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Trends in in vitro resistance to fluconazole among Candida spp.

determined by CLSI disk diffusion testing over a 6.5-year period

(ARTEMIS DISK Surveillance Program, 1997-2003)

Isolates resistant to fluconazole (zone = 14 mm)®

Species 19971998 1999 2000 2001 2002 2003
] T H % n T n % n e ] T
C. albicans 16,514 0.3 14,677 0.8 7961 [.5 4,268 1.0 15,147 .5 20,576 1.4
. glabrata 2475 15.5 2,047 22.8 [,112 14.3 2,431 [5.3 2,635 14.7 3974 16.9
C. frapricalis L 036 4.2 L1177 35 343 31 1.634 3.0 1.538 f.6 2487 5.0
C. paraprilosis 055 2.0 028 2.8 fiall 2.9 1,501 4.2 1.632 3.9 2,406 3.0
O krusel a72 56.5 459 T1.5 376 6.1 544 T0.4 639 78.9 asd S0.2
O guillicrmondii 111 6.3 la& 0.5 88 26.1 163 [1.7 239 10.5 260 .1
O lusitaviae 115 2.6 99 4.0 62 [.6 122 B 131 4.6 211 24
C. kefyr M 0.0 ad 4.8 6 N 1] 23 87 5.7 171 2.9
C. rugosa 7 258.6 7 [4.3 21 42.9 151 30.5 150 6.0 116 61.2
C. famaia 19 474 51 0.5 53 13.2 54 14.5 110 10.9 59 11.2
Candida spp” 294 15.5 L, 260 7.1 437 10.1 722 0.6 1.953 5.2 L6005 11.4

9 Isolates from all specimen types and all hospital locations in 127 institutions. Data are from the study of Plaller et al. {221).
® Fluconazole disk diffusion testing performed in accordance with CLSI guideline M44-A {170). », number of isolates.

¢ Species not identified.

From: Pfaller et al., CMR, 2007
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National Surveillance of Fungemia in Denmark (2004 to 2009)"

Maiken Cavling Arcndrup,'* Brita Bruun,” Jens Jorgen Christensen,” Kurt Fuursls:d_,'L
Helle Krogh Johansen,” Poul Kjzldgaard," Jenny Dahl Knudsen,’ Lise Kristensen,”
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FIG. 3. Proportion of isolates for which fluconazole MIC was =2
pg/ml, by species and year. C. albicans, solid line with solid diamonds;
C. dubliniensis, solid line with open diamonds; C. glabrata, solid line
with open triangles; C. krusei, solid line with solid squares; C. parap-
stlosis, solid line with open circles; C. fropicalis, solid line with solid
triangles; and all isolates, dotted line with crosses.
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Antifungal susceptibility profiles of Candida isolates

from a prospective survey of invasive fungal
infections in ltalian intensive care units

Anna Maria Tortorano,! Anna F’rig'rtano‘1 Giovanna Dho,' Anna Grancini,?

Marco Passera® for the ECMM-FIMUA Study Groupt

Table 1. in vitro susceptibilities of 302 Candida isolates from blood or other normally sterile body sites

—, Concentrations not investigated; N4, no breakpoints available.

Species (no. Antifungal No. of isolates with MIC (mg 17') of: %
isolates tested) agent
0015 0.03 006 012 0.25 0.5 1 2 4 16 32 64 128 R
C. albicans (169)  Anidulafungin 169 - - - - 0
Caspofungin 1 24 16 10 - = = = a0
Micafungin 169 - - -
Fluconazole - - - - 145 7 & 2 1 1 7 5.3
Posaconazole - 156 & 1 6 - - -_ 36
Voriconazole - 163 & - - -_ 36
C. parapsilosis (58) Anidulafungin 1 4 23 1 - - - -
Caspofungin 4 i 20 3 - - - - 0
Micafungin 4 31 16 3 - - - -
Fluconazole - - - - 7 16 9 10 3 3 25.8
Posaconazole - 39 15 4 - - -_ 0
Voriconazole - 30 12 4 ] 1 3 - - - 52
C. glabrata (31)  Anidulafungin =~ 26 5 - - - ]
Caspofungin 1 1 9 - - - - 0
Micafungin 31 - - - -
Fluconazole - - - 2 1 13 5 3 3 9.7
Posaconazole - 1 5 4 5 ] 4 4 - - - J25.8
Voriconazole - 2 [ [ 9 2 2 1 3 - - - |19.3
C. tropicalis (27)  Anidulafungin =~ 24 3 - - - - 0
Caspofungin 1 4 2 12 ] - - - - 0
Micafungin 27 - - - -
Fluconazole - - - - 6 [ 7 2 1 1 4 122
Posaconazole - 14 [ 3 1 3 - - = Jl4.8
Voriconazole - 17 1 3 1 5 - - - |185
C. krusei (6) Anidulafungin 1 1 4 - - - -
Caspofungin 2 4 - - - - 0
Micafungin 1 4 1 - - = = 0
Fluconazole - - - - 1 4 100
Posaconazole - 1 4 1 - - -_ 0
Voriconazole - 1 3 1 1 - - - 167
Other spp.* (8)  Anidulafungin 4 2 1 1 - - - -  Na
Caspofungin 1 2 1 3 1 - - - -  Na
Micafungin 4 2 1 1 - - - - Na
Fluconazole - - - - 3 2 1 2 MA
Posaconazole - 3 4 1 - - - MaA
Voriconazole - [ 1 1 - - - MaA

*Other species include C. lusitaniae (4 isolates), C. guilliermondii (2), C. kefyr (1) and C. dubliniensis (1),




ANTIFUNGAL RESISTANCE

Fluconazole resistance (%)

= C. albicans X C. parapsilosis

* C. glabrata C. tropicalis

h
—
— | —

SENTRY Peman 2012 Candipop

Pfaller M. DMID, 2011 Peman J. JAC, 2012

Courtesy J. Guinea-Ortega, ECCMID, 2012
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JwmakAsMorz  Data from two large surveillance (SENTRY and CDC) programs

Frequency of Decreased Susceptibility and Resistance to
Echinocandins among Fluconazole-Resistant Bloodstream Isolates of
Candida glabrata

M. A. Pfaller,® M. Castanheira,® S. R. Lockhart,” A. M. Ahlquist,” S. A. Messer,® and R. N. Jones®©

TABLE 1 Fluconarole-resistant bloodstream isolates of C. glabrata with decreased susceptibility to one or more echinocandin agent as determined
by CLSI broth microdilution methods®

Genderfage (y1) MIC (pg/ml)
Isolate no. YT Location of patient ANF CSF MCF Fﬂumtionﬁ
CASOE-0016 2008 Georgia M/47 1 0.5 1 29P(1
127F 2008 NA F/49 2 16 2 S629P(1)
CAS11-3112 2010 Georgia M/47 0> .25 0.12 S629P(1)
CAS11-2978 2010 Maryland F/70 0.5 0.5 0.12 S629P(1)
CAS11-3129 2010 Maryland F/70 + =16 2 SE29P(1)
CAS09-1437 2009 Georgia Fla6 0.25 0.25 0.5 RE31GI1)
CAS09-1680 2009 Georgia Flas 0.25 0.5 1 RE31GI1)
T48F 2008 Washington M/58 025 0.25 0.12 D&32Y(1)
30011F 2010 NA MA 0.25 0.3 0.03 DE4BE(1)
109564 2006 Virginia F/a9 1 Z 0.12 F&59W(2)
CASO9-0B6S 2009 Maryland M/39 1 Z 0.25 F&59Y(2)
CAS08-0425 2008 Maryland F/23 2 16 4 S663P(2)
CAS08-0094 2008 Georgia MNA + =la 4 S663P(2)
CAS09-1786 2009 Georgia MA 2 =la 2 S663P(2)
CAS09-1225 2009 Georgia M/25 + =la 4 SE63IP(2)
CAS09-1083 2009 Georgia Fi51 0.5 0.25 0.12 3Fi2
I66T0F 2010 Washington MNA 025 0.25 (.06
53301F 2010 NA MNA .25 0.12 0.12 NM
CASI0-2732 2010 Maryland M/38 012 0.25 0.015 NM

* M, male; F, female; ANF, anidulafangin; CSF, caspofungin; MCF, micafungin; NA, data not available.
*vale in parentheses indicates FKS1 (1) or FES2 (2); NM, no mutation.



Invasive mycoses

Antifungal Spectrum/comments

Mode of action

" Antifungal drugs currently used for treatment of

Mechanism of resistance
observed in clinical isolates

Polyenes

Amphotericin B Broad activity against Candida spp (except C. lusitaniaa),
Cryptococcus neoformans and filamentous fungi (except, of the
Aspergillus spp. A terreus and A. favus).

Binding to ergosterol and
destabilization of cell
membrane functions

Pyrimidines analogues
5-fluorocytosine Active against Candida spp and Cryptococcus spp; however, Impairment of nucleic acid
(5-FC) rapid emergence of resistance can appear when 5-FC is used as biosynthesis by formation
monotherapy of toxic fluorinated
pyrimidine antimetabolites
Azoles
Fluconazole Active against Candida spp and Cryptococcus spp, less active  Inhibition of cytochrome

against C. glabrata and no activity against C. krusei; no activity
against filamentous fungi

ltraconazole Like fluconazole, but enhanced activity against filamentous fungi

Voriconazole  Like fluconazole, but enhanced activity against filamentous fungi,
including Aspergilius and Fusarium spp

Posaconazole Closely related to itraconazole, but more active

Echinocandins

Caspofungin  Active against Candida spp with fungicidal activity, moderately
active against Aspergillus spp, poor activity against
C. neoformans

P450 14w-lanosterol
demethylase

Inhibition of the cell wall
synthesis enzyme [3-1.3
glucan synthase

Alteration in specific steps of
ergosterol biosynthesis

Decreased uptake of 5-FC;
decreased formation of toxic
antimetabolites.

Enhanced efflux by
upregulation of multidrug
transporter genes.

Target alterations by
occurrence of mutations
Alteration of specific steps
in the ergosterol
biosynthetic pathway

Mutations in the
glucan syntahse

From: Sanglard, Curr. Opinion. Microbiol., 2002



Summary of hot-spot 1 and 2 substitutions in the
FKS1 gene associated with resistance in diverse
Candida spp

Organism Hot Spotl Hot Spot 2

. albicans F DWIERTTL
krusei ILSIRDF  DWIRRYIL
. glabrata L§IRDP DWIRRYTL

3

a4

Ii"

C. guillzermondii FMRLSIRDP DWIRRITL
C. tropicalis ILTLE[.RI}P DWIRRYTL
C. lypolytica FLILSIEDP DWIRRCVL
C. parapsilosis  FLTLSIRDA DWIRRITL
C. dubliniens: FLTI.IIRDP DWIRRITL

I 7 :cistant phenotype B o phenotype Weak Resstance

From: Perlin DS., Drug Resist. Updat., 2007



Reference methods for yeasts susceptibility testing
« M27-A3, CLSI, breakpoints (C. albicans) for:

— Fluconazole
— Itraconazole
— Voriconazole
— 5-FC
— Candins
« EUCAST version 4.1, breakpoints (C. albicans, C. glabrata,
C. krusel, C. parapsilosis, C. tropicalis) for:
— Fluconazole
— Voriconazole
— Anidulafungin
— Amphotericin B
— Posaconazole
— Caspofungin, micafungin (pending)
— Itraconazole (pending)



CLSI breakpoints (Yeast)

Table 1 Epidemiologic Cutoff Values (ECVs) and Clinical
Breakpoints (CBPs) for Fluconazole and 5 Species of Candida

Species ECV (wg/mL) CBP (wag/mL)
C albicans 0.5 2
C tropicalis 2 2
C parapsilosis 2 2
C lusitanige 2 2
C glabrata 32 32

Adapted from Pfaller MA et al, 2010.%°

MIC and zone diameter (ZD) interpretive breakpoints (BP) for the echinocandins and Candida species using CLSI BMD and DD methods.

Antifungal agent Species MIC BP (pg/ml) ZD BP (mm)
S | R ) | R
Anidulafungin C. albicans =0.25 0.5 =1
C. glabrata <0.12 0.25 =0.5
C. tropicalis <0.25 0.5 =1
C. krusei <0.25 0.5 =1
C. parapsilosis <2 4 =8
C. guilliermondii =2 4 =8
Caspofungin C. albicans =0.25 0.5 =1 =17 15-16 =14
C. glabrata® <0.12 0.25 =0.5 =20 18-19 =17
C. tropicalis <0.25 0.5 =1 =17 15-16 =14
C. krusei <0.25 05 =1 =17 15-16 =14
C. parapsilosis =2 4 =8 =13 11-12 =10
C. guilliermondii <2 4 =8 =13 11-12 =10
Micafungin C. albicans <0.25 0.5 =1 =22 20-21 =19
C. glabrata® =0.06 0.12 =0.25 =28 26-27 =25
C. tropicalis =0.25 0.5 =1 =22 20-21 =19
C. krusei =0.25 0.5 =1 =22 20-21 =19
C. parapsilosis <2 4 =8 =16 14-15 =13
C. guilliermondii <2 4 =8 =16 14-15 =13

1 Disk diffusion testing of caspofungin and micafungin versus C. glabrata not recommended at this time due to technical problems.



EUCAST Antifungal Clinical Breakpoint Table v. 4.1, valid from 2012-03-05

Yeast

MIC breakpoint (mao/L)

Mon-species
C. albicans C. glabrata C. krusei C. parapsilosis | C. wropicalis | C. guillermondii related
breakpoints’

Antifungal agent

S= R > S = K= S = R=> S = R=> S= R = S= R>=> S= R=>
Amphotericin B 1 1 1 1 1 1 1 1 1 1 IE IE E E
Anidulafungin 0.03 0.03 0.06 0.06 0.06 0.06 - - 0.06 0.06 = IE2 IE IE
Caspofungin Mote® | Note® | Note® | Note® | Note® | Note? - - Mote® | Mote® IE? IE? E IE
Fluconazole 2 4 1= IE? - - 2 4 2 4 IE2 IE2 2 4
traconazole P IP IP IP IP IP P P IP IP IP IP P P
Micafungin P IP P P IP P - - IP P =5 = P P
Posaconazole 0.08 0.06 IE2 1= IE2 1= 0.06 0.08 0.06 0.06 1= IE2 IE IE
Voriconazole 0.12° | 0124 IE IE IE IE 012* | 012° | 012* | 012¢ IE? IE® IE IE

3. Due to significant inter-laboratory variation in MIC ranges for caspofungin,
EUCAST breakpoints have not yet been established.
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Azole-resistance inAspergillus: Proposed nomenclature and breakpoints
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Fig. 1. Percentage of patients with azole-resistant A. fumigatus strains in Manch-
ester, United Kingdom, and Nijmegen, the Netherlands (1998-2007 ).



Aspergillus Azole Resistance Today

Azole-resistant A. fumigatus have been reported in China,
Canada, the United States, and several European countries, with
particularly high frequencies from the Netherlands and the north-
west of the United Kingdom (Bowyer P et al. Curr Infect Dis Rep
2011).

Case reports and case series suggest that multi-azole resistant
A. fumigatus could emerge (Verweij PE et al. N Engl J Med
2007; Arendrup MC et al. Antimicrob Agents Chemother 2008;
Verweij PE Lancet Infect Dis 2009), and that there is some
association with agricultural azole use (Verwel] PE Lancet Infect
Dis 2009; Mortensen KL et al. Antimicrob Agents Chemother
2010).
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Azole antifungal resistance in Aspergillus fumigatus: 2008 and 2009

Ahmed Bueid?, Susan J. Howard %2, Caroline B. Moore 12, Malcolm D. Richardson!-?, Elizabeth Harrison 1,

Paul Bowyer! and David W. Denning1.%*

The University of Manchester, Manchester Academic Health Science Centre, Manchester, UK; “The Mycology Reference Centre
Manchester, University Hospital of South Manchester, Manchester, UK
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Vol. 51, No. 6
A New Aspergillus fumigatus Resistance Mechanism Conferring
In Vitro Cross-Resistance to Azole Antifungals Involves
a Combination of cyp51A4 Alterations”’

E. Mellado,'* G. Garcia-Effron,! L. Alcizar-Fuoli,' W. J. G. Melchers,* P. E. Verweij,?
M. Cuenca-Estrella,’ and J. L. Rodriguez-Tudela’
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Diagram of the A. fumigatus cyp51A gene and promoter showing the locations of the gene
modifications. (A) Wild-type strain CM237; (B) azole-resistant strain CM2627



Azole resistance in Aspergillus fumigatus: a side-effect of
environmental fungicide use?

The presence of a single resistance mechanism (denoted by TR/L98H) was
found in over 90% of itraconazole-resistant Dutch A. fumigatus isolates,
which also showed reduced susceptibility to voriconazole and
posaconazole.

This is in contrast with a different pattern of resistance observed in British
A. fumigatus isolates, where a wide variety of cyp51A mutations
(substitutions at codons G54, G138, P216, F219, M220, and G448), have
been found.

TR;,/L98H isolates were recovered primarily from azole-naive patients and
were also recovered from the environment. These observations suggest
that azole-resistant Aspergillus is acquired by patients from an
environmental source rather than arising through azole therapy.



F745
Azole resistant Aspergillus fumigatus in the environment in
Italy

A, M. Tortorano, V. Venier, A, Prigitano, M. C. Esposto and M.

Coglati
Umivarsita deqgll Studi o Milano, Milano, ialy

In recent years acquired azole resistance in Aspergilius fumigatus has
been increasingly reported. A dominant mechanizm of resistance (TR
L98H) was found in clinical and enwironmental imolates from the
Metherlands and a link to the vse of azoles in the emvironment was
arggestad. During the international surveillance of azole resstance in
A furgatus (SCARE Netwaork) intrinzgic resistance was observad in 5
ot of 200 clinical kolates collected in Italy and the TRL98H was
detectad in all the 5 izolates.

The aimof the present stdy was to investig ate the prevalence of azole
mesistance in environmental A fumigiius izolates collected in Ttaly.

A total of 47 =oil and compost samples were treated according to
previously describad methods [(Snelders A ppl Environ. Microbiol 20609,
T5:4053), plated on agar mediom with and without itraconazole
(4 mg I"') and incubated at 37 ° and 42 °C for 72 h. A fumigatus
tolates grown in pressnce of iraconamle were tested for antifungal
aizceptibility to treconazolk, poeesconazole and voriconazole by
FIICAST broth microdilution and Edest methods, Seqguencing of b-
tnhilin and cyp 514 penes was performed in resistant &olates,

-

Flevated azple MICs were displayed by nine izolates from five
different =il zamples, namely apple orchard (1 izolate), oompost (2),
and cucurhit yiekdz (&), The nine kolates were all confirmed to belong
to A fumigaius s=ensu sivicto by b<tubulin segquencing. Mo cryptic
gpecies were detected. Seven out of the nine resistant izolates
harbourad the zame TRL98H mutaton of cyp5 1A as well as a tandem

. o ST T kil
=

\

J

These findings, together with the ocourrence of resistant clinical
teolates, sugoest that the posshbility of azole resistance should be taken
in account in primary patient care.

18" Congress of the
International Society
for Human and Animal
Mycology 2012
(ISHAM 2012)
Berlin, Germany
June 11-15, 2012.



EUCAST E.DEF 9.1 July 2008 Antifungal MIC method for conidia forming moulds

EUCAST DEFINITIVE DOCUMENT E.DEF 9.1: Method for the
determination of Dbroth dilution minimum inhibitory
concentrations of antifungal agents for conidia forming moulds

Subcommittee on Antifungal Susceptibility Testing (AFST) of the ESCMID
European Committee for Antimicrobial Susceptibility Testing (EUCAST)

J. L. Rodriguez-Tudela (Chafrman)T, M. C. Arendrupg, S. Arikan®, F. Barchiesi®,
J. Bfﬁes, E, Ghnrssanfhauﬁ, M. Cuenca-EstreHa"r E. Dannaauf?, D. W. Dennmga,
J P. Donneﬁy‘q, W. Fegeferm, C. Lass-FIérl" , C. Moares, M. Rfchardsanﬂ, P.
Gausfadm, A. Schma!reck”, A. Ve!egrakiﬁ, P. Venve{fg

M38-A2

Vol 28 No. 16
Replaces M38-A
Vol 22 No. 16

Reference Method for Broth Dilution

Antifungal Susceptibility Testing of
Filamentous Fungi; Approved Standard—
Second Edition



Clinical Laboratory Standard Institute and European
Committee on Antimicrobial Susceptibility Testing
conditions for antifungal susceptibility testing of
Aspergillus species

Characteristic CLSI M38-A2 EUCAST E.DEF 9.1
Suitability Conidium and spore forming fungi  Aspergillus species and moulds
Inoculum 0.4 x 10*to 5 x 10* CFU/ml 2 10 5 x 10° CFU/m
Inoculum standardization Spectrophotometrically Hemocytometer
Test medium RPMI 1640 RPMI 2% glucose
Buffer MOPS, pH 7.0 £ 0.1 MOPS, pH 7.0 £ 01
Microtitration plates U shaped wells Flat bottom wells
Format Microdilution Microdilution
Temperature 35°C 35+ 2°C
Duration of incubation 46-50 h 48 h
End point Visually Visually
No growth (MIC) for azole and No growth (MIC) for azole and
polyene polyene
MEC for candine MEC for candine

CFU: Colony-forming unit; CLSI: Clinical Laboratory Standard Institute; EUCAST: European Committee on Antimicrobial
Susceptibility Testing, MEC: Minimum effective concentration; MIC: Minimum inhibitory concentration;

MOPS: 3-(N-morpholino)propanesulfonic acid).

Adapted with permission from [57].

From: Lass-Floerl, Future Microbiol., 2010
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Az ole-resistance in Aspergillus: Proposed nomenclature and breakpoints

Paul E. Verweij”, Susan |. Howard ", Willem [.G. Melchers®, David W. Denning ™
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EUCAST Antifungal Clinical Breakpoint Table v. 4.1, valid from 2012-03-05

Aspergillus

MIC breakpeint (mgiL)

. Non-species
Antifungal agent
galag A. flavus A. fumigatus A. nidulans A. niger A. terreus related
breakpoints'
§= R=> §= R=> §= R> §= R=> §= R> S= R=>
Amphetericin B IE IE 1 2 Note® | Note® 1 2 - - IE IE
Anidulafungin IE IE IE IE IE IE IE IE IE IE IE IE
Caspofungin = IE IE IE IE IE = IE IE IE IE IE
Fluconazole - - - - - - - - - - - -
Itraconazole® 1 2 1 2 1 2 IE*® | IE*® 1 2 IE? IE®
Micafungin IE IE IE IE IE IE IE IE IE IE IE IE
Posaconazole IE? IE* | 0.12° | 025° | IE° IE* IE* IE* | 0.12° | 025° IE IE
Voriconazole P 1P IP 1P IP 1P P 1P IP 1P IP P
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