermore, some studies have reported that a few 

Trichosporon isolates exhibit reduced susceptibility to 

certain azoles and polyenes, highlighting the potential for 

antifungal resistance in this genus to agents commonly used 

in clinical practice for treating fungal infections. Notably, 

this genus displays intrinsic resistance to echinocandins [2, 

3].

In this context, antifungal susceptibility testing would be 

useful to foresee the best treatment for each patient. How-

ever, the methodology for determining the Minimum Inhibi-

tory Concentrations (MIC) for antifungals is not yet well 

standardized for Trichosporon spp. The Clinical and Labo-

ratory Standards Institute (CLSI) guidelines are the most 

used for determining yeast susceptibility and do not include 

the genus Trichosporon [12]. Consequently, researchers use 

di൵erent parameters (i.e., culture medium, inoculum con-

centration, temperature, and incubation period) to study 

antifungal susceptibility, leading to di൶culties in reproduc-

ing data and interpreting the results [2, 3].

In this context, the establishment of a standardized broth 

microdilution susceptibility test for Trichosporon spp. is cru-

cial due to its increasing clinical signi¿cance, particularly in 
immunocompromised patients. Therefore, this study aims 

to establish reproducible conditions for performing broth 

microdilution antifungal susceptibility testing of Trichospo-

ron spp. against Àuconazole and amphotericin B (the most 
used antifungals for treating fungal infections), including 

incubation period, temperature, and reading breakpoints. 

The goal is also to minimize the impact of potential antifun-

gal resistance on treatment e൶cacy. These factors are criti-
cal when working with opportunistic environmental yeasts 

that can adapt to and thrive in animal hosts, potentially 

exhibiting reduced susceptibility to common treatments.

Materials and methods

Samples

In this study, we performed the susceptibility of 33 Tricho-

sporon spp. isolates (Table 1) to the antifungals amphoteri-

cin B and Àuconazole. Additionally, we used four reference 
strains as controls (chosen for their clinical relevance): 

Cryptococcus neoformans H99, Cryptococcus gattii R265, 

Candida glabrata ATCC 2001, and Candida albicans 

SC5314 (ATCC MYA-2876D-5) [13–15]. The isolates were 

collected from environmental and human sources, isolated 

on CHROMagar, identi¿ed using MALDI-TOF, and stored 
in a BHI medium supplemented with 20% glycerol collec-

tion at -80  °C. The collection is deposited in the Sistema 

Nacional de Gestão do Patrimônio Genético e do Conhe-

cimento Tradicional Associado (SISGEN code AA7A6D7). 

The CLSI protocol [12] was used as a reference, but adapta-

tions were made to suit our laboratory protocol.

Table 1  Number of isolates per species

Species Num-

ber of 

Isolates

Trichosporon asahii 17

Cutaneotrichosporon mucoides (Trichosporon mucoides) 8

Trichosporon japonicum 4

Cutaneotrichosporon jirovecii

(Trichosporon jirovecii)

3

Trichosporon coremiforme 1

1 3



Brazilian Journal of Microbiology

Inoculum preparation

The inoculum was prepared following the methodology 

described in previous studies [13–15]. The samples were 

cultured on Sabouraud Dextrose Agar (SDA) at 37 °C for 

48 h [13–15]. After incubation, a portion of the colony was 

transferred into 3 mL of 0.9% saline in a glass tube and 

homogenized [13–15]. Due to the tendency of the yeast to 

form clumps, the suspensions were left to decant for 5 min. 

After decantation, 2.5 mL of the supernatant was carefully 

collected for further processing. The transmittance of the 

inoculum was then adjusted to 75–77% at 530 nm, corre-

sponding to a concentration of 1–5 × 10^6 cells/mL [13–15]. 

This stock inoculum was subsequently diluted in RPMI 

1640 medium with MOPS (0.165 M) in two steps: a 1:50 

dilution, followed by a 1:20 dilution, yielding a ¿nal con-

centration of 1–5 × 10^3 cells/mL [13–15]. The inoculum 

was transferred into 96-well Àat-bottomed plates. The CLSI 
protocol [12] was used as a reference, but adaptations were 

made to suit our laboratory protocol.

Antifungals

The antifungals Àuconazole and amphotericin B were 
obtained from Sigma-Aldrich and solubilized in sterilized 

distilled water and DMSO, respectively, to prepare stock 

solutions at a concentration of 5000 µg/mL [13–15]. They 

were prepared in stock solutions in DMSO, followed by 

serial dilutions in RPMI. The ¿nal concentration ranges 
were 0.03–16 µg/mL for amphotericin B and 0.125–64 µg/

mL for Àuconazole [13–15]. The CLSI protocol [12] was 

used as a reference, but adaptations were made to suit our 

laboratory protocol.

Susceptibility test conditions

All experiments were performed to test di൵erent incubation 
conditions: temperatures of 30 °C and 37 °C, and periods of 

24 h and 48 h. Plates were read visually, and reading break-

points of 50% growth inhibition compared to the drug-free 

growth control, as well as 100% growth inhibition, were 

used to determine the antifungal minimum inhibitory con-

centrations (MIC). Additionally, minimum inhibitory con-

centrations (MIC50 and MIC90) were calculated, allowing 

the determination of the minimum concentration required 

to inhibit 50% and 90% of the isolate’s growth, respectively 

[13–15]. The CLSI protocol [12] was used as a reference, 

but adaptations were made to suit our laboratory protocol.

Results

The results for Cryptococcus neoformans H99, Crypto-

coccus gattii R265, Candida glabrata ATCC 2001, and 

Candida albicans SC5314 (ATCC MYA-2876D-5) were 

consistent with the established standards, reinforcing the 

reproducibility of the protocol [12]. For Trichosporon spp., 

the results are summarized in Table 2. All the strains were 

evaluated under all the conditions tested, with the aim of 

standardizing.

Observing the growth pattern of the samples during the 

experiment, we noticed di൵erences related to temperature 
and incubation period. All isolates showed growth within 

24 h; however, in most cases, the best metabolic rate seemed 

to occur after 48  h of growth, where they demonstrated 

greater multiplication in the wells. Regarding temperature, 

some isolates exhibited preferential growth at one of the 

tested temperatures, where they demonstrated greater multi-

plication in the wells, while others seemed to grow equally 

under both conditions.

All isolates showed some growth within 24  h, regard-

less of the drug (Table 2). However, for most isolates, the 

48-hour incubation period appeared more promising, allow-

ing the yeast to grow and develop su൶ciently to provide 
the best MIC determination. This was particularly notice-

able for amphotericin B, where many of the isolates (24/33) 

showed a doubled MIC value after 48 h of incubation. Thus, 

48 h of incubation might be the most reliable period to more 

accurately determine the antifungal susceptibility of this 

genus.

Temperature appeared to inÀuence isolate growth, 
regardless of the drug (Table 2). Some isolates did not show 

su൶cient growth to analyze inhibition depending on the 
temperature. One T. asahii isolate did not exhibit enough 

growth to analyze inhibition at 30 °C, while three isolates 

of Cutaneotrichosporon jirovecii (formerly T. jirovecii) did 

not exhibit su൶cient growth to analyze inhibition at 37 °C.
When observing the percentage of growth inhibition, 

readings were taken at 50% and 100% inhibition (Table 2), 

as the drugs can be either fungicidal (amphotericin B) or 

fungistatic (Àuconazole). Moreover, it is important to note 
that this is visual reading, which can be inÀuenced by tech-

nical expertise in performing the test. We observed that for 

Àuconazole, the 100% reading was not accurate, as expected 
for a fungistatic drug, since it can reach values higher than 

the highest concentrations tested. However, for amphoteri-

cin B, the 100% reading was more accurate, as expected 

for a fungicidal drug, as it completely inhibits the growth 

of this yeast.

As shown in Table  2, for Àuconazole, the MIC values 
ranged from 0.125 to > 64 µg/mL. In contrast, for ampho-

tericin B, the MIC range was 0.06–4 µg/mL. Notably, the 
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30  °C, and 50% inhibition as the reading breakpoint. For 

amphotericin B, the highest MIC50 and MIC90, following 

the previously de¿ned parameters, were 1 µg/mL and 2 µg/
mL, respectively, at 48 h, 37 °C, and 100% inhibition as the 

reading breakpoint.

Table  3 provides a summary of these results, showing 

the speci¿c conditions under which the best MIC values (as 
observed in this study) were recorded for both Àuconazole 
and amphotericin B. Despite the signi¿cant variation in the 
results, this study aimed to discuss the optimal conditions 

highest MIC values (32 µg/mL for Àuconazole and 4 µg/mL 
for amphotericin B) were predominantly observed against 

Cutaneotrichosporon mucoides (formerly T. mucoides) and 

T. asahii at 30 °C / 50% reading / 48 h for Àuconazole, and 
for T. asahii at 37 °C / 100% reading / 48 h for amphotericin 

B (Table 2).

Considering both antifungal agents under the tested con-

ditions, several interesting results were observed (Table 2). 

For Àuconazole, the highest MIC50 and MIC90, following 

the previously de¿ned parameters, were 8 µg/mL at 48 h, 

Table 2  MIC (Minimum Inhibitory Concentration) results for Àuconazole and amphotericin B against Trichosporon samples. Samples labeled 

as “N” demonstrated enough growth at only one of the tested temperatures, failing to grow at the other temperature, which made it impossible to 

assess susceptibility under that speci¿c condition. Each color represents a species: blue (Cutaneotrichosporon mucoides / T. mucoides), orange 

(Cutaneotrichosporon jirovecii / T. jirovecii), red (T. coremiforme), green (T. japonicum) and yellow (T. asahii). Range represents the interval of 

values, while MIC50 and MIC90 refer to the minimum concentrations required to inhibit the growth of 50% and 90% of the samples, respectively
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In this study, the CLSI methodology was employed with 

certain modi¿cations applicable to this genus [12]. Despite 

the observed variation, the MIC50 and MIC90 values in this 

study were generally consistent with those described in the 

literature so far, demonstrating some e൵ectiveness. How-

ever, the results of this study also highlight some elevated 

values that may indicate potential resistance, as previously 

reported in the literature (32  µg/mL for Àuconazole and 
4 µg/mL for amphotericin B). These are important factors to 

consider when discussing precise and e൵ective treatment for 
a life-threatening invasive disease [2, 3, 13, 16, 17].

In the absence of interpretative breakpoints or epidemio-

logical cuto൵ values (ECVs) for Trichosporon and antifun-

gal agents, several studies have also applied adapted CLSI 

guidelines [12] to generate in vitro susceptibility data. 

Among these, Guo et al. [18], Wongsuk et al. [19], and Kuo 

et al. [20] reported consistently elevated Àuconazole MICs 
(≥ 8 µg/mL) and high amphotericin B MIC values (ranging 
from 4 to > 16 µg/mL), which are in line with the ¿ndings of 
the present study. In a more recent study (2025), de Souza 

et al. [21] reported Àuconazole MIC values ranging from 
0.5 to 8  µg/mL and amphotericin B MICs from 0.125 to 

> 16  µg/mL, also consistent with the data presented here. 

However, it is important to emphasize that these studies 

did not employ fully standardized protocols, which limits 

the direct comparability of the evaluated conditions and the 

resulting data. This reinforces the relevance of the present 

study and underscores the urgent need to standardize anti-

fungal susceptibility testing for Trichosporon spp.

for evaluating the antifungal susceptibility of Trichosporon 

spp.

Based on the results, this study discussed and established 

the optimal conditions for evaluating the antifungal suscep-

tibility of Trichosporon spp. Under these conditions, Table 4 

presents the MIC Range, MIC₅₀, and MIC₉₀ values for Àu-

conazole and amphotericin B among species. The values 

were determined at 37 °C for 48 h, using 50% growth inhi-

bition for Àuconazole and 100% inhibition for amphoteri-
cin B. Among the species, Cutaneotrichosporon mucoides 

(Trichosporon mucoides) showed the highest MIC values 

for voriconazole, with a range of 1–8 µg/mL, an MIC₅₀ of 
2 µg/mL, and an MIC₉₀ of 4 µg/mL. In contrast, Trichospo-

ron asahii exhibited the highest MIC values for amphoteri-

cin B, with a range of 1–4 µg/mL, an MIC₅₀ of 1 µg/mL, and 
an MIC₉₀ of 2 µg/mL.

Discussion

In the review by Mehta et al. [2] and other referenced stud-

ies, a signi¿cant variation was observed in the parameters 
used for susceptibility assays with Trichosporon spp. This 

variation highlights the lack of standardization in suscep-

tibility testing for this genus, including the inconsistency 

in tests conducted with the substances commonly used for 

the treatment of fungal infections, such as Àuconazole and 
amphotericin B [3, 13, 16, 17].

Table 3  Comparison of MIC results for clinical antifungals Àuconazole and amphotericin B
Fluconazole Amphotericin B

Reading breakpoint of 50% growth inhibition Reading breakpoint of 100% growth inhibition

Reading at 24–48 h of growth Reading at 48 h of growth

Highest MIC values at 30 °C Highest MIC values at 37 °C

Table 4  Distribution of MIC range, MIC₅₀ and MIC₉₀ values for Àuconazole and amphotericin B among species, considering only the optimal con-

ditions established in this study—37°C, 48 hours, with 50% growth inhibition for Àuconazole and 100% inhibition for amphotericin B. Samples 
labeled as “-” did not exhibit su൶cient growth at the tested temperature, preventing susceptibility assessment under these speci¿c conditions
Species MIC Range MIC50 MIC90

Fluconazole

Trichosporon asahii 0.5–8 µg/mL 1 µg/mL 4 µg/mL

Cutaneotrichosporon mucoides (Trichosporon mucoides) 1–8 µg/mL 2 µg/mL 4 µg/mL

Trichosporon japonicum 0.25–8 µg/mL 0.5 µg/mL 2 µg/mL

Cutaneotrichosporon jirovecii

(Trichosporon jirovecii)

- - -

Trichosporon coremiforme 1 µg/mL 1 µg/mL 1 µg/mL

Amphotericin B

Trichosporon asahii 1–4 µg/mL 1 µg/mL 2 µg/mL

Cutaneotrichosporon mucoides (Trichosporon mucoides) 0.5–1 µg/mL 1 µg/mL 1 µg/mL

Trichosporon japonicum 1–2 µg/mL 1 µg/mL 2 µg/mL

Cutaneotrichosporon jirovecii

(Trichosporon jirovecii)

- - -

Trichosporon coremiforme 1 µg/mL 1 µg/mL 1 µg/mL
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Regarding the time di൵erences during the incubation 
period, it is important to highlight that the variations were 

not only observed in the presence of the drug, but also in the 

growth controls of the experiment. This suggests that the 

observed variations are not solely attributable to the e൵ects 
of the antifungal agents, but that longer incubation periods 

inÀuence the fungal ¿tness.
Some isolates did not grow adequately at 37 °C, which 

hindered the determination of MICs under this condition. 

As 37 °C corresponds to the physiological temperature of 

the human body, this ¿nding is particularly noteworthy. 
The reduced and delayed growth at this temperature may 

have taxonomic implications related to the speci¿c species 
involved, could represent an artifact of in vitro conditions, 

or may reÀect the predominantly environmental origin of 
the samples involved. However, none of these hypotheses 

can be con¿rmed at this stage, as no studies addressing this 
phenomenon are currently described. Notably, Trichospo-

ron jirovecii has been reported both as part of the human 

microbiota and as a opportunistic pathogen, demonstrat-

ing its ability to grow well at 37  °C [22–24]. Therefore, 

based on this available data, the most plausible explanation 

for the limited growth in our study is the inÀuence of in 
vitro conditions, possibly combined with the environmental 

origin of the isolates. It is also worth mentioning that, to 

date, Trichosporon austroamericanum is the only species 

reported in the literature to have been exclusively isolated 

from a single source (or temperature in some way)—clinical 

samples—whereas most Trichosporon species are generally 

ubiquitous [25].

However, based on the evaluation of these results, this 

study identi¿ed optimal conditions for performing sus-

ceptibility assays with Trichosporon spp. We recommend 

performing susceptibility assays using 48  h of incubation 

at 37 °C (clinical context), with 50% and 100% inhibition 

reading breakpoints for Àuconazole and amphotericin B, 
respectively. Still, these conclusions may also be applicable 

to other antifungal agents within these drug classes (azoles 

and polyenes). Nevertheless, it is important to note that 

these parameters are already described in the CLSI docu-

ments for other yeasts [12]. It is an interesting observation, 

since the method will not require huge adaptation for clini-

cal laboratories.

Furthermore, the discussion in this work is of utmost 

importance, especially considering that there are currently 

two main issues related to the lack of a standardized sus-

ceptibility test: the absence of interpretive breakpoints for 

establishing susceptibility/resistance and the lack of clinical 

application of susceptibility assays to guide the prescription 

of antifungal treatments for patients. Therefore, there is a 

need for standardized testing methods (CLSI) and a better 

Therefore, in this study, we will now discuss the optimal 

conditions for this susceptibility test. The isolates exhib-

ited higher MIC values against Àuconazole when incubated 
at 30 °C. As a fungistatic agent, the reading breakpoint to 

determine the MIC is 50% growth inhibition, although both 

50% and 100% inhibition were observed visually. Impor-

tantly, no signi¿cant di൵erence was found between the MIC 
results at 24 h and 48 h of Àuconazole incubation, suggest-
ing that extended incubation does not a൵ect the antifungal 
susceptibility results for Trichosporon spp. under these con-

ditions. As previously demonstrated for other fungi [12].

Conversely, for amphotericin B, the highest MIC values 

were recorded at 37 °C. As a fungicidal compound, the read-

ing breakpoint to establish the MIC should be 100% growth 

inhibition, despite visual readings showing both 50% and 

100% inhibition. A signi¿cant di൵erence was observed 
between the MIC results at 24 h and 48 h of incubation, with 

most isolates doubling the MIC value after 48 h. This sug-

gests that extended incubation may be necessary for more 

accurate susceptibility testing of Trichosporon species when 

using amphotericin B.

These ¿ndings are consistent with existing literature, 
which indicates that at physiological temperature (37 °C), 

Trichosporon species are generally more susceptible to 

azoles than to polyenes (observed during the susceptibility 

test and treatment of trichosporonosis). Moreover, di൵er-
ent MIC values are observed in literature depending on the 

species. In this study, aligning with what has been previ-

ously described, we observed that some species (such as T. 

mucoides and T. asahii) present higher MIC values [2, 17]. 

Additionally, we present the distribution of key MIC val-

ues among the species, highlighting that the MIC values for 

Àuconazole and amphotericin B were higher in T. mucoides 

and T. asahii compared to the other species.

Furthermore, as established in standardized protocols for 

other yeasts, it is important to apply a 50% growth inhibi-

tion threshold for fungistatic drugs and a 100% threshold for 

fungicidal drugs, in accordance with the CLSI guidelines 

[12]. In this context, although this study discusses various 

experimental conditions, the results obtained for Àuconazole 
and amphotericin B align with the standardized approach 

recommended by the CLSI for other yeasts.

Also, as environmentally opportunistic yeasts capable 

of adapting, Trichosporon species can exhibit di൵erent 
metabolic rates depending on the situation or environmental 

conditions. In this way, variability in growth rates observed 

within the standard incubation period (also temperature) can 

a൵ect susceptibility test outcomes. Some isolates, or even 
entire species, may show di൵erent rates of growth in dif-
ferent conditions, potentially inÀuencing MIC readings and 
results [2].
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17.	 Francisco -EC, de Almeida Junior JN, de Queiroz Telles F, 
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P, Castro O, Guimarães T, Hahn RC, Padovan ACB, Chaves GM, 

Colombo AL (2019) Jul Species distribution and antifungal sus-

ceptibility of 358 Trichosporon clinical isolates collected in 24 

understanding of antifungal susceptibility to improve the 

treatment of Trichosporon infections.

Based on our data, the parameters recommended by CLSI 

for other yeasts—such as incubation time, temperature, and 

inhibition reading—are also applicable to Trichosporon spp. 

This ¿nding supports the notion that only minimal adapta-

tions are needed for applying current standardized meth-

ods to Trichosporon in clinical laboratories. However, it is 

important to highlight that the establishment of interpreta-

tive breakpoints or epidemiological cuto൵ values (ECVs) 
for Trichosporon and antifungal agents remains an urgent 

need.

Conclusion

In conclusion, the variations observed in our susceptibility 

assays underscore the need for a standardized approach to 

evaluate Trichosporon susceptibility. The ¿ndings of this 
study suggest optimal conditions for susceptibility testing 

in the clinical context, which appear to align well with the 

parameters already established by CLSI for other yeasts. In 

addition, our data underscore the need for further studies 

to establish a standard method for evaluating the antifungal 

susceptibility of Trichosporon spp., which will enable the 

calculation of antifungal epidemiological cuto൵ values and, 
possibly, the determination of interpretive breakpoints for 

susceptibility/resistance.
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medium supplemented with 20% glycerol at −80 °C [16, 21, 40] (Table 1). The collection is deposited in the 
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compounds. In addition, MIC ranges, MIC₅₀, and MIC₉₀ values were calculated, defined respectively as the interval 
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Figures and schematic representations were prepared in BioRender. All data were analyzed using Student’s t
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isolates at 30 °C and 37 °C against each group of compounds, as well as the MIC range, MIC₅₀, and MIC₉₀ values.
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tures. The MIC range, MIC₅₀, and MIC₉₀ values are also presented, where the MIC range indicates the lowest and highest minima
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using GraphPad Prism with Student’s 
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ND indicates no detectable growth. Data was analyzed and plotted using GraphPad Prism, applying Student’s 
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leitura de 50% de inibição para fluconazol e 100% para anfotericina B. Essa padronização foi 
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