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ABSTRACT Sporotrichosis is a globally distributed subcutaneous mycosis caused mainly 
by Sporothrix brasiliensis, S. schenckii, and S. globosa. Cat-transmitted sporotrichosis, 
primarily caused by S. brasiliensis in South America and to a lesser extent by S. schenckii 
in Southeast Asia, is emerging as a substantial public health concern due to its outbreak 
potential. Itraconazole is the first-line drug for the treatment of humans and cats, but 
reduced susceptibility has been reported based on previously proposed epidemiologi­
cal cut-off values (ECVs). To support resistance surveillance, we aimed to establish the 
Clinical and Laboratory Standards Institute (CLSI)-endorsed ECVs for these clinically 
relevant Sporothrix species. A total of 3,504 minimum inhibitory concentration (MIC) 
values for six antifungal agents (amphotericin B, itraconazole, posaconazole, voricona­
zole, isavuconazole, and terbinafine) were obtained from 19 international laboratories. 
Four of seven antifungals met the CLSI M57 guidelines criteria to determine the ECV. 
Established ECVs for amphotericin B were found to be high, with 8 µg/mL for S. 
brasiliensis and S. globosa, and 4 µg/mL for S. schenckii. Itraconazole ECVs were 4 µg/mL 
for S. brasiliensis and S. schenckii. Posaconazole ECVs were 4 µg/mL for all three species 
(tentative for S. globosa), while the terbinafine ECV for S. brasiliensis was 0.12 µg/mL. 
Overall, this study establishes validated ECVs for key antifungals against Sporothrix 
species and identifies a low prevalence of non-wild-type (NWT) isolates (<10% except 
for S. schenckii and posaconazole), supporting ongoing antifungal resistance monitoring.

KEYWORDS Sporothrix spp., antifungal susceptibility testing, zoonotic, epidemiological 
cutoff values (ECV), sporotrichosis

S porotrichosis is a ubiquitous cutaneous/subcutaneous mycosis caused by patho­
genic species of the Sporothrix genus (1). It is prevalent in tropical and subtropical 

areas, where infections mostly occur by percutaneous inoculation from plant material 
containing Sporothrix spp., the classical form of the disease (2). Outside South America, 
this is the common form of the disease and is mainly caused by S. schenckii and S. 
globosa (3). In the last three decades, a new species in the Sporothrix pathogenic 
clade, S. brasiliensis, has emerged in Brazil and thereafter in other countries in South 
America (4). S. brasiliensis causes large outbreaks in the cat population and is increasingly 
transmitted to humans by direct and indirect contact with infected cats’ secretions 
(4). In humans, the usual clinical presentations of sporotrichosis are fixed cutaneous 
or lymphocutaneous and multifocal disseminated infections in HIV patients. Other 
clinical presentations, including osteoarticular, pulmonary, and multifocal infections in 
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non-immunocompromised patients, are relatively rare (5, 6). In cats, the most preva­
lent clinical presentation is the disseminated cutaneous form, typically associated 
with extracutaneous manifestations, including respiratory involvement and lymphade­
nomegaly (7, 8). Remarkably, in the last decade, there have also been several reports 
of cat-transmitted sporotrichosis in Thailand and Malaysia, which were caused by S. 
schenckii (9–11).

In South America, and to a lesser extent in Southeast Asia, zoonotic sporotrichosis 
has become a major public health problem because of its capacity to rapidly spread 
and its epidemic potential (12). Currently, there is no vaccine against sporotrichosis, and 
the treatment of infected cats is the main prevention strategy to prevent outbreaks and 
further spread of the disease (13). There are limited antifungal treatment options in 
cats and humans. Itraconazole is the first-choice antifungal drug for human disease, 
while terbinafine and potassium iodide are used as alternatives (14). Amphotericin 
B is used for severe human infections (15, 16). In feline sporotrichosis, itraconazole, 
administered either as monotherapy or in combination with potassium iodide, remains 
the first-line drug. Deoxycholate amphotericin B can be administered by local injections 

FIG 1 Flow chart showing the analysis steps and the inclusion and exclusion criteria for received MIC data sets. A total of 3,504 MIC data for S. brasiliensis, 

S. globosa, and S. schenckii isolates were obtained from 19 laboratories that performed AFST using the broth M38 microdilution method. MIC data sets were 

rejected if they did not conform to CLSI M57 guidelines (such as being multimodal, truncated at the low or high end of the tested range, or not within two 

dilutions of the central modal MIC of most laboratories). After rejection of the MIC data sets, MIC distributions were determined for amphotericin B, terbinafine, 

and triazoles, together with the geometric mean MIC, MIC50, and MIC90 data. *A subset of the MICs (up to 2017) came from nine laboratories involved in a 

previous study (27). MIC, minimum inhibitory concentration; CLSI, Clinical and Laboratory Standards Institute; ECV, epidemiological cut-off value; NWT, non-wild 

type.
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in the lesion in cases refractory to itraconazole (17). Terbinafine demonstrates limited 
antifungal effectiveness (18). Additionally, there are a few documented cases reporting 
successful use of posaconazole and isavuconazole in treatment-refractory infections 
(19, 20). In Brazil, effective treatment of feline sporotrichosis is hindered by multiple 
factors, including owner treatment non-adherence, socio-economic constraints, the long 
duration of therapy, challenges with the antifungal administration to cats, and the cost 
of itraconazole, which is not provided free of charge in many public health services 
(21). Treatment abandonment has been reported in 34%–39% of infected cats (22, 23). 
Poor treatment compliance and treatment failure in cats may have an impact on human 
health, as it can lead to increased fungal burden, antifungal exposure, and could favor 
the development of antimicrobial resistance. Reduced susceptibility of S. brasiliensis to 
itraconazole was suggested in a human case non-responsive to itraconazole (24). As cats 
are treated with the same antifungal agents used in humans, the potential emergence of 
antimicrobial resistance may represent an additional challenge for the management of 
human sporotrichosis.

The detection of isolates with non-wild-type (NWT) minimal inhibitory concentrations 
(MICs) enables surveillance of the emergence and spread of antifungal resistance (25). 
Establishing a baseline of MICs and associated clinical presentations is the first step 
for monitoring the emergence of resistance. For this purpose, antifungal breakpoints 
for medically relevant Sporothrix species are necessary. Owing to a lack of studies 
reporting MICs along with clinical data and treatment outcomes, breakpoints have not 
been established, nor are official epidemiological cut-off values (ECVs) available, which 
enable the identification of isolates with reduced susceptibility and potential antifungal 
resistance mechanisms.

Several studies have reported azole MIC values for S. brasiliensis (26–31), whereas 
a multicenter international study proposed ECVs for S. brasiliensis and S. schenckii to 
azoles and amphotericin B, and to terbinafine for S. brasiliensis only (27). Although this 
study included a high number of MIC values, results were not submitted for approval 
and validation to the Clinical and Laboratory Standards Institute (CLSI). Here, using an 
expanded contemporary data set from a total of 19 participating laboratories, including 
some of the MIC values presented in the previous ECV study (27), we established MIC 
distributions, ECVs, percent NWT, modal MICs, MIC90s, and geometric mean MICs for six 
antifungals, including amphotericin B, terbinafine, and triazoles (itraconazole, posacona­
zole, voriconazole, and isavuconazole), for S. schenckii, S. globosa, and/or S. brasiliensis.

RESULTS

A total of 3,504 MIC values for S. brasiliensis (n = 1,742), S. globosa (n = 548), and 
S. schenckii (n = 1,214) isolates were obtained from 19 laboratories that performed 
antifungal susceptibility testing (AFST) using the broth microdilution method as outlined 
in the CLSI reference standard M38 Ed3 for filamentous fungi (32).

The analysis steps and the exclusion criteria used for received MIC data sets are 
summarized in Fig. 1. A subset of the MICs (up to 2017) came from nine laboratories 
involved in a previous study (27). Additional contemporary MIC data sets were also 
received from some of those laboratories, as well as from 10 new sites. MIC distributions 
were determined for amphotericin B (Table 1), terbinafine (Table 2), and triazoles (Table 
3), together with the geometric mean MIC, MIC50, and MIC90 data. The number of 

TABLE 1 Amphotericin B MIC distribution for Sporothrix speciesa

Antifungal Labs Isolates MIC values (µg/mL) GM MIC50 MIC90

≤0.03 0.06 0.12 0.25 0.5 1 2 4 8 16 >16

S. brasiliensis 7 212 6 0 7 18 23 70 68 19 1 0 0 0.99 1 4
S. globosa 10 137 0 0 13 4 9 19 49 33 6 1 3 2.03 2 4
S. schenckii 9 176 2 0 5 11 18 75 43 18 1 1 2 1.13 1 4
aModes in bold.
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isolates and participating laboratories varied across antifungals, as did the number of 
isolates among the three species (Tables 1 to 4).

MIC data sets were rejected if they did not conform to CLSI M57 guidelines (such as 
being multimodal, truncated at the highest or lowest value, or not within two dilutions 
of the central modal MIC of most laboratories). Greater interlaboratory variation and 
rejected laboratory MIC data sets were seen with S. brasiliensis for amphotericin B (22%) 
and azoles (17%–30%), and S. schenckii with amphotericin B (31%) (Table 4). For all other 
species/antifungal combinations, the percentage of MIC data sets from laboratories 
included was ≥85%.

Data for four of six antifungals met the CLSI M57 guidelines (minimum of 3 differ-
ent laboratories and 100 isolates) for determination of ECVs via the iterative statistical 
method with ECOFFinder (V2.1). Tentative ECVs were also calculated if the number of 
isolates was insufficient (<100 and >35 isolates). For amphotericin B, ECVs were 8 µg/mL 
for S. brasiliensis and S. globosa, and 4 µg/mL for S. schenckii. ECVs for itraconazole and 
posaconazole were 4 µg/mL for S. brasiliensis and S. schenckii, while a tentative ECV of 4 
µg/mL was calculated for S. globosa and posaconazole. Finally, the ECVs for terbinafine 
were 0.12 µg/mL for S. brasiliensis, and only tentative ECVs for S. globosa (2 µg/mL) and S. 
schenckii (0.5 µg/mL) could be defined due to a lack of isolates (Table 4). The itraconazole 
ECV for S. globosa could not be determined due to a high variability in MICs among 
different laboratories. Additionally, the ECVs for isavuconazole and voriconazole could 
not be established, as MICs were truncated on the high end of the recommended testing 
range.

TABLE 2 Terbinafine MIC distributions for Sporothrix speciesa,b

Antifungal Labs Isolates MIC values (µg/mL) GM MIC50 MIC90

0.004 0.008 0.016 0.03 0.06 0.12 0.25 0.5 1 2 4 8

Terbinafine
  S. brasiliensis 4 270 1 5 9 87 129 27 6 6 0 0 0 0 0.05 0.06 0.12
  S. globosa 3 38 0 0 0 0 4 0 2 15 17 0 0 0 0.53 0.5 1
  S. schenckii 3 42 0 0 0 1 11 15 8 7 0 0 0 0 0.14 0.12 0.5
aModes in bold.
bGM, geometric mean; MIC, minimum inhibitory concentration; MIC50 or MIC90, MIC that inhibits 50% or 90% of the isolates tested.

TABLE 3 Triazole MIC distributions for Sporothrix speciesa,b

Antifungal Labs Isolates MIC values (µg/mL) GM MIC50 MIC90

≤0.016 0.03 0.06 0.12 0.25 0.5 1 2 4 8 16 >16

Isavuconazole
  S. brasiliensis 3 93 0 0 1 1 2 1 9 14 20 35 9 1 4.06 4 >16
  S. globosa 3 20 0 0 0 0 0 0 0 1 2 4 11 2 11.71 16 >16
  S. schenckii 5 74 0 0 0 0 0 0 10 5 18 26 8 7 5.71 8 >16
Itraconazole
  S. brasiliensis 7 216 5 1 3 14 35 50 69 29 2 0 0 8 0.65 1 2
  S. globosa 10 96 1 13 4 9 15 16 9 12 3 4 1 9 0.55 0.5 >16
  S. schenckii 11 242 0 2 6 10 31 67 63 38 5 2 1 17 0.86 1 4
Posaconazole
  S. brasiliensis 6 291 0 0 2 4 13 58 100 100 11 0 0 3 1.08 1 2
  S. globosa 8 80 0 1 0 3 14 19 27 8 2 0 1 5 0.69 1 4
  S. schenckii 10 266 0 0 1 10 14 54 83 41 11 9 8 35 1.57 1 >16
Voriconazole
  S. brasiliensis 5 137 0 0 0 0 0 2 6 6 16 41 54 12 9.03 8 16
  S. globosa 9 111 0 11 0 6 2 3 3 4 5 15 22 40 9.29 16 >16
  S. schenckii 10 266 0 4 0 0 1 4 13 27 43 65 86 23 6.83 8 16
aModes in bold.
bGM, geometric mean; MIC, minimum inhibitory concentration; MIC50 or MIC90, MIC that inhibits 50% or 90% of the isolates tested.
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The percentage of NWT isolates with MICs above the established ECV was determined 
for each drug and species. For amphotericin B and terbinafine, the percentage of NWT 
strains was <5% for all species. The percentage of NWT strains was <5% for itracona­
zole and posaconazole against S. brasiliensis isolates. In contrast, 8.3% and 19.5% of S. 
schenckii isolates were NWT for itraconazole and posaconazole, respectively, whereas 
7.5% of S. globosa isolates were NWT for posaconazole (Table 4).

DISCUSSION

In this study, we established ECVs for the filamentous phase of S. brasiliensis, S. schenckii, 
and S. globosa for the antifungal drugs amphotericin B, itraconazole, terbinafine, 
and posaconazole following CLSI M57 guidelines. These ECVs were generated with a 
contemporary MIC data set and accepted by the CLSI antifungal subcommittee. For 
terbinafine and posaconazole, tentative ECVs were proposed for S. globosa and/or S. 
schenckii.

A previous multicenter study (27) proposed tentative S. brasiliensis ECVs for itraco­
nazole, terbinafine, and amphotericin B of 2, 0.12, and 4 µg/mL, respectively. The 
established ECVs defined here were one dilution higher for itraconazole (4 µg/mL) 
and amphotericin B (8 µg/mL), whereas for terbinafine the ECV remained unchanged. 
Additionally, the tentative S. schenckii ECVs of itraconazole (4 µg/mL) and amphotericin 
B (4 µg/mL) were identical to the ECVs in the present evaluation. For S. globosa, no 
tentative ECVs have previously been proposed. The established ECV values for itracona­
zole (4 µg/mL) and amphotericin B (4 to 8 µg/mL) for the three pathogenic Sporothrix 
species are relatively high compared to most clinically significant molds, such as A. 

TABLE 4 Epidemiological cutoff values (ECV) for Sporothrix species and % non-wild type (NWT)a

Species Labs included out of total Isolates included out of total ECV % NWT

Amphotericin B
  S. brasiliensis 7/9 (78%) 212/370 (57%) 8c 0%
  S. globosa 10/10 (100%) 137 (100%) 8c 3.1%
  S. schenckii 9/13 (69%) 176/280 (63%) 4c 2.3%
Itraconazole
  S. brasiliensis 7/10 (70%) 216/428 (51%) 4c 3.7%
  S. globosa 10/11 (91%) 96/129 (74%) ILV –
  S. schenckii 11/13 (85%) 242/286 (85%) 4c 8.3%
Isavuconazole
  S. brasiliensis 3/4 (75%) 93/154 (60%) TR-H –
  S. globosa 3/3 (100%) 20 (100%) TR-H –
  S. schenckii 5/5 (100%) 74 (100%) TR-H –
Posaconazole
  S. brasiliensis 7/9 (78%) 291/331 (88%) 4c 1.0%
  S. globosa 8/9 (89%) 80/113 (71%) (4)c 7.5%
  S. schenckii 10/10 (100%) 266 (100%) 4c 19.5%
Voriconazole
  S. brasiliensis 5/6 (83%) 137/189 (100%) TR-H –
  S. globosa 9/9 (100%) 111 (100%) TR-H –
  S. schenckii 10/10 (100%) 266 (100%) TR-H –
Terbinafine
  S. brasiliensis 4/4 (100%) 270 (100%) 0.12 4.4%
  S. globosa 3/3 (100%) 38 (100%) (2b) 0%
  S. schenckii 3/3 (100%) 42 (100%) (0.5b) 0%
a–, ECV not defined; TR-H, ECV cannot be defined for this species-antifungal combination because the MIC 
distribution is truncated at the high end of the recommended testing range. ILV, ECV cannot be defined for this 
species-antifungal combination because of interlab variation. 
bTentative ECVs are presented in parentheses (the number of isolates is <100 and >35).
cThe ECV is high which indicates limited in vitro susceptibility to this agent. An MIC lower than the ECV does not 
imply that the isolate is susceptible to that antifungal agent.
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fumigatus (32). Some, however, including Fusarium and Scedosporium spp. and the 
Mucorales, are known to have relatively high MICs for these agents.

Importantly, ECVs are intended to distinguish NWT isolates that may harbor resistance 
mechanisms from wild-type populations of a species. They are solely derived from the 
natural distribution of MICs and do not incorporate pharmacokinetic/pharmacodynamic 
parameters or clinical outcome data. As such, they do not predict the therapeutic 
response; an MIC below the ECV does not necessarily indicate susceptibility to that 
antifungal agent and clinical success, while an MIC above the ECV does not automatically 
imply resistance and expected treatment failure. With regard to sporotrichosis, high MICs 
against itraconazole, based on the previously suggested tentative ECV (2 µg/mL), were 
not found to correlate with antifungal treatment failure or clinical outcome in humans 
and cats (23, 26, 31). In cats, none of the 47 feline isolates from Rio de Janeiro exhibited 
high MICs, and no association with clinical outcome was observed (23), whereas at 
the Brazil–Argentina border, therapeutic failure occurred despite low initial MICs (31). 
This could be a reflection of the pharmacokinetics of itraconazole, which achieves high 
concentrations in the skin, the usual site of infection. Nonetheless, in other reports on S. 
brasiliensis isolates from cats and humans, high MICs (4 to >16 µg/mL) were reported in 
refractory or more severe cases (24, 28, 33–35).

Using these newly defined ECVs, we found that the percentage of NWT isolates varied 
by fungal species and antifungal drug. The percentage of NWT isolates was low (<5%) 
for amphotericin B and terbinafine for all three pathogenic Sporothrix species and was 
also low for itraconazole and posaconazole for S. brasiliensis. Higher percentages of 
NWT isolates (>5%) were found for S. schenckii with 8.3% and 19.5% for itraconazole 
and posaconazole, respectively, and for S. globosa with 7.5% NWT isolates according to 
tentative ECV for posaconazole. Another study also reported higher itraconazole and 
posaconazole MICs for S. schenckii than for S. brasiliensis (36). The NWT isolates, especially 
those found among S. schenckii and S. globosa, may harbor resistance mechanisms as 
observed for A. fumigatus (37) and Trichophyton indotineae (38). However, genes linked 
to resistance mechanisms for Sporothrix species are poorly investigated. Resistance has 
been correlated with substitutions of the CYP51 and/or TAC1 genes in a few S. brasiliensis 
isolates (29, 39), but there are no resistance mechanisms reported that are correlated 
with the high MIC values of S. schenckii or S. globosa.

No ECV could be established for isavuconazole or voriconazole, drugs that share a 
similar structure and activity profile, as MICs were truncated at the high end of the 
recommended testing range, which suggests potential intrinsic resistance or reduced 
susceptibility. These results are consistent with the guideline recommendations against 
the use of isavuconazole and voriconazole for sporotrichosis treatment (14, 15), which 
are based on the lack of efficacy of these drugs in vitro (34, 40) and in mice (41).

Sporothrix spp. are thermally dimorphic fungi and, depending on incubation 
temperatures of 35°C or 30°C, grow in either the yeast or the mycelial phase, respec­
tively. This is important in the context of AFST protocols because conidia are used for 
inoculation, but the temperature of incubation is conductive to yeast growth. In this 
study, the CLSI M38 methodology for the mycelial phase was used. Some studies have 
demonstrated that MIC values of the same isolate were ≥8-fold lower in the yeast phase 
when compared to the mold phase (24, 27, 30, 31, 34). To obtain a Sporothrix culture 
with a pure yeast phase, a long incubation time (>2 weeks) at 35°C is needed and 
confirmation by microscopy is essential (31). A pure mycelial phase is easier to obtain 
by culturing at 30°C for 1 week. There is no consensus among experts on whether 
the establishment of ECVs should be based on the mold or yeast phase. While some 
researchers suggest that the ECVs should be based on the yeast form, as this phase is 
the pathogenic infecting form in the host and might therefore better reflect the clinical 
outcome (34), others highlight the impractical time to results needed for conversion to 
the yeast form, which can take up to 2 weeks. Mold phase testing is easier to standardize 
among different laboratories, which is fundamental for establishing ECV. We also found 
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that the MIC data were more similar among the different participant laboratories with 
the mycelial phase as compared to the yeast phase (data not shown).

There is overall agreement that the current Sporothrix CLSI mold phase protocol CLSI 
M38 (32) needs some modifications, since testing at 35°C may lead to a mix of yeast and 
mold phases. In this study, we found a high level of interlaboratory variation for some 
antifungals, with a modal MIC not within one or two dilutions to the central modal MIC, 
leading to rejection of MIC data from different laboratories, especially for S. brasiliensis 
for which 17% to 30% of laboratories excluded amphotericin B and azoles data and for 
S. schenckii for which 31% of labs excluded amphotericin B data. This inter-laboratory 
variation could be partially explained by the mix of mold and yeast phases, with the 
yeast phase decreasing the MIC for many antifungals, including itraconazole (34). A 
solution for this issue would be to revise the CLSI protocol to adjust the incubation 
temperature to 30°C to ensure that there are no mixed forms for a potentially more 
standardized, less variable MIC assay. In that case, the ECVs presented here would 
need to be reevaluated. In addition, it would be imperative to distribute Sporothrix 
spp. reference quality control (QC) isolates with defined MICs to allow laboratories 
comparative assessment of the standardized method. Unfortunately, there are currently 
no Sporothrix QC strains listed in M38M51S. Further efforts should be made to establish 
Sporothrix QC strains with defined MIC ranges for the three Sporothrix species, which 
should be made available to allow thorough verification and validation of the CLSI broth 
microdilution methodology for Sporothrix species.

A limitation of this study is the inability to establish ECVs for all antifungal drugs 
evaluated here across the three main pathogenic species of Sporothrix. For S. globosa, 
ECVs could not be established for all drugs, due to high interlaboratory variation of MICs 
and many high MIC values. Another limitation is the lack of knowledge regarding the 
potential presence of both yeast and mold phases, following the CLSI M38 protocol, 
and whether that caused the high interlaboratory variations. Future studies at different 
mycology laboratories should test and validate changes in the CLSI M38 protocol to 
test Sporothrix in the pure mycelial phase and establish well-characterized Sporothrix QC 
strains to overcome current challenges. MICs of more isolates are needed to confirm the 
tentative ECVs found here for terbinafine against S. schenckii and S. globosa.

In summary, following the CLSI M57 methodology for the mycelial phase, we have 
established official ECVs for S. brasiliensis to itraconazole, posaconazole, terbinafine, and 
amphotericin B; for S. schenckii to itraconazole, posaconazole, and amphotericin B; and 
a single ECV for S. globosa against amphotericin B. These ECVs will facilitate the tracking 
of NWT strains in the current epidemic in Brazil, and emerging clusters in Southeast Asia. 
The establishment of an ECV is also the first step toward the systematic collection of 
laboratory data and possible correlations with clinical data to set antifungal breakpoints.

MATERIALS AND METHODS

Experimental design

Laboratories known to test antifungal susceptibility using the CLSI methodologies were 
contacted to request MIC data for clinically relevant Sporothrix species (S. brasiliensis, 
S. globosa, and S. schenckii). Inclusion criteria were that species identification was 
performed using molecular techniques and AFST using the broth microdilution method 
as outlined in the CLSI reference standard M38 Ed3 for filamentous fungi. MIC data for 
S. brasiliensis, S. globosa, and S. schenckii isolates were obtained from 19 laboratories 
from 10 countries on five continents and included in the analysis (Asia: China and India; 
Europe: Netherlands and United Kingdom; North America: Canada, Mexico, and USA; 
South America: Argentina and Brazil; Oceania: Australia). The detailed listing of the 19 
laboratories is provided as supplementary material (Table S1).
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Antifungal susceptibility testing

AFST was performed by broth microdilution as outlined in the CLSI reference stand­
ard M38 Ed3 for filamentous fungi (32). The isolates used as reference or quality 
control strains were Aspergillus flavus ATCC 204304, Aspergillus fumigatus ATCC 204305, 
Aspergillus fumigatus ATCC MYA 3626, Aspergillus fumigatus ATCC MYA 3627, Aspergillus 
fumigatus NCPF 7097, Aspergillus fumigatus NCPF 7100, Candida parapsilosis ATCC 22019 
(CBS 604), Candida krusei (Pichia kudriavzevii) ATCC 6258 (CBS 573), Hamigera insecticola 
ATCC MYA-3630, the quality controls were within M38M51S CLSI ranges. Amphotericin 
B, isavuconazole, itraconazole, posaconazole, terbinafine, and voriconazole were tested. 
The MICs were determined visually after 48–72 h (2–3 days, depending on the growth 
rate of the individual isolate) of incubation at 35°C. The inoculum was adjusted to an 
absorbance of 530 nm at 0.09–0.13 and verified by hematocytometer counting to 0.2–2.5 
× 106 conidia/mL or with a Cellometer X2 (Nexcelom, Manchester, United Kingdom) to 
perform cell counts and prepare the inoculum. The antifungal susceptibility endpoints 
for itraconazole, voriconazole, posaconazole, isavuconazole, terbinafine, and amphoteri­
cin B were 100% inhibition of growth compared to the drug-free control.

Epidemiological cutoff values

The ECV was established using the iterative statistical method with ECOFFinder (V2.1) 
with a 97.5% threshold following CLSI M57 ECV guidelines (32, 42). The percent NWT, 
modal MIC, MIC90, and geometric mean were calculated for each antifungal. Tentative 
ECVs were calculated when the number of isolates was less than 100 and greater than 
35. MIC data sets were rejected if they did not conform to the CLSI M57 guideline 
(multimodal, truncated, or not within two dilutions of the central modal MIC of most 
laboratories).
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