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Pre-azole era — before 2002

i Amphotericin B deoxycholate

Invasive pulmonary aspergillosis — mortality 70%

CNS aspergillosis — mortality 99%

DEATH
SENTENCE
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Triazole era — after 2002: Change.....”Yes we can”

Antifungal azoles: voriconazole (2002),
posaconazole (2006), isavuconazole (2015)

Invasive pulmonary aspergillosis
- mortality <30%

CNS aspergillosis
— mortality 45% - 60% (VCZ)

Case

15 year old child with X-linked CGD
Had previously survived an infection with A. nidulans

Was on ITZ prophylaxis for 6 years

12 N EnglJ Med 2002;347:2173-4. Radboudumc
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Case

During ITZ prophylaxis a
pulmonary infiltrate developed

Sputum culture (April 4t 2002)

A. fumigatus

ITZ >16 mg/|
VCZ 4 mg/l

POS 1mg/l
High dose VCZ (12 mg/kg/day) - survived

13 N EnglJ Med 2002;347:2173-4. Radboudumc

Azole R invasive aspergillosis

Table 1. Characteristics of Nine Patients from Whom A. fumigatus Resistant to Multiple Triazoles Was Cultured.
¥rof Underlying Previous Azole
Sex Age Disease Date of Isolation  Site of Isolation Disease Classification® Exposure Treatment Outcome

Malei 15 X-linked chronic granuloma-  April 4,2002  Sputum Prophylaxis with itraco-  Voriconazole (high-dose)  Survived

tous disease e (for 6 yr)
Male 73 None Dec.3,2003  Earswab Surgery and topical Survived
¢ therapy
Male 16  Hyper-IgE syndrome Nov. 19,2004 Bronchoalveolar-  Breakthrough invasive pulmo- Treatment with voricon- Surgery and posacon Survived
lavage fluid azole (for 2 yr) az
Female 76 Pulmonary fibresis June 26,2005  Sputurn Voriconazole Survived
losis, poss
Male 31 Chronic granulomatous dis Nov.1,2005  Lungaspirate Breakthrough invasive pulmo-  Prophylaxis with itraco. Caspofungin and Survived
ease nary aspergillosis, proba- nazole (for >10yr) posaconazole
ble

=]

Voriconazole, amphoteri-  Survived
n B,

Female 62 Chronic obstructive pulmo- April 5, 2006 Bronchoalveolar Invasive pulmonary aspergil-
nary disease lavage fluid losis, possible

d posacon-

Female 68  Acute myeloid leukemia Feb. 14,2006  Bronchoalveolar isseminated invasive asper, Voriconazole Died
lavage fluid gillosis, probable

az
Male 19 Chronic granulomatous dis April 15,2006  Bone Breakthrough aspergillus os-  Prophylaxis with itraco- Voriconazole, caspofun.  Survived
ease teomyelitis, proven nazole (for >2 yr) gin, and posacon
az
Male 45 Acute myeloid leukemia and  May 11,2006  Nose swab Breakthrough aspergillus si phylaxis with itraco-  Posaconazole Died

allogeneic hematopoietic nusitis, proven nazole (for 4 wk)
stem-cell transplantation

14  NEJM 2007;351:1481-3 Radboudumc
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Epidemiology of azole resistance in 2002
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Antifungal azole drug targets
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Analysis of the fungal culture collection

250 isolates from the environment
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17  pLoS Med 2008;5: 219. Radboudumc

Environmental sampling
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Environmental sampling
MIC (mghiter)' i ion®
Category  180late Source of isolate Xear of Codon
e isolation | yrz VCZ POS AMB TER Ccas | TR -y Other(s)
ITZ' V1724 Air sample, patient room 2002 »16 108 05 001 025 | +  L98H | S297T, F49s1
V22.76  Air sample, patient room 2003 16 16 0s 0s 0031 028 + L9SH
V37.56  Air sample, patient room 2008 >16 2 0s 1 0.125 02s + L9SH
V6156 Water filter sample 2007 | >16 4 08 05 028 1 +  L9SH
V61-57  Water filter sample 2007 »16 4 08 05 0063 0s | + LSSH
V61-50  Soil 2007 »16 4 08 05 028 32 +  LSSH
V619 Soil 2007 »16 § 05 1 0.016 0s | + LSsH
V6205 Soil 2007 >16 § 08 05 0128 02 | + L9SH
V6209 Soil 2007 | >16 4 0s 1 0.063 1 + LsSH | QuIH
V62-10  Soil 2007 | >16 4 02 1 0.125 os | + LSsH
V6214 Soil 2007 | >16 4 025 1 0.063 1 -
V62-48  Seeds 207 | >16 4 08 05 028 1 + LS8H | ssar
V62-63  Compost 2007 >16 >16 05 1 0.0031 0s L9SH
V629 Soil 2007 | >16 05 025 05 05 os | -
ITZ V04-22  Air sample, paticnt room 2000 025 05 0063 1 0.063 os -
V22-74  Air sample, patient room 2003 028 0s 0031 1 0.063 0s -
V22-80  Air sample, patient room 2003 025 05 0031 1 0s 0s -
V57-35  Water filter sample 2007 025 05 0031 1 0.063 0s -
VS7-53  Water filter sample 2007 025 05 0063 05 0016 0s
V6204 Soil 2007 025 1 0125 05 02 0s -
V6206 Soil 2007 1 4 025 1 05 s - F46Y, MIT2V, EA2TK
V6207 Soil 2007 05 05 0125 1 0.063 1 -
V62-12  Soil 2007 05 4 028 1 0.031 1 - F46Y, MI72V, EA27K
V62-13  Soil 2007 1 2 028 1 05 1 -
V62-23  Soil 2007 025 1 0063 1 025 0s -
V6301  Soil 2007 025 05 0031 05 0125 s -
V6303 Soil 2007 025 1 0063 1 0.063 0s -
V6304 Soil 2007 025 05 0063 05 0016 es -
V6305 Soil 2007 0s 4 025 05 o0S s -
“VCZ, vori POS, le; AMB, icin B; TER, CAS,
19 Appl Environm Microbiol 2009;75:4053-7 Radboudumc

Environmental and patient TR;,/L98H isolates typing
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The evolution of resistance mechanisms involving TR

1995 2000 2005 2010
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Acquired resistance frequency in A. fumigatus 2013 - 2017; NL
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Geographic spread: environmental
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Aspergillus fumigatus on the move...

What are the clinical
implications of azole
resistance?

How is azole resistance selected in
the environment?

Radboudumc
Clinical: does resistance result in treatment failure?
M220K
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Clinical: does resistance result in treatment failure?
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In vivo efficacy of posaconazole
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In vivo efficacy of posaconazole
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Does azole resistance contribute to treatment failure?

What was the status of the underlying condition?

Was there sufficient voriconazole exposure?

High mortality of CNS aspergillosis

Was the timing of therapy appropriate?
Did the azoleR isolate cause the disease?
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Clinical imnlications of azole resistance
2013 7.1
2013 7.1 r 20149
2014 8.7 2015 6.7
2015 15.7
201319.2
2014 13.3
201516.3% | X
J 20134
2014 4.9
2013 4.3 2015 8.3
2014 3.8
2015
’ Prevalence of azole resistant IA in specific host groups? |
’ Mortality of azole resistant IA? |
31  www.swab.nl: Netmap 2016:128-31 Radboudumc

Azole resistance frequency: ICU LUMC

197 patients
on antifungal therapy
33 double therapy
i *| 21 prophylaxis only
7 other molds than A. fumigatus

136 patients treated
(suspected of 1A)

!

38 patients
positive culture for IA

i

{ }
10 patients with 28 patients with
resistant 1A susceptible IA
10/38 =26%
Mgo =100% Mgo =7%
32 Euro Surveill 2016 ;21(30). Radboudumc
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Overall mortality in vori R versus vori S in non-ICU patients
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On the move......38 year old female admitted to the ICU

[ .
Influenza-associated aspergillosis %
35 Radboudumc

Aspergillus tracheobronchitis........inside the bronchi
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Azole resistance

In vitro susceptibility 16 patients — 5 azole R (31%)
Patlent  Underlylng  Phenotype  Asole MIC (mg/T){interprotation) Outcome®
10/age  disease frst culture  resistant mutation therapy* treatment
(specimen)  isolate regimens*
Amb el va ros A AVG
21/34  Nome Azole: Purst cultwre 05 (%) »H(R) U] os(r) i (R) 0016 TRu/LYEH Voriconazole (+7) U Amb Died (+27)
reststant (+22)
(BAL)
42/52 Nome Moed First culture 025 (%) 2 () OS(R) »B(R) 0031 TRW/YI2IF/  Vericonasole (0) LAmN (+4) Died (+13)
(sputum) T200A
$5/38  None Wikdtype  Atautopsy 05 () 0(R) 2 O5(R)  B(R) 0031 TRu/L9EN Voriconazole (5)  VCZeAYG (0); Died (+16)
(sputum) VCZoLi-AmB (+5)
23 /44 Asthema, Mixed Pirst culture 1(5) »8 (R) 4(R) 05 (R) »8(R) 0016 TRw/L9SH Voriconazole (+11) Li-AmB (+16). CAS  Survived
sinusitis. (sputum) (+26); Li-AmB
(+30)
$1/71  Lungcancer, Azole- Pirst culture 05 (%) »8(R) 4(R) 0S5 (R) >B(R) 0016  TRu/L9SH Voriconazole (+5) VCZAFG (+9): L Survived
corp resistant AmB (+11);
(spugum) VCZAAFG (+14)

3 mixed azoleS and

environmental 3 died,

mutations

2 survived

azoleR infection
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Pathogenesis of mixed infection

@ Azole susceptible @ Awleresistant

39  AmJ Resp Crit Care Med 2016;193:927-9 Radboudumc

Environmental route: Screening for azole resistance - VIPcheck™

Phenotype Genotype
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Post-azole era — after 2015?

Liposomal AmB, combinations |

»
AN AN

Invasive azoleR pulmonary aspergillosis — mortality 80%

CNS azoleR aspergillosis — mortality >85%

DEATH
SENTENCE

post-azole
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Are azole fungicides active against A. fumigatus?
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Paciobutrazole
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¢ 1906
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Carbendazim 1983 Fenchlorazole-ethy Fenamidone
Fuberidazole Bitertanol Triflumizole Metconazole
Thiabendazole Fenarimol Tebuconazole | Prothioconazole
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1 1 1 1 1 Year
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43 PLoS ONE 2012;7: e31801. Radboudumc
Activity of fungicides against A. fumigatus
104 Activity against wild type not against TRy/L98H
Molecule structure similarity
Molecule docking affected
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Fungicides and medical triazoles
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Year of authorization of fungicide

1998
First azoleR
clinical isolate

1985
1994
Difenoconazole
Epoxiconazole
Imazilil Triadimenol 100
— Imazamethabenz-methyl
N Myclobutanil
Benomyl Prochloraz, el o
Thiophanate-methy| 1900
Penconazole 1982
1973 Cyproconazole 2005
Carbendazim ) Fenchlorazole-ethy! Fenamidone
Fuberidazole Bitertanol Triflumizole Metconazole
Thiabendazole Fenarimol Tebuconazole Prothioconazole
1970 1960 1960 2002
Amitrole Triadimefon Propiconazole Cyazofamide
1 1 1 1 1 Year
1970 1980 1990 2000 2010
45 PLoS ONE 2012;7:e31801. Radboudumc

The tsunami of resistance mechanisms involving TR
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Environmental azole exposure?

Plant protection

Survival in azole-containing and azole-free environments

Azole-free Azole +

‘- ©®‘>

Can compete with WT in
azole-free environment

Advantage over WT in
azole-containing
environment

I<©<:>0 ©

48 WAGENING E N [T Lancet Infect Dis 2016; 16:e251-e60 Radboudumc

Hosted by Paul Webber paul@webbertraining.com
www.webbertraining.com



The Race to Stop the Silent Tsunami of Antifungal Drug Resistance
Dr. Paul E. Verweij, Centre of Expertise in Mycology, Radboud University Medical Center
A Webber Training Teleclass

Survival in azole-containing and azole-free environments

©®.>
.(@@.)
Ee-om

Azole-resistant phenotype
TR;,/L98H
TR,/Y121F/T289A

Fitness
Survives in competition with WT

49 WAGENINGENDNEN

Lancet Infect Dis 2016; 16:€251-e60 Radboudumc

In-host adaptation and triazole resistance
- OB N - )

I<©<:>0 ©

Souw'“’ ENINGE N NN Lancet Infect Dis 2016; 16:¢251-e60 Radboudumc

Starting azole
therapy

Switching azole
therapy

Stopping azole
therapy
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Sampling of compost heaps in the Netherlands
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Understanding resistance selection
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Understanding resistance selection

TR4s/Y121F/T289A - 80%

TR46/Y121F/M1721/T289A/G448S — 2%

TR463/Y121F/M1721/T289A/GA48S — 9%

53“‘““‘“'”9‘" Jianhua Zhang et al. Radboudumc

Understanding resistance selection
2012 - TR,*
&
2015 2012
2013 .
&

TR,¢3 in patients
54  Jianhua Zhang et al. Radboudumc
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Ultimate aim

55 Radboudumc

Conclusions

Simultaneous interpretation
Domestic broadcast
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Conclusions: evacuation is not an option....

Understanding resistance selection is
critical to retain the azole class for both
medical and non-medical applications

57 Radboudumc
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CHLORHEXIDINE USE AND BACTERIAL RESISTANCE
Speaker: Prof. Jean Yves Maillard, Cardiff University, Wales

September 27, 2018

(FREE European Teleclass - Broadcast live from the 2018 IPS conference)
Cottrell Lecture ... SURVEILLANCE BY OBJECTIVES: USING MEASUREMENT

IN THE PREVENTION OF HEALTHCARE ASSOCIATED INFECTIONS
Speaker: Prof. Jennie Wilson, University of West London

Beptember 30, 2018

(FREE European Teleclass - Broadcast live from the 2018 IPS conference)

Ayiliffe Lecture .. THE IMPACT OF DISINFECTANTS ON ANTIMICROBIAL
RESISTANCE - AN AYLIFFE PREDICTION

Speaker: Prof. Shaheen Mehtar, Stellenbosch University, Cape Town, South Africa

(FREE CBIC Teleclass)
Dctober 11, 2018 INFECTION CONTROL CHAMPIONS ARE MADE, NOT BORN
Speaker: To be announced

Dctober 2, 2018

(South Pacific Teleclass)

BIOFILMS IN THE HOSPITAL ENVIRONMENT - INFECTION CONTROL
IMPLICATIONS

Speaker: Prof. Karen Vickery, Macguarie University, Australia

Dctober 17, 2018

INFECTION PREVENTION CORE PRACTICES: RESETTING THE BAR FOR
SAFE PATIENT CARE
S P R Carri | e o | ille

Hosted by Paul Webber paul@webbertraining.com
www.webbertraining.com
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The Race to Stop the Silent Tsunami of Antifungal Drug Resistance
Dr. Paul E. Verweij, Centre of Expertise in Mycology, Radboud University Medical Center
A Webber Training Teleclass

Thanks to Teleclass Education
PATRON SPONSORS

World Health
Organization

A\ * S
Diversey . GOJO ) Infection
T ® Prevention

and Control
Global Unit

www.diversey.com www.virox.com www.gojo.com www.who.int/gpsc/en

Hosted by Paul Webber paul@webbertraining.com
www.webbertraining.com



