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Roadmap to the talk

* The history of antifungal development
e ...and the history of antifungal resistance
* The current pandemic of fungal resistance

e ...the coming pandemic of fungal resistance?
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Resistance occurs to all classes of drugs used against plant
and animal fungal infections

Resistance Status

_ ) Resistance

Azoles Plants Animals Azples Partial resistance
. \ ) Noresistance

t.t' -”- -

‘ "t '“" ‘? Resistance Mechanisms

SDHIs
- t- Target site conformational changes
0 .". . t-“'_ Target site overexpression
: ' || Absence of target
Pyrimidine analogue :
Anilinopyrimidines mlm Efflux pump overexpression
-~ “, -”. ’ Regulation of stress response pathways
? Iﬂ! “v Genomic plasticity: aneuploidy/hypermutation
?  Unknown mechanism
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o_ Echinocandins Number of Resistance Mechanisms
MBCs F &

- - Polyenes
t'_ Morpholines
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Fisher et al. Science 2018;360:739-742
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Fisher et al. Nat Rev Micro 2022; 10.1038/ s41579-022-00720-1
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Azoles

Plants difenoconazole
myclobutanil epoxiconazole
cyproconazole triticonazole
tebuconazole bromuconazole
hexaconazole fenbuconazole

triadimenol flutriafol flusilazole tetraconazole
fluguinconazole

prothioconazole

triadimefon propiaconazole penconazole
metconazole
> 1970 1980 1990 2000
fluconazole posaconazole
1988 2006
itraconazole
1990 isavuaconazole

Animals voriconazole

n 1992

2015

pulmazole
opelconazole



s Widespread azole (CYP51) resistance occurs in plant
fungal pathogens
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Somanon Bhattacharya et al. mBio 2018; do0i:10.1128/mBi0.01291-18




Widespread azole (CYP51) resistance occurs in plant

Plants
fungal pathogens
Table 1. Overview of mutations identified in the CYP51 of field isolates

Organism Crop affected Alterations in the amino acid sequence Reference
Zymoseptoria tritici Wheat L505, D107V, D134G, V136A,V136C, V136G, Y137F M145L, N1785, 12

5188N, S208T, N284H, H303Y, A311G, G312A, A379G, 1381V, A410T,

G412A, Y459C, Y459D, Y459N, Y459P, Y4595, G460D, Y461D, Y461H,

Y4615, AY459 or AG460, AY459/G460, VA90L, G510C, N513K, 5524T
Blumeria graminis f. sp. tritici Wheat Y136F 13
Blumeria graminis f. sp. hordei  Barley Y136F K147Q 14
Erysiphe necator Grape Y136F 15
Mycosphaerella fijiensis Banana plants and plantain  Y136F, A313G, Y461D, Y463D, Y463H, Y463N 16
Venturia nasicola Japanese pear Y133 17
Pyrenopeziza brassicae Qilseed rape G4605, S508T 18
Puccinia triticina Wheat Y134F 19
Penicillum digitatum Citrus fruit V55A, Y136H, M144T, K253E, Q309H, E331A, T432, 1440V, K449R, G4595, 20

R462H, F506l, S507P, K508R, G5115
Oculimacula yallundae Wheat S35T, Q43H, D78Y, E106K, N2445, S505Q 21
Oculimacula acuformis Wheat A29P V37A, Q167H, Y486H, 5505Q 21

Price et al. Pest Managment Science 2015;360:739-742 doi.org/10.1002/ps.4029
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Resistance to azoles is increasing through time
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Evolution of clinical azole-resistance /n situversus ex situ for

AS,OE/' g /// Uus f Um/g d t us (Snelders Future Medicine 2011)
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Aspergillus fumigatus

E | T

None Long-term azole treatment Fungicide use

o
00

.
G54, M220 mutations TR L98H
NIN/NYL T/ NN — N/ N/NYL
Promoter Wild-type Promoter Mutated Promoter Mutated
cyp51A cyp51A cyp51A

Azole susceptible Multiazole resistant Multiazole resistant

CBC transcription
factor blndlng (Gsaller 10.1371/journal.ppat.1005775)

Protein conformational
change

oo/

* TR3, L98H
* TR, Y121F/T289A




Genome sequencing of 218 UK
Aspergillus fumigatus isolates
(153 Clinical; 65
environmental) confirms
acquisition of drug resistant
infections from the
environment

Rhodes et al. Nat Micro 2022;360:739—-742 doi.org/10.1038/s41564-022-01091-2
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® P216L
® Gsaw
G54R
® Gs4E

4,939 SNPs

Clade A
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Measuring UK-wide exposures to azole resistant A. fumigatus
A Citizen Science approach

Four sampling rounds

SCIENCE SOLSTICE

THURSDAY 215" JUNE 2018
** BE A CITIZEN SCIENTIST FOR THE DAY! **
Join fellow citizen scientists across the U.K. in sampling
your local air for fungal spores, to monitor for
resistance to azole fungicide drugs

i sampl your home & workplace!

AUTUMN AIR-QUINOX
Monday 24t September 2018

** BE A CITIZEN SCIENTIST FOR THE DAY! **
Join fellow citizen scientists across the U.K. in sampling
your local air for fungal spores, to monitor for
resistance to azole fungicide drugs

Celebrate Autumn quinox b cllcing outdoor i samples rom your ome & warkpac
h important? Visit

Imperial College
London

Imperial College (354703 N ERC
i | London SR

WINTER SCIENCE SOLSTICE
Maon 17*-Fri 21%* December 2018

** BE A CITIZEN SCIENTIST FOR THE DAY! **
Join fellow citizen scientists across the U.K. in sampling
your local air for fungal spores, to monitor for
resistance to azole fungicide drugs

by collecting outdoor ir samples from your home & workplace!
Visitour website to find out: www.fisherlab.

SPRING AIR-QUINOX
Wednesday 20" March 2019

*% BE A CITIZEN SCIENTIST FOR THE DAY! **
Join fellow citizen scientists across the U.K. in sampling
your local air for fungal spores, to monitor for
resistance to azole fungicide drugs

plo om o
Why ie thi ut: k
v R
o e
i
Yeur
ILmOgglle:: College gf;',g;y';'"ydm,m NERC Imperlal College gg;g;yg,, i NERC
s ot encnioncs. [t0RG | London =

Shelton et al. CitSci_Theory&Practice 2020; Shelton PhD Imperial College London 2021; Brackin et al Current Protocols 2020

=

3. Secure air sampler to
windowsill using Blu Tack label and leave air sampler, and post when possible.

and/or sticky foam.

8-hour exposures

1. Identify an outdoor 2 Ao ARV ﬂ::ﬂlf-”-
ground floor =3

. windowsill at your

& home and workplace.

2. Orientate the air

Blu Tack/sticky foam
is facing down (see

sampler so the white N el £
label is on top and &
clear side with Like this!

4. Peel off (and retain) white 5. Reattach white label

sticky side up, for 6-10 hours.

Jen Shelton

Resistance screening on
azole fungicide

0 mg/L 6 mg/L
tebuconazole tebuconazole
0.04% DMSO 0.04% DMSO

8 mg/L 16 mg/L

tebuconazole tebuconazole

0.04% DMSO 0.04% DMSO



UK experiences a landscape-scale exposure to multidrug-
resistant Aspergillus fumigatus bioaerosols
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Equinox 2019 Jen Shelton

Equinox 2018 Solstice 2019

® Resistant Af

© Sensitive Af

1,894 sample-periods collected 2,366 aerosolised A. fumigatus

Shelton PhD Imperial College London 2021



UK experiences a landscape-scale exposure to multidrug-
resistant Aspergillus fumigatus bioaerosols
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Solstice 2019 Equinox 2019 Jen Shelton

Solstice 2018 Equinox 2018

® Resistant Af

© Sensitive Af

1,894 sample-periods collected 2,366 aerosolised A. fumigatus of which:

1: 20 were resistant to tebuconazole

1:25 were resistant to itraconazole; 1:40 to voriconazole; 1:25 to isavuconazole
and ....

1:150 were resistant to all tested medical azoles
Shelton PhD Imperial College London 2021



UK experiences a landscape-scale exposure to multidrug-
resistant Aspergillus fumigatus bioaerosols

The majority of this exposure is associated with the resistance allele TR,,/ L98H Jen Shelton
cyp51A polymorphisms No. of isolates (n = 111) L0 C]
yp>-2A polymorp ' - isolates
Not A. fumigatus 12 11%
(9 x A. lentulus, 2 x A. nidulans)

TR34 1 1%

TR34/L98H 58 52%

TR46/Y121F/T289A 6 5%

Amino acid subs only 4 4%

No polymorphisms 30 3%

Shelton PhD Imperial College London 2021



A back of the evelope calculation...(take with a pinch of salt...)

Calculating from a 54cm? capture surface, we inhale 3,907 azole-resistant A. f
spores in 8 hrs (or 39 resistant spores assuming only 1% efficiency)




A way out: Future upgrading of the armamentarium of
clinical antifungals with novel modes-of-action

i. ii.
Fungus-specific transporters Cell wall
« Sertraline (no recent progress) * Chitin synthase inhibitors e.g., Nikkomycin Z (no recent progress)

Mitochondria respiratory chain ~ * Tamoxifen (no recent progress) * Farnesylation or prenylation inhibi clinical)
* Glucan synthase inhibitors e.g.] Ibrexafungerp IRezafungfn I

|
|
|
|
* ATI-2307 (PI) * VL-2397 (discontinued — :
|
|
Acetyl CoA synthetase inhibitors : Cell membrane
T
|
1
i
1

but maybe revived)
* AR-12 (No longer in development) * Modified inhaled azoles e.g., Pulmazole (PIIBI Opelconazole (PIII‘
Isocitrate lyase inhibitors » Tetrazole inhibitors (Pl), Oteseconazole (NDA filing)
* Mohangamides A & B (pre-clinical) * Polyene MIAT2203 (PII)

HOG pathway inhibitors
* e.g. Ambruticins (pre-clinical)

RNA synthesis inhibitor
* Rifampin (pre-clinical research)

Calcineurin inhibitors

* Tacrolimus (not currently in development) Isoleucyl-tRNA synthetase inhibitors

* Icofungipen (discontinued)

EF-2 / ribosome complex
* Sordarins (pre-clinical)

Hsp90 inhibitors
* Efungumab (discontinued)

iii. iv.
Fisher et al. Nat Rev Micro 2022; 10.1038/ s41579-022-00720-1 supp info
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A way out: Future upgrading of the armamentarium of
clinical antifungals with novel modes-of-action

o United States
\_/ Environmental Protection ‘
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Environmental Topics Vv

Pesticides

Pesticides Home

Laws & Regulations v Report a Violation v About EPA v
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New Fungicide Ipfluf i
€ ungicide ipiiuienoquin olyene AT2203 (PI])
Bed Bugs
L. . .. . MOA | TARGETSITE |GROUPNAME| CHEMICALOR |COMMON NAME COMMENTS FRAC
Antimicrobial Pesticides For Release: June 25, 2021 AND CODE BIOLOGICAL GROUP CODE
_________________________ 1 benalaxyl
l benalaxyl-M  [Resistance and crossresistance
\ (=kiralaxyl) well known in variousl
\ acylalanines furalaxyl Qomycetes but mechanism
inhibi _ funaici metalaxyl unknown.
. metalaxyl-M
HOG pathway':r'rh:bttors N -~ oll\y; | P8 s oy o .
* e.g. Ambruticins (pre-clinical) ” —)—d. | See FRAC Phenylamide
oxazoldinones Ooxadixy Guidelinesforresistance
g butyrolactones ofurace management
g Medium risk. Resistance and
© A2 hydroxy- hydroxy- bupirimate cross resistance known in
ii in inhibi K] adenosin- (2-amino-) . A dimethirimol powdery mildews. 8
Ca.'cmeurm inhibitors , E | deaminase | pyimdnes [22MNCIPYIMAnes giriim Resistance management
* Tacrolimus (not currently in developm | 8 required.
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E Ad Bactericide. Resistance known.
c . - o T Risk in fungi unknown.
. op - .. |DNAtopoisomerasg carboxylicacids |  carboxylicacids oxolinic acid ; 3
H$p90 inhibitors|| < type IFI) (ayrase) i o Resistance management
required.
* Efungumab (d A5
inhibition of
dihydroorotate DHODHI-
.s dehydrogenase fungicides phenyl-propanol ipflufenoquin Medium to high risk. 52
Il. within de novo
pyrimidine
biosynthesis

Dihyro-orotate dehydrogenase
(DHODH) inhibitor

research)
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https://www.frac.info/docs/default-
source/publications/frac-code-
list/frac-code-list-2022--

final.pdf?sfvrsn=b6024e9a_2




?A way out: Future upgrading of the armamentarium of
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