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Abstract- The existing standardized micro-broth dilution methods for in vitro testing of moulds (CLSI, EUCAST) are referred to as reference
methods and therefore not intended for routine testing. They are time-consuming and dependent on sporulating hyphomycetes. In this study
a new, time saving and easy-to-perform method for inoculum preparation for routine susceptibility testing has been applied. It is independent
of spore production and proofed to produce comparable results to the conidia based methods, indicating that it can be used for all types of
hyphae-and/or conidia-forming fungi.

The MICs of amphotericin B, flucytosine, fluconazole, posaconazole, voriconazole, anidulafungin, caspofungin and micafungin of 198 moulds
were determined with two different culture media (YST and RPMI 1640) according to the DIN microdilution assay, and compared to appropri-
ate international studies. The “new” inocula with YST (DIN) and RPMI 1640 (EUCAST) medium showed similar MIC distributions for all
moulds tested to the conidia method, with more than 92% of the MICs read at 24 h and 48 h within + 1log-dilution. Although azoles, flucyto-
sine and amphotericin B showed comparable results, differences in echinocandin endpoints between different multicentre studies were de-
termined. According to the literature, the minimum effective concentration (MEC) should be equivalent to the minimum inhibitory concentra-
tion (MIC). However, due to the encountered bias in echinocandin-endpoint determinations this has to be questioned. Evaluation of cross-
resistance demonstrated that no individual strain out of 198 was in parallel susceptible to all eight antifungal agents tested. Cross-resistance
between azoles, echinocandins, amphotericin B, and flucytosine could be detected quantitatively with a new method for fungi. It ranges from
two to sevenfold, and demonstrates quantitatively different and species-specific susceptibility/resistance patterns.
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Introduction

Invasive fungal infections (IFI) have become increasingly common
among immunocompromised patients including solid-organ or
haematopoietic stem-cell transplant recipients, and of individuals
who are on immunosuppressive drug regimens [1]. Although As-
pergillus species are the most common causes of invasive mould
infections in immunocompromised patients, and most frequently
isolated as etiological agents of mycotic keratitis [2]. Emergence of
rare invasive fungal diseases such as entomophtoramycosis and
mucromycosis caused by Glomeromycota (Zygomycota) [3,4] as
well as infections by Fusarium, Haematonectaria haematococca
(F. solani), Pseudoallescheria, Scedosporium, Alternaria, Bipolaris,
Cladophialophora, Sarocladium (Acremonium), Trichoderma sp. [5-
9], and dematiaceous fungi that cause phaeohypho-mycosis [10-

13] has been reported in the last decade. Despite a general sus-
ceptibility to various antifungal compounds [14] an increase in re-
sistance to commonly prescribed antifungal drugs, and an epidemi-
ological shift to more drug-resistant strains with intrinsic and ac-
quired resistance of Aspergillus species had been documented [15
-19,28,29]. Additionally, several species in the Aspergillus fumiga-
tus complex appear to be resistant to azoles with evidence of in
vitro and in vivo correlation [20-30]. In addition, treatment failure of
Aspergillus infections [27,30-36] and emergence of azole-
resistance due to agricultural azole use [37,118,119] has been
reported. Amphotericin B has limited activity against Aspergillus
terreus and Aspergillus nidulans [38-43]. To support patient man-
agement, various antifungal susceptibility testing methods have
been proposed, including agar-, macro-, and micro-dilution, disk
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diffusion, strip-, and some other commercial tests [24,27,44-46]. As
drawback and according to the current recommendations the pro-
duction of fungal spores is necessary in order to comply with the
test requirements [51,59]. This holds true also for an improved and
more rapid conidial viability assay [47]. Therefore, pre-testing times
of up to 14 days, and only the susceptibility testing of sporulating
fungi can be achieved. To expand the test spectrum and to fasten
in vitro susceptibility testing, improved methodology is deemed
necessary. In this context, routine clinical mould isolates were
tested by a new inoculum preparation method [49] in two different
media - Yeast Sensitivity Testing (YST) according to DIN [50], and
RPMI 1640 medium according to EUCAST [51]. In order to detect
quantitatively cross-resistance in moulds, which is reported to
emerge significantly [12,13,32,36,52,53,54,55], multi-resistance

was evaluated by susceptibility pattern analysis (SPA), a new
method for fungi.

Materials and Methods
Organism Collection

A total of 198 moulds [Table-1] were included in this study, which
was performed in parallel to a recent collaborative yeast suscepti-
bility investigation [56]. The clinical routine specimens and their
origin sent to the participating clinical microbiology laboratories are
given in [Table-2]. Candida parapsilosis ATCC 22019, Candida
krusei ATCC 6258, and Aspergillus fumigatus ATCC 900211 ac-
companied each test run as quality control strains (data on file).
Organism identification and differentiation were performed as de-
scribed elsewhere [49].

Table 1- Number, and percentage of tested moulds (n=198), listed with their reported names and current valid taxonomic status.

Current valid genus/species name?) Species names as reported Species abbreviation2 Isolates tested % of species % of total
Absidia Absidia corymbifera Ab. corymbifera 2 100.0 1.0
Sarocladium strictum Acremonium strictum Sa. strictum 1 100.0 0.5
Aspergillus Aspergillus 151 100.0 76.3
Aspergillus fumigatus A. fumigatus 89 58.9 45.0
Aspergillus flavus A. flavus 26 172 1341
Aspergillus niger A. niger 18 11.9 9.1
Aspergillus terreus A. terreus 13 8.6 6.6
Aspergillus nidulans A. nidulans 1 0.7 0.5
Aspergillus Emericella nidulans A. nidulans 1 0.7 05
Aspergillus glaucus A. glaucus 1 0.7 0.5
Aspergillus hollandicus A. hollandicus 1 0.7 0.5
Aspergillus sydowii A. sydowii 1 0.7 05
Fusarium Fusarium 9 100.0 4.6
Fusarium oxysporum F. oxysporum 6 66.7 3.0
Fusarium spp. F. spp. 3 333 15
Haematonectria haematococca Fusarium solani H. haematococca 8 100.0 4.0
Mucor Mucor 4 100.0 2.0
Mucor spp. M. spp. 4 100.0 2.2
Pirella circinans Mucor circinans P. circinans 1 100.0 0.5
Paecilomyces® Paecilomyces spp. Pa. spp. 2 100.0 1.0
Rhizomucor Rm. spp. 4 100.0 2.0
Rhizopus Rhizopus 4 100.0 2.0
Rhizopus microsporus Rh. microsporus 1 250 05
Rhizopus arrhizus Rhizopus oryzae Rh. arrhizus 1 25.0 0.5
Rhizopus spp. Rh. spp. 2 50.0 1.0
Scedosporium Scedosporium 6 100.0 3.0
NB Scedosporium prolificans Sc. prolificans 6 100.0 3.0
Pseudallescheria 4 100.0 22
Pseudallescheria boydii Scedosporium apiospermum Ps. boydii 4 100.0 2.2
Trichoderma Trichoderma spp. T. spp. 2 100.0 1.0

According to Index Fungorum [http://www.indexfungorum.org/Names/Names.asp]
Due to several genera with the same alphabetic letter, the listed acronyms are used in the text or tables.

As Paecilomyces was not identified to the species level, one the following species may apply instead: Acremonium, Beauvaria, Acrophialophora, Chamae-
lomyces, Clonostachys, Cordyceps, Isaria, Mariannaea, Purpureocillium, Sagenomeda, Sagrohamala, Sarcocladium, Septofusidium, Taifanglania, Verticillium

Table 2- Distribution frequency (n) of specimens™ per clinical speciality*

(n / %) Clinic / Ward *

Specimen* N=198 /100

Anaesthetics 7135 4
Dermatology 9/4.6 -
Ear, Nose, Throat 10/5.1 -
Intensive Care Unit 13/6.6 10
External Office/Ward 741374 17
General Medicine 27/13.6 16
Oncology, Haematology 3/15 2
Orthopaedics 1705 -
Paediatrics 37/18.7 34
Pathology 3/15 -
Surgery 8/4.0 4
Transplantation 6/3.0 4

Liquids (sterile) 91/ 45.9%

Blood Culture 18 /9.1 Solid Material 60 / 30.3 Swab 29 / 14.7
- - 3
- 2 7
- - 10
2 1 -
6 48 3
8 3 -
- 1 -

1 -
1 1 1
- 1 2
- 1 3
1 1 -

*Specimens and clinical specialities comprise different varieties, which are described elsewhere [150]
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Antimicrobial Susceptibility Testing

Microdilution testing was based on a modified micro-broth dilution
standard of EUCAST as described [49,58,59], with two pre-
manufactured culture media (YST and RPMI 1640, heipha GmbH,
Germany), both containing 2% glucose (final concentration). They
were tested in parallel in ready-to-use 96 well microdilution plates
(Merlin GmbH, Germany) containing the pre-prepared (freeze-
dried) serial logo-dilutions of the antifungal agents (AFA): ampho-
tericin B (AMB), flucytosine (FCY), fluconazole (FLC), posacona-
zole (PSC), voriconazole (VRC), anidulafungin (ANF), caspofungin
(CSF), and micafungin (MCF).

Inoculum Preparation

Confectioning of the inoculum was performed as already described
[49], and therefore is mentioned only briefly. For rapid inoculum
preparation, 10 ml of 0.85% phosphate buffered saline plus 0.2 ml
Tween® 80 were dropped onto fresh grown fungal colonies
(normally <48 h) on Sabouraud-2%-glucose (SAB) agar and were
gently probed with the tip of a transfer pipette. The mycelia and
conidia containing mixture was transferred to and homogenized
(for approximately 40 sec) in a micro-homogenizer system (IKA®
Tube Drive; IKA, Germany) containing 15 stainless steel balls.
After the suspension was microscopically controlled, a unique inoc-
ulum of 2-5x10¢ viable units (vu) per ml was adjusted by means of
a haemocytometer or (after calibration) with a photometer. Here,
“vu” is defined as a countable homogenous suspension with almost
uniform particles resulting in growth of single colonies when an
aliquot is plated onto a solid culture medium. The final inoculum
was checked by plating 100 ul onto SAB agar plates and incubat-
ing for 48 h at 36 + 1°C, with subsequent counting of the grown
colony forming units (cfu), respectively vu. Minimum inhibitory con-
centration (MIC) endpoint determinations with both culture media
were performed visually after 24 h and 48 h of incubation at 36 +
1°C against the growth control. The MIC was determined as the
lowest drug concentration that prevented any discernible growth
(optically clear) as compared to the drug free growth control, re-
spectively at least of 80% reduction of growth compared to the
control well for not clear cut MICs. The mean-reading times for all
moulds were for YST medium 29 h (referred as 24 h) and 53 h
(referred as 48 h); and for RPMI 1640 medium 31 h (24 h) and
55.4 h (48 h). FLC was on the ready to use microdilution panel for
the in parallel performed collaborative study, and despite its ineffi-
ciency for moulds, it was used as quality control marker and for
further cross- and parallel-resistance evaluations.

Breakpoints

Due to the lack of appropriate breakpoints, for the comparison
purposes of this study, and if not otherwise indicated, low level
MICs were defined as <1 mg/l (susceptible, S), and elevated or
high level MICs as >2 mgll (resistant, R) for all antifungal agents
(AFA) except PSC, where the Aspergillus breakpoints of EUCAST
with S 0.125 mg/l and R > 0.5 mg/l were applied. The epidemio-
logical cut-off value (ECV) was calculated according to Arendrup,
et al [60], with the median MIC as basis. In addition, parallel-
resistance (defined as resistance among members of the same
drug-class) and cross-resistance (resistance of members among
different drug-classes) were evaluated by susceptibility pattern
analysis [61]. The susceptibility pattern (SP) obtained by SPA,
analogous to a resistance pattern of bacteria [61], was defined as
the artificial sequence of the assessed MICs of the different AFA,

however in a default sequential arrangement (SP-profile, e.g., SP:
Raws-Ritr-Resc-Rvre-Rrcy-Resr), where as appropriate, R may be
replaced by “S” or “I".

Statistical Analyses

All calculations and statistical analyses were performed with logo-
MIC values with SAS® software (SAS® Institute, Cary, USA - Hei-
delberg, Germany). The antilog of the calculations is displayed as
MIC. If not otherwise indicated, and for a better overview, percent-
age-values are given in round figures.

Results
Inoculum

With the new inoculum preparation, directly from fresh grown fun-
gal surface cultures, a rapid, reliable inoculum could be achieved
at each test-day from the freshly grown fungal surface cultures.
These standardized cell suspensions yield reproducible viable
units by further subcultures. That almost identical results are ob-
tained, when tested in parallel with a conidia-inoculum according to
EUCAST had already been shown in a feasibility study [49]. In
addition, the possibility of mould susceptibility testing with either
germinated or ungerminated conidia was demonstrated elsewhere
[62-64,83]. As determined in the microdilution system, the new
inoculum method, together with the faster growth rates in the 2%-
glucose supplemented test media, for all 198 filamentous fungi a
susceptibility test time (without pre-culturing) of 22h - 72h (mean
test time for YST medium 29h (first possible endpoint determina-
tion) to 53h (second reading), and for RPMI 1640 medium 31h and
55h, respectively) was revealed. Although sometimes only a few
colonies could be obtained (3-4 pre-culture plates necessary) the
default inoculum of 2-5x104vu was widely achieved, i.e., sufficient
homogeneous material for reproducible susceptibility testing of all
13 genera and 24 species listed in [Table-1]. Another advantage of
the "new" inoculum was that like with amphotericin B, echinocandin
endpoints could be clearly detected visually, i.e. without determin-
ing the minimum effective concentration (MEC) [65], which has
been proposed by Kurtz, et al [66] for the endpoint determinations
of lipopeptides. As already mentioned [49] and demonstrated here
when applying the “new” inoculum also echinocandins endpoints
can be detected with the naked eye rather to use the cumbersome
MEC determinations or, alternatively by a micro-colony imaging
assay [67]. Therefore, additional MEC determinations for echi-
nocandins were not performed. This is supported as the endpoint
determinations results of the 198 mould isolates and the three
echinocandins, which showed for the 24h/48h comparison an es-
sential agreement (EA) of 93%-99% for YST and 94-97% for RPMI
medium, and for both, the 24h-24h and 48h-48h comparison of
YST and RPMI medium an EA of 88%-98% and 94%-98%, respec-
tively, was achieved [Table-3].

Performance of the Culture Media

With the media recommended by DIN (YST +2% glucose + 0.5 mg
methylene blue/l) and EUCAST (RPMI + 2% glucose) for suscepti-
bility testing of fungi similar MIC values for all eight AFAs were
obtained with an overall endpoint concordance of 93% when the
24h and 48h endpoint was determined with the same medium and
an 95% agreement when the 24h and 48h endpoints of the two
different media were compared [Table-3]. The essential agreement
(EA: % of MICs of an individual AFA within £1 log2-dilution) for the
different AFA was 74% (AMB) to 99% (MCF) and YST medium,
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and 77% (FCY) to 97% (CSF, MCF) with RPMI medium, respec-
tively a mean EA of 92% for each medium and the 24h-48h com-
parison [Table-3].

Susceptibility Testing - MICs Distributions

The overall MIC-distributions determined for all AFAs investigated
at 24h and 48h with both media under test were almost analogous
[Fig-1]. This was confirmed by determining the MIC-loge-
differences obtained by comparison of both, the MIC-values at the
different endpoint reading times, and those from the different test
media [Table-3], and as shown exemplarily, for both media and the
distribution of voriconazole and posaconazole in [Fig-2], and of
amphotericin B and caspofungin in [Fig-3]. As already known, the
MICs at 48h on the individual test media showed a tendency to be
somewhat higher than at 24h, however, this was statistically not
significant. The same holds true for the marginal higher MIC-values
on YST medium when compared to RPMI [Fig-1] to Fig-3]. Another
minor difference is that the MIC-ranges obtained with RPMI-
medium (log2-MICs: -8 - +7) spread more than with YST (-7 - +5)
medium [Table-3]. Only about 30% of all isolates and all AFAs
demonstrated an overall MIC of < 1 mg/l, and 65% of the moulds
were found with a MIC of = 4mg/| [Table-3].

As susceptibility/resistance rates may only be calculated for spe-
cies that have a sufficient number of isolates, for MIC- and cross-
resistance determinations the moulds were grouped as follows:
Aspergillus spp. = total Aspergillus spp.; OA £ other Aspergillus
species (A. glaucus, A. hollandicus, A. sydowii); Glomeromycota 2
Absidia spp., Mucor spp., Rhizomucor spp., Rhizopus arrhizus,
Rhizopus microsporus, Rhizopus spp.; Fusarium complex 2
Fusarium oxysporum, Fusarium spp., Haematonectria haemato-

cocca; OM = other moulds (Paecilomyces spp., Sarocladium
strictum, Trichoderma spp.).

Instead of displaying tabled MIC-distributions, for both media, the
percentages of MICs are listed for the most important log.-dilution
steps (covering all ECVS/ECOFFs of the drugs) [Table-3], and as
percentiles in [Table-4] and [Table-5]. Statistical analysis of the
MIC distributions of the 24h and 48h endpoints are given in [Table-
4] for YST and in [Table-5] for RPMI medium, together with some
characteristic MIC values (mean MIC, mode MIC, ECVs).

In [Table-6] the susceptibility/resistance (S-I-R)-rates of the MIC
assessment are shown for all isolates, and in [Table-3] and [Table-
6] can be seen that with increasing incubation time (24h to 48h) the
level of the individual MICs of each AFA will be reduced, respec-
tively an increase of the individual MICs occurs. That the overall
AFA MIC-distributions match quite well when both media are com-
pared is demonstrated in [Fig-1] to [Fig-3]. [Table-4] and [Table-5]
confirms these facts by statistical analysis. The differences of the
AFA-activities in both media are marginal, and as shown, statisti-
cally not significant. However, for both media the resistance rates
at 48h endpoint reading were about 5% to 10% higher than at 24h
(up to 1 logz-dilution). Effective to all tested moulds were only AMB
(=90%), VRC (=78%), and to a lesser extent PSC (=70%). Except
to a few caspofungin susceptible Aspergillus isolates, the echi-
nocandins were not inhibitory to this routine collective of clinical
isolates [Table-6] and [Table-7].

When the MICs of all 8 antifungals and all isolates tested are con-
sidered, it can be demonstrated for both, that the individual and the
complied antifungal agents showed partly a bi-modal distribution
with distinct separation of low-level and high-level MICs [Fig-1].

YST Medium — 24h

RPMI Medium = 24h

-8 =7 =6 =5 =4 =3 =2 =1 o 1 2 3 4 5 ] 7 8
MIC ALL

YST Medium = 4gh

RPMI Medium = 4sh

=8 =7 = =5 =4 =3 =2 =1 o 1 2 3 4 5 8 7 8

MIC ALL

I

Fig. 1- Histogram of all log2>-MIC-distribution (% frequency) of the 8 antifungal agents in parallel tested to all fungal species (n=198), together
with their curves of normal-distribution (red), lognormal-distribution (blue), and kernel density for YST and RPMI medium , and for the two sub-
sequent endpoint determinations (24h and 48h). In the schematic box-and-whisker plot in the bottom margin of the histogram, the whiskers
extend to the smallest values within the lower fence and the largest value within the upper fence. Fences are defined in the terms of interquar-
tile range (IRQ). The lower fence is 1.5 IRQ below the first quartile and the upper fence is 1.5 IRQ above the third quartile. Each observation

outside of the fences is plotted with a symbol.

Logo/antilog (mg/l) explanation: 7=128; 6=64; 5=32; 4=16; 3=8; 2=4; 1=2; 0=1; -1=0.5; -2=0.25; -3=0.125; -4=0.063; -5=0.031; -6=0.016; -7=0.008; 8=0.004;

9=0.002; (middle vertical line = MIC 1.0).
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VRC 4gh = YST Medium
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VRC 48h = RPMI Medium

PSC 4gh — RFMI Medium
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MIC log2=XRC MIC log2=PSC

[ - — | | [

' |
—

Fig. 2- Histogram of the log>-MIC-distribution (% frequency) of voriconazole (VRC) and posaconazole (PSC) in parallel tested to all fungal
species (n=198), together with their curves of normal-distribution (red), lognormal-distribution (blue), and kernel density for YST and RPMI
medium , and for the two subsequent endpoint determinations (24h and 48h). In the schematic box-and-whisker plot in the bottom margin of
the histogram, the whiskers extend to the smallest values within the lower fence and the largest value within the upper fence. Fences are de-
fined in the terms of interquartile range (IRQ). The lower fence is 1.5 IRQ below the first quartile and the upper fence is 1.5 IRQ above the third
quartile. Each observation outside of the fences is plotted with a symbol.

Log/antilog (mg/l) explanation: 7=128; 6=64; 5=32; 4=16; 3=8; 2=4; 1=2; 0=1; -1=0.5; -2=0.25; -3=0.125; -4=0.063; -5=0.031; -6=0.016; -7=0.008; 8=0.004;
9=0.002; (middle vertical line = MIC 1.0).

CSF 4gh = VST Medium

AMB 48h = YST Medium

Percent

s = @ o B B B8 # &

-2 =2 -1 ] 1 2 3 4 5 8 7 & -8 =gr = a 1 2 3 4 5 8 ? 3

-

-7
I log2—AME MIC loga—CSF

— | \

ANE 48h — RPMI Medium

COFS 48h = RPMI Medium.

-8 -2 -1 o 1 2 3 4 Lt [ ? 8

MIC loge—CFS

N |

-1 ] 1 2 3 4 5 5 T &

-7 R B

MIC [og2 —AME
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Fig. 3- Histogram of the log.-MIC-distribution (% frequency) of amphotericin B (AMB) and caspofungin (CSF) in parallel tested to all fungal
species (n=198), together with their curves of normal-distribution (red), lognormal-distribution (blue), and kernel density for YST and RPMI
medium , and for the two subsequent endpoint determinations (24h and 48h). In the schematic box-and-whisker plot in the bottom margin of
the histogram, the whiskers extend to the smallest values within the lower fence and the largest value within the upper fence. Fences are de-
fined in the terms of interquartile range (IRQ). The lower fence is 1.5 IRQ below the first quartile and the upper fence is 1.5 IRQ above the third
quartile. Each observation outside of the fences is plotted with a symbol.

Log/antilog (mg/l) explanation: 7=128; 6=64; 5=32; 4=16; 3=8; 2=4; 1=2; 0=1; -1=0.5; -2=0.25; -3=0.125; -4=0.063; -5=0.031; -6=0.016; -7=0.008; 8=0.004;
9=0.002; (middle vertical line = MIC 1.0).
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The normal- and lognormal distribution of the log>-MIC-values demonstrate that they may be antifungal
agent-dependent different. As the separation point is about 1mg/l to 2 mg/l, the cut off point of 1mg/l
was chosen for further cross-resistance determinations. To check whether the “new” inoculum results
are similar to data from the literature in this field, in [Table-7a] to [Table-7¢] the characteristic MICs

were compared (as far as available) to recent CLSI and EUCAST study data [68-77]. For the echi-
nocandins there are similarities for visual MIC reading, however, discrepancies are to be noticed to the
MEC endpoints, even within the reports claiming to use the same susceptibility testing method [Table-

7c).

Table 3- Differences in log2-values when the hyphomycetes-MICs of the antifungal agents (AFA) amphotericin B (AMB), flucytosine (FCY), fluconazole (FLC), posaconazole (PSC), voriconazole (VRC), anidulafun-
gin (ANFc), caspofungin (CSF), and micafungin (MCF) tested in YST (DIN) and RPMI (EUCST) medium are compared by the endpoint reading times (RT) at 24h and 48h.3

AMB
FCY
FLC
PSC
VRC
ANF
CSF
MCF
All

17.7
8.6
1.5

10.1
4.6
35

3

05

YST 24h - 48h RT MIC log:-differences?

-1
424
71
2
258
25.8
46
126
2.5

Corr. YST-MIC24n — YST-MICagn

+0
31.2
70.2
93.9
53.5
65.2
854
76.8
89.9

5.1
3.5
6.1

RPMI 24h - 48h RT MIC log.-differences

-2

+0

1

Amean®)
-1.06
-0.71
0.13
-0.61

0.4
-0.09
-0.09
0.04

EA? (%)

73.7
773
96.5
81.3
91.9
95
92.9
98.5
88.3

EA2 (%)

Spearman correlation

YST24n — RPMI24n RT MIC-log: difference of MICs3)

-2
1.5
0.5
0.5

25
35

-1
6.6
5.1

1
136
11.1
76
5.6
5.6

Corr. YST-MICaan — RPMI-MICasn

+0
46.5
76.8
904
68.2
65.2
77.8
75.3
904

1
313
6.1
6.6
12.1
17.7
7
76
1.5

2
10.6
5.6
0.5
1.5
25
46
5.1
1.5

3

YST43|1 - RPM|4sh RT M|C-|ng difference of MICs

-1

0

1

2

EA? (%)

84.3
87.9
98
93.9
93.9
924
88.4
97.5
92

EA? (%)

Spearman correlation

AMB
FCY
FLC
PSC
VRC
ANF
CSF
MCF
All

05
05
05

10.1
7.1
1.5
5.1
6.1
4.6
25
25

6.1
20.7
30.3

6.6

5

5.1

Corr. RPMI-MIC24n — RPMI-MICasn

404
70.7
89.9
66.2
58.6
83.8
87.4
87.3

1
15
05
15
15
4
46
46

-0.71
-0.66
-0.18
-0.34
-0.42
-0.16
-0.13
-0.07
a:

88.4
77.3
96.5
88.4
904
944
97
97
91.2

coefficient P-value
0.7472 <.0001
0.5109 <.0001
0.838 <.0001
0.7336 <.0001
0.8263 <.0001
0.6914 <.0001
0.5604 <.0001
0.3869 <.0001
0.9329 <.0001
Spearman correlation
coefficient P-value
0.861 <.0001
0.5881 <.0001
0.7751 <.0001
0.7823 <.0001
0.8021 <.0001
0.4337 <.0001
0.5604 <.0001
0.3869 <.0001
0.9269 <.0001

5.1
1.5
2
6.1
9.6
6.1
6.1
5.6

Corr. YST-MICagn — RPMI-MICasn

43.9
86.9
934
712
68.2
86.9
78.8
904

23.7
35
36
15.7
147

3
9.6
1.5

136
3
0.5
46
25
1.5
2
1.5

0.84
0.2
0.02
0.19
0.08

-0.05

0.01

-0.03

a:

2.7
91.9
99
92.9
924
96
94.4
97.5
92.1

coefficient  P-value
0.7481 <.0001
0.7988 <,0001
0.8132 <.0001
0.932 <.0001
0.8829 <.0001
0.6257 <.0001
0.849 <,0001
0.449 <,0001
0.9465 <.,0001
Spearman correlation
coefficient  P-value
0.6254 <.,0001
0.7975 <.0001
0.834 <.0001
0.9264 <.0001
0.8714 <.,0001
0.6309 <,0001
0.9151 <,0001
0.5927 <.0001
0.9569 <,0001

Log-differences when endpoint reading results (RT) of 24h and 48h are compared from the same test medium: “+” indicates a shift to higher RPMI-MIC-values;
Essential agreement (EA) = percentage of MICs within + one log.-dilution

Loge-differences when endpoint reading results (RT) of 24h and 48h are compared from different test media: “+” indicates a shift to higher RPM- MIC-values;
Mean of the total logz-differences of an individual AFA when tested on the same or with the two different media and the endpoints were read and compared after 24h and 48h.
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Table 4- Basic statistics for the antifungal agents (AFA) amphotericin B (AMB), flucytosine (FCY), fluconazole (FLC), posaconazole (PSC), voriconazole (VRC), anidulafungin (ANF), caspofungin (CSF) and micafun-
gin (MCF) with the characteristic MIC-values (minimum (MIN) and maximum (MAX) MICs = MIC-range; mean MIC (Mean); mode MIC (Mode); standard deviation of the mean (STD); variance (VAR); the 5t, 50t
75t 90th, 99t percentile of the MIC; epidemiological cut-off values (ECOFFs): lower wild type limit (WT-LWL), upper wild type limit = ECV), and distribution parameters such as tests for normality (Shapiro-Wilk, Kol-
mogorov-Smirnov test) with degrees of freedom associated with each source of variance (D) and the probability (P), and Student's test, when microdilution testing was performed with YST (DIN) medium and the
endpoint readings at 24h and 48h.

Statistics and Characteristic MIC-Values Obtained by Microdilution and YST Medium

AMB

FCY

FLC

PSC

VRC

ANF

CSF

MCF

48

24

48

24

48

24

48

24

48

24

48

24

48

48

MIC-range

0.031 (1.0)
0.063 (0.5)
05 (15)
05(1.0)
40(1.0)
16.0 (0.5)
0.063 (2.0)
0.063 (0.5)
0.063 (0.5)
0.125 (1.5)
20(5.1)
2.0(05)
0.063 (2.5)
0.063 (1.0)
4.0(05)

40 (2.0)

8.0(3.0)
8.0 (8.6)
64.0 (67.7)
64.0 (89.9)
128.0 (78.3)
128.0 (81.8)
16.0 (12.1)
16.0 (12.6)
16.0 (5.6)
16.0 (9.6)
320 (6.6)
320 (3.5)
320 (5.6)
320(6.1)
320 (8.6)

320 (4.6)

Shapiro-Wilk Test

0.925

0.907

0.642

0.296

0.489

0.485

0.849

0.857

0.854

0.822

0.614

0.559

0.587

0.571

0.636

0.569

<0.0001

<0.0001

<0.0001

<0.0001

<0.0001

<0.0001

<0.0001

<0.0001

<0.0001

<0.0001

<0.0001

<0.0001

<0.0001

<0.0001

<0.0001

<0.0001

Kolmogorov-Smirnow

0.178

0.248

0.396

0.504

0.447

0.485

0.292

0.24

0.284

0.305

0.437

0.464

0.356

0.297

0.421

0.456

<0.010

0.01

0.01

<0.010

<0.010

<0.010

<0.010

<0.010

<0.010

<0.010

<0.010

<0.010

<0.010

<0.010

<0.010

<0.010

Student's t Test

MIN (%) (mg/l) MAX (%) (mg/l) Statistic W p Value Pr<W StatisticD p Value Pr>D Statistic t P

-10.38

0.05

4775

80.29

111.03

175.55

242

1.73

-2.96

0.233

63.15

95.01

29.79

32.07

105.6

114.87

Sign Test

Location

Value P Statistic M p Value Mean (mg/ Mode

|t

<.0001
0.96
<.0001
<.0001
<.0001
<.0001
0.0165
0.0851
0.0034
0.8155
<.0001
<.0001
<.0001
<.0001
<.0001

<.0001

-59.5

-10

95.5

96.5

99

99

425

-38.5

-26.5

99

99

92.6

92.5

99

99

P>M ) (mgl)
<0001 048 05
00824 1 1
<0001 1116 64
<0001 5316 64
<0001 9983 128
<0001 10896 128
<0001 078 05
0459 148 05
<0001 077 05
<0001 102 05
<0001 1343 16
<0001 1425 16
<0001 1021 16
<0001 1085 16
<0001 1532 16
<0001 1888 16

Variability

STD.
(nxlogz)

VAR- LWL (mg/

(loga)

WT-

)
0.125
0.25
16
16
32
32
0.125
0.25
0.125

0.125

5%
(mgl)

0.125

0.25

32
64
0.125
0.25
0.25

0.25

50%

(mg/l) (mgll)

64

64

128

128

05

05

05

16

16

16

16

16

16

Percentile

75%

64

64

128

128

16

16

16

16

16

16

90% (mg/l) 99% (mgh)

64

64

128

128

64

64

128

128

32

32

32

32

32

32

ECV
mgll)

256

256

512

512

64

64

64

64

64

64
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Cross-resistance of Azoles, Echinocandins, Flucytosine and Amphotericin B in Clinically Important Hyphomycetes

Table 5- Basic statistics for the antifungal agents (AFA) amphotericin B (AMB), flucytosine (FCY), fluconazole (FLC), posaconazole (PSC), voriconazole (VRC), anidulafungin (ANF), caspofungin (CSF) and micafun-
gin (MCF) with the characteristic MIC-values (minimum (MIN) and maximum (MAX) MICs = MIC-range; mean MIC (Mean); mode MIC (Mode); standard deviation of the mean (STD); variance (VAR); the 5t, 50t
75t 90th, 99t percentile of the MIC; epidemiological cut-off values (ECOFFs): lower wild type limit (WT-LWL), upper wild type limit = ECV), and distribution parameters such as tests for normality (Shapiro-Wilk, Kol-
mogorov-Smirnov test) with degrees of freedom associated with each source of variance (D) and the probability (P), and Student's test, when microdilution testing was performed with RPMI 1640 (EUCAST) medium

and the endpoint readings at 24h and 48h.

Statistics and Characteristic MIC-Values Obtained by Microdilution and YST Medium

MIC-range Shapiro-Wilk Test Kolmogorov-Smirnow Student's t Test Sign Test Location Variability WT- Percentile

ECV
MIN (%) (mg/l) MAX (%) (mg/l) Statistic W p Value Pr<W StatisticD p Value Pr>D Statistict P V§||l:|e P Statistic M F;\iallk/ﬁ Mear|1)(mg/ ?:Inogd/ﬁ (ri(ITnglz) Xé\; ) LWI.l)(mg/ (rizoll) (ﬁ?gjﬁ) (;55//1) 90% (mgf1) 99% (mg/l) (mgh)

24 0.031(1.5) 8.0 (1.5) 0.941 <0.0001 0.163 <0.010 -14.789  <.0001 715 <0.0001 0.34 0.25 3 2 0.063 0.063 025 05 1.0 8.0 1.0

e 48 0.063 (1.0) 8.0 (3.0 0.909 <0.0001 0.166 <0.010 -8.517  <.0001 -49.0 <.0001 0.56 0.25 3 2 0125 0125 05 1.0 2.0 8.0 2.0
24 0.25(0.5) 64 (68.2) 0.648 <0.0001 0.408 <0.010 36.70  <.0001 96.0 <0001  29.32 64.0 4 3 16.0 20 640 640 64 640  256.0
e 48 0.5(0.5) 64.0 (86.9) 0.393 <0.0001 0.503 <0.010 56.83  <.0001 96.0 <0001  46.22 64.0 3 2 16.0 40 640 640 64.0 640  256.0
24 4.0(1.5) 128.0 (72.7) 0.527 <0.0001 0.409 <0.010 103.20  <.0001 99.0 <0001 9539 1280 2 1 320 320 1280 1280 128.0 1280 5120
e 48 16.0 (0.5) 128.0 (79.8) 0.512 <0.0001 0.475 <0.010 176.83  <.0001 99.0 <0001 108.96 128.0 1 1 320 640 1280 1280 128.0 1280 5120

24 0.063 (1.0) 16.0 (12.1) 0.819 <0.0001 0.299 <0.010 209 <0375 -44.0 <.0001 0.81 0.5 2 4 0125 0125 05 1.0 16.0 16.0 20

PSe 48 0.063 (0.5) 16.0 (12.6) 0.821 <0.0001 0.281 <0.010 0.239 0.742 -29.5 <.0001 1.03 0.5 2 4 0125 0125 05 20 16.0 16.0 20

24 0.063 (3.0) 16.0 (5.1) 0.836 <0.0001 0.288 <0.010 -3.77  0.0002 -44.5 <.0001 0.73 0.5 2 3 0125 025 05 20 8.0 16.0 20

e 48 0.125 (0.5) 16.0 (8.6) 0.831 <0.0001 0.304 <0.010 -0.357  0.7215 -29.5 <.0001 0.97 0.5 4 3 0125 025 05 20 8.0 16.0 20
24 1.0 (0.5) 32.0(4.0) 0.615 <0.0001 0.445 <0.010 3.73 <.0001 98.5 <.0001 13.24 16.0 1 1 4.0 40 160 16.0 16.0 320 64.0

o 48 2.0(1.0) 32.0(5.6) 0.533 <0.0001 0.465 <0.010 9136  <.0001 99.0 <.0001 14.25 16.0 1 2 4.0 40 160 16.0 16.0 320 64.0
24 0.063 (2.5) 32.0(3.0) 0.568 <0.0001 0.342 <0.010 3.30 <.0001 91.0 <.0001 9.87 16.0 2 3 4.0 1.0 160 16.0 16.0 320 64.0

oF 48 0.063 (1.0) 32.0(4.6) 0.550 <0.0001 0.391 <0.010 3261 <0001 925 <.0001 10.81 16.0 2 2 4.0 40 160 16.0 16.0 320 64.0
24 4.0(0.5) 32.0(35) 0.553 <0.0001 0.462 <0.010 102.85 <.0001 99.0 <.0001 14.46 16.0 1 1 4.0 1.0 160 16.0 16.0 320 64.0

Mere 48 4.0(2.0) 32.0(4.0) 0.490 <0.0001 0.473 <0.010 125.94  <.0001 99.0 <.0001 18.81 16.0 1 1 4.0 80 160 16.0 16.0 320 64.0
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Table 6- Occurrence (percentage of total isolates) of MICs of the antifungal agents (AFA) amphotericin B (AMB) flucytosine (FCY), fluconazole (FLC), posaconazole (PSC), voriconazole (VRC), anidulafungin (ANF),
caspofungin (CSF), and micafungin (MCF) at the log2-dilutions < 0.063 mg/l to < 4 mg/l, and >2mg/l (covering all ECVs of the tested AFA) with YST and RPMI medium. Endpoint reading (RT) was performed after

24h and 48h at 36 °C £ 1°C. The overall susceptibility/resistance was calculated for all AFA with S < 1/R >2, except PCS with S < 0.25/R > 0.5.

AMB

FCY

FLC

PSC

VRC

ANF

CSF

MCF

All
(N=198)

48
24
48
24
48
24
48
24
48
24
48
24
48

24

48

YST

0.5
0.5

1.3

RPMI

6.6

0.3

05

YST

34

5

RPMI

1.5

1.5

1.3
1.9

YST
374
1.1

23.7
7.6
27.3
116

114
133

RPMI

54
36.4
0.5
0.5

19.7
9.6
28.8
12.6

4.2

.7

YST
69.2 77.8
35.6 60.1
15 0.5
1 1.5
0 0
0 0
67.2 66.2
50 57.6
64.7 66.7
59.1 60.1
0 0
0 0
3 3
3 3
0 0
0 0
% < MICso
25.7 18.6
26.8 22.8

90.9
74.8

1.5

75.8
66.2
74.2
67.7

3.5
35

30.8
324

Percentage of isolates (total=198 ) at MIC (mg/l) of:

RPMI

944
894

26.7

295

84.3
5.6
1.5

82.3
778
84.3
81.8
5.1

0.5

8.1

35.2

353

83.3
798
84.9
81.8

8.6
7.6
0.5

31.8
33.2

914

854
82.3
894
84.9
8.6
4.6
15.7

15.7

38.9

40.1

83.3
87.9
86.9
9.6
5.1

14.7
14.1

354
36.8

15.7
94.4
985
100
100
177
22.1
15.7
18.2
95
995
909
919
100
100

64.8

64.6

71
91.9
97.5
100
100
16.7
20.2
15.1
18.2
98.5
99
914
92.5
95.5
100

73.3

64.8

Susceptibility (S) / Resistance (R)

90.9
74.8

1.5

23.7
76
74.2
67.7

35
3.5

22.8

19

944
98.5
100
100
86.3
924
258
18.2
95
100
94.2
91.9
100
100

% | = 100%-(%S + %R)

1.5

7

944
894

78.3
69.7
0.5
0
5.1
3.5
0
0

24.2
212

91.9
97.5
100
100
80.3
90.4
15.1
18.2
98.5
99
914
92.5
100
100

724
75.6

Note: In connection with in vivo mould-resistance the MIC-values of FLC are not relevant because this azole is not active in non-toxic dosage levels and therefore unsuitable for mould therapy.
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Cross-resistance of Azoles, Echinocandins, Flucytosine and Amphotericin B in Clinically Important Hyphomycetes

Table 7a- Comparison of species-specific characteristic MIC-values of the antifungal agents (AFA): amphotericin B (AMB), and flucytosine (FCY), with those of other studies.

smebiwny 'y

>
=
&
o
@
<
=
<
(7]
@
S
S
=~
(7]

snalio) 'y

suenpiu 'y

‘dds snyjibradsy 19y30
ejoafwoiawolo

elojlqAi0d elpisqy

Species

“dds J0onpy

10onwoziyy

‘dds sndoziyy

SUeUIaID ejjaJald

wniodsAxo wnuesn4

‘dds wnuesn4

elijosuojewaeH

saofwojioeed

1pfoq eLayasajjepnasy

wnlodsopads

WNIL}S Wnipej20Ies

‘ds ewapoyoLl|

aoualaey

151
0138 04138 0254 041305 0252 0532 14 04354 0505 0251 02505 0131 1 0038 0038 054 14 0254 48 2 0254 R EUD DE ts
. 052 14 054 24 01332 1-1 0.5-1 0251 14 14 4 24 >8 R EUC EU  [68]
- 0061 0532 0061 058 - - - - - 216 432 R EUC SP [69,70]
AMBaee 1358 0558 12 0251 1-4 - 0.5-1 0.5-1 - 1-2 - 0068 2 R CLS USC [72
0.006-6 1->32 0.047->32 >32>32 0.38-2 RO ETS C  [75
0032 003025 003025 006  0.06-1 R CS N [76]
098 064 095 037 067 15 1 056 062 0.62 053 062 1 067 08 113 1 08 39 2 062 R EUD DE ts
- 069 151 1 2.82 1 0.73 058 208 - 25 1 2.66 R EUC EU  [68]
AMBgmesn - 026 15 0.18 162 - - - - R*  EUC SP [69,70]
072 2523 031 >32 089 R ETS Cl  [75]
021 087 0.09 006 042 R ClS N [76]
1025 1 0.25 0.5 1 1 05 0.5 0.5 0.25 1 1 1 1 1 1 025 8 2 025 R EUD DE ts
AMBroce - 025 0.13 1 - - - - R* EUC SP [69,70]
1 05 1 0.25 05 1 0.5 05 05 0.25 1 1 1 1 1 1 8 05 R EUD DE ts
.05 1 0.25 1 05 013 - 0.13 05 - 05 1 4 16 2 R EUC SP  [69,70]
05 025 1 0.13 2 1 1 05 025 0.25 0.06 1 025 8 8 16 2 16 2 R CLS Ww [71]
1 1 1 1 2 - 05 1 - - 1 05 R CLS USC [72]
AMBso
05 1 0.25 1 1 0.25 0-5 2 1 >16 2 R CLS SP [73
025 1 0.25 1 1 0.25 1 1 4 4 R EUC SP  [14]
1 >3 >3 >32 1 R ETS Cl [75]
043 006 0.13 05 R CLS NL [76]
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Table 7a- Continue..

Species

smebiwny 'y
Snaud) "y
sue[npiu °y
ejoafwoiawolo
eigjIqhiod eipisqy
dds s0onpy
Joanwoziyy

‘dds sndoziyy
SUBUIDIID Bj[alald
‘dds wnuesn4

D RENOEITELIT]
saofwojioeed
wnlodsopads
wnjaLps Wnipe[aoies
"ds euriapoyal|
ERIEIETEN]

wnJodsAxo wnuesn4

>
=
&
o
@
<
=
<
(7]
@
S
S
=~
(7]

‘dds snyjibradsy 19y30
1pfoq eLiayasajjepnasd

4 1 4 0.5 1 8 1 1 0.5 1 05 1 1 & & 4 1 4 8 2 1 R EUD DE ts

.05 8 05 8 2 2 . 2 - 7R L >6 >3 16 - R EUC SP [6970]

1 1 2 1 2 2 2 2 05 1 013 2 1 16 32 32 8§ 2 1 . R CLs ww 1]

1 1 2 1 2 . . . -2 . . cls  USC [

AMBeo 05 2 05 4 2 4 2 8 4 >16 4 R ClS SP [73]
05 2 025 4 4 1 2 2 516 >16 R EUC  SP [74]

2 s s sn 2 R ETS C  [75]

1 025 . i 1 R ClS N [

464 864 864  2.32 6464 6464 6464 6464 6464 6464 6464 6464 64 164 164 16-64 0505 64-64 6464 64 6464 R EUD DE ts

FCange 512 512 512 512 512 R CS N [76]
1619 1758 1570 351 1786 17.86 17.86 1786 17.86 1786 1786 1786 64 1425 1297 1584 05 1786 17.86 64 1786 R* EUD DE  ts

Yo 512 512 512 512 512 R ClS N [76]
FCVmoe 64 64 64 4 64 64 64 64 o4 64 64 64 64 64 64 64 64 64 64 64 R EUD DE s
64 64 64 8 54 64 64 64 64 64 64 64 64 64 64 64 64 64 64 64 R EUD DE s

FeYs 512 512 512 i 512 R CS N [76]
64 64 64 32 64 64 64 64 64 64 64 64 64 64 64 64 64 64 64 64 R EUD DE ts

FeYw 512 512 512 : 512 R ClS N [

Notes: - = Not specified; Cl=China; DE = Germany; EU=European Union; NL=Netherlands; SP=Spain; US=United States of America; USC=Unites States of America + Canada; WW=World-wide; t.s.=this study (Germany/Austria) EUD =
EUCAST, DIN deviation; EUC=EUCAST/EUCAST deviation; CLS=CLSICLSI deviation; ETS=Etest; R=RPMI 1640 medium according to CLSI with 0.2% glucose; R*=RPMI 1640 medium according to EUCAST with 2% glucose
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Table 7b- Comparison of species-specific characteristic MIC-values of the antifungal agents (AFA): posaconazole (PSC), and voriconazole (VRC), with those of other studies.

Species

= 5 3 §d § 5 § % ¢ § § =z 5 § 33 3 Tt & § ¢ g
2§ 8 G 5 &8 & 8 % § 2 % g 3 83 s 8§ ‘&8 =& 3 3
g & ° T 8§ i g  § % % 83 ! £ § 2 g

= » 3 Iy 3 ] = 5] B & 3. - S °

) 2 S °§ S g s 8§
z 3 - 3 3
No. tested 151 89 3 4 6

0.06-16 041316  0.431  05-4 0.06-0.5 0251 02505 0516 0516 052 18 116 1 146 246 01316 8 0516 1616 16 1616 R* EUD DE ts.
051 01305 02505 02505 01325 - 14 24 1-4 24 0.135 1 052  >8 - R* EUC EU [68]
0132 0254 0252 0252 - - - - - - - 1-16 - R*  EUC SP [69,70]
PSCranse 00358 0.03:2 0.131 0251 0.13-025 0.38-2 - - 0528 1-4 - 058 - 00305 - 1 R CLS USC [72]
0.016-15 0.001-0.75 0.13-1 0.032:0.09 0.06-0.13 - - - - - - - R* ETS Cl  [75
- - - - 0062 0131 052 006013 0.13-1 - - - - R CLS NL [76]
079 074 0.56 1.21 0.5 09 053 156 206 1 162 206 1 102 470 448 423 232 68 16 68 R* EUD DE ts.
037 0.21 0.26 0.19 - 223 072 223 078 0.135 1 1 - R* EUC EU [68]
PSCymean 05 09 0.91 0.62 - - - - - - - - R*  EUC SP [69,70]
0.1 0.1 0.35 007 0089 - - 4 - - - - - R* ETS Cl  [75]
- - - - 024 009 115 009 027 - - - - R CLS NL [76]
pscrs % 0.5 0.5 1 0.5 1 0.5 1 0.5 1 1 1 1 8 8 16 8 2 16 16 16 R* EUD DE ts.
05 1 1 05 - - - - - - - R* EUC SP [69,70]
0.5 0.5 0.5 1 0.5 1 0.5 1 4 1 1 2 1 8 8 16 4 16 . 16 R* EUD DE ts.
- 05 1 1 05 013 013 025 025 025 025 025 025 4 - >8 1 >8 1 025 R* EUC SP [69,70]
0135  0.13 025 025 025 013 013 05 05 1 0.06 1 1 2 16 32 - 025 16 0135 R CLlS wWw [71]
PSCxy 025 025 05 05 0.13 - - 1 2 - >8 - 0.13 - - R CLS USC [72]
0.06 013 025 0.06 006  0.25 05 2 4 4 4 >8 013 1 >8 4 R* EUC SP  [74]
0094 0094 038 0064 - - - - - - - R* ETS Cl  [75]
- - - 025 025 1 0.25 - - - - R CLS NL [76]
2 2 0.5 4 0.5 2 05 16 16 2 8 16 1 16 16 16 8 16 16 . 16 R* EUD DE ts.
05 1 2 2 1 >8 >8 >8 >8 >8 >8 >8 >8 >8 >8 8 >8 4 >8 R* EUC SP [69,70]
05 05 05 05 025 1 1 4 4 16 025 8 16 4 32 32 1 32 025 R CLS wWw [71]
PSCu 05 05 05 1 025  0.09%4 - - - - >8 - - - R CLS USC [72]
0.25 0.25 05 0.13 025 05 >8 >8 >8 >8 >8 >8 >8 8 >8  >16 R* EUC SP  [74]
0.19 0.25 1 0094 0013 - - - - - - - R* ETS Cl  [75]
- - - - 1 05 0.5- - - - - R CLS NL [76]
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Table 7b- Continue..

Schmalreck A.F., Fegeler W., Becker K., Lass-Fl6rl C. and Czaika V.

Species

= -
> £ 3 3 g ~ 2 S S T &5 § & 28 § g '8 & 8 X
= g g g § 2 § 3 & g 5 o S S5 88 8 5 % & ¢ E
3 s & E e 5 8§ : S 8 s & & 838 3 g & 3 3 3
= & S s S £ ® s € ® 83 ¢ g 3 o “ ®
3 = =
™ 3
No. tested 151 2 6 1
01316  0.25-4 0.25-2 0.5-4 0.06-1 0.13-2 0.5-05 8-16 8-16  16-16 8-16 8-16 16 0.5-16 0.5-16 0.5-16 16-16 0.25-2 0.5-16 8 2-2 R* EUD DE t.s.
0.25-1 0.5-2 0.5-2 0.25-1 0.13-1 - - >8 >8 >8 >8 >8 - >8 - 2-->8 >8 - R* EUC EU [68]
VRCrange - 0.13-2 0.13-2 0.25-2 0.5-2 - - - - - - - - - - R* EUC SP  [69,70]
0.03->8 0.06-4 0.1341 0.25-2  0.06-0.5 - - 1->8 1->8 - 0.25->8 - 0.03-2 - 8 R CLS USC [72
0.094-0.38 0.094-0.5 0.25-0.75 0.25-0.5 0.09-0.13 - - - - - - - - - - - - R* ETS Cl [74]
- - - - - - - 2-64 2-16 16-64 4 4-64 - - - - - - - - - R CLS NL [76]
0.72 0.72 0.54 1.21 0.51 0.66 0.62 5.56 5.37 6.83 5.37 4.77 16 0.98 2.23 2.46 8.23 0.79 3.07 8 1.62 R* EUD DE t.s.
0.36 0.41 0.33 0.29 - - - - - - - - - - R* EUC EU [68]
VRCgymean 0.49 0.66 0.7 0.92 - - - - - - 0.25-16 - R* EUC SP  [69,70]
0.18 0.25 0.38 0.34 0.11 - - - - - - - - - - R* ETS Cl [75]
- - - - - - - 11.09 8 36.76 4 8.77 - - - - - - - - - R CLS NL [76]
VRC 0.5 0.5 0.5 1 0.5 0.5 0.5 16 8 16 8 8 16 0.5 0.5 2 16 0.25 8 8 2 R* EUD DE t.s.
mode - 05 05 1 1 - - - - - - - - - - - - - - - R* EUC SP [69,70]
0.5 0.5 0.5 2 0.5 0.25 0.5 16 8 16 16 8 16 4 4 8 16 1 8 - 2 R* EUD DE t.s.
- 0.5 0.5 1 1 0.25 05 1 1 1 1 1 1 4 1 >8 1 >8 2 1 R* EUC SP  [69,70]
0.25 0.25 0.5 0.5 0.25 0.25 0.25 16 16 64 2 16 64 4 16 16 - - 0.25 R CLs ww [71]
VRCso 0.25 0.25 0.5 1 0.25 - - - 2 2 >8 - 4 - 0.25 - - - R CLS USC [72
0.5 1 1 0.5 0.25 - - >8 - >8 4 >8 1 >8 2 R* CLS SP [73]
0.5 1 1 1 - - 0.5 >8 >8 >8 4 >8 0.5 >8 4 R* EUC SP [74]
0.19 0.25 0.38 0.38 0.13 - - - - 8 - - - - R* ETS Cl [75]
- - - - - - - 16 16 32 - - - - - - - - - - - R CLS NL [76]
2 2 0.5 4 0.5 1 0.5 16 16 16 16 16 16 16 16 16 16 2 16 8 2 R* EUD DE t.s.
- 1 1 1 2 >8 >8 >8 >8 >8 >8 >8 >8 >8 >8 >8 4 >8 4 >8 R* EUC SP  [69,70]
0.5 0.5 1 2 05 1 1 128 128 128 16 128 128 32 32 32 - 05 R CLsS ww [71]
VRCoo 1 05 1 2 1 . . . . . . >8 . . . . R CLS USC [72]
1 2 2 1 4 - - >8 - >8 >8 >8 >8 >8 4 R* CLS SP [73]
1 2 2 2 - - >8 >8 >8 >8 >8 >8 2 >8 8 R* EUC SP [74]
0.25 0.38 0.75 0.5 0.13 - - - - - - - - R* ETS Cl [75]
- - - - - - - 32 16 - 16 - - - - - - - - - R CLS NL [76]
Notes: - = Not specified; Cl=China; DE = Germany; EU=European Union; NL=Netherlands; SP=Spain; US=United States of America; USC=Unites States of America + Canada; WW=World-wide; t.s.=this study (Germany/Austria) EUD =

EUCAST, DIN deviation; EUC=EUCAST/EUCAST deviation; CLS=CLSICLSI deviation; ETS=Etest; R=RPMI 1640 medium according to CLSI with 0.2% glucose; R*=RPMI 1640 medium according to EUCAST with 2% glucose
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Cross-resistance of Azoles, Echinocandins, Flucytosine and Amphotericin B in Clinically Important Hyphomycetes

Table 7¢- Comparison of species-specific characteristic MIC-values of the antifungal agents (AFA): anidulafungin (ANF), caspofungin (CSF), and micafungin (MCF), with those of other studies.

(1/6w) 4y

No. tested

=
=
&
o
2
«Q
=
5
©n
2
s
=5
[

smebjwny 'y

sna.e} 'y

sue[npiu °y
‘dds snyjibsadsy 19y30
ejoafwosswol9

Species

‘dds Jsoonyy

e4041q/102 BIpISqY

‘dds J0onwoziyy

‘dds sndoziyy

SUeUIaID BjjaJald

wnJodsAxo wnues

‘dds wnuesny

£92090)EW3EY
EL1}92U0)RWSRH

dds saafwojroaed

1pAoq eLsyassjiepnasy

sueajyijosd wniiodsopass

WN}oLS WNIPe|I0Ies

“ds euiopoyali]

ERIEIEIEN]

4-32 4-32 8-32 16-32 1632 00332 1616 4-16 16-16 1616 4-16 1616 16 8-16 8-16 8-16 8-8 16-32 216 16 1616 R* EUD DE ts.

ANFange - 0.03-0.06 0.03-32 0.03-0.03  0.03-32  0.03-0.06 0.25-1 R* EUC SP [69,70]
0.008-0.13  0.0080.13  0.008-0.016  0.008-0.03  0.008-0.01 - R CLS US [T

AN 6.62 6.52 6.71 7.81 7.09 15 003 596 683 683 423 683 16 647 58 506 423 771 332 16 683 R* EUD DE ts
gmean - 0.03 13 0.03 0.05 - - R* EUC SP [69,70]

16 16 16 16 16 32 003 16 16 16 8 16 16 16 16 8 8 16 4 16 R* EUD DE ts.

ANFmode ) 003 32 003 003 . . R EUC SP  [69.70]
16 16 16 16 16 32 6 16 16 16 8 6 16 16 16 16 8 16 4 16 16 R* EUD DE ts.

ANFle - 0.03 32 0.03 0.03 - R*  EUC SP [69,70]
0.008 0.008 0.008 0.008 0.008 - R CLS US [t

- 0.03 >16 0.03 003 003 >16 >16 >16 >16 >16 >16 >16 05 006 003 R* EUC SP  [74]

16 16 16 16 16 32 16 16 16 16 6 16 16 16 16 32 8 32 16 16 16 R* EUD DE ts

- 0.03 32 0.03 0.06 - - R* EUC SP [69,70]

ANFloy 0.015 0.016 0.008 0.008 0.06 - R CS US [
0.03 >16 - 0.03 0.03 >16  >16 >16  >16  >16 >16 >16 4 >16  0.03 R* EUC SP  [74]

0.06-32 0.06-32 8-16 8-32 4-16 0.25-32 1616 4-16 1616 1616 4-16 1616 16 2-16 216 832 4 416 24 16 416 R* EUD DE ts.

- 0.25-1 0.25-1 >8 0.25-1 0.06-1 >8  >8 >8  >8 >8 >8 >8 >8 R* EUC EU [68]

cSF - 0.06-2 0.25-32 0.06-1 0.13-32 - 05-16 R* EUC SP [69,70]
ranae 0.02-4 0.02-2 0.02-0.13  0.02-0.06  0.020.13 . . . - >8>8 0.03-8 R CLS ww [71]
0.008-4 0.016-1 0.008-003  0.016-05  0.016-1 - R CLS US [t

- 0032013  0.016-0.19  0.023-0.19 0.016-0.19 0.05-0.09 R* ETS CI  [75]

5.47 473 6.23 6.83 6.12 27 683 638 683 683 537 683 16 521 423 571 261 332 223 16 423 R* EUD DE s

cSF - 045 0.28 0.19 - - - - R* EUC EU [68]
gmean - 0.36 2.7 0.36 1 - - R*  EUC SP [69,70]

- 0.07 0.042 0.08 0.06 0.06 R* ETS CI  [75]

16 16 16 16 16 32 6 16 16 16 6 16 16 16 16 8 4 4 4 6 16 R* EUD DE ts.

CSFoce - 0.25 32 05 2 - >16 - R* EUC SP [69,70]
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Table 7c- Continue..

Schmalreck A.F., Fegeler W., Becker K., Lass-Fl6rl C. and Czaika V.

3 > = > 2 8§ § § @ 2 @ g £ g 2 ¢ ¢ %
x =) o) 3, @ 5 2, 8 N N 3 3. I S3 9 = o <3 =3
(7] 3 3 =2 = o 2 S g S = E S. 83 = S ) Q ]
3 & 2 s > s ¥ ¢ £ §® ¥ 3 § 53§ T ¢ § g 2
= < = (3 S =] E] 8 2 S “» 2. ) 3 as & o 3 = e o
= = g & e 5 S : S £ S £ £ 8% 3 8 & § 3 g
= S @ g 3 P » 5 5 & B8 g2 & > S = o )
3 @ s & F g ° 8 § ° 3 o & 3 g 8 2
LQ: 3 73 b : ) 2 % N S 3 @®
= = 3 E] of = g
@ B g § 3
g g
No. tested 3 9 6
16 16 16 16 16 32 16 16 16 16 16 16 16 16 16 16 4 4 16 16 16 R* EUD DE ts.
- 0.25 1 05 1 - - R* EUC SP  [69,70]
oSF 0.03 0.03 0.03 0.03 0.03 - - - >8 - >8 -8 - 006 R CLS ww [71]
b 0.03 0.03 0.03 0.03 0.03 - R CLS US [}
- 0.25 >16 - 0.25 1 >16  >16  >16  >16 >16 >16 2 8 05 R EUC SP  [74]
- 0.094 0.047 0.13 0.064 0.064 R* ETS Cl  [75]
16 16 16 16 16 32 16 16 16 16 16 16 16 16 16 16 4 8 4 16 16 R* EUD DE ts.
0.06 1 32 1 4 - - R* EUC SP [69,70]
oS 0.06 0.06 0.06 0.06 0.06 - - - - - - - - - - - - - R CLS ww [71]
0 - 0.06 0.03 0.03 05 - R CLS US [
- 05 >16 - 05 2 >16  >16  >16  >16 >16 >16 >16  >16 1 R EUC SP  [74]
- 0.094 0.094 0.19 0.19 0.094 R ETS Cl  [75
432 4-32 8-32 8-32 16-32  0.0332 16-16 16-16 16-16 16-16 16-16 16-16 16 816 8-16 8-32 1616 1616 816 16 1616 R* EUD DE ts.
MCFange - 0.03-05 0.03-32 003025  003-32  0.03-05 0.13-0.25 R*  EUC SP [69,70]
0.008-0.13 0.008-0.06  0.008-0.03  0.008-0.03 0.008-0.03 - R CSs US [
MCF 6.56 6.55 6.71 6.53 7.36 15 683 683 683 683 683 683 16 659 58 571 683 68 58 16 683 R EUD DE ts.
gmean - 0.03 15 0.04 0.04 - - R EUC SP [69,70]
MCF 16 16 16 16 16 32 16 16 16 16 16 16 16 16 16 8 16 16 16 16 16 R* EUD DE ts.
mode - 0.03 32 0.03 04 - - R EUC SP [69,70]
16 16 16 16 16 32 16 16 16 16 16 16 16 16 16 16 16 16 16 16 16 R* EUD DE ts.
MCF . 0.03 32 0.03 0.03 - . R*  EUC SP [69,70]
* - 0.03 >16 - 0.03 R* EUC SP  [74]
0.008 0.008 0.008 0.008 0.008 003 003 >16  >16  >16  >16 >16 >16 16 0.3 8 013 R CS US [
16 16 16 16 16 32 16 16 16 16 16 16 16 16 16 16 16 16 16 16 16 R* EUD DE ts.
MCF - 06 32 0.13 0.06 - - R* EUC SP [69,70]
* 0.016 0.008 0.016 0.008 0.03 - R CLS US [
- 0.03 >16 0.06 003 003 >16  >16 >16  >16 >16 >16 >16  >16 0.4 R* EUC SP  [74]

Notes: - = Not specified; Cl=China; DE = Germany; EU=European Union; NL=Netherlands; SP=Spain; US=United States of America; USC=Unites States of America + Canada; WW=World-wide; t.s.=this study (Germany/Austria) EUD =
EUCAST, DIN deviation; EUC=EUCAST/EUCAST deviation; CLS=CLSICLSI deviation; ETS=Etest; R=RPMI 1640 medium according to CLSI with 0.2% glucose; R*=RPMI 1640 medium according to EUCAST with 2% glucose
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Cross-resistance of Azoles, Echinocandins, Flucytosine and Amphotericin B in Clinically Important Hyphomycetes

Table 8- Number (n) and percentage (%) of individual susceptibility patterns (SP) obtained by SPA from categorized antifungal agents (AFA) of
amphotericin B (AMB), flucytosine (FCY), fluconazole (FLC), posaconazole (PSC), voriconazole (VRC), anidulafungin (ANF), caspofungin
(CSF), and micafungin (MCF), when susceptibility testing was performed in parallel with YST and RPMI medium and endpoint reading per-
formed at 24h and 48h. For better readability susceptible (S) is displayed as “1”, intermediate as “2”, and resistance as “3” (3-leg assessment)
instead of “S”, “I’, and “R”. The SPs in the grey shadowed area on the right are derived from the SPA where the MIC assessment revealed by
altered breakpoints only “S” and “R” (2-leg assessment, no intermediate tested isolates). Individual SP-profiles, which occurred in both MIC
assessments (2-leg and 3-leg) are indicated with a continuous dark-grey bar.

AFA-Sequence evaluated by SPA: FCY-AMB-PCS-VRC-FLC-ANF-CSF-MCF

Susceptibility Breakpoints: S <1, R >2; PSC: < 0.125, R >0.25 Breakpoints: S <1, R >1; PSC: S < 0.25, R >0.25

Pattern SP-profile YST Medium SP-profile RPMI Medium SP-profile YST Medium  SP-profile RPMI Medium
24h 48h 24h 48h 48h 48h

No. SP n % SP n SP n % SP n n % SP n %

1 11113333 1 0.5

2 11213333 2 1

3 11313313 2 1

4 11313333 1 0.5 11313333 3 1.5

5 11323333 1 0.5

6 11333333 2 1 11333333 3 1.5 11333333 3 1.5 11333333 3 1.5

7 21113333 1 05

8 21213333 4 2 21213333 1 05

9 21223333 1 05

10 21313333 10 5.1 21313333 1 05

11 21323333 1 05

12 21333333 1 05

13 31113313 4 2 313313 2 1 31113313 4 2 31113313 2 1 31113313 3 15 31113313 3 1.5

14 31113333 17 8.6 31113333 6 3.1 31113333 13 6.6 31113333 7 36 31113333 11 56 31113333 15 7.6

15 31133333 1 0.5 31133333 1 0.5

16 31213313 3 1.5 31213313 1 05

17 31213133 1 05

18 31213233 1 05

19 31213313 2 1

20 31213333 87 44 31213333 72 364 31213333 20 101 31213333 8 441

21 31223333 2 1 31223333 1 05

22 31233233 1 05 31233233 3 1.5

23 31233333 7 35

24 31313223 2 1 31313223 2 1

25 31313313 1 05 31313313 2 1 31313313 3 15 31313313 3 15 31313313 3 1.5

26 31313323 5 25 31313323 3 15 31313323 2 1

27 31313333 16 81 31313333 20 101 31313333 94 475 31313333 108 54.6 31313333 90 455 31313333 109 55.1

28 31323233 4 2

29 31323313 1 05

30 31323333 10 5.1 31323333 19 9.6

31 31333312 1 05

32 31323313 1 05

33 31323333 9 4.6 31323333 14 741

34 31333223 2 1 31333323 1 05

35 31333323 1 05

36 31333333 18 94 31333333 19 9.6 31333333 28 141 31333333 24 121 31333333 37 187 31333333 44 222

37 32113333 1 05

38 32212333 3 15

39 33113333 1 0.5

40 32213333 4 2

41 32313333 1 0.5 32313333 5 25 32313333 1 05 32313333 2 1

42 32323323 1 0.5 32323323 1 05 32323323 2 1 32323323 2 1

43 32323333 1 0.5 32323333 6 3.1

44 32333333 2 1 32333333 3 15 32333333 2 1

45 33213333 7 35

46 33313223 1 05 33313223 1 05

47 33313323 1 05 33313323 1 05

48 33313333 9 46 33313333 3 1.5 33313333 27 136 33313333 7 35

49 33323313 1 05 33323313 1 05 33333313 1 0.5

50 33323323 1 05

52 33323333 3 1.5 33323333 2 1

53 33333223 1 05

54 33333313 1 0.5

55 33333323 2 1 33333323 3 15

56 33333333 6 3 33333333 2 1 3333333 22 111 33333333 12 6.1

> N/ % 198 100 198 100 198 100 198 100 198 100 198 100

SPs found 29 28 19 23 10 10

Total SPs possible 38=6561 38=6561 38=6561 38=6561 28=256 28=256

% of possible SPs 0.4 0.4 0.3 0.4 3.9 3.9
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Table 9- Number of species-specific susceptibility patterns (SP) obtained by AFA-parallel testing with RPMI and YST medium and endpoints assessment with the 3-leg (S-I-R) system of amphotericin B (AMB),
posaconazole (PSC), voriconazole (VRC), anidulafungin (ANF), caspofungin (CSF), and micafungin (MCF) at 48h. Only the resistant AFAs in the SP-profile are listed, and the shadowed figures indicate the number
of isolate-populations with the same “resistance pattern” per species. For space reasons S-I mixed patterns are not, respectively, displayed as “S”.

. ) . » > m ) 14 [
Susceptibility Pattern (SP-profile) = § . § o = - 2 ? 2 5 § » g 3 3
g g > » L » 2 § 82 = 2 § § € § g 2 2 8 g
Frequency o s S e« & « 3 % 33 § ® § T .5 % S 88 g8 & 8
Medium ° @ = o o 3 ° S 33 < Q. IS & =23 2 S S5 83 § ()
- AMB-PSC-VRC-ANF-CSF-MCF total S 2 § § 8 ¢ £ 3 83 £ & 8 & 3 § g gy wv§ 5 3
(reading time) 3 5 3 s 5 g ) « 88 3 s = 3 S o & =g a i
g & s ©® g = 8 3 g3 ° e 3 F g 3 @ g 3 § ¢
5 F s > ® & 37 % & 5§
AMB PSC VRC ANF CSF MCF N 2 89 6 8 4 1 1 2 4 6 1 2
S R S R 3 15 3
S S S R R R 16 841 6 4 4 1 1
S R S R S R 5 25
R R S S S R 1 05 1
S R S R R R 130 657 70 19 16 9 1 1 1 2 1 5 3 2
RPMI (48h) R R S R S R 2 1 2
R R R S S R 1 05 1
S R R R R R 30 152 2 1 2 4 2 3 4 1 4 1 1 2 2 1
R R S R R R 5 25 1 3 1
R R R R S R 3 15 1 2
R R R R R R 2 1 2
S S S R S R 5 25 5
S S S R R R 83 42 57 17 2 2 1 1 1 1 1
S R S R S R 5 25 3 1 1
R R S S S R 1 05 1
S S R R R R 4 2 1 1 1 1
S R S R R R 46 232 17 3 16 1 1 1 4 1 2
YST (48h)
R S S R R R 7 36 3 4
R R S R S R 3 15 3
S R R R R R 24 121 1 2 3 1 2 3 1 4 1 1 2 2 1
R R S R R R 12 61 1 3 5 3
R R R R S R 2 1 1 1
R R R R R R 6 3 1 1 4
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Cross-resistance of Azoles, Echinocandins, Flucytosine and Amphotericin B in Clinically Important Hyphomycetes

Table 10- Qualitative and quantitative differences in SP-profiles, which include up to 5 or to 8 resistant antifungal agents (AFAs), are evaluated by SPA. The five to eight-fold multi-resistance (MR) of the AFAs am-
photericin B (AMB), flucytosine (FCY), fluconazole (FLC), posaconazole (PSC), voriconazole (VRC), anidulafungin (ANF), caspofungin (CSF), and micafungin (MCF), was evaluated as number and percentage of
total strains (% in round figures) and of number of different species-specific SP-profiles with the as resistant “R” assessed AFAs (shadowed AFA-abbreviations) in the indicated SP-sequence. The shadowed num-
bers/percentages of the individual SP-profiles indicate the frequency of strains obtained per species with SPA (data from YST medium and the second endpoint reading with 2-leg MIC assessment).

Mould Species
> o) >
ggé >>>§>3’§§§§§§§§§§ é?u%gi
SusceptlbllltyPat.tern (grey shadowed AFA 2 R) = o < ~§ = s @ g o § 8 §§ g = g T 28 $ g =g Ei.% %3 g
i YST Medum 5 3866 3 £ 2 § 3895 89 F § § % g B 5 sgpgfoEiog
SP-profile:
AMB-PSC-VRC-ANF-CSF 8 ! 4
0xR AMB PSC VRC CSF 0(0)
1xR - - - ANF - 3(2) 3
4R S S S ANF  CSF 11(6) 4 3 2 1 1
S PSC S ANF S 3(2) 3
3R S S VRC ANF  CSF 1(1) 1
S PSC S ANF  CSF 90 (45) 65 10 8 2 1 1 2 1
S PSC VRC ANF  CSF 40 (20) | 2 7 5 2 2 5 4 1 4 1 1 2 2 2
4xR AMB PSC S ANF  CSF 27 (14) 2 13 9 2 1
AMB PSC VRC ANF S 1(1) 1
ANF  CSF 2N 4 5 1 2 2 2 5 1

5xR AMB PSC VRC 11)
SP-profile:
AMB-FCY-PSC-VRC-FLC-ANF-CSF-MCS

R FCY AMB PSC VRC FLC ANF CSF MCF  0(0)
1xR - - - - - - - - 0(0)
2xR . . . . . . . -0
MR . . . . . . . - 0(0)
4R FCY S S S FLC ANF S MCF 3(2 3
sg Y S S S FIC ANF CSF MCF 11(5 4 3 2 1 1
FCY S PSC S FIC ANF S MCF 3(2 3
S S PSC VRC FLC ANF CSF MCF 3(2 1 2
&R FCY S S VRC FLC ANF CSF MCF 1(1) 1
FCY S PSC S FLC ANF CSF MCF 90 (45) 65 10 8 2 1 2 1 1
FCY S PSC VRC FLC ANF CSF MCF 37(18) 2 7 5 2 1 5 4 1 4 1 1 2 2
R FCY AMB PSC S FLC ANF CSF MCF 27(13) 2 13 9 2 1
FCY AMB PSC VRC FLC ANF S MCF 1(1) 1
8R FCY AMB PSC VRC FLC ANF CSF MCF 22(11) 4 5 1 2 2 2 5 1
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Parallel and Cross Resistance

Azole cross-resistance in moulds has been reported [11,20-
23,30,34;53-55,78-80]. SPA demonstrated various multiple re-
sistance-combinations in individual mould isolates, which comprise
parallel-resistance among azoles and echinocandins. Individual
strain populations demonstrated a twofold to eightfold AFA-cross-
resistance among the different drug classes. Medium- and end-
point reading-specific differences in the SP-profile were encoun-
tered [Table-8]. The medium-dependent SP differences are dis-
played in [Table-9], when from both media both 48h endpoint-
readings are compared. The number and percentage of all species
-specific SP-profiles are shown for the 48h endpoint determinations
in [Table-10]. Interestingly, in the collective tested here a complete
(100%) parallel-resistance between anidulafungin and micafungin
and a varied partial parallel-resistance between both, caspofungin
and anidulafungin, and caspofungin and micafungin was found
[Table-8] to [Table-10]. When the number of SPs obtained with
both culture media were compared (3-leg MIC-assessment & S-I-
R), after 24h incubation 29 SPs were obtained with YST, and 19
SPs with RPMI medium, however, after 48h with YST 28 SPs (-
3.5%), and with RPMI 23 SPs (+14.4%). When the two-leg assess-
ment system (only R and S) was applied, after 48h in both media
10 populations with different SP-profiles were obtained, respective-
ly, after 24h 9 SPs with RPMI, and again 10 SPs with YST medium
[Table-8].

An overall trend with RPMI medium to lower MIC-values mirrors
the somewhat lower total parallel-resistance rates of echinocandins
(76.7%/73.9% for YST/RPMI medium), and of azoles
(14.4%/13.9%). However the parallel-resistance rates within the
echinocandins are significant higher (60%) when compared to the
azoles. This holds also true for the cross-resistance with flucyto-
sine, whereas cross resistance with AMB is about in the same low
range as AMB with azoles. Thus, cross-resistance for all isolates
was determined to be for AMB and FCY 7.2%/3.9% (YST/RPMI),
for AMB with azoles 2.8%/1.7%, for AMB with echinocandins
5.0%/2.8%, for FCY with azoles 12.2%/11.7%, for FCY with echi-
nocandins  (73.3%/70.0%, for POS with echinocandins
17.2%/15.6%, for VOR with echinocandins 22.8%/19.4%, for ANI
with azoles 14.4%/13.3%, for CAS with azoles 12.8%/11.7%, and
for MCA with azoles 14.4%/13.3%). Cross-resistance varied signifi-
cantly among the different species tested, with highest rates in A.
flavus, A. fumigatus, A. niger, and Glomeromycota (Zygomycetes)
[Table-9] and [Table-10].

Discussion
Inoculum and Endpoint Determination

For verification of the performance of the new inoculum, MIC test-
ing was performed in parallel with both, YST medium according to
DIN and RPMI medium according to EUCAST as described [49].
The new and rapid inoculum preparation was successfully proven
for susceptibility testing of the various mould genera and species
as reported here, and for dermatophytes (data not shown). The
final inoculum of 2.3x104 vu/ml (mean value of the four labs), which
was somewhat higher than the inoculum of 0.4x104 to 5x104 cfu/ml
as proposed by CLSI M38-A2 [65], and lower than the 2x105 to
5x10° cfu/ml as recommended by EUCAST EDef9 [59], was suffi-
cient to perform reproducible and comparable MICs for all the test-
ed moulds in both media. Therefore, by direct use of freshly grown
mould cultures (pre) testing times for filamentous fungi were signifi-
cantly reduced and all moulds could be tested within 72h in the

microdilution system. MIC endpoints were stable and reproducible
to be read in both media tested. Therefore this inoculum prepara-
tion method may be successfully extended to other sporogenous
and a-sporogenous hyphae-forming fungi. This may be supported
by the results of Manavathu, et al [62-63], demonstrating that either
germinated or ungerminated conidia could be used as inocula for
in vitro susceptibility studies because both revealed identical re-
sults from Aspergillus fumigatus. In addition, Anatachopoulos, et al
[64] and Bowman, et al [82] showed that caspofungin kills growing
cells, and that differentially increased concentrations of echi-
nocandins are necessary to affect germinated versus non-
germinated conidia. Even with a10-fold amount of drug over the
MIC, outgrow of conidia and hyphae had been determined [67].
Despite that there should be no differences in using geminated and
ungerminated spores in susceptibility testing [62], there is a wide
range of 2 dilutions for the concordance of their MFCs and MICs as
reported by Espinel-Ingroff [83]. Additionally, the “more than 99%
inhibition of all isolates by 0.063 mg/L” for all three echinocandins
[72] differs from the 0% to 3% (MCF, ANF) of strains found with a
MIC of 0.063 mg/l [Table-6] and [Table-7c]. The reported 88% to
94% inhibition of the azoles PSC and VRC by MICs of < 1 mg/L in
other studies [39,40,53], are somewhat higher than those with 70%
to 80% (48h values) in [Table-6] and [Table-7b]. These deviations
may be due to the above mentioned facts, the use of the conidia
dependent (CLSI/EUCAST) methodology, and the reporting of
susceptibility as MECs.

Susceptibility Testing - MICs Distributions

Although external studies reported to adhere to the CLSI or EU-
CAST standard, respectively, almost all authors either reclaimed
some deviations or tested differing MIC ranges, and enrolled strain
collectives. Despite these differences, it is demonstrated by [Table-
7a] and [Table-7b] that at least the characteristic MICs of ampho-
tericin B and-the azoles match quite well for the different moulds
and different international studies. On the other hand, MICs for
azoles and AMB of this study are found to be more comparable,
respectively quite similar, e.g. to those presented by Sabatelli, et al
[41] and other international studies [Table-7a] and [Table-7b]. This
is in agreement with the fact that YST and RPMI 1640 media
showed very close MICs, and more than 92% of the isolates were
within £ 1 logz-dilution. As reported elsewhere, the 48h MICs were
slightly higher compared to 24 h MICs. As shown by Rodriguez-
Tudela, et al for the EUCAST method [35] that resistance to Asper-
gillus may be detected only after 48h incubation, the data here
indicate at least for fast-growing hyphomycetes and the “new inoc-
ulum” method that most elevated mould MICs may be detected
already within 48h.

Minimum-Effective Concentration

MEC determinations should replace the MIC to describe an anti-
fungal susceptibility endpoint for echinocandins. Although hyphae
are in general the infectious forms of filamentous fungi, their
spores (conidia) are used in susceptibility testings recommended
by CLSI and EUCAST, which may require for some species the
induction of sporulation. However, for the determination of inhibi-
tion (MICs) the detection of outgrown conidia, and the assessment
of “stubby and highly branched”, respectively distorted hyphae
[84,85,86] is necessary. The complex mechanism and the differ-
ences in germination of different Aspergillus species [87], as well
as differences in the surface structure and of proteins in dormant
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and swelling (pre-swelled) conidia [88] may significantly bias in
vitro susceptibility testing results. As documented for dermato-
phytes, that the MIC of hyphae and conidia with their thicker cell
walls differ significantly, as do the macro- (MAC) and micro-conidia
(MRC) [89]. Therefore also for spore-forming moulds the separa-
tion of the larger MAC and hyphae from the smaller MRC has to be
performed [86]. However as reported, the method recommended
by CLSI is insufficient to achieve reliable results for the more repro-
ducible MRC-tests [90]. Due to these differences, and lack of data,
the photometric adjustment of the target transmission to the conidi-
al size for less common moulds has to be determined by “trial and
error” [86]. It has to be mentioned too, that, e.g., Aspergillus terre-
us produces accessory conidia (aleurioconidia), both in vitro and in
vivo [91]. They are distinct from phialidic conidia in colour and cell
size, and demonstrate differential rates of germination and hydro-
phobicity [92]. Additionally, their susceptibility status to antifungal
agents is yet unknown. Furthermore, for triazoles a varying ability
to inhibit conidia formation in Aspergillus species has also been
published [93], and the Etest endpoint for Aspergillus isolates is
reported to prove poor conformity with the “reference minimum
effective concentration” [94]. In addition, due to the possible techni-
cian-dependent bias in MEC determinations from different labora-
tories, the resulting MEC value may be rather subjective when
“inhibition of growth is not necessarily complete” [67]. Therefore
the correlation to MICs, and as mentioned by Arendrup, et al [95]:
the “correlation of wild type MECs to in vivo susceptibilities” has to
be questioned. Thus, MIC differences in the literature, and as dis-
played in [Table-6] to [Table-7c] may not only be methodology- and
conidia-dependent but also due to reporting (biased) results as
MECs, or as “high-minimum-effective-concentrations (high-MECs),
as visual determined growth endpoints, as 50% growth inhibition
by photometric means, or contrastingly commonly as 80%-100%
visual growth inhibition. Although a fairly high agreement for AMB
testing with the CLSI and a colorimetric microdilution method was
observed, instead of an expected higher accuracy and reproduci-
bility for the spectrophotometric endpoint method, a lack of sensi-
tivity was detected [96]. These discrepancies raise the question
whether all these differently reported endpoint determinations may
reflect a standardized, unique, and comparable “minimum inhibito-
ry concentration”, and whether endpoint assessments compare to
“susceptible” or “resistant”.

Further obstacles in comparison of resistance-results may be en-
countered due to the quite differing fungal collectives tested, and
the taxonomy used. Because to the “one fungus one name” princi-
ple, several new taxons may appear, respectively old ones may
change their name, which will result in altered antimicrobial AFA
effectiveness and MIC-ranges. As shown, that phylogenetic rela-
tionships matter [57], which is also valid for moulds [4] the currently
valid nomenclature [93,94] was used in this paper [Table-1], which
may add to further divergences here and in the future. In this con-
text it has to be reminded that even when it has been demonstrat-
ed that e.g. the in vitro results of CLSI and EUCAST determina-
tions are in large part (>90%) within £ 1 logo-dilution, as also
shown here for the MIC results with the DIN and EUCAST medium,
that this widely accepted range of variation of twofold dilutions in
microdilution tests indicates a range differing by 300% [99].

Epidemiological Cut-off Values

ECVs have been defined for some Aspergillus species for tria-
zoles, caspofungin, and amphotericin B in the absence of clinical

breakpoints (CBPs). These ECVs should indicate strains with re-
sistance mutations and reduced antifungal activity (non-wild type),
and distinguish them from the “wild type” (WT) populations (without
acquired mutations), however are used increasingly instead of
CBPs for MIC assessments. The proof, that WT-strains do not
harbour pre-step mutations to resistance or are without (down
regulated) resistance genes cannot be found in the literature. Alt-
hough the definitions of WT and ECVs have been defined previ-
ously [100-103], they appear in the literature as various terms and

n oo«

a mix up of different versions (e.g., “wild type cutoff limits”, “wild-

type cut-off values”, “wild-type upper limits”, “wild-type lower and
upper cut-off values”, “wild-type minimum effective concentration”,
"epidemiological cut-off limits”, “epidemiological cut off val-
ues” (ECOFF), “epidemiological upper and lower cut-off values”).
Often, they are also used in the context with “epidemiological”,
“microbiological”, and “clinical breakpoints”, partly without any dif-
ferentiation or appropriate reference. Even more confusion is creat-
ed by the fact that ECVs/ECOFFs from CLSI and EUCAST are
based on different MIC “mean-values”, which can also lead to dif-
ferent or even incomparable results. This is particularly relevant
when larger collectives have to be evaluated (data not shown). A
tabled comparison by Arikan-Akdaki [104] of ECVS/ECOFFS is-
sued by CLSI and EUCAST demonstrate differing values. Even
when MCVs were calculated from the modal MICs in a compara-
tive study, each obtained from both methods performed in parallel,
different ECVs were encountered [105]. As examples, CLSI ECVs
are based on modal MICs [106,107], whereas those by EUCAST
have been described to be also based on modal [78], however,
mainly on median MIC-values (MICso) [108,109]. Additionally, epi-
demiological cut-off values, rather than preliminary breakpoints,
are recommended until the necessary information on CBPs, re-
spectively correlation between microbiological and clinical outcome
becomes available [110] (up today, no clinical study published has
been performed where this criteria was explicitly included in the
study protocol). Another proposal in this regard is to distinguish
between phenotype- (pan-azole and multi-azole resistant) and
genotype resistance (gene-related resistance with a corresponding
phenotype resistance to an individual AFA) [52]. Based on these
facts as well on the absence of an international, validated routine
susceptibility test method for fungi and the still missing unique
CBPs, the echinocandin (and all other commonly used AFA) sus-
ceptibility data have to be dealt and compared with great care
[Table-6], [Table-7a] to [Table-7c]. Although the usefulness of
ECVs in resistance surveillance, epidemiological programs, and as
an important step in the establishment of clinical breakpoints [100]
is not questioned, they shall not replace the clinical breakpoints.
Moreover, as requested by Simjee, et al [111,112] all these “terms
in regard to “resistance shall not be mixed up in assessment and
reporting of MIC susceptibility/resistance data”.

Parallel and Cross Resistance

Parallel-resistance, commonly in the literature referred to as cross-
resistance, have been reported for triazoles and echinocandins.
However, such data were not analysed quantitatively but rather
deduced from percentaged MIC-distributions or molecular diagnos-
tic probing [53,116,117]. Examples of, azole-cross-resistance
[53,78,118-122], of isolates with reduced susceptibility/resistance
to echinocandins [19,20,25,32,33,53,81,116,120, and the occur-
rence of amphotericin B-resistant strains [9,16,31,38,40-43,63,71-
72] have been published. That there is a solid level of parallel- and/
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or cross-resistance among the systemically used drugs could be
shown here [Table-8] & [Table-10]. As the possible cross-linkages
might be quite high (theoretically for the three assessment catego-
ries S-I-R, and the 8 AFAs there are 38= 6561 combinations possi-
ble). That only a few of the possible SPs are found in nature is
clearly seen in [Table-8]. To demonstrate for comparison purposes
exemplarily the outcome of susceptibility pattern analysis, for all 8
AFAs, and with a set of five drugs where the AFAs with no or little
action to moulds in this study were excluded, the SP- profiles were
displayed in [Table-10]. Here, and in addition to reduce the theoret-
ical amount of possible cross-linkages, only the “S” and “R” catego-
ry with the breakpoints S: < 1, and R: >1, were applied (reduced
possible cross-resistances: 25=32 in contrast to 28=256).

That, cross-resistance profiles provide a strategy to predict re-
sistance mechanisms have been demonstrated by Hill, et al [122].
Variation in the patterns of cross-resistance to the distinct drug
combinations, and differences in the level of resistance to the drug
combinations within and between different species was observed
[Table-9] and [Table-10]. The difference, when only a part of the in
parallel tested drugs (5 items) is compared to the complete set (8
AFA) is seen in [Table-10]. Whereas in the 5-AFA set populations
with single, double or triple AFA-resistances appear, they are ab-
sent in the complete 8-drug set because they are masked by the
additional parallel and/or cross-resistant AFAs in the SP-profile.
Thus it is quite obvious that when additional drugs to which the
isolates show elevated MICs are included in the test panel, more
populations with varying SP’s, respectively altered specific cross-
resistance profiles (SPs) are obtained, which resemble the varia-
tion in levels of resistance to the individual drugs, the isolates were
initially treated. This is amplified by a prolonged incubation time
[Table 8], and may be a reason of the reported low efficacy, e.g. of
combinations of azoles and echinocandins [123,124]. Additionally,
without, during or after azole treatment there is an increase in the
evolution of azole cross-resistance (mechanisms) with concomitant
treatment failure reported by Howard, et al [24] and Bueid, et al
[125]. That more strains with higher MICs for PSC and VRC were
encountered [Table-6] and [Table-7] may be due to a higher
amount of isolates with cyp75A gene based resistance mecha-
nisms which have been spread in Europe [35,52,119,122-132], and
also been laboratory-confirmed in Germany [79,80]. The same may
apply for the echinocandins, of which some isolates have quite
lower susceptibility rates compared to other studies [Table-6] and
[Table-7c], when strains with FKST gene based resistances
[95,120,133,134] may be present. As at the time when the study
was performed the tools to detect these mutations were not availa-
ble, therefore these investigations have not been carried out.

The multitude and variations of distinct drug combinations in spe-
cies-specific SPs, and the tendency of higher MIC values in the
SPs to be found with increasing incubation times, together with the
variations within a SP-category may indicate that more than one
resistance mechanism is responsible for high MICs-levels, respec-
tively overall resistance. In these populations, described resistance
genes or mechanisms are harboured, induced, and/or up-regulated
and expressed, indicating that changes in populations between in
24 h versus 48 h endpoint reading (because the actual incubation
times are longer) may not be only artefacts [78]. This is supported
by the fact that the fungal population size is most dependent on
changes in the mycelial growth rate [135,136], and may be under-
pinned by the determination of wild-type MICs according to other

authors [78,84,109,118]. It also has been shown that the degree of
inhibition is important for adaptive (resistance) mutations [137,138],
which may lead to resistance or at least as shown in Saccharomy-
ces cerevisiae, to minimize the impact of azoles to their target
[139], as those single-gene mutations are sufficient to create high
levels of resistance [140,142].That azole pre-exposure affects
Aspergillus fumigatus populations in patients has been demonstrat-
ed too [143-145].

Interestingly, the ‘“wild-type (WT) cut-off values” (according to
Kahimeter [100] identical to “epidemiological cut off values”) pub-
lished [78,84,105,118,146,147], parallel the MICs fifth percentile
(MICs) in which the WT-populations maybe found, and the MICs
75th percentile (MIC7s) which equals in most cases the ECV or
ECOFF [Table-4] & [Table-5]; [Fig-1], [Fig-2] & Fig-3]. Whereas the
percentage of susceptible/resistant isolates changes by altering the
chosen breakpoints, the population based parameters (e.g., MICs,
MICzs) will not change, which is supported by the data presented
here, i.e., whilst the populations with characteristic of susceptibility
patterns will not change significantly with the application of lower
breakpoints, the percentage of resistance together with the per-
centages of parallel- and cross-resistance will increase [Table-8]
and [Table-10]. Furthermore, the increasing reports of acquired
resistance in A. fumigatus of environmental origin have to be con-
sidered for an ongoing increase in cross-resistance [37,127,128,
148], and that triazoles used as fungicides can induce azole cross-
resistance in A. fumigatus [149].

Conclusions

The data demonstrate that this novel inoculum preparation method
for susceptibility testing of hyphae-forming fungi using prefabricat-
ed microdilution plates showed in essence comparable MICs to
those obtained by EUCAST and CLSI with the conidia method.
However, in the light of the emerging issue of invasive mycoses,
the time-saving effect of this new approach may contribute sub-
stantially to an improved impact of susceptibility testing and anti-
fungal resistance screening of Aspergillus and other moulds. The
media recommended by DIN (YST) and EUCAST (RPMI 1640 with
2% glucose) for susceptibility testing of fungi performed similarly,
with an essential agreement of > 92% for all 13 genera and 24
species. However there is still a need for media improvement for
faster and more unique growth rates and more reliable endpoint
determinations. It could be shown by susceptibility pattern analysis
that with different culture media, varying inocula, and longer incu-
bation times not only a tendency to higher MIC-values has to be
encountered but also a qualitatively and quantitatively change in
isolate populations with altered susceptibility patterns could be
determined. The fact that correct identification and use of the cur-
rent taxonomy is essential in order to receive comparable MIC
results may clearly be seen from the data presented. Therefore,
together with the adherence to the current valid nomenclature, a
validated international (ISO) routine method with both, clear-cut
defined and appropriate  breakpoints for microbiological
(epidemiological) and clinical breakpoints would most urgently be
needed, at least for all used systemic antifungal agents in order to
compare and confidentially make use of the results published local-
ly and internationally. In addition, the use of a suitable susceptibility
patterns analysis indicating distinct cross-resistance profiles and
their population-specific levels may help to detect and understand
evolving resistance mechanisms and help in the decision to select
appropriate or complementary drugs for therapy.
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