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ABSTRACT Cryptic species of Aspergillus fumigatus, including the Aspergillus viridi-
nutans species complex, are increasingly reported to be causes of invasive aspergil-
losis. Their identification is clinically relevant, as these species frequently have intrin-
sic resistance to common antifungals. We evaluated the susceptibilities of 90
environmental and clinical isolates from the A. viridinutans species complex, identi-
fied by DNA sequencing of the calmodulin gene, to seven antifungals (voriconazole,
posaconazole, itraconazole, amphotericin B, anidulafungin, micafungin, and caspo-
fungin) using the reference European Committee on Antimicrobial Susceptibility
Testing (EUCAST) method. The majority of species demonstrated elevated MICs of
voriconazole (geometric mean [GM] MIC, 4.46 mg/liter) and itraconazole (GM MIC,
9.85 mg/liter) and had variable susceptibility to amphotericin B (GM MIC, 2.5 mg/
liter). Overall, the MICs of posaconazole and the minimum effective concentra-
tions of echinocandins were low. The results obtained by the EUCAST method
were compared with the results obtained with Sensititre YeastOne (YO) panels.
Overall, there was 67% agreement (95% confidence interval [CI], 62 to 72%) be-
tween the results obtained by the EUCAST method and those obtained with YO
panels when the results were read at 48 h and 82% agreement (95% CI, 78 to
86%) when the results were read at 72 h. There was a significant difference in
agreement between antifungals; agreement was high for amphotericin B, vori-
conazole, and posaconazole (70 to 86% at 48 h and 88 to 93% at 72 h) but was
very low for itraconazole (37% at 48 h and 57% at 72 h). The agreement was
also variable between species, with the maximum agreement being observed for
A. felis isolates (85 and 93% at 48 and 72 h, respectively). Elevated MICs of vori-
conazole and itraconazole were cross-correlated, but there was no correlation
between the other azoles tested.

KEYWORDS cryptic species, Aspergillus felis, Aspergillus udagawae, amphotericin B,
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Invasive aspergillosis (IA) is one of the major mold infections, with IA resulting in high
fatality rates among severely immunocompromised patients (1). Aspergillus fumigatus

is the main etiologic agent of IA (2). Other Aspergillus species belonging to Aspergillus
section Fumigati may occasionally cause IA, and most of them have been described in
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the last 2 decades with the advent of molecular genetic methods (3). These species are
frequently referred to as cryptic because they are morphologically similar to each other
or to A. fumigatus and are often misidentified using conventional identification tech-
niques (4–6). Misdiagnosis may have important consequences, as these A. fumigatus-
related species often display some level of resistance to azoles and other antifungal
drugs. Aspergillus lentulus, A. udagawae, A. viridinutans, and A. thermomutatus (Neosar-
torya pseudofischeri) have been most commonly associated with refractory cases of IA
(3). Therefore, accurate species identification and antifungal susceptibility testing are
required to guide therapy since the MICs of most antifungal drugs are higher for cryptic
species than for A. fumigatus sensu stricto and azole cross-resistance can occur (3, 7, 8).

The A. viridinutans species complex contains morphologically similar, soil-inhabiting
species that have been increasingly reported in recent years to be opportunistic human
and animal pathogens with a clinical spectrum, including IA, chronic IA, and keratitis in
humans, sino-orbital aspergillosis in cats, and disseminated IA in dogs (3, 5, 6, 9). This
complex currently encompasses 10 species, and at least 6 of them are clinically relevant
(5, 6, 9–13). Compared to the MICs for A. fumigatus, the MICs of a wider variety of
antifungal agents for A. viridinutans species complex species are elevated (14). Despite
the relatively high number of recently reported clinical cases, the antifungal susceptibly
profiles of a large data set of reliably identified species have not been tested.

The aim of this study was to evaluate the in vitro antifungal susceptibility patterns
of the A. viridinutans species complex to seven antifungals (voriconazole, itraconazole,
posaconazole, amphotericin B, anidulafungin, micafungin, and caspofungin). Ninety
isolates originating from human and animal specimens and from various environmental
sources were tested. The results obtained by the European Committee on Antimicrobial
Susceptibility Testing (EUCAST) reference method were compared with those obtained
with the widely used commercial Sensititre YeastOne (YO) panels to verify its applica-
bility for antifungal susceptibility testing of cryptic species of A. fumigatus.

RESULTS

Molecular identification of isolates. The phylogenetic analyses performed using
the maximum likelihood (ML) and Bayesian inference (BI) methods grouped the 90
isolates into several monophyletic and well-supported clades or single-isolate lineages
(Fig. 1) corresponding to A. udagawae (n � 17), A. wyomingensis (n � 15), A. arcover-
densis (n � 13), A. pseudoviridinutans (n � 7), A. aureolus (n � 3), A. siamensis (n � 2),
and A. viridinutans (n � 1). Five environmental isolates (IFM 57290, IFM 57291, CCF
4659, CCF 4660, CCF 4661) which did not produce ascomata and had green colonies
were clustered as a sister branch to homothallic A. aureolus isolates with yellow
colonies. Despite the close phylogenetic relationships, it is unlikely that these strains
represent A. aureolus due to significant morphological differences and a heterothallic
reproductive strategy. A new species status (A. acrensis sp. nov.) is currently proposed
for these strains (49). The ex-type strains of A. felis, A. pseudofelis, and A. parafelis
clustered in one robust clade, and the phylogenetic analysis did not allow a clear
distinction between these three species. Multiple gene phylogeny and in vitro mating
experiment data indicate that these taxa are conspecific (49). Therefore, we considered
all isolates belonging to this clade to be A. felis.

Antifungal susceptibility testing. The MIC ranges, MIC50s, MIC90s, and geometric

mean (GM) MIC values obtained by the EUCAST reference method are shown in Table
1. The majority of the tested strains showed elevated MICs of itraconazole and
voriconazole and frequently also elevated MICs of amphotericin B. The GM MIC of
voriconazole ranged from 2.52 mg/liter for A. aureolus to 5.81 mg/liter for A. arcover-
densis. One-half of the strains of all species except A. arcoverdensis were inhibited by a
voriconazole concentration of �4 mg/liter. High MICs were observed for itraconazole,
with the GM MIC being 9.85 mg/liter and the MIC50 being �8 mg/liter for all 90 isolates.
In contrast, low MICs were determined for posaconazole, the GM MIC of which ranged
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FIG 1 A 50% majority rule consensus maximum likelihood tree based on partial calmodulin gene (CaM) sequences shows the relationships
of the 90 tested isolates belonging to the Aspergillus viridinutans complex. The maximum likelihood bootstrap proportion and Bayesian
posterior probability are appended to the nodes; only bootstrap proportions of �70% and posterior probabilities of �90% are shown;
lower levels of support are indicated with a hyphen, whereas asterisks indicate full support (a bootstrap proportion of 100% or a posterior
probability of 1.00); ex-type strains are designated in boldface with a superscript T. The tree is rooted with A. lentulus NRRL 35552.
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TABLE 1 Antifungal susceptibilities of 90 strains from the Aspergillus viridinutans complex by EUCAST reference method and percent
agreement with Sensititre YeastOne panela

Species (no. of isolates)
Test
agent

MIC by EUCAST (mg/liter) % agreement with YeastOne panel

Range GM 50% 90% Range at 48 h 48 h
Range at 72
h 72 h

A. felis (27) VRC 1 to �8 4.79 4 �8 0.5 to 4 100 1 to �8 100
ITC 1 to �8 13.3 �8 �8 0.03 to �16 44.4 0.25 to �16 70.4
POS 0.125 to 2 0.39 0.5 1 0.03 to 1 96.3 0.06 to 0.5 100
AMB 0.25 to 8 1.63 2 8 0.25 to 4 100 1 to 8 100
AFG �0.0312 to 0.125 0.03 �0.0312 0.0625 ND ND ND ND
CAS �0.0312 to 8 0.08 �0.0312 1 ND ND ND ND
MFG �0.0312 to 0.0625 0.03 �0.0312 0.0625 ND ND ND ND

Total agreement 85.2 92.6

A. udagawae (17) VRC 1 to �8 4 4 8 0.12 to 4 76.5 0.25 to 8 94.1
ITC 0.25 to �8 7.37 �8 �8 0.03 to �16 35.3 0.03 to �16 52.9
POS 0.0625 to 4 0.31 0.25 1 0.015 to 0.12 58.8 0.015 to 0.25 82.4
AMB 1 to �8 3.54 8 8 0.5 to 4 76.5 0.5 to 8 88.2
AFG �0.0312 to 0.25 0.04 �0.0312 0.0625 ND ND ND ND
CAS �0.0312 to 2 0.07 �0.0312 0.25 ND ND ND ND
MFG �0.0312 to 2 0.05 �0.0312 0.0625 ND ND ND ND

Total agreement 61.8 79.4

A. wyomingensis (15) VRC 4 to 8 4.2 4 4 0.12 to 2 33.3 0.5 to 2 86.7
ITC 1 to �8 9.2 �8 �8 �0.015 to 0.25 0 0.03 to �16 0
POS 0.125 to 0.25 0.16 0.125 0.25 0.008 to 0.5 46.7 0.015 to 1 80
AMB 1 to �16 1.3 2 8 0.12 to 4 60 0.25 to 8 73.3
AFG �0.0312 to 0.0625 0.03 �0.0312 �0.0312 ND ND ND ND
CAS �0.0312 to 0.25 0.04 �0.0312 0.25 ND ND ND ND
MFG �0.0312 to 0.0625 0.03 �0.0312 �0.0312 ND ND ND ND

Total agreement 35 60

A. arcoverdensis (13) VRC 4 to 8 5.81 8 8 0.25 to 2 53.8 1 to 4 84.6
ITC 4 to �8 12.3 �8 �8 0.015 to �16 61.5 0.5 to �16 84.6
POS 0.125 to 2 0.45 0.5 1 0.008 to 0.25 53.8 0.06 to 0.5 84.6
AMB 0.5 to 8 1.6 2 2 0.25 to 2 84.6 1 to 2 100
AFG �0.0312 to 0.125 0.03 �0.0312 �0.0312 ND ND ND ND
CAS �0.0312 to 0.25 0.05 �0.0312 0.125 ND ND ND ND
MFG �0.0312 to 0.0625 0.03 �0.0312 0.0625 ND ND ND ND

Total agreement 63.5 88.5

A. pseudoviridinutans (7) VRC 4 to �8 5.3 4 �8 1 to 4 100 1 to 8 100
ITC �8 ND �8 �8 �16 100 �16 100
POS 0.125 to 1 0.4 0.5 1 0.12 to 0.25 100 0.25 to 1 100
AMB 0.5 to 8 2 2 8 1 to 2 100 1 to 4 85.7
AFG �0.0312 to 0.125 0.04 �0.0312 0.125 ND ND ND ND
CAS �0.0312 to 0.25 0.05 �0.0312 0.25 ND ND ND ND
MFG �0.0312 to 0.125 0.04 �0.0312 0.125 ND ND ND ND

Total agreement 100 96.4

A. acrensis (5) VRC 1 to 4 3.3 4 4 1 to 4 100 4 to 8 100
ITC 1 to 4 3.3 4 4 0.06 to 0.12 0 0.12 to �16 40
POS 0.125 to 1 0.38 0.5 1 0.03 to 0.06 40 0.06 to 0.12 80
AMB 1 to 8 2 2 8 2 to 4 100 2 to 4 100
AFG �0.0312 to 0.0625 0.04 �0.0312 0.0625 ND ND ND ND
CAS �0.0312 to 0.25 0.125 0.125 0.25 ND ND ND ND
MFG �0.0312 to 0.0625 0.04 �0.0312 0.0625 ND ND ND ND

Total agreement 60 80

A. aureolus (3) VRC 1 to 4 2.52 ND ND 0.25 to 1 ND 1 to 4 ND
ITC 8 to �8 12.7 ND ND 0.12 to 0.25 ND �16 ND
POS 0.125 to 0.5 0.25 ND ND 0.06 to 0.12 ND 0.12 to 0.25 ND
AMB 0.5 to 1 0.79 ND ND 0.25 to 1 ND 1 to 2 ND
AFG �0.0312 to 1 0.1 ND ND ND ND ND ND
CAS �0.0312 to 0.125 0.05 ND ND ND ND ND ND
MFG �0.0312 to 1 0.1 ND ND ND ND ND ND

Total agreement 66.7 100

(Continued on next page)
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from 0.16 mg/liter for A. wyomingensis to 0.45 mg/liter for A. arcoverdensis. Suscepti-
bility to amphotericin B was variable across the tested species; half of the isolates of
each species were inhibited by a concentration of �2 mg/liter, and the highest MICs
were obtained for A. udagawae. The minimum effective concentrations (MECs) deter-
mined for the echinocandins (anidulafungin, micafungin, and caspofungin) were low
for almost all isolates, and the GM MIC was 0.04 mg/liter for anidulafungin, 0.05 mg/liter
for caspofungin, and 0.05 mg/liter for micafungin.

The percent agreement of the results obtained by the EUCAST method and with the
YO panels after 48 h (YO48) and 72 h (YO72) is shown in Table 1. Overall, there was 67%
agreement (95% confidence interval [CI], 62% to 72%) between the results obtained by
the EUCAST method and with the YO panels when they were read at 48 h and 82%
agreement (95% CI, 78% to 86%) when they were read at 72 h. The agreement was
significantly different for different antifungals (Table 2), with the maximum agreement
being observed for voriconazole and amphotericin B (93% and 91%, respectively, at 72
h). For all antifungals, most of the MIC values obtained with YO48 were noticeably
lower than those obtained by the reference EUCAST method, and consequently, the
percent agreement for voriconazole, itraconazole, posaconazole, and amphotericin B
when the results were read at 48 h was lower (74.4, 36.7, 70, and 85.6% agreement,
respectively) than that when the results were read at 72 h (93.3, 56.7, 87.8, and 91.1%
agreement, respectively). The worst correlation was detected for itraconazole in some
species, and the lowest agreement with the reference method was detected for A.
wyomingensis, i.e., 0% after 48 h and 72 h (Table 1). In contrast, agreement was 100%
for all isolates of A. pseudoviridinutans, which had highly elevated MICs of this antifun-
gal agent (MIC � 8 mg/liter), and for A. arcoverdensis (84.6%) after 72 h. Logistic
regression results indicated that A. felis isolates had an eight times increased likelihood

TABLE 1 (Continued)

Species (no. of isolates)
Test
agent

MIC by EUCAST (mg/liter) % agreement with YeastOne panel

Range GM 50% 90% Range at 48 h 48 h
Range at 72
h 72 h

A. siamensis (2) VRC 4 4 ND ND 0.5 to 1 ND 1 to 2 ND
ITC 4 4 ND ND 0.03 to 0.12 ND 0.06 to 0.25 ND
POS 0.125 to 0.25 0.18 ND ND 0.03 to 0.06 ND 0.03 to 0.12 ND
AMB 0.25 to 1 0.5 ND ND 1 to 2 ND 1 to 4 ND
AFG �0.0312 to 0.25 0.09 ND ND ND ND ND ND
CAS 0.25 to 0.125 0.18 ND ND ND ND ND ND
MFG ND 0.03 ND ND ND ND ND ND

Total agreement 37.5 50

A. viridinutans (1) VRC 4 ND ND ND 0.25 ND 0.5 ND
ITC 4 ND ND ND �0.015 ND 0.03 ND
POS 0.125 ND ND ND �0.008 ND 0.015 ND
AMB 1 ND ND ND 0.5 ND 0.5 ND
AFG �0.0312 ND ND ND ND ND ND ND
CAS 0.0625 ND ND ND ND ND ND ND
MFG �0.0312 ND ND ND ND ND ND ND

Total agreement 25 25

All isolates (90) VRC 1 to �8 4.46 4 8 0.12 to 4 74.4 0.25 to �8 93.3
ITC 0.25 to �8 9.85 �8 �8 0.015 to �16 36.7 0.03 to �16 56.7
POS 0.0625 to 4 0.31 0.25 1 0.008 to 1 70 0.015 to 1 87.8
AMB 0.25 to �16 2.5 2 8 0.12 to 4 85.6 0.25 to 8 91.1
AFG �0.0312 to 1 0.04 �0.0312 0.0625 ND ND ND ND
CAS �0.0312 to 8 0.05 �0.0312 0.25 ND ND ND ND
MFG �0.0312 to 2 0.05 �0.0312 0.0625 ND ND ND ND

Overall agreement of
methods (all
antifungals)

66.7 82.2

aThe GM and percent agreement were calculated only when there was a minimum of 5 isolates for a species. VRC, voriconazole; ITC, itraconazole; POS, posaconazole;
AMB, amphotericin B; AFG, anidulafungin; CAS, caspofungin; MFG, micafungin; ND, not determined.
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(odds ratio [OR], 8) of agreement between the results obtained by the EUCAST method
and with the YO panels than A. wyomingensis isolates. The likelihood of agreement
between the EUCAST method and the YO panels was the lowest for A. siamensis isolates
and the highest for A. felis isolates (Table 2).

The azole MIC data cross-tabulated in Table 3 indicate a correlation between the
elevated MIC values of voriconazole and itraconazole, since 81 of 90 isolates had
elevated MIC values of both drugs and the McNemar test result was significant (P �

0.001). In contrast, no correlation between the MIC values of the other azoles was
observed (Table 3); 81 of 87 isolates with low MICs of posaconazole had elevated MICs
of itraconazole, and 83 of 87 isolates with low MICs of posaconazole had elevated MICs
of voriconazole. This lack of a correlation was confirmed by significant McNemar test
results (P � 0.001) and very low kappa values (Table 3).

DISCUSSION

Our data show that species from the A. viridinutans species complex have variable
MICs of amphotericin B and elevated MICs of itraconazole and voriconazole (Table 1).
The most elevated MICs were observed for itraconazole, while almost all A. viridinutans
species complex isolates had low MICs and MECs of posaconazole and echinocandins.

TABLE 2 Unconditional logistic regression analyses conducted to investigate agreement
between EUCAST reference method and Sensititre YeastOne panel for different
antifungals and speciesa

Variable

48 h 72 h

OR 95% CI LSM SE OR 95% CI LSM SE

Antifungals
Amphotericin B 2.03 0.97–4.43 0.86 0.04 0.73 0.23–2.20 0.91 0.03
Itraconazole 0.20 0.10–0.37 0.37 0.05 0.09 0.03–0.22 0.57 0.05
Posaconazole 0.80 0.41–1.54 0.70 0.05 0.51 0.17–1.42 0.88 0.03
Voriconazoleb 1.00 0.74 0.05 1.00 0.93 0.03

Speciesc

A. felis 10.68 5.15–23.22 0.85 0.03 8.33 3.57–21.38 0.93 0.03
A. acrensis 2.79 1.00–8.16 0.60 0.11 2.67 0.86–10.18 0.80 0.09
A. arcoverdensis 3.23 1.50–7.12 0.63 0.07 5.11 1.99–15.00 0.88 0.04
A. siamensis 1.11 0.21–5.00 0.38 0.17 0.67 0.15–3.06 0.50 0.18
A. udagawae 3.00 1.47–6.26 0.62 0.06 2.57 1.19–5.73 0.79 0.05
A. wyomingensisb 1.00 0.35 0.06 1.00 0.60 0.06

aFor the definition of agreement, see Materials and Methods. OR, odds ratio; CI, confidence interval; LSM,
least-squares mean; SE, standard error.

bReference categories for odds ratios.
cThe results for three species, A. pseudoviridinutans, A. viridinutans, and A. aureolus, were excluded from this
analysis because of zero or low frequencies in cells of the contingency table of species with the agreement
outcome.

TABLE 3 Evaluation of cross-correlation of elevated MICs of azolesa

Species Antifungal agent

Kappa value (SE)

VRC ITC POS

All species VRC 1 0.15 (0.17) 0.0032 (0.002)
ITC 1 0.0049 (0.003)
POS 1

A. felis VRC 1 �0.039 (0.027) 0.003 (0.004)
ITC 1 0.003 (0.004)
POS 1

A. udagawae VRC 1 �0.097 (0.077) 0.0078 (0.01)
ITC 1 0.026 (0.03)
POS 1

aAn elevated MIC value was defined as an MIC of �2 mg/liter. VRC, voriconazole; ITC, itraconazole; POS,
posaconazole.
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Published clinical cases caused by A. viridinutans species complex isolates, the antifun-
gal MICs (or MECs), and the clinical outcome of therapy are reviewed in Table 4. It was
demonstrated that many representatives of the complex have elevated MICs of azoles
(itraconazole and voriconazole) and amphotericin B (summarized in Table 4) (4, 5, 7–9,
14–31). Howard (32) reviewed data for some cryptic species and designated A. viridi-
nutans and A. felis to be susceptible to amphotericin B, having reduced susceptibility to
voriconazole and variable susceptibility to itraconazole, posaconazole, and echinocan-
dins. The detection of elevated MICs of polyenes (amphotericin B), azoles (voriconazole,
posaconazole, itraconazole), or echinocandins in A. fumigatus-like isolates during anti-
fungal susceptibility testing may indicate the presence of cryptic species, as the
majority of A. fumigatus isolates are susceptible to these antifungals (33, 34), although
resistance to azoles has been increasingly reported in some countries (35). Most other
investigators have reported low MECs of echinocandins, in accordance with our data (9,
14, 16, 18, 20, 21, 23, 26, 27), with the exception of Yaguchi et al. (7), who reported high
MICs of micafungin obtained by the CLSI method (�16 mg/liter). Barrs et al. (9)
examined the MICs of 13 A. felis isolates using YO48 and found MICs of itraconazole of
less than 1 mg/liter (9). However, as shown in this study, a reading time after only 48
h is associated with a high degree of falsely low MICs (Table 1). Some other authors
reported high MICs of itraconazole in isolates from the A. viridinutans complex, in
agreement with the findings of our study (Table 4) (5, 16–18, 20, 24). Interestingly, we
observed a paradoxical effect for itraconazole with YO48 and YO72 for many of the
strains tested. According to the manufacturer’s instructions (Trek Diagnostic Systems),
this phenomenon should be ignored and the lower MIC should be recorded. However,
according to our results, it seems that the phenomenon should not be ignored,
because it may indicate elevated MICs of this antifungal.

The A. viridinutans species complex belongs to the section Fumigati, and morpho-
logical differentiation of these species from A. fumigatus, the most common agent of IA,
requires expertise (2, 5, 8, 36). So-called cryptic species may remain unrecognized,
especially in laboratories that still predominantly use only phenotypic identification.
The frequency of cryptic section Fumigati species in clinical settings has been reported
to be between 4 and 5% in some studies that used molecular methods for identification
(2, 8). The recognition of cryptic species is important because some of them exhibit
susceptibility profiles different from those of their well-known relatives. Cases of human
and animal infections due to the A. viridinutans species complex reported previously
were mostly attributed to A. udagawae, A. felis, and A. viridinutans (Table 4). The isolates
responsible for many of these reported infections showed clinical resistance to anti-
fungal therapy (Table 4), even though in vitro susceptibility testing showed low MICs of
these antifungals (17, 18, 20). Some authors published descriptions of a positive clinical
effect of therapy with posaconazole, posaconazole plus caspofungin, or amphotericin
B plus caspofungin (17, 18, 20, 22). A case of human IA due to A. udagawae was
successfully treated using voriconazole, and a feline infection was successfully treated
using high doses of itraconazole (23, 25), while in other cases there was little or no
effect when voriconazole or itraconazole was used for therapy (14, 17, 18, 20, 24, 25).
Coelho et al. (20) reported clinical improvement when using posaconazole at the
beginning of therapy, but later the therapy failed and the patient died. This could be
due to either an advanced stage of infection or the development of resistance. The
latter phenomenon is documented in A. fumigatus infections (37). Voriconazole is
recommended for the first-line treatment of IA in humans (38), and when resistance to
azoles is detected, therapy is switched to liposomal amphotericin B. If the rate of
environmental resistance to A. fumigatus is high (�10%) in the region, combinations of
voriconazole with echinocandin or liposomal amphotericin B are favored as initial
therapy (38). Due to the apparent low frequency of cryptic Aspergillus species recog-
nized in clinical practice, there are no solid clinical data to guide therapy (39). However,
as antifungal susceptibility varies largely among fungal isolates and species, in vitro
susceptibility testing for every isolate of a cryptic species is essential.
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Conclusions. In this study, most A. viridinutans species complex isolates demon-
strated elevated MICs of itraconazole and voriconazole in vitro, and susceptibility to
amphotericin B was variable. In contrast, posaconazole and echinocandins had potent
in vitro activity against A. viridinutans species complex isolates. There were no clear
antifungal susceptibility patterns between species, and intraspecific variation was
usually high. This fact highlights the need to use reliable methods for MIC determina-
tions over correct identification to a species level. However, the identification to a level
of species complex and differentiation from A. fumigatus are also important due to
different susceptibility patterns. The agreement between the Senstititre YeastOne
commercial method and the EUCAST method was high, especially for the most
clinically important species in the A. viridinutans complex, i.e., A. felis, A. udagawae,
and A. pseudoviridinutans, in contrast to infrequently pathogenic or nonpathogenic
species, such as A. wyomingensis and A. siamensis. Better agreement between the
methods was usually achieved with a reading time of 72 h than with one of 48 h.
Importantly, however, the YeastOne panel frequently did not detect elevated MICs
of itraconazole.

MATERIALS AND METHODS
Antifungal agents. Anidulafungin and voriconazole in powder form were procured from Pfizer

Pharmaceutical Group (New York, NY, USA), micafungin from Astellas Pharma Inc. (Tokyo, Japan),
caspofungin and posaconazole from Merck Sharp & Dohme Research Laboratories (Rahway, NJ, USA), and
itraconazole and amphotericin B from Sigma-Aldrich (Prague, Czech Republic).

Organisms. A total of 90 Aspergillus isolates from the A. viridinutans species complex were collected
from various environmental and clinical sources worldwide. All the ex-type strains of currently described
species in the A. viridinutans complex were also examined. Information on the isolation source of all
isolates is provided in Table S1 in the supplemental material.

Molecular methods. An ArchivePure DNA yeast and Gram2� kit (5 Prime Inc., Gaithersburg, MD,
USA) was used for DNA isolation from 7-day-old cultures according to the manufacturer’s instructions, as
updated by Hubka et al. (40). The calmodulin gene (CaM) was amplified using forward primer CF1M or
CF1L and reverse primer CF4 (41). The PCR conditions were those described by Hubka et al. (42). PCR
product purification followed the protocol of Réblová et al. (43). Automated sequencing was performed
at the Macrogen Sequencing Service (Amsterdam, The Netherlands) using both terminal primers.

Sequences were inspected and assembled using the BioEdit (v.7.2.5) program (www.mbio.ncsu.edu/
BioEdit/bioedit.html). Alignment was performed using the G-INS-i option implemented in the MAFFT
(v.7) program (44). The alignment was trimmed and then analyzed using maximum likelihood (ML) and
Bayesian inference (BI) analyses. The analyses involved 91 nucleotide sequences and 695 positions, of
which 160 were variable and 104 were parsimony informative. Suitable partitioning scheme and
substitution models (according to the Bayesian information criterion) for analyses were selected using
the greedy strategy implemented in the PartitionFinder (v.1.1.1) program (45) with settings allowing
introns, exons, and codon positions to be independent data sets. The optimal partitioning scheme for ML
analysis divided the data set into four partitions with the following substitution models: K80�G
substitution models were proposed for CaM introns, the F81 model was proposed for the 1st codon
positions, the F81 model was proposed for the 2nd codon positions, and the HKY model was proposed
for the 3rd codon positions. The ML tree was constructed with the IQ-TREE (v.1.4.4) program (46), with
nodal support being determined by nonparametric bootstrapping with 1,000 replicates. Aspergillus
lentulus NRRL 35552 was used as the outgroup. Bayesian posterior probabilities were calculated using the
MrBayes (v.3.2.6) program (47). Optimal partitioning scheme and substitution models were selected as
described above. The optimal partitioning scheme for BI analysis divided the data set into four partitions
with the following substitution models: K80�G substitution models were proposed for CaM introns, the
F81 model was proposed for the 1st codon positions, the F81 model was proposed for the 2nd codon
positions, and the HKY model was proposed for the 3rd codon positions. The analyses ran for 107

generations, two parallel runs with four chains each were used, every 1,000th tree was retained, and the
first 25% of the trees was discarded as burn-in.

Susceptibility testing. The broth microdilution method was performed according to EUCAST
document E.Def 9.3 (48). The isolates were incubated at 35°C on potato dextrose agar (Trios, Prague,
Czech Republic). Inoculum suspensions were prepared from 7- to 14-day-old colonies (to achieve
acceptable sporulation), the suspensions were filtered using sterile nylon filters with an 11-�m pore size
(Merck, Prague, Czech Republic), and a spectrophotometer (model Spekol 11; Carl Zeiss, Jena, Germany)
was used to adjust the suspension to a concentration of 2 � 106 to 5 � 106 conidia/ml (optical density,
0.09 to 0.11), equivalent to a McFarland 0.5 standard. Microplates were incubated at 35°C in ambient air
for 48 h. MICs were determined for amphotericin B and the azoles, and minimum effective concentrations
(MECs) were determined for the echinocandins.

Assays with Sensititre YeastOne (YO) panels (Trek Diagnostic System Ltd., East Grinstead, UK) were
performed according to the manufacturer’s instructions. The MICs for Aspergillus species were deter-
mined to be the lowest concentration with a blue color. The MICs of amphotericin B, voriconazole,
itraconazole, and posaconazole were evaluated with YO panels after 48 h (YO48) and after 72 h (YO72)
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of incubation. Echinocandins were not evaluated with the YO panels because MEC endpoints should be
determined after 24 h according to the manufacturer’s instructions. Candida parapsilosis ATCC 22019 and
Candida krusei ATCC 6258 were used as quality control strains.

Data analysis. For the EUCAST method, MIC ranges and the corresponding GM MIC values were
determined for each species, antifungal drug, and incubation time. The MIC50s and MIC90s were
determined for species represented by at least five isolates in our data set. Discrepancies among MIC
endpoints of no more than 2-fold dilutions were used to calculate the percent agreement that was
determined for each combination of isolate, drug, and incubation time for species represented by at least
five isolates in our data set.

Statistical analysis. Descriptive statistics were calculated using Microsoft Excel software. Further
statistical analyses were conducted using SAS (v.9.4) software (SAS Institute Inc., Cary, NC, USA.). For
GM MIC calculation, MIC values of �0.015 mg/liter were set at 0.008 mg/liter and MIC values of �16
mg/liter were set at 32 mg/liter, while MEC values of �0.008 mg/liter were set at 0.004 mg/liter and
MEC values of �8 mg/liter were set at 16 mg/liter. For calculation of agreement between the results
obtained with the YO panel and by the EUCAST method, extreme values were treated similarly.
Logistic regression analyses were conducted to evaluate differences in agreement between species
and antifungals. Odds ratios (ORs), their 95% confidence intervals, least-squares means, and standard
errors were determined. The correlation of elevated MIC values between azoles was tested by
analyzing the MIC values for each pair of antifungal drugs. For this purpose, since no interpretive
breakpoints are established, elevated MIC values were defined as MICs of �2 mg/liter. A cross-
correlation between the MICs of different azoles was estimated by cross-tabulating the data,
conducting McNemar tests, and calculating kappa statistics. All P values reported here are two-sided.
Differences were considered statistically significant at a P value of �0.05.

Accession number(s). The sequences generated in this study were deposited into the EMBL
(European Molecular Biology Laboratory) database under the accession numbers listed in Table S1.

SUPPLEMENTAL MATERIAL

Supplemental material for this article may be found at https://doi.org/10.1128/AAC
.01927-17.
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