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When rest-streams, microbes, and chemicals meet

a potential (One-)health problem emerges



Disentangling AMR evolution
Separating the communalities from the specifics

Relevant factors

o Resistance mechanisms

o Ecological settings
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It is NOT just the Dutch bulb sec’ror

of the cyp51A promotor region and structural gene of 41 representative azole-resistant A. fumigatus isolates.

Total A. Freq TEB Resistance mechanism on azole targeted gene cyp51A ® D U TC h M| N |S1Ty fU N d ed
fumigatus  Resistanc Freq ITR Number of Promoter prOJeC-I- : fO”OW| N g U p on
Samples Code CFU/g e Resistance  colonies Selection insertion Coding region . G "
NG_HAB_BW_20081 POSSI ble hOTSpOTS
B-wood 7.2 552000  0.03 0.03 Colony1l  ITR 34 L9H*
Colony 2 ITR 0 None
AL_HAB_BW_201009
2 2300 0.28 0.24 Colonyl IR 0 None
O Colony2  TEB 46 Y112F/T289A/G448S*
AL_HAB_EC_201113_
B-wood 1A 1600000  0.22 0.16 Colonyl IR 46 Y112F/T289A*
O Colony2  ITR 46 Y112F/T289A/S363P/1364V/G448S*
- AL_HAC_BW_201009
C wood (1A 4750 0.19 0.05 Colonyl IR 46 Y112F/T289A*
O Colony2  ITR 46 Y112F/T289A*
M DB_AB1_20201228_
1B 5400000  0.31 0.20 Colonyl IR 46 Y112F/T289A*
O Colony2  ITR 34 L9SH*
M DB_AB3_20201228 _
1B 43200000 0.13 0.13 Colonyl IR 34 L98H*
O Colony2  ITR 46 Y112F/T289A/S363P/I1364V/GA448S*
M DB_AB2_20201228_
1A 54000000 0.03 0.01 Colony1l  ITR 0 None
O Colony2  ITR 46 Y112F/T289A/S363P/I1364V/GA448S*
L DA2_UI_20201210_1
A 13800000 0.78 0.45 Colony1l  ITR 46 Y112F/T289A/5363P/I1364V/G448S*
O Colony2  ITR 46 Y112F/T289A/S363P/I1364V/GA448S*
L EM_UI_20210106_1
A 10800 0.19 0.19 Colony1l  ITR 46 Y112F/T289A/5363P/I1364V/G448S*
O Colony2  ITR 34 L9SH*
- OB_AA1_20210108_
Potato 1B 7560000  0.21 0.25 Colonyl IR 34 L9H*
] Calony 9 TR 2 | QQH*
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It is NOT just the Dutch bulb sec’ror

Genetic analysis of the cyp51A promotor region and structural gene of 41 representative azole-resistant A. fumigatus isolates.

Total A. Freq TEB

fumigatus Resistanc Freq ITR
CFU/g e Resistance
552000 0.03 0.03

2300 0.28 0.24
1600000 0.22 0.16

4750 0.19 0.05
5400000 -
43200000 0.13 0.13
54000000 0.03 0.01
13800000 \ 0.78 0.45
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Resistance mechanism on azole targeted gene cyp51A
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| OQH *

Dutch Ministry funded
project: following up on
possible “hotspots”

Also, in samples including
wood-chipping,
strawberry, potato, onion,
resistant A.

fumigatus spores were
found
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It is NOT just the Dutch bulb sec’ror

Genetic analysis of the cyp51A promotor region and structural gene of 41 representative azole-resistant A. fumigatus isolates.

Total A. Freq TEB
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ole targeted gene cyp51A

Dutch Ministry funded
project: following up on
possible “hotspots”

Also, in samples including
wood-chipping,
strawberry, potato, onion,
resistant A.

fumigatus spores were
found

For a subset, for single
spore colonies presence
of known cypSI1A
mutations was assessed



It is NOT just the Dutch bulb sec’ror

promotor region and structural gene of 41 representative azole-resistant A. fumigatus isolates.
Total A. Freq TEB i

ole targeted gene cyp51A ® DUTCh I\/\II’]ISTI’y fUﬂded

fumigatus  Resistanc Freq ITR Number of Promoter projec-l- fO||OWIﬂg Up on
M aterials Samples Code CFU/g e Resistance  colonies Selection insertion Coding region . 0 "
_HAB_BW_20081 possible “hotspots
2 552000 0.03 0.03 Colony 1 ITR 34 L98H*
Colony2 IR 0 None « Also, in samples including

wood-chipping,

2 2300 0.28 0.24 Colony 1 ITR 0 None
O Colony2  TEB 46 Y112F/T289A/GA48S* s’rrc:wberry, pQTQTQ, onion,
AL_HAB_EC_201113_ istant A
1600000  0.22 0.16 Colonyl IR 46 Y112F/T289A* resistant A.
Colony2 IR 46 Y112F/T289A/5363P/I364V/GA48S* fumi ga tus spores were

AL_HAC_BW_201009
_1A 4750 0.19 0.05 Colonyl  ITR 46 Y112F/T289A% found
Colony2  ITR 46 Y112F/T289A%

NB_AB1 20201228

For a subset, for single

5400000 Colony1l  ITR 46 Y112F/T289A* .
e [ 2 T spore colonies presence
DB_AB3_20201228_ of known c yPSTA
1B 43200000 0.13 0.13 Colony1l  ITR 34 L98H* .
Colony2 IR 46 Y112F/T289A/S363P/I364V/G448S* mutatfions was assessed
DB_AB2_20201228_ o
1A 54000000 0.03 0.01 Colonyl IR 0 None « Similar tandem repeat-
Colony 2 ITR 46 Y112F/T289A/S363P/1364V/G4485* mediOTed resis-l-gnce
2_UI_20201210_1 .
13800000 \ 0.78 0.45 Colonyl  ITR 46 Y112F/T289A/S363P/I1364V/GA48S* mechanisms were found
Colony2 IR 46 Y112F/T289A/S363P/I364V/G448S* : fA
1 Ul 20210106 1 as reported in clinical
10800 0.19 0.19 Colonyl  ITR 46 Y112F/T289A/S363P/I1364V/GA48S* azole-resistant isolates
Colony2 TR 34 L98H*
AA1_ 20210108
7560000 { 0.21 0.25 Colony1l  ITR 34 L98H*

Colonv 2 ITR 24 | OQH *



Some highlights: air-sampling during turning

Air-sampling around organic waste-heaqps



Some highlights: air-sampling during turning
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4500000 During turning
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How to air sample?




How to air sample?

A promising new method

* Incubate at 48C for three days




How to air sample?

« Qutlier Idealis complex Ede

 Repeat at other homes 6 days



How to air sample?
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« Qutlier Idealis complex Ede

 Repeat at other homes 6 days 20
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Figure: Colony counts of different sampling methods. The amount of colonies for respectively 24 hours, 48 hours, 144 hours seals, active seals
and swabs.
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Population genetics of resistance mutations

Sex and recombination rate affect the dynamics of genetic variation



Population genetics of resistance mutations

Sex and recombination rate affect the dynamics of genetic variation

 Cross between fertile strains AfIR?64
and AfIR974

* 14,113 segregating markers

« 195 offspring from several
cleistothecia; 90X short read
sequencing
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Population genetics of resistance mutations

Sex and recombination rate affect the dynamics of genetic variation

A A.fumigatus

Budding Yeas.t/Carp
‘I/-doney Bee Human
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Cross between fertile strains AfIR?64
and AfIR974

14,113 segregating markers

195 offspring from several
cleistothecia; 90X short read
sequencing

Map length 11,966 cM
0.422 cM/kb

~ 29 cross-overs per chromosome



Map Length (cM)

12000 A

9000 A

6000 A

3000 4

Population genetics of resistance mutations

Sex and recombination rate affect the dynamics of genetic variation

A A.fumigatus

Total Genome (Mb)
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Cross between fertile strains AfIR?64
and AfIR974

14,113 segregating markers

195 offspring from several
cleistothecia; 90X short read
sequencing

Map length 11,966 cM
0.422 cM/kb
~ 29 cross-overs per chromosome

As for A. nidulans, no evidence for
cross-over interference



Population genetics of resistance mutations

High recombination rate, rapid decay of linkage disequilibrium (LD)

« Using published* data from 175

1.00 - sequenced individuals
| * Very rapid decay of LD consistent
0.75 A with high recombination rates in A.
— fumigatus
-
©
O
=

0.00 4% .

0 50 100 150 200
Distance between markers (bp)



Population genetics of resistance mutations

High recombination rates and low LD facilifates genetic mapping

 Parental strains differ in
Acriflavine resistance

« Offspring phenotyped on
50ug/mL acriflavine



Population genetics of resistance mutations
High recombination rates and low LD facilifates genetic mapping

A Acriflavine B e ey
(ug/mL) ' - Parental strains differ in
50 100 200 ,l@®eee o o Acriflavine resistance
AfIR974 a0 « Offspring phenotyped on
Bemes S eem e e s S e s e s e s S S S s s 50ug/mL acriflavine
AfIR964 IR | - Single locus on

wal - e 0500 o5 oo chromosome 6 between
i Position (Mb) / pOSITIOﬂS 657kb and 675kb

Presumed causal variant
5 | (Phe to Cys non-
synonymous substitution)

| ‘L..n M WM\A Mm JL..LLNLM

| o7 | cnis |

https://www.biorxiv.org/content/10.1101/2022.01.14.476329v1



Population genetics of resistance mutations

Can the tfandem repeat and the non-synonymous polymorphism in the
cypbl gene be combined through recombination?

« Crossed AFIR?75 with
previously* generated single
mutants for TRy, or L98H

« These single mutants were
crossed with the expectation
of 0.075% TR34/L98H

genotypes in the offspring

« Recombinants were selected
on 10ug/mL itraconazole



Population genetics of resistance mutations

Can the tfandem repeat and the non-synonymous polymorphism in the
cypbl gene be combined through recombination?

« Crossed AFIR?75 with
previously* generated single
mutants for TRy, or L98H

« These single mutants were
crossed with the expectation
of 0.075% TR34/L98H

genotypes in the offspring

« Recombinants were selected

B ,7TR34—| Lo8H on 10ug/mL itraconazole
94-4 sttt bl sl « High tolerant offspring
it produced at arate of 0.096%
#1 T/( TA‘G‘AAT(IAIC c,/c\(,‘cﬁ'jjjc\ GGGGGGGGG /(\T.G:‘A‘C/CA\/C\G:A“‘/;.TG::\“T/C&;{\G/(\.GGT/(\/(\-GGA\ GGGGGGGGGGG /(\ Jc\ AAAAAAAAAAAAAAAAAA QAAGC\AQ AAAAAA fj; .
#2 s MW W A MM Aoy L Y + AZOLE and confirmed fo be

TR34/L98H genotypes through
sequencing



Linking the environment to the clinic: the smoking gun
Whole genome sequencing of a unbiased balanced set of samples



Linking the environment to the clinic: the smoking gun
Whole genome sequencing of a unbiased balanced set of samples

Environmen tal Clinical
WT 26 26
WT R 4 6
TR34 24 33
TR46 31 15
TR92 0 2
unclear 3
Total 85 83
Environmen tal Clinical
Location A 31
Location B 11
Location C 40
Other farm 3
AmsterdamUMC 38
RadboudUMC 34
Other hospital 11
Total 85 83

Environmen tal Clinical
2016 38 18
2017 47 24
2018 31
2019 10

Total 85 83



Linking the environment to the clinic: the smoking gun
Whole genome sequencing of a unbiased balanced set of samples

Environmen tal Clinical
WT 26 26
WTR 4 6
TR34 24 33
TR46 31 15
TR92 0 2
unclear 3

83

Environmen tal cl |
Location A 31
Location B 11 o)
Location C 40 % S:mz::;zpe
Other farm 3 & ronmet
AmsterdamUMC 38
RadboudUMC 34 ®
Other hospital 11 °
Total 85 83 ®
I
0.0 .°:Q~ .
Environmen tal Clinical ’Jy“' R
ol L4 @
2016 38 18 ° . .s. . o
2017 47 24 *
2018 31 v.
2019 10 » ) .
Total 85 83 ‘  No evidence of
L J

clinical/environmental
Foweg separation



Take home messages
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Take home messages

Resistance “hotspots” exist beyond the bulb-sector & organic
waste treatment affects growth

Ecological “niches” of A. fumigatus need to be identified
o Aerial spore-dispersal (among others via citizen’s science)
o Compensatory mutations and competition with wildtypes

Whole genome sequencing analysis to confirm causal link
between resistance in environment and in the clinic

Resistant A. fumigatus spores are ubiquitously present
o Prevention of resistance development seems a lost cause

o Prevention of transmission should be the new target
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