
In vitro susceptibility testing in fungi: a global perspective on a variety
of methods

Cornelia Lass-Flörl, Susanne Perkhofer and Astrid Mayr

Department of Hygiene, Microbiology and Social Medicine, Division of Hygiene and Medical Microbiology, Innsbruck Medical University, Innsbruck, Austria

Summary Candida and Aspergillus species are the most common causes of invasive fungal

infections in immunocompromised patients. The introduction of new antifungal agents

and recent reports of resistance emerging during treatment have highlighted the need

for in vitro susceptibility testing. For some drugs, there is a supporting in vitro–in vivo

correlation available from studies of clinical efficacy. Both intrinsic and emergent

antifungal drug resistance are encountered. Various testing procedures have been

proposed, including macrodilution and microdilution, agar diffusion, disk diffusion and

Etest. Early recognition of infections caused by pathogens that are resistant to one or

more antifungals is highly warranted to optimise treatment and patient outcome.
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Introduction

Invasive fungal infections (IFI) constitute a significant

burden in patients with impaired immunity1,2 and the

spectrum of fungal pathogens is growing.3 The available

therapeutic options are limited, particularly for patho-

gens that are resistant to antifungals.

The requirement for accurate and predictive suscep-

tibility testing of fungi became a major issue in the AIDS

era.4 The use of fluconazole often at sub-therapeutic

concentrations led to the emergence of fluconazole-

resistant Candida albicans and selected for innate, resis-

tant Candida glabrata. Azole-resistance in yeast was

documented in vitro and in vivo.5 Currently, the survival

after mould infections has improved when compared

with that of the years before, yet it is still too high.2 The

reasons for failure are multiple and one factor might be

infection with drug-resistant strains.6 Some isolates of

Aspergillus fumigatus have been found to be resistant to

itraconazole or other azoles, yet resistance to the anti-

Aspergillus triazoles has been unusual thus far; however,

recent studies suggest that the rate may be dramatically

increasing.7–10

At any rate, early recognition of infections caused by

pathogens that are resistant to one or more antifungals

is highly warranted to optimise treatment and patient

outcome.5,6,11

In this study, we will discuss and review the relevance

of antifungal susceptibility testing by addressing prac-

tical viewpoints and summarising key principles.

In vitro susceptibility testing methods

Antifungal drug resistance is usually quantified using

the minimum inhibitory concentration (MIC) in which

growth of a microorganism in the presence of a range of

drug concentrations is measured over a defined time

period according to a standard protocol.12 The lowest

drug concentration that results in a significant reduc-

tion or complete lack of growth of the microorganism is

the MIC.

Until the early 1990s, testing methods were not

standardised and therefore intra- and interlaboratory

reproducibility was poor. Numerous studies attested to

the in vitro results being influenced by a number of

technical factors, including concentration of the fungal

inoculum,13 the composition and pH of medium,14 the

incubation temperature15,16 and the length of incuba-

tion.17,18
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Broth-based assays

Currently, two international standard methodologies for

determining the susceptibility of yeast and moulds to

antifungal agents are available. The first one was

published by the Clinical Laboratory Standards Institute

(formerly National Committee for Clinical Laboratory

Standards).19,20 The second one was developed by

Antifungal Susceptibility Testing Subcommittee of EU-

CAST (EUCAST–AFST).21,22 Both procedures have a

high inter- and intralaboratory reproducibility, differ-

entiating populations with low and high MICs to

antifungal drugs.23,24 These two methods differ in the

inoculm, medium and MIC reading (see Tables 1 and 2);

suggested breakpoints from CLSI cannot be extrapolated

to the EUCAST methods and vice versa (see Table 3).

The EUCAST–AFST has collated the fluconazole MICs

for 26 447 strains of Candida spp. and proposed a

clinical breakpoint of £2 lg ml)1 for C. albicans,

C. parapsilosis and C. tropicalis.25 This subcommittee

has refrained from assigning breakpoints for fluconazole

to C. krusei and C. glabrata. Candida krusei exhibits high

MICs, and this species is considered to be inherently

resistant, whereas for C. glabrata, the median MIC was

8 lg ml)1 and the range was 1–128 lg ml)1, with the

majority of MICs ranging from 4 to 16 lg ml)1.26 For

voriconazole, a clinical response of 76% was achieved in

infections caused by Candida spp. when the MICs were

lower than or equal to the epidemiological cut-off

values. Therefore, the EUCAST–AFST considered

Table 1 Differences of CLSI and EUCAST

conditions for antifungal susceptibility

testing for yeast

Characteristic CLSI M 27 – A3 EUCAST–E.DEF.7.1

Suitability Yeast Fermentative yeast

Inoculum 0.5–2.5 · 103 CFU ml)1 0.5–2.5 · 105 CFU ml)1

Inoculum standardisation 0.5x McFarland 0.5x McFarland

Test medium RPMI 1640 0.2% glucose RPMI 2% glucose

Buffer MOPS MOPS

Microtitration plates U-shaped wells Flat-bottom wells

Format Microdilution Microdilution

Temperature 35 �C 35–37 �C
Duration of incubation 24–48 h 24 h

Reading Visually Photometrically

Endpoint ⁄ inhibition 100% amphotericin B 50%

azoles, candins

50% 5 FC, azoles, candins 90%

amphotericin B

FC, flucytosine.

Table 2 Differences of CLSI and EUCAST

conditions for antifungal susceptibility

testing for moulds

Characteristic CLSI M38- A2 EUCAST–E. DEF 9.1

Suitability Conidium and spore-forming fungi Conidia-forming moulds

Inoculum 0.4–5 · 104 CFU ml)1 2 to 5 · 105 CFU ml)1

Inoculum standardisation Spectrophotometrically Haemocytometer

Test medium RPMI 1640 RPMI 2% glucose

Buffer MOPS MOPS

Microtitration plates U-shaped wells Flat-bottom wells

Format Microdilution Microdilution

Temperature 35 �C 35 �C
Duration of incubation 48 h 48 h

Reading Visually Visually

Endpoint No growth No growth

Table 3 Breakpoints according to CLSI and EUCAST for Candida

species

Drugs

Breakpoints (lg ml)1)

EUCAST1 CLSI

Fluconazole ⁄ Amphotericin B R > 4 NA R ‡ 64 NA

Itraconazole NA R ‡ 1

Voriconazole >0.125 (E cut-off) R ‡ 4

Posaconazole NA NA

Caspofungin2 NA NS > 2

Anidulafungin2 NA NS > 2

Micafungin2 NA NS > 2

R, resistant; E cut-off, epidemiological cut-off; NA, not available;

NS, there is no resistance category assigned for the echinocandin

agents; isolates with higher MICs are described as non-susceptible.
1EUCAST defined species-related breakpoints.
2Tentative breakpoints.
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wild-type populations of C. albicans, C. tropicalis and

C. parapsilosis as susceptible (R > 0.125 lg ml)1).27

The CLSI supports fluconazole, voriconazole, itraco-

nazole and flucytosine breakpoints for Candida spp. and

the CLSI methodology. A dose ⁄ MIC ratio of approxi-

mately 25 was supportive of breakpoints for fluconazole

and Candida spp.28 For voriconazole, an analysis of 249

patients demonstrated a statistically significant correla-

tion between MIC and outcome.29 For the candins, the

CLSI subcommittee has decided to recommend a ‘‘sus-

ceptible only’’ breakpoint MIC of £2 lg ml)1 because of

the lack of echinocandin resistance in the population of

Candida isolates thus far. Isolates for which MICs exceed

2 lg ml)1 should be designated �non-susceptible�.30

Table 3 summarises CLSI and EUCAST breakpoints for

Candia spp.

In vitro antifungal susceptibility testing of azoles vs.

Aspergillus spp. has been standardised by both the CLSI

and the EUCAST.19,31,32 Breakpoints based upon the

correlation of in vitro data with clinical outcome have

not been established for any Aspergillus–drug combina-

tion. In the absence of the necessary clinical data, one

practical approach to the use of susceptibility testing

data in detecting resistance or decreased susceptibility

has been to define the wild-type (WT) distribution of

MICs for the relevant drug–organism combinations and

to set epidemiological cut-off values (ECV) that would

discriminate WT strains from those with acquired

resistance mechanisms.33 ECVs could nonetheless serve

as the foundation for the laboratory detection of

acquired resistance and be used to monitor resistance

development. Rodriguez-Tudela et al. [34] employed the

EUCAST method to define the WT MIC distribution of

four triazole antifungal agents (itraconazole, posaco-

nazole, ravuconazole and voriconazole) for A. fumigatus.

ECVs of <1 lg ml)1 for itraconazole, ravuconazole and

voriconazole and <0.25 lg ml)1 for posaconazole iden-

tified the WT strains and distinguished WT population

from strains with resistance mutations in the cyp51A

gene. Similar differentiation was obtained by others

using CLSI methodology.33 ECVs will be very useful in

resistance surveillance and serve as an important step in

the establishment of clinical breakpoints.

Defining breakpoints for amphotericin B is not easy

because of the narrow ranges of MICs, fungi cluster

between 0.5 and 2 lg ml)1. This does not allow the

distinction of susceptible isolates from potentially resis-

tant ones. However, MICs >1 lg ml)1 for A. terreus

seems to be indicative of worse outcome.35

Assessment of in vitro activity of echinocandins

against Aspergillus spp. is complicated by the fact that

the MIC often exceeds safely achievable plasma

concentrations36,37 and the phenomenon of trailing

endpoints makes MICs for Aspergillus poorly reproduc-

ible. The minimum effective concentration (MEC)

defined as the lowest drug concentration at which

short, stubby and highly branched hyphae are observed

on microscopic examination has been shown to gener-

ate more consistent susceptibility results than the MIC

and is currently the suggested endpoint for determining

the in vitro activity of caspofungin against Aspergillus

spp.36–40 Furthermore, with mould infections, antifun-

gal exposure detects activity against conidia rather than

activity against the more clinically relevant hyphal

structures.41

Disk-based assays

Disk-based susceptibility testing is convenient, simple

and economical. A CLSI reference method (M 44A)42

exists for in vitro susceptibility testing of Candida spp. and

disk breakpoints have been suggested: for fluconazole

(disks with 25 lg fluconazole) S ‡ 19 mm; SDD = 15–

18 mm and R £ 14 mm.28,42 The corresponding disk

test breakpoints for voriconazole (disks with 1 lg

voriconazole) are as follows: S ‡ 17 mm; SDD = 14–

16 mm and R £ 13 mm.29,42 The choice of growth

medium appears critical; some investigators use RPMI-

1640 agar supplemented with 0.2% glucose, whereas

the CLSI recommends the use of Mueller-Hinton agar

supplemented with 2% glucose and 0.5 lg ml)1 meth-

ylene blue.42 Disk diffusion is also suitable for deter-

mining the activity of echinocandins against yeast as it

produces easy to read and sharp zones of inhibition.43

For moulds, the correlation between zone size and

MIC is somewhat variable.44 However, with the use of

YNB medium, authors concluded the technique to be

reliable, cost effective and easy to perform, with consis-

tent results.45 A multicentre evaluation was performed

to correlate inhibition zone diameters with broth dilu-

tion MICs of five antifungal agents.46 Based on these

results, the optimal testing conditions for Aspergillus disk

diffusion testing were: (i) plain MH agar, (ii) incubation

times of 24 h for A. fumigatus, A. flavus and A. niger and

48 h for other species and (iii) posaconazole 5 lg,

voriconazole 1 lg, itraconazole 10 lg, caspofungin

5 lg and amphotericin B 5 lg disks. Agar-based meth-

ods hold promise as simple and reliable methods for

determining susceptibilities of filamentous fungi.47

Commercial kits

Etest (AB Biodisk, Solna, Sweden) directly quantifies

antifungal susceptibility in terms of discrete MIC values.

In vitro susceptibility testing in fungi
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The choice of growth medium appears critical with the

Etest technique, and RPMI-based agars seem to be the

most useful.48 Others apply Mueller-Hinton agar sup-

plemented with 2% glucose and 0.5 lg ml)1 methylene

blue, which appears to enhance the formation of

inhibition ellipses with clear edges and less intra-elliptic

growth.49 The method is suitable for yeast and moulds,

and is a reliable and reproducible method. The results

correlate well with the CLSI methodology.50 Alexander

et al. [51] evaluated the Etest with Sensititre Yeastone

against CLSI methodology for yeast and seven antifun-

gals, and obtained an excellent agreement (95%)

between the reference test method and the Etest.

Categorical agreement was the lowest for C. glabrata

and C. tropicalis. Etest provided better agreement at

24 h compared to that at 48 h for C. glabrata.

A clear benefit of utilising Etest is assessing the

susceptibility to amphotericin B, as this method gives

much broader MIC ranges. Etest is also highly suitable

for determining the activity of echinocandins against

yeast as it produces easy to read, sharp zones of

inhibition.43

MIC reading of echinocandins against Aspergillus sp.

might be troublesome because of heavy growth (macro-

and microcolonies) within a discrete ellipse. The mean-

ing of the growth within the zone of inhibition is not

clear (Fig. 1).

Sensititre YeastOne (TREK Diagnostic Systems), a

colorimetric antifungal panel, has been favourable

compared with the CLSI methodology. Yeast has proved

to be easy to interpret. Voriconazole, anidulafungin,

caspofungin, micafungin and posaconazole are recently

included on the test plates, making this methodology

useful.4,52 Excellent agreement between the reference

test method and Sensititre (91%) was observed. Sensi-

titre showed a ‡92% agreement for MICs for itraconaz-

ole, flucytosine, amphotericin B and caspofungin, but

82% for fluconazole and 85% for voriconazole. Cate-

gorical agreement was the lowest for C. glabrata and

C. tropicalis, and Sensititre provided better agreement at

24 h compared to that at 48 h for C. glabrata.51

Avolio et al. [53] tested the turnaround time for

susceptibility testing directly from the bottle of blood

culture positive for yeast, determining MIC as quickly as

possible. Of a total of 40 strains tested, no very major

errors or major errors occurred.

Sensititre YeastOne has also been favourable com-

pared with CLSI methodology with amphotericin B,54

itraconazole,54 voriconazole54,55 and posaconazole for

Aspergillus spp.56 Slight discrepancies were found

because of higher Sensititre MICs. Overall, Sensititre

YeastOne method could have potential value for

susceptibility testing of Aspergillus spp. to voriconazole

and is able to detect resistance to itraconazole.54,56

The ATB Fungus 2 (bioMérieux, La Balme-les Grottes,

France) was compared with the SensititreYeastOne for

antifungal susceptibility testing of yeast;57 it was

concluded that this method could be used as an

alternative for susceptibility testing of common Candida

spp.58 The agreement between these two methods was

(a)

(b)

Figure 1 Etest MICs of 0.002 lg ml)1 and

0.047 lg ml)1 for caspofungin and ani-

dulafungin for Aspergillus fumigatus read at

24 h (a). Microcolonies and macrocolonies

within the ellipse, MICs >8 lg ml)1 for

both candins (b).

C. Lass-Flörl et al.
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assessed with a total of 133 Candida strains and MIC

endpoints were read after 24 h. Overall agreement

between ATB Fungus 2 and Sensititre YeastOne was

91–97% for amphotericin B, 5-fluorocytosine and

itraconazole, and 82% for fluconazole. The categorical

agreement for the ATB Fungus 2 was lower for the

triazoles (72.9–75.9%) when compared with that for

SensititreYeastOne.

The VITEK 2, a fully automated commercial antifun-

gal susceptibility testing system (bioMérieux, Inc.,

Hazelwood, MO, USA), was compared with the CLSI

reference broth microdilution method by testing 2

quality control strains, 10 reproducibility strains and

426 isolates of Candida spp. against amphotericin B,

flucytosine and voriconazole.59 The system reliably

detected flucytosine and voriconazole resistance among

Candida spp. and demonstrated excellent quantitative

and qualitative agreement with the reference method.

Similar result was observed for fluconazole.60 In another

study, an excellent categorical agreement of Vitek 2

with the CLSI broth microdilution method was observed

(97.5% for fluconazole and voriconazole). The Vitek 2

was able to identify all but 2 of 59 investigated

fluconazole-resistant organisms.61

A method using a commercially prepared colorimetric

microdilution panel (ASTY; Kyokuto Pharmaceutical

Industrial Co., Ltd., Tokyo, Japan) was compared in four

different laboratories with the CLSI reference microdi-

lution method by testing 802 clinical isolates of Candida

spp. (C. albicans, C. glabrata, C. tropicalis, C. parapsilosis,

C. krusei, C. lusitaniae, C. guilliermondii, C. lipolytica,

C. rugosa and C. zeylanoides) against amphotericin B,

5-fluorocytosine, fluconazole and itraconazole.62 The

ASTY colorimetric microdilution panel method appears

to be comparable with the CLSI method for testing the

susceptibility of Candida spp. to a variety of antifungal

agents. The ASTY method was thus determined to be

comparable with the CLSI method when testing the

susceptibility of Trichosporon asahii to a variety of

antifungal agents.63

Others

Other susceptibility tests are available, yet not for

the daily routine. Incorporation of the MTT

[3-(4,5-dimethyl-2-thiazolyl)-2,5-diphenyl-2H-tetrazoli-

um bromide] or XTT (2,3-bis(2methoxy-4-nitro-5-des-

ulfophenyl)-5-[(phenylamino) carbonyl] 2H-tetrazolium

hydroxide) as a colorimetric marker for redox potential

has been found to offer convenient possibilities for MIC

reading for Aspergillus.64,65 This approach generates

MICs comparable with those in CLSI method and

presents substantial opportunities for automation. Flow

cytometry has been found to be a possible tool for

antifungal susceptibility testing66 and has been devel-

oped for yeast and moulds.67 Staining or lack of staining

with suitable dyes permits the rapid detection of

damaged or inactive fungi. This method can distinguish

Aspergillus isolates susceptible to amphotericin B from

those that are resistant.68 In conceptually related

studies, fluorescent viability dyes have been used to

examine the nature of drug-induced damage and to

estimate minimum fungicidal concentrations (MFCs) for

aspergilli.41 Given that azole antifungal agents act by

inhibition of ergosterol synthesis, direct measurement of

alterations in ergosterol synthesis appears relevant.

Arthington-Skaggs et al. [69] have described a workable

laboratory method for antifungal susceptibility testing

for Candida spp. and Aspergillus spp.

Combination antifungal susceptibility

The high rate of mortality from mould infections and the

relatively limited efficacies of current agents have

produced a significant interest in the use of antifungal

combinations in these difficult-to-treat infections.70

In vitro antifungal combination testing is controversial;

tests are difficult to assess and the results depend on the

methodology and analysis used.70 The chequerboard

dilution method and time–kill studies have become the

most widely accepted techniques. In the classic check-

erboard dilution scheme, all testing parameters remain

the same, including medium, inoculum and incubation.

The final result is the lowest concentration of drug A plus

the lowest concentration of drug B in which the endpoint

criteria are met. The MIC of each drug within the

combination is expressed as a fraction of each drug

alone. The fractions are then added to arrive at the

fractional inhibitory concentration index (FICI).71 Syn-

ergism, indifference and antagonism are achieved when

the FICI is £0.5, >0.5 to £4 and >4. Time–kill studies can

help elucidate the pharmacodynamics of an antifungal

combination by measuring the effects of the antifungal

interaction on the rate and extent of fungal killing.72

Lewis et al. [73] examined the utility of Etest for

testing antifungal combinations (amphotericin B–fluco-

nazole) against Candida spp. and indicated that this

method could be used as an alternative to time–kill

studies. Criteria were recommended by the manufac-

turer: synergy was defined as a decrease of ‡3 dilutions

in the resultant MIC, additivity as a decrease of ‡2 but

<3 and indifference as a decrease of <2 dilutions in the

MIC. Antagonism was defined as an increase of ‡3

dilutions of the MIC for the antifungal combination.

In vitro susceptibility testing in fungi
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Determination of MFCs

Lots of discussion are taking place on whether MICs or

MFCs should be taken into account for patient man-

agement. This topic is still in progress and needs further

attention. All of the issues of standardisation that occur

with MICs also apply to MFCs. Many variables such as

size of inoculum, incubation period, drug carry over,

sample volume and endpoint influence the test out-

come.74,75

Minimum fungicidal concentrations have the poten-

tial for being more relevant to clinical outcome,

especially in the context of profoundly immunosup-

pressed hosts. The poor in vitro fungicidal activity of

amphotericin B appears to correspond with the refrac-

tory nature of A. terreus infections to therapy with this

agent.76 Both Johnson et al. [77,78] and Walsh et al.

[53] correlated the low in vitro fungicidal resistance of

A. terreus to amphotericin B with in vivo resistance in a

persistently neutropenic rabbit model of experimental

invasive aspergillosis.

Challenges in the interpretation of
susceptibility results

Microbiologists and clinicians are still faced with the

challenge of interpreting the results of in vitro antifungal

susceptibility tests. MIC values do not always directly

associate with response to antifungal therapy.44,79

The discordance between in vivo and in vitro data is

illustrated by the �90–60 rule�, which maintains that

infections caused by susceptible strains respond to

appropriate therapy in �90% of cases, whereas infec-

tions caused by resistant strains respond in �60% of

cases.80

The most important factors associated with poor

outcome are negative host status, delay of early

diagnosis and a lack of adequate antifungal therapy.

Another factor might be infection with drug-resistant

fungal pathogens.3 The immune reconstitution inflam-

matory syndrome for example is associated with

prominent signs and symptoms of inflammation and

can therefore be confused with failure to control fungal

growth. One data support that early treatment of

fungal infection with a lower burden of organisms

reduces the number of treatment failures.81,82 On the

contrary, toxicities from polyenes (nephrotoxicity) and

azoles can be a cause of treatment failure,83 drug–drug

interactions can contribute to morbidity and mortal-

ity3,84 and finally, the ability of fungi to form biofilms

on foreign bodies is a primary reason for clinical

failure.

The frequency of in vitro and in vivo
resistance to antifungal drugs

A significant antifungal drug resistance has emerged by

azole-resistant yeast isolates from patients with chronic

mucocutaneous candidosis treated for prolonged peri-

ods, by flucytosine resistance occurring in patients with

invasive candidosis or by cryptococcosis treated with

flucytosine monotherapy.85–87

In general, azole resistance in C. albicans is less

common among patients with other diseases, such as

vaginal candidiasis and candidaemia.88–90 Reported

rates are about 1.0–2.1% in C. albicans, 0.4–4.2% in

C. parapsilosis and 1.4–6.6% in C. tropicalis.88–90 A clear

exception is C. glabrata, which is second to C. albicans in

causing systemic fungal infections in Europe.43,91 The

incidence of fluconazole resistance in C. glabrata

increased from 7% in 2001 to 12% in 2004.91

There have been recent reports of echinocandin

resistance in patients with Candida infections (caused

by C. albicans, C. glabrata, C. krusei and C. parapsilo-

sis).88,90 Resistance to echinocandins developed during

therapy and was associated with treatment failure.92

Resistance mechanisms other than Fks1 mutations

were involved in some cases.93

Although resistance to amphotericin B among Can-

dida strains remains rare, there have been recent reports

of increasing MICs to amphotericin B among C. krusei

and C. glabrata isolates.85 In addition, intrinsic polyene

resistance is frequently noted in Candida lusitaniae and

T. asahii.85,94

Although Aspergillus species, particularly Aspergillus

fumigatus, account for the largest proportion of invasive

mould infections, the last decade has witnessed the

emergence of new opportunistic pathogens, including

non-fumigatus Aspergillus species, Fusarium species,

Paecilomyces species, Scedosporium species, the dematia-

ceous fungi (Alternaria, Bipolaris, Curvularia, Cladospo-

rium and Exserohilum species) and the agents of

zygomycosis (mucormycosis).95

Filamentous fungi are more likely than yeasts to have

reduced susceptibility to polyenes. Among Aspergillus

species, Aspergillus terreus is generally resistant to

amphotericin B.96 Polyene resistance is increasingly

encountered in other Aspergillus species, such as Asper-

gillus flavus and even A. fumigatus, which traditionally

exhibits the highest susceptibility to amphotericin

B.97,98 A total of 10 variants of multidrug-resistant

A. fumigatus clinical isolates were identified, all of which

had an unusual sporulation pattern and a unique

mitochondrial cytochrome b sequence.98 These isolates

exhibited increased MICs against all the triazoles tested.

C. Lass-Flörl et al.

6 � 2010 Blackwell Verlag GmbH • Mycoses 53, 1–11



These A. fumigatus variants were tested in a guinea pig

model and were found to retain virulence in vivo.

Phylogenetic analysis based on genetic studies indicated

that most of these isolates belong to a new Aspergillus

species, A. lentulus.97 Within the aspergilli, the resis-

tance of A. fumigatus to itraconazole is admitted, where

an isolate with an MIC value of greater than 8 lg ml)1

to itraconazole is considered as resistant.7,99 In that

case, in vitro resistance has been correlated with

resistance in vivo.15,100 Multiple-azole (itraconazole,

voriconazole, posaconazole and isavuravuconazole)

resistant A. fumigatus clinical isolates have been

reported with increasing frequency8,101 and in vivo

correlation. For A. fumigatus, MICs of voriconazole and

posaconazole of >4 lg ml)1 and >1 lg ml)1 respec-

tively seem to be elevated when compared with that for

wild-type population and therefore are referred to as

resistant strains (tentative breakpoints).102 There have

been recent reports of echinocandin resistance (MIC

>16 lg ml)1) in patients with Aspergillus infections.103

Other moulds, such as Scedosporium apiospermum,

Scedosporium prolificans104,105 and Fusarium species, are

typically resistant to amphotericin B.106

How and when to use antifungal
susceptibility testing

Susceptibility testing helps to define the spectrum of

activity of an available antifungal agent.

Clinically relevant fungi need to be addressed as

follows:

• Identify the isolate at least to the genus level, better to

species level.

• For Candida species from sterile sites, perform routine

susceptibility testing for fluconazole and according to

the local epidemiology include other azoles.

• Perform susceptibility testing as an adjunctive to

treatment for patients with invasive disease and clinical

failure of initial therapy, or with break-through infec-

tion.

• Isolates with a high rate of intrinsic resistance need

not usually to be tested; C. krusei and fluconazole, and

A. terreus and amphotericin B.

• Perform susceptibility testing as an adjunctive to

treatment for patients with invasive disease, long-term

azole treatment and ⁄ or recurrent cultivation of a

fungus.

• Perform susceptibility testing as an adjunctive to

treatment for patients with invasive disease and infec-

tion with rare moulds or other fungi.

• Take into account the role of cross-resistance and

broaden the agents to be tested, if necessary.

For choosing the best drug, take into account the

identified fungus, the local epidemiology, antifungal pre-

treatment, the severity of the infection, the patient�s
immune status, the ability of a drug to reach levels at

infection site, the ability to identify and control the site

of infection, the speed of clinical response, the conse-

quences of recurrence of infection, drug�s safety and

toxicity, drug–drug interactions and the magnitude of

the resistance.

Conclusion

Overall, each in vitro susceptibility testing method has

its own advantages and disadvantages. The reference

EUCAST and CLSI standard methods are cumbersome

and not directed for daily routine; the Etest is a relatively

expensive, yet an attractive alternative method so far.

MICs can be useful in the selection and monitoring of

the best therapeutic agent, yet MIC is not the only

predictor of in vivo response to therapy.
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