e IR FEOGRATONETALAAA JICCPATOLOGIA LA E ML
£ o !

X‘ ICONGRESSO
NAZIONALE
FIMUA

Le azolo-resistenze
VERONA
CROWNE PLAZA VERONA FIERA

14-15 NOVEMBRE 2014

Anna Maria Tortorano
Universita degli Studi di Milano



Azoles inhibit synthesis of ergosterol

binding CYP51 essential step in

biosynthesis of ergosterol
SQUALENE

« ’

LANOSTEROL depletion of ergosterol and

D' concomitant accumulation of
14-methylated sterols

14a-demethylase D
“l(cypm)

inhibition of fungal growth by
Jl disrupting cell membrane

ERGOSTEROL



Azoles inhibit synthesis of ergosterol

SQUALENE

i

LANOSTEROL

J

!

ERGOSTEROL

binding CYP51 essential step in
biosynthesis of ergosterol

Differences between
affinity of azoles to ﬁ

this target

14a-demethylase
“l(cyP51)

depletion of ergosterol and
concomitant accumulation of
14-methylated sterols

.

inhibition of fungal growth by
disrupting cell membrane



Resistance to azoles in Candida

Main mechanisms

* reduced affinity for altered CYP51
mutations in ERG1!

* overexpression of CYP51
upregulation of ERGI11

* overexpression of efflux pumps
major facilitator superfamily (MFS): MDR!
ATP-binding cassette (ABC): ¢DR1, cDRZ, CgSNQZ2

* development of bypass pathway



Resistance to azoles in Candida

Efflux pumps
encoded by CDR genes affect all azoles
encoded by MDR genes affect fluconazole

In C albicans expression of these genes is controlled by
transcription factors, TAC1 and MRR1

Hyperactive TAC1 and MRR1 do not decrease C.a/bicans
virulence

LohbergerA et al Eukaryotic Cell 2014



Innate fluconazole resistance in C Aruser

Low sensitivity of Ergll to azole antifungal
Expression of multidrug efflux pump Abclp

Lamping E et al AAC 2014



Clinical relevance of azole resistance in Candida
Rapid emergence of azole resistance at the beginning of
AIDS epidemic

* high fungal burden
* |low fluconazole dosages

candida BSIs

* C.albicans and other Candida species
low rate of acquired resistance

* C krusers (intrinsic resistance)
low prevalence

* C.glabrata (high rate of acquired resistance)
increasing prevalence



Clinical relevance of azole resistance inO
candida: our experience

Candidemia 2009 | Candidemia in ICU
(464 isolates)™ (302 isolates)**

Echinocandins <2% 0%

(2 Cglabrata,
1 C kruseriisolates)

Fluconazole ™

(C.kruser+ mainly (C kruser + mainly
Cglabrataand Cparapsilosis, C.tropicalis
C.tropicalis isolates) and C. glabrataisolates)
AmphotericinB 0% 0%

* Infection 2014 *> IMM 2012



Clinical relevance of azole resistance inO
candida: our experience

22.4% in Cparapsilosis
biased by outbreak isolates

Candidemia 2009/, Candidemia in ICU
(464 isolates)™ (302 isolates)**

Echinocandins <2% 0%

(2 Cglabrata,
1 C. kruseiisolates

@uconazole)

(C.kruser+ mainly (C kruser + mainly
C.glabrataand (iparapsilosis, C.tropicalis
C.tropicalis isolates) and C. glabrataisolates)
AmphotericinB 0% 0%

* Infection 2014 *> IMM 2012
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Fig 14. Changing epidemiology of fungaemia 2004-11 in DK. The total
number of isolates is indicated as a blue line, whereas the proportion of
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Candidemia in Lombardia:
trends in species distribution

2009 (353 episodes) 1997-99 (569 episodes)

<:‘> C. parapsilosis

Tortorano Infection 2013

lC albicans




Candidemia in 2009:
species distribution

Lombardia Extra Lombardia
30 hospitals, 353 episodes 4 hospitals, 115 episodes

. C. parapsilosis
w C. tropicalis
i C. krusei

Tortorano Infection 2013



Candida species causing bloodstream infections in O
ICU patients in Italy

C. glabrata
9.80/0 (Aur'or'a pr'ojec‘r 2007—2008) Montagna et al Infection 2013
13.0% (2006-2008) Tortorano et al Mycoses 2012

ICU Pre-
acquired ICU P value
C. albicans 61.4 50.0 ns.

C. parapsilosis  14.0

7.9 n.s.
C. glabrata @ @ 0.024

Tortorano et al Mycoses 2012




Clinical resistance = treatment failure

Reasons of no response in presence of susceptible isolate

= drug pharmacokinetics and pharmacodynamics
= severely compromised host o) need of cidal activity
= fungus (e.g. biofilm, €. neoformans titan cells)



Confocal laser scanning microscopy images of Candida

i

M . albicans biofilms after interacting for 22 h with
Biofilm g

Resistant to certain
anTifungals Anidulafungin

Voriconazole
MIC (mg/L)
Planktonic Biofilm

#1  #2

05 012 G256> G256

CASPO 012 012 025 0.5
AMB 0.5 0.25 4 4
0.5 006 025 0.25

Kuhn DM et al AAC 2002

.| Untreated

1 025 GTEE T

Katragkou A et al. J Infect Dis. 2010
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Cryptococcus neoformans
titan cells

Titan cell progeny exhibit
drug resistance
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Resistance to azoles in Aspergillus

Main mechanism

* reduced affinity for altered CYP51A (and CYP51B)

Other mechanisms
* overexpression of CYP51A (and CYP51B)

* overexpression of drug transporters
atrF, AfuMDR3, AfuMDR4, Cdrl1B

* mutation in transcriptor factor hapE
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Most frequent CYP51A mutations in A. fumigatus

G54

G138 L : .
M220 arisenin pts during triazole therapy

G448



cypb51A alterations in A. fumigatus with/without azole resistan

Codon Amino acid substitiution Azole phenotyvpe
([ ROf-SVNony oS and
S VIONN IO ) ITE POS VOR
Hotspot mutations (mutatons (G54 E R STR o
commonly found in azole
confirmed by various - R R g
analyses (see text for details)
W 14 'R 5
W R |14 5
L98 H* R SR 'R
" R I S
Q" R 1 1
R" R I I
" R 1 S
G138 C R R R
R 5 5 R
M220 1 R STR 5
K R 'R SR
R R 'R 81
T 14 STR STR
W R 'R 5
W R R MNA
Y431 C 'K SR STR
(G448 8 R 'R R

O

ce

Stensvold CR et al Curr Fungal Rep 2012



Most frequent CYP51A mutations in A. fumigatus

G54
1
AGAZsfo arisen in pts during triazole therapy
G448
TR34/L98H arisen in the environment as response

TR46/Y121F/T289A to use of agricultural triazoles

TR34 e TR46 contain tandem repeats in the promoter region of the gene



Azole fungicides used to treat several economically
important crops to minimise crop damage caused by
plant fungal pathogens
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Fungicide marked and treated crops

Global market share 2010 Crop

Cereals

Azoles

Fruit &
vegetable

Benzimi- Vil
dazols
Multisite
inhibitorpithiocar _~
bamates

Rune Stensvold C et al Curr Fungal Infect Rep 2012



Antifungal resistance in Aspergillus:
our experience

SCARE Study 2009 (clinical isolates)

Rate of resistance:
4/209 (2%) A. fumigatus clinical isolates screened

2% in Italy vs 0-4.2% in other countries
Resistant isolates from naive patients

Mechanism of resistance TR3,/L98H:
4/4 in Ttaly vs 21/39 SCARE partecipants



Antifungal resistance in Aspergillus: O
our experience

1999-2006: azole resistance in A. fumigatus
26 out of 442 (5.9%) screened isolates from

m .

¥

GH4E in 1 isolate




Antifungal resistance in Aspergillus fumigatus

Country Study Resistance | Resistance
period rate pr'evalence

Ttaly 1999-2005

UK 1997-2007 6.6 5.0
The Netherlands 1994-2007 3.1 3.4
The Netherlands 2007-2009 4.6 5.3
The Netherlands 2009-2011  -- 6.8
Spain 1999-2011 1.8 41
Denmark 2007-2009 -- 45
France 2006-2009 0.8 1.1
Germany 2011-2012 3.2 --

Vermeulen E, Lagrou K, Verweij PE Curr Op Infect Dis 2013




Virulence in azole resistant A. fumigatus

mutations at the cyp51A gene

y

no changes in virulence

composite survival index (CSI)
(Mavridou E et al Plos One 2013; 8: e72280)

invertebrate model Galleria mellonella
(Gomez-Lopez A et al Med Mycol 2014; 52: 311-8)

nonh cypDlA mediated resistance

dramatic decrease of CSI



Implications of azole resistance

Invasive aspergillosis

887% mortality rate in TA caused by a

TR;,/L98H multi-azole-resistant isolate
VS

30-50% mortality rate in IA caused by a

susceptible isolate

Chronic aspergillosis

Dissemination of resistance greatly compromises
outcome for patients that need long-term oral
antifungal therapy

Denning DW CID 2013



Antifungal resistance in Aspergillus
in the environment

2011-12 and 2014 surveys
112 screened samples

30 samples positive (26.8%) for
azole resistant A. fumigatus

11 ortaggi vari y

16 frutteti di cui 4 meleti, 3 uliveti,
3 vigneti, 2 aranceti

2 compost fiori
1 grano




TR;,/L98H expanding problem

recovered
in many European countries (low genetic variation) and in
Middle East and China (genetically different)

Europe
?? migration of resistant TR;,/L98H bearing spores or
?? independent local development

A common ancestor developed locally (the Netherland?)
and subsequent migration across Europe

Several evidences for a fungicide-driven
route of resistance selection



* Cultures frequently falsely negative
in hematological pts

v

PCR assay to detect the most common
resistance-mediating mutations of
A.fumigatus cyp51A gene from clinical
samples

Spiess B et al AAC 2012
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Shift from Cyp51A-mediated resistance to

other new resistance mechanisms

OPEN @ ACCESS Freely avallable online @ PLOS |one

Discovery of aChapE Mutation That Causes Azole
Resistance in Aspergi migatus through Whole
Genome Sequencing and Sexual Crossing

Simone M. T. Camps'**>, Bas E. Dutilh®®, Maiken C. Arendrup®, Antonius J. M. M. Rijs'?,
Eveline Snelders™?, Martijn A. Huynen?, Paul E. Verweij', Willem J. G. Melchers'

Journal of
J Antimicrob Chemother 2013; 68; 512-514 Antlmlcmblul
doi:10.1093/joc/dks451 Advance Access publication 2 Decernber 2012 Chemntherupy

High-level expressi@n of cyp51B in gzole-resistant clinical
Aspergillus Tamigatus isolates

A. Buied?, C. B. Moore?, D. W. Denning®* and P. Bowyer'*

Journal of
A Artimicrab Chemather 20103, 68: 1486-1496 Antlmltrﬂblﬂl
doir10.1093/joc/dkt07S Advance Access publication 10 April 2013 Che mntherupy

@E cdrlB efflux trunh:nrter is associated with non-cyp51a-mediated
i zole resistance in Aspergillus fumigatus

Marcin G. Froczek?, Michoel Bromley!, Ahmed Buied?, Coroline B. Moore!, Ronjith Rajendron?, Riino Routemaoan?,
Gordon Romaoge!?, Dovid W. Denning? and Poul Bowyer!™



* Non fumigatus species increasingly isolated
from clinical samples

* Increasing recognition of cryptic species

cryptic species

Table 1 Aspergillus cryptic species isolated in epidemiological surveys fi 1 1% 15 %
Species Complex TRANSNET [12] FILPOP [1]
N isolates o N isolates %o

A, lentudus A, fumigatus 4 1.8 3 1.1
A. udagawae A, fumigatus 3 1.4 0 0.0
A. pseudofischeri A, fumigatus 1 0.5 1 0.4
A. viridinutans A, fumigartus 0 0.0 1 0.4
A, fumigatiaffinis A, rerreus 0 0.0 1 0.4
A. alliaceus A, flavus 0 0.0 3 1.1
A. carneus A. terreus 0 0.0 1 0.4
A. tubingensis A, niger 6 2.8 22 7.9
A. calidoustus A, ustus 4] 2.8 4 1.4
A. insuetus A, ustus 0 0.0 1 0.4
A, keveil A, ustus 0 0.0 1 0.4
A, tetrazonus A, nidulans 1 0.5 0 0.0
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* Some cryptic species are intrinsically resistant

Table 1 Typical susceptibility trends from these reports of cryptic Aspergillus infections

Susceptibility profile

Species Section  Amphotericin B Itraconazole Voriconazole Posaconazole Echinocandins References
A, lentulus Fumigati @ V* V= V# ® [1, 2, 7-10]
A. tubingensis Nigri S \Y S S - 1, 2, 11, 12]
A. calidoustus Usti S @ @ @ V [1, 2, 15-18]
A. alliaceus Flavi @ 5 5 - @ [1, 19, 20]
N. pseudofischeri Fumigati S \Y A A - 1, 2,9, 21]
A. felistviridinutans  Fumigati S V @ vV V [22-27]

R reduced susceptibility, V' variable susceptibility, * commonly shows reduced susceptibility, S susceptible/lower MICs, — no/
insufficient data in these references

Howard SJ Mycopathol 2014



* Infections caused by multiple Aspergillus
strains with different patterns of
susceptibility



At last, but not at least

* Infections caused by fungi less susceptible
to antifungal drugs
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Antifungal susceptibility of Mucorales

MIC ranges (geometric mean)

VORI ITRA POSA
Mucor (12) 1->8 (>6.0) 0.25-4 (1.19) 0.125-2 (0.79)
Rhizopus (19) 4->8 (>5.5) 0.125-4 (0.58) 0.03-2(0.33)
Syncephalastrum (6) 1->8 (>5.6) 0.03-0.5 (0.28) 0.06-1(0.31)
Rhizomucor (8) 2->8 (>3.1) 0.06-0.25 (0.21) 0.125-0.5 (0.21)
Lichtheimia (13) 2->8 (>5.8) 0.03-0.5(0.18) 0.06-0.25 (0.13)
cunnighamella (8) >8 (>8) 1->64 (>19) 0.5-1(0.71)

Vitale RG et al JCM 2012; 50:66-75
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Antifungal susceptibility of Mucorales

MIC ranges (geometric mean)

Mucor (12) \ 758 (>6.0) 0.25-4(119)  0425-2 (0.79
Rhizopus (19) t->8 (>5/5) 0.125-4 (0.58) 0.03-2 (0.33)
Syncephalastrum (6) 8 (£5.6) 0.03-0.5 (0.28) 0.06-1(0.31)
Rhizomucor (8) B\>3.1) 0.06-0.25 (0.21)| 0.125-0.5(0.21)
Lichtheimia (13) 8 (>9.8) 0.03-0.5(0.18) '0.06-0.25 (0.13
cunnighamella (8) >8 (>8 1->64 (>19) Q.5-1(0.7

/ \ Vitale RG et al JCM 2012; 50:66-75
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Fusarium antifungal susceptibility:
high interspecies variability

Table 4 In vitro susceptibilities of the 54 Fusarfum spp. isolates determined by broth microdilution according to the European Commitiee on
Antimicrobial Susceptibility Testing (EUCAST) methodology

Fugartum (no. of tested isolates)  Antifingal No. of isolates with an MIC (mg/L)of G-MIC MICs, MICy,
0.12 0.25 035 1 2 4 B =16
Amphotericin B 1 9 4 2 1.35 1 2
Itraconazile 1 1 14 12.88 =16
Posaconazole 3 1 11 391 =16
Voriconazole 4 3 & .44 =16
Amphotericin B T 280 : 4
Itraconazile 9 4 2 1.74 2
Posaconazole B T 0.35 0.5
Voriconazole 1 9 3 1.20 2
Amphotericin B 1 11 2 1.05 1 2
Itraconazole 14 16.0:0 i =16
Posaconazole | | 12 13.79 =16
Vorconazole | 2 11 13.12 =16
oxysporum (6) Amphotericin B 5 | 1.12 1 2
Itraconazole 6 16.0:0 =16 =16
Posaconazole 3 3 4,00 1 =16
Voriconazole 2 1 2 1 2.52 2 B

Eur J Clin Microbiol Infect Dis. 2014



Conclusions

* Susceptibility testing of clinical isolates (yeasts and
molds) is increasingly important for patient
management

* Surveillance programmes for species identification and
antifungal susceptibility testing are necessary to
obtain epidemiological data on antifungal resistance

* Detection of antifungal resistant isolates and study of
resistance mechanisms essential to plan strategies to
avoid it
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