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Antifungals spectrum: Moulds
Aspergillus -
fumigatus pfefreus flavus ASZ:ZZI?//US () m3ZZ$65
Amph. B + - +/- + (+) (+)
Anidulafungin + + + - = =
Caspofungin + + + - = =
Micafungin + + + = = =
Fluconazole - - - - = o
Ttraconazole + + + = = =
Posaconazole + + + ? +/- +/-
Voriconazole + + + + +/- =
5-FC - - - = = =
Terbinafine +/-
M. Cavling Arendrup
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Agenda

B Infrinsic susceptibility
— A. fumigatus and beyond

B Acquired resistance mechanisms
— In Aspergillus

M Size of the problem

M. Cavling Arendrup
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Aspergillus section Fumigati
® 10 anamorphs W23 telemorphs (Neosartorya)
— A. brevipes — N. assulata — N. laciniosa
— A. duricaulis — N. aurata — N. mulplicata
— A. fumigatiaffinis * — N. aureola — N. papuensis
— A. fumigatus — N. australensis — N. pseudofischeri *
— A. fummisynnematus — N. coreana — N. quadricincta
— A. lentulus * — N. denticulata — N. spinosa
— A. novofumigatus — N. ferenczii — N. stramenia
— A. turcosus — N. fennelliae — N. spathulata
— A. unilateralis — N. fischeri — N. tatenor
— A. viridinutans * — N. galapagensis — N. udagawa*
— N. glabra — N. warcupii
— N. hiratsukae
Isolates in red have been isolated from humans, * resistant to one or more AFs
Samson in " Aspergillus fumigatus and Aspergillosis’ 2008 M. Cavling Arendrup
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Intrinsic and Primary resistance
Intrinsic: v Primary: (V)
AMB Azoles Echinocandins
Aspergillus section fumigati
A. fumigatiaffinis v v
A. lentulus v v ()
N. pseudofischeri v
A. viridinutans v
N. udagawae v
A terreus v o
A. ustus (A. calidoustus) v v v
A. flavus () ()
A. allilaceus ) )
Alcazar-Fuali AAC 2008 Perlin & Mellado in " Aspergil izatus and Asperaillosis® 2008 Verweii Fukariatc Cell Jog g Arendrup
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Acquired Resistance in Aspergillus

Compound Azoles  Echinocandins Amphotericin B
P450

Target ity Glucan synthase Ergosterol

Target gene 514 FsKI *

mutation

Target up- CYP51A+ v

regulation Promotor

Efflux pumps  ABC & MF

* only laboratory engineered strains

M. Cavling Arendrup
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Systemic Antifungals: Mode of Action

Glucan synthase ell wall B-1,3 gluccm

Gene: FKS \ Echinocandins
- + Anidulafungin
+ Caspofungin
* Micafungin

Lanosterol
- " Ergosterol
=~_Polyenes
W Cyt P450 oly N
NP4 Gene: CYP51A + Amphotericin B

Azoles
+ Ketoconazole
* Flu- & itraconazole

* Voriconazole & posaconazole
M. Cavling Arendrup

Terbénafine
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Azole resistance: Target gene

Three Cyp51 genes: CYP5IA; CYP51Band CYPSIC

Tandem ‘
Repeat

Mutations ‘

Amino Acid numbers

Howard Emerg Inf Dis 2009, Mortensen JCM 2011, Buied JAC 2010 Arendrup PLoSONE 2010 M. Cavling Arendrup
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CYP51A mutation: A. fumigatus |

Up-regulation of gene expression
Multi-triazole resistance

Tandem
Repeat & L98H

!
Promoter |mml G54 M L98 jm G138
i i

6138C M220K
G138R M220T
Multi-triazole M2201
resistance K: Multi-triazole

Ttra & Pos resistance

re;(i]sngea T&T: Itra + Vori &

Posa
New mutations are continuously reported
Howard and Arendrup Med Mycology 2010 M. Cavling Arendrup
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A. terreus: Azole R w CYP51A M2171
MIC (mg/L) Primer
Sample-ID T i CYP51A 2 Genotype
ECOFF: 0.5 ECOFF: 0.25  ECOFF: 2 8 N R A e

MB031 05 05 7 Wt 1 nl 5 3! 5! A
MB-04-1 05 05 wt b nl pl rl cl A
MB-07-1 05 05 4 wt 1 nl pl rl cl A
MB-07-2 2 05 4 M2171 1 nl pl rl cl A
MB-07-3 2 0.25 4 M2171 1 nl pl rl cl A
MB-07-4 05 025 4 wt 1 nl pl rl cl A
MB-07-5 2 05 4 M217T 11 nl pl rl el A
MB-07-6 2 05 4 M217T 11 nl pl rl el A
MB-07-7 2 05 2 M2171 1 nl pl rl cl A
MB-09-1 2 0.25 4 M2171 1 nl pl rl cl A
MB-09-2 025 006 05 wt 2 n2 pl rl cl F
MB-09-3 1 0125 1 M217T 11 nl pl rl el A
MB-09-4 1 025 1 M217T 11 nl pl rl cl A
MB-09-5 1 05 2 M217T 19 nl pl rl c 8
MB-09-6 2 05 1 M217T 1 nl pl rl cl A
MB-09-7 2 0.25 2 M2171 1 nl pl rl cl A
MB-09-8 1 025 2 M217T 11 nl pl rl c A
MB-09-9 1 05 4 M217T 11 nl pl rl cl A
MB-11-1 2 05 2 M217T 11 nl pl rl el A
MB-11-2 2 05 2 M2171 11 nl pl rl cl A
UKNEQUAS-97 0.125 0.06 05 wt 13 n3 p3 r3 cl C
UKNEQUAS-99 0.125 0.06 05 wt 13 n3 p3 r3 cl 4
OUH-04 006 003 025 Not done | 8 n4 p2 r2 2 D
Esbjerg-05 0125 006 05 wt 16 nl p5 r4 cl H
Skejby-05 006 006 025 wt 7 nl p7 rl el 6
- 0.125 0.06 05 A221V 15 n5 pé. r5 cl E

Arendrup, JID 2012 M. Cavling Arendrup

Howard 2009, Snelders 2008410, Buied 2010, Mortensen 2010&11, Verweij 2010 Mellado 2007, Rodriguez- M. Cavling Arendrup
I 2008 ilvia Ferveira 200445 5 5

CYP51A mutation: A. fumigatus

AA zmmo;<<zmo::;\,ﬂ;;%>-w»-n:grg<mm-—«m<:
P mmum,BSH;HHHHNNO\NNN(»\OONA&Ab »
position NNA®5»~Bmﬁf,ongoi%‘S%»ow&ﬁ‘ﬁgo%‘ﬂ‘&

®
AA O4MIINMIIHAOIKCHARZA>ACHOOOODD DI H
i I H4
Subg‘n z o=
-tution < -
= =
B3

ITRA RRRRRR-RRRRRRRRRI-RRRSRRRRRRRR

POSA - TRSVV-1TRIRRVR- -VI-SIVSR-R-V

VORI - RSRRVRRRRRSVYV- RRS-TRVSR-R-R

R: resistant, I: intermediate, S: susceptible; V: variable susceptibility; D: decreased susceptibility

Current Fungal Tnfection Reparts 201

Azole R A. terreus: CYP51A M217T

Ampho. B

EUCAST Azole MICs MICs
Itraconazole Posaconazole Voriconazole EUCAST

(ECOFF: 0.5) (ECOFF: 0.25) (ECOFF: 2) (48h)

Controls (6) 0.06-0.125 (0.125) <0.03-0.06 (0.06) 0.25-0.5 (0.5) 2-4(2)

MB wt-F (1) 0.25 0.06 0.5 4

0.5-4 (2)

M217T 1-2 (2) 2-4(2)

Arendrup, JID 2012 M. Cavling Arendrup
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A. flavus: Azole R w Cyp51C S240A

B AML pt with IPA failing 2 months(+) voriconazole
— Voriconazole MIC: 8 mg/L (EUCAST BP: S: < 1mg/L)
— Itraconazole MIC: 2 mg/L (EUCAST BP: S: < 1mg/L)

Cyp51C

A. flavus

Voriconazole MIC: 0.25 mg/L
Itraconazole MIC: 1 mg/L

Liu AAC 2012 M. Cavling Arendrup
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Resistance 3: Efflux pumps

B Two families
— ATP-Binding Cassette transporters (ABC)
— Major Facilitator (MF) transporters

ABC: atrF 1 in ITR resistant A. fumigatus MDR2 T in VOR MIC 4 mg/L A. terreus
10
9
< g Upregulationin | | _ —~ITR
3 8
z7 presence of [ -=VOR
Eo Ttraconazole L6
5 ~
€ M -
3, -]
EP 22
2
31 Nl Bol W 0
§ Mmoo oamoam e o O 1 Hoes 3 4

Slaven Fungal Genetics and Biology 2002, Arendrup-Perlin unpublished data M. Cavling Arendrup
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Resistance 2: target gene up-regulation

»
o

. Target up-regulation
235 TR in the .
g 4 promoter P88L in HapE
£ s
S e
<
= 8
S
o
05
0
Control WT  Control Isolatel TIsolate2 Isolate3 Isolate 4
VRC MIC TR/L98H s) s) R) (R)
(mg/L) 0.125 8 _ 05 0.5 4 4

T
A. fumigatus from a Danish CGD patient

Arendrup PLoSONE 2010, Camps in preparation. M. Cavling Arendrup
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Aspergillus Echinocandin resistance

B Mutations in FKS1 gene coding glucan synthase
— S678Y laboratory generated mutant
— S678P laboratory generated mutant

B Over-expression of the gene

A. fumigatus R A. fumigatus control
Co CAS Co CAS
AF-FKS
" -

Co: untreated A. fumigatus,
CAS: CAS treated A. fumigatus

Gardiner Med Mycol 2005; Rocha AAC 2007; Arendrup AAC 2008 M. Cavling Arendrup
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Aspergillus resistance -in vivo efficacy

— n
Agenda

Mice inoculated with A. fumigatus and subsequently treated for 10 days

Pan-Azole R isolate (Pos > 4; M220K) B Infrinsic suscep’rlblh’ry

Caspofungin R isolate (up-regulation)
— A. fumigatus and beyond

100 . 100 T
E 804 E 80+ "
2 o] 2 o] B Acquired resistance mechanisms
5 40 g s — In Aspergillus
5 -z s 5 1
Q204 a 204

4 S S S Y B Size of the problem

0123456 7 8 9101112 0123 456 7 8 9101112
Days Days
- Control =¥- Posaconazole High -#= Control ~e- Caspofungin

~+ Posaconazole Low =&~ Caspofungin ~&- Posaconazole Low =¥- Posaconazole High

Arendrup AAC 2008 M. Cavling Arendrup

M. Cavling Arendrup
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i Azole Resistant CNS aspergillosis

Aspergillus SCARE study prelim. data

Study coordinators:

Verweij, van der Linden & Arendrup

AU** 4% /' °

Chi 0.0%

© no azole resistance
® resistance found
**>100 isolates fested
* > 60 isolates tested

M. Cavling Arendrup

van der Linden CID 2009

All three azole naive

M. Cavling Arendrup

ES**  45%
DK**  45%
o 5 NL**  6.0%
B Azole resistant A. fUm/ga?‘US 2009-10 AT  43% Specimen Cyp51A alterations MIC, mg/L
FR**  1-3% Patient Type TR Codon98 Other AmB Tz VCZ POS CAS
/ IT:: 45% 1. 42y HIV Brainbiopsy +  L98H - 0z > 8 05 025
o0 " o BE 2_50/0 2. 64-y Cancer Brain bicpsy  + LogH - 1 >16 16 0.5 05
‘::;. GE* 17% 3. 11y ALL Lung biopsy ~ + LogH - 05 16 16 2 05
o. ” e SEX* 12% Control Sputum - - - 0.25 0.25 025 01256 025
$ CH**  10% Control Sputum - - - 05 0125 05 0063 025
/ FR**  0.6% Control Sputum 0.25 0.25 025 0083 05
UK** 10/28%
Us* 33% NO 0.0% vPt 1: Voriconazole > ambisome
glf 88;:~\ o Eb 8852‘: Pt 2: Voriconazole -> voriconazole + caspofungin
BR 0.0% I glRJ 883 v'Pt 3: Voriconazole > voriconazole + caspofungin > ambisome + caspofungin
= Al died




—i

Multi-azole resistant A. fumigatus

Site (no) EUCAST
ite (no.
MIC (ug/ml)
Sample ID. I cypolA
ITC VRC POs
Rigshospitalet (27)
RH-13 >8 4 05-1  TR;,/L98H
Tivoli Gardens (23) N
T-11 4/50 soil TR14/L98H
T-18 samples in Cph TR3,/L98H
T-22 ~ 8% 5  TR;,/L98H
Control isolate
CM-237 0.25 0.5 0.06 Wild type

Mortensen, AAC, 2010 M. Cavling Arendrup
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Azole resistant A. fumigatus in azole .
naive patients in Europe

® TR,,/L98H
detected

"New" azole resistance
mechanisms detected in
azole naive patients or
in the environment

NL:

® TR,,/Y121F/T289A
g o France:

® 64325

g 3
W%‘J .

Scare Study, Denning CID 2011, Snelders PLoS Med 2008, Mortensen AAC 2010, Verweij ICAAC 2010, .
M. Cavling Arendrup
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Fungicide use & TR;,/L98H reports

Global market share of fungicide use in agriculture ®TR34/L98H
9% N-America

37%
W'E“."':o
o, 5%
.. e E-Eur
[ ]
24% Asia-
o Pacific

22% S- &
Latin America

M. Cavling Arendrup

Stensvold Current Fungal Infection Reports 2012

Mellado AAC 2007
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CYP51 codons involved in azole R ;

z s
8 2

-4
A. fumigatus  tfvvoLrrr  i@@roevkr  Trvviev@ey EF1inckko @wasEvyseL
M. graminicola LNVLSQLLFR TITYGIDPYKF TTVCLGTKCN (FILNGKLKD VNAEEIYSPL

2
- & - ~ o
TrPVFCSDVY @bcpNskiME okkFIKYGLT @EALESEEL SéGRM HoLDKGFIRE N PwARLP

1TevFGKO) EhPNSKIfJE OKKFVKYGLT TSALQSYVTL TI HYLDMGFTPI NFMLPWAPLP

L2LA

2] T

>

4%
red
6124
022N

z » ] %) ) ] » m <0

8 g 8 g 8 & g 5 858
cryisoo veokei@vm kivacoHd) ceadBbesie addsvr arBpearena @vvi v
CKYKDGNA IPDKEIAEMM IALLMAQOHS G.VNADGSIK AAPGTT SRMDEHFPDC EKE v

= o s =7

3 2 & &

8
sxdPsspYLP HORGRHRCIG EKFAYYNIGV LFNVDGKKGV peTr{Pss A. fumigatus
SKGAASPYLP FGAGRHRCIG EQFAYWproT FYnvIGsr@l veTpvsst M. graminicola

azole resistance in azole exposed patients
azole resistance in azole ndive patients or in M. graminicola * associated with a tandem repeat in the promoter region of A. fumigatus.

Stensvold Cur Fung Inf Rep 2012 M. Cavling Arendrup
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Azole resistant Asp: In vs. Ex vivo Origin

Date ITC AMB cyp51A alteration
Patient 4

17.07.2007 1 05 Not found
05122007 0.5 05 Not found
09.07.2009 >4 05 M220T + V101F
16.07.2009 >4 0.25 M220T + V101F
2107.2009 >4 05 M220T + V101F
10.08.2009 >4 0.25 M220T + V101F
07.09.2009 >4 1 M220T + V101F
23.10.2009 >4 05 M220T + V101F
24.11.2009 >4 1 M220T + V101F
26.11.2009 0.5 1 Not found
14122009 >4 05 M220T + V101F
Patient 5

01.08.2007 >4 05 TR+L98H+S297T+F4951

16.11.2007 >4 05 TR+L98H+S297T+F4951
20112007 >4 05 TR+L98H+S297T+F495L
06.12.2007 >4 05 TR+L98H+S297T+F4951
12052009 >4 05 TR+L98H+S297T+F495L

28.07.2009 0.25 05 Not found
31.08.2009 >4 1 TR+L98H+S297T+F495L
13.11.2009 0.25 05 Not found
24.112009 >4 05 TR+L98H
Mortensen JCM 2011 M. Cavling Arendrup
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Susceptibility testing recommended! ‘

AST EDEF 9.1 for the ref lab Azole screening agar for the routine lab

Amf Casp Vor Itra Flu Contr Azole
37 16-0.125

M. Cavling Arendrup
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4.5% Aspergillus Azole resistance in DK

A. fumigatus A. terreus
CYP51A alterations CYP51A alterations
TR34/L98H M217
viol Up-regulation
M220 MRD2
5297
Y491
F495

Up-regulation

P88L in HapE Tip of the iceberg:

No mechanism found yet

Mortensen JCM 2011, ETCMID 2011, Arendrup PlosOne 2010 and JID 2012; Camps in prep M. Cavling Arendrup
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