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AML Case

Up to June 2014:

 71-year old male patient

* treated in a general hospital for AML with adverse-risk cytogenetic features.

* received induction chemotherapy and oral posaconazole for antifungal prophylaxis
* Eventually, a new bone marrow aspirate revealed residual AML

* because of progressive AML, decitabine therapy was initiated

Mold-positive
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» referred to Dresden hospital for treatment perd > BAL taken A fumigatus
15t chest CT scan: galactomannan test ) " identified
small nodular microscopy mold positive and tested
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AML Case

. (C) multiple fungal lesions on the

_' surface of the lung,

~ (D) fungal abscess in lung

% parenchyma (PAS reaction),

(E) vascular invasive growth and
detection of dichotomously
branched and septated fungi
in the lumen of a lung vessel

(F) fungal septipyemic focus in the
anterior wall of the heart with
surrounding granulocytic
reaction (PAS reaction)

RoRler S, Bader O, et al., AAC 2017
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AML Case

antifungal susceptibility testing of the culture isolate (BAL)

Antifungal agent _ EUCAST Microdilution

MIC interpretation MIC breakpoints Interpretation

posaconazole 0.5 resistant 0.5 $<=0.12; R>0.25 resistant

itraconazole 2 sensitive 1 S<=1;R>2 sensitive
voriconazole >32 resistant > 32 S<=1;R>2 resistant

amphotericinB [JipE] sensitive <0.125 S<=1;R>2 sensitive

MIC = minimal inhibitory concentration [pg/ml]
EUCAST = European Committee on Antimicrobial Susceptibility Testing

RoRler S, Bader O, et al., AAC 2017
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Azole resistance mechanisms in A.f.

C Mutations in cyp51A

Azole

B Normal susceptible cell in presence of azoles
Azole *
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A Normal susceptible cell in absence of azoles
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Mechanisms of azole resistance: Cyp51A

T Emergence of Azole Resistance in Aspergillus

fumigatus and Spread of a Single Resistance 6.0
Mechanism
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AML Case

Up to June 2014:

 71-year old male patient

* treated in a general hospital for AML with adverse-risk cytogenetic features.

* received induction chemotherapy and oral posaconazole for antifungal prophylaxis
* Eventually, a new bone marrow aspirate revealed residual AML

* because of progressive AML, decitabine therapy was initiated
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Other mechanisms of azole resistance

OPEN @ ACCESS Freely available online @PLOS | one @ PLos | PATHOGENS

Discovery of a hapE Mutation That Causes Azole
Resistance in Aspergillus fumigatus through Whole
Genome Sequencing and Sexual Crossing

Simone M. T. Camps'2*%, Bas E. Dutilh®*®, Maiken C. Arendrup®, Antonius J. M. M. Rijs"2,
Eveline Snelders’?, Martijn A. Huynen®, Paul E. Verweij"? Willem J. G. Melchers'*

1Department of Medical Microbiology, Radboud University Nijmegen Medical Centre, Nijmegen, The Netherlands, 2 Nijmegen Institute for Infection, Inflammation and
Immunity (N4i), Nijmegen, The Netherlands, 3 Centre for Molecular and Biomolecular Informatics, Nijmegen Centre for Molecular Life Sciences, Radboud University
Nijmegen Medical Centre, Njmegen, The Netherlands, 4 Unit of Mycology, Department of Microbiological Surveillance and Research, Statens Serum Institut, Copenhagen,

Denmark

- Regulation of sterol
biosynthesis pathway

RESEARCH ARTICLE

Sterol Biosynthesis and Azole Tolerance Is
Governed by the Opposing Actions of SrbA
and the CCAAT Binding Complex

Fabio Gsaller', Peter Hortschanskyz, Takanori Furukawa', Paul D. Carr', Bharat Rash',
Javier Capilla®, Christoph Miiller®, Franz Bracher®, Paul Bowyer', Hubertus Haas®, Axel
A.Brakhage®®, Michael J. Bromley'*

1 Manchester Fungal Infection Group, Institute of Inflammation and Repair, University of Manchester,
Manchester, United Kingdom, 2 Department of Molecular and Applied Microbiology, Leibniz Institute for
Natural Product Research and Infection Biology (HKI), Jena, Germany, 3 Microbiology Unit, Medical School,
Universitat Rovira i Virgili, Reus, Spain, 4 Department of Pharmacy, Center for Drug Research, Ludwig-
Maximilians University of Munich, Munich, Germany, 5 Division of Molecular Biology, Biocentre, Medical
University of Innsbruck, Innsbruck, Austria, 6 Institute for Microbiology, Friedrich Schiller University Jena,
Jena, Germany

Journal of
Antimicrobial
doi:10.1093/jac/dkt075 Advance Access publication 10 April 2013 ChemOtherClpy

J Antimicrob Chemother 2013; 68: 1486-1496

The cdr1B efflux transporter is associated with non-cyp51a-mediated

itraconazole resistance in Aspergillus fumigatus

Marcin G. Fraczek!, Michael Bromleyl, Ahmed Buied?, Caroline B. Moore!, Ranjith Rajendran?, Riina Rautemaal,

Gordon Ramage?, David W. Denning?! and Paul Bowyer*
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ARATf findings by country
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—> if people look for ARAf, they will find it !
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Reported isolates in Germany
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Current working hypothesis
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Current working hypothesis

dispersal by wind

).
S |
selection over \
Unintentional susceptible strains
induction of through agricultural azoles?
resistance in
A. fumigatus - presence in hosts
€.9. TRs/L98H + opportunistic infection
or TR«/Y121F/T289A  (selection through
(G547?) azole prophylaxis ???)

* not only humans but
also wild animals!
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conidia also travel the land route...

Intercountry Transfer of Triazole-
Resistant Aspergillus fumigatus on
Plant Bulbs

Katie Dunne,! Ferry Hagen,>* Niamh Pomeroy,' Jacques F. Meis,> and

Thomas R. Rogers'

"Department of Clinical Microbiology, Trinity College Dublin, Ireland: “Department of Medical
Microbiology and Infectious Diseases, Canisius Wilhelmina Hospital, and *Centre of Expertise
in Mycology, Radboud University Medical Center/Canisius Wilhelmina Hospital, Nijmegen,

The Metherlands

Sample Date of
No 2 Sample

P1 Jan 2016
P2, P3 Jan 2016
P4 Jan 2016

P5, P6 Jan 2016

P7 Jan 2016

D6 Feb 2016

Type of Sample
Double mixed tulip
bulbs (309
Bastogne tulip bulbs
(6°)
Triumph tulip bulbs
(&%)
Narcissus bulbs (8°)

Tall Triumph mixed
tulip bulbs (10°)

Soil (2 g)

Origin

Lisse, the Netherlands

Lisse, the Netherlands

Breezand, the Netherlands

Breezand, the Netherlands

The Netherlands (region
not specified)

Hospital campus, Dublin,
Ireland

No. of Triazole-
Resistant/Total
A. fumigatus
Colonies/Plant Bulb
Pack

1/5

2/3

1/4

2/5

1/2

MIC, mg/L®

ltraconazole Voriconazole Posaconazole
(ECV = 0.5)
[9]

(ECV =1)

(9l
05

(ECV = 1)
[9]

>8

>8

>8

>8

0.5

0.5
0.5

0.5

0.5

Resistance Mechanism

TR,/Y121F/T289A

TR,/Y121F/T289A
TR,,/L98H
TR,,/L98H

TR,/Y121F/T289A
TR,/L98H
TR,/Y121F/T289A

TR, /L98H
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“International expert opinion”

(in the absence of clinical guidelines)

International expert opinion on the management of infection caused
by azole-resistant Aspergillus fumigatus

Paul E. Verweij**, Michelle Ananda-Rajah®, David Andes €, Maiken C. Arendrup?,
Roger J. Brilggemann®, Anuradha Chowdhary, Oliver A. Cornely#, David W. Denning",
Andreas H. Groll!, Koichi [zumikawal, Bart Jan Kullbergk, Katrien Lagrou!,

Johan Maertens™, Jacques F. Meis®™, Pippa Newton", lain Page",

Seyedmojtaba Seyedmousavi?, Donald C. Sheppard?, Claudio ViscoliP, Adilia Warris9,

. Peter Donnelly® Verweij et al, (2015) Drug Res Updates 21:30-40

» microbiological diagnostics critical to guiding therapy

» if azole resistant isolates are obtained,
» the underlying mechanism should be identified for epidemiological reasons,
» but neither therapy initiation/modification nor MIC determination delayed

» 2-10% environmental prevalence —>alternative therapies must be considered
» 10 % environmental prevalence - definitely re-evaluate azole therapy

> at least 5 independent colonies should tested for AST



cave: susceptible / resistant — mixed cultures !
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-> screening agar

J Antimicrob Chemother 2015; 70: 412 - 415

doi:10.1093/jac/dkus10 Advance Access publication 17 October 2014

Journal of
Antimicrobial
Chemotherapy

Concomitant occurrence of itraconazole-resistant and -susceptible
strains of Aspergillus fumigatus in routine cultures

Ahmad et al, 2015 JAC 70:412-415

pos.
ctrl
w/o drug

pos.
ctrl
w/o drug

CORRESPO

Voriconazole-Susceptible and Voriconazole-Resistant
Aspergillus fumigatus Coinfection

To the Editor:

Azole resistance is an increasing problem in Aspergillus fumigatus
infection (1). Two mutations, TR4,/L98H and TR,/ Y121F/T289A,
are frequently recovered from isolates of patients with azole
resistant invasive aspergillosis and are believed to originate from

e environmental
may develop in
and mortality rates

with proven invasi
susceptible and vor tant A. fumigatus strains. We
hypothesized that in regions with TRy,/L9SH and TRyy/Y121F/
T289A environmental mutations, individual pulmonary lesions may
arise from A. fumigatus strains with different azole resistance profiles.

Kolwijck et al, 2016

unit because of pulmonary deterioration requiring mechanical
ventilation. The BAL showed heavy growth of A. fumigatus.
ning of four colonies indicated voriconazole

su
T'en days after voriconazole was started, routine follow-up
bronchial aspirate yielded a voriconazol-resistant A. fumigatus
colony (Table 1). Because the patient was improving clinically with
adequate voriconazole plasma levels, voriconazole was continued.
However, a bronchial aspirate taken on day 13 showed heavy growth
of voriconazole-resistant A. fumigatus. Despite continued cl
improvement, anidulafungin was added. Almost 2 weeks after
intubation, ventilator support could be withdrawn, and

A follow-up computed
tomography scan of the thorax showed cavity formation in the
right upper lobe lesion, and multiple nodular lesions. The patient
suddenly died after having reccived voriconazole and anidulafungin
combination therapy for 34 days. At autopsy, multiple pulmonary
fungal lesions were found, as well as one fungal lesion in the kidney
transplant. A. fumigatus colonies cultured from the cavitating

tion, and voriconazole was added to the regimen.

immunosuppressive drugs were reintroduced

Am J Respir Crit Care Med 193
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Molecular Tools for the Detection and
Deduction of Azole Antifungal Drug
Resistance Phenotypes in Aspergillus
Species

Anna Dudakova,® Birgit Spiess,” Marut Tangwattanachuleeporn,®< Christoph Sassed

Dieter Buchheidt,® Michael Weig,® Uwe Grof3,® "' Oliver Bader?
Institute for Medical Microbiology, University Medical Center GBttingen, Géttingen, Germanys; 3rd
Department of Internal Medicine, Hematology and Oncology, Mannheim University Hospital, University of
Heidelberg, Mannheim, Germany®; Unit of Medical Technology, Faculty of Allied Health Sciences, Burapha
University, Chon Buri, Thailands; Institute of Microbiology and Genetics, Department of Molecular
Microbiology & Genetics, Georg August Universitit Gottingen, Gittingen, Germanyd
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molecular mechanisms
a scheme to screen large scale collections
tools to locally analyse sequencing data

| Clinical specimens Potential screening plate layouts

and other samples e
Culture specimens Aol
on azole-containing pos. ctrl iz | wiodrug nz | VRZ
agar plates w/o drug
| pos.ctrd \
X w/o drug mz VRZ

pos.ctrl  IMZ VRZ PSZ

wlodrug 4-well plate - —
wiodiug wiodrug

Purify colonies = (ird 1z
on corresponding VRZ VRZ
selective plates PSZ PSZ

Eliminate false positives
by confirming the
resistance phenotype
and the species of
each solate using
reference methods

True positives

Apply Alul-RFLP
analysis to identify

X

False abundant isolates TRy4/L98H and
positives WE-RFLP with a TR;4/L98H or TRyg-RFLP
pattern TRag-containing alleles patterns
Non-Cyp51A
based

Perform sequence analysis of the
T entire cyp51A gene

Sequence other genes
such as hapk, atrR, or
analyze the transcription

Presumed
level of cypSTA Other CypS1A Confirmed
i substitutions TR34/L98H and TR34/L98H
e.g.at G54 or M220 TRyq-RFLP isolates and TRes-RFLP
isolates
Create phylogenetic analysis
from cspi-sequencing Independent
or STRAf-typing data control strains

FIG 3 Potential sampling workflow for ARAf screening studies. No standardized scheme for conducting screening studies is
established yet, but combining several approaches proposed in the literature gives rise to an efficient workflow that eliminates
false-positive results and yields robust numbers on the prevalence and phylogenetic cohesion of resistant isolates.
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Multiplex -PCR approach

(AsperGenious Assay, PathoNostics, NL)

PATHONOSTICS

company statement: multi-platform RT-PCR
& . Detects A. fumigatus, A. terreus, A. spec. from BAL samples
i sl T o b s From A. fumigatus: L98H, TR34, T289A, Y121F

Analytical and Clinical Evaluation of the PathoNostics AsperGenius
Assay for Detection of Invasive Aspergillosis and Resistance to Azole
Antifungal Drugs during Testing of Serum Samples

o
81

P. Lewis White,” Raquel B. Posso,” Rosemary A. Barnes”
Puiblic Haalth Wales Micobiology Cardi, Candif, United Kaingdorr, infection, immuniity and Blochemistry, School of Madicne, Cardiff University, Cardifi, Urited
Kingdom®
The commercially developed PathoNostics AsperGenius species assay is a multiplex real-time PCR capable of detecting aspergil-
. PR S — losis and genetic markers associated with azole resistance. The assay is validated for testing bronchoalveolar lavage fluids, replac-
fre e ) ing the requirement for culture and benefiting patient management. Application of this assay to less invasive, easily obtainable
A ‘ samples (e.g., serum) might be advantageous. The aim of this study was to determine the analytical and clinical performance of
the AsperGenius species and resistance assays for testing serum samples. For the analytical evaluations, serum samples were
spiked with various concentrations of Aspergillus genomic DNA for extraction, following international recommendations. For
s ‘ the clinical study, 124 DNA extracts from 14 proven/probable invasive aspergillosis (1A) cases, 2 possible [A cases, and 33 con-
il e o gl trols were tested. The resistance assay was performed on Aspergillus fumigatus PCR-positive samples when a sufficient fungal
burden was evident. The limits of detection of the species and resistance assays for A. fumigatus DNA were 10 and =75 genomes/
sample, respectively. Nonreproducible detection at lower burdens was achievable for all markers. With a positivity threshold of
39 cycles, the sensitivity and specificity of the species assay were 78.6% and 100%, respectively. For 7 [A cases, at least one genetic
region potentially associated with azole resistance was successfully amplified, although no resistance markers were detected in
this small cohort. The AsperGenius assay provides good clinical performance with the added ability to detect azole resistance
directly from noninvasive samples, While the available burden will limit application, it remains a significant advancement in the
diagnosis and management of aspergillosis.

White, Posso, Barnes (2015) JCM 53:2155-21



T e - UMG
Multiplex -PCR approach

(AsperGenius Assay, PathoNostics, NL)

company statement: multi-platform RT-PCR
» 7 \Y. Detects A. fumigatus, A. terreus, A. spec. from BAL samples
i From A. fumigatus: L98H, TR34, T289A, Y121F

Journal of Antimicrobial Chemotherapy Advance Access published August 15, 2016

Journal of
J Antimicrob Chemother AntlmlcrOblal
doi:10.1093/jac/dkw323 Chemotherupy

PCR-based detection of Aspergillus fumigatus Cyp51A mutations on
bronchoalveolar lavage: a multicentre validation of the AsperGenius
assay” in 201 patients with haematological disease suspected for
invasive aspergillosis

G. M. Chong?*, M. T. van der Beek?, P. A. von dem Borne3, J. Boelens*, E. Steel®, G. A. Kampinga$, L. F. R. Span?,
K. Lagrou®, J. A. Maertens?, G. J. H. Dingemans??, G. R. Gaajetaan'®, D. W. E. van Tegelen??,
J. J. Cornelissen'y, A. G. Vonk2 and B. J. A. Rijnders?

Results: Two hundred and one patients each contributed one BAL sample, of which 88 were positive controls and
113 were negative controls. The optimal cycle threshold cut-off value for the Aspergillus species PCR was < 38.
With this cut-off, the PCR was positive in 74/88 positive controls. The sensitivity, specificity, positive predictive
value and negative predictive value were 84%, 80%, 76% and 87%, respectively. 32/74 BAL samples were culture
negative. Azole treatment failure was observed in 6/8 patients with a RAM compared with 12/45 patients without
RAMs (P=0.01). Six week mortality was 2.7 times higher in patients with RAMs (50.0% versus 18.6%; P=0.07).
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nested-PCR approach / AML case

(SpieR & Buchheidt; Mannheim)

Development of Novel PCR Assays To Detect Azole Resistance- CypA-TR-S1

. e . . . . AGCAAGGGAGAAGGARAGARGCACTCTGAATAAT TTACACTGTTCTCCTCTAGAARAAACTCATGAGTGA
Mediating Mutations of the Aspergillus fumigatus cyp51A Gene in CyPATRE A 34bp tandem repest
Primary Clinical Samples from Neutropenic Patients AJ.AAJ.CGCAGCACCAC'I‘TCCAGAE‘E‘TGTCSTIIGAATCACGCGGTCCGGATGTG'.T.‘GCTGAGCCGAA'I‘GAA.AG.l

A-TR-AS_A
e —

Birgit Spiess,® Wolfgang Seifarth,® Natalia Merker,® Susan J. Howard,” Mark Reinwald,® Anne Dietz,© Wolf-Karsten Hofmann,® CypA-TR-AS1
and Dieter Buchheidt® Sp|eSS et al. (2012) AAC 56:3309-10 TACCTATGAACCTATATTGGTAGGTAGGTGAATATARAATACAGCATCGAACATCTTTTTCAT TAGCTGS

TCTCTCATTCGTCCTTGTCCTAGGCCTTAAGGAATCCAGTATATGAARTAATCCCTCTTATCCATTTTCC
TCCTATTCTTTTTCATTTCCCTCATCACTGCAACTCTAATCCTCGGGCTCACCCTCCCTGTGTCTCCTCG

— 4+ P1 P2 +1cds

AAATGGTGCCGATGCTATGGCTTACGGCCTACATGGCCGTTGCGGTGCTGACGGCAATCTTGCTCAATGT

L98H 143 b TGTTTATCAATTATTCTTTCGGCTTTGGAACCGARACAGAACCGCCAATGGTCTTTCAT TGGGTCCCATTT
P CTGGGTAGTACCATCAGTTACGGGATTGATCCCTACAAGTTCTTCTTTGCGTGCAGAGAAAAGGCAAGTC
TCAAGATTGTAGTTTGACATTCATTCCTGGGCGCATTGCTGAGTATTGCTTTCTTAACCGGCAGTATGGC

CypA-L98H-S_A
r\ + Pl P2 GATATCTTCACTTTTATACTGTTGGGT CAAAAAACCACACTCTACCTGGGCGT TCAGGGGAACGAGTTTA
L98H SNP: T to A (base 364)

TTCTCAACGGCARGCTICAAGGATGTCAATGCGGAAGAGGTCTATAGTCCATTGACGACCCCCGTTTTCGG
TR 100 bp s— CgpA-LQBH-AS_A

ATCGGACGTGGTGTATGATTGTCCCAATTCCAAGCTGATGGAGCAGARAAAGTTCATCAAGTACGGCTTG

ACTCAGTCTGCGTTAGAGTCTCATGTGCCACTTATTGAGAAGGAGGTTTTGGACTATC TGCGCGATTCAC

CGAACTTTCAAGGCTCGTCCGGCCGGATGGACATCTCTGCGGCAATGGCTGAGATTACCATTTTTACCGC

+ P1 P2 CypA-M220-S_A

TGCTCGAGCCCTCCARGGCCAGG: CCAAACTCACGGCTGAGTTCGCTGACCTCTATCATGAC

M220 SNP (base 731)
M220 173bp — CTGGACAAGGGCTTTACTCCCATCAATTTTATGC TACCGTGGGCCCCATTGCCGCATARCAAGAAGCGAG
CypA-M220-AS_A

\ ATGCTGCTCATGCGCGCATGAGGTCAATCTACféTTGACATCATEAATCAGCGCCGTCTTGACGGTGACAA

sequencing!

Amplification of specific cyp51A fragments from autopsy material (lung, heart) of
the patient shown at this talk’s beginning
—> confirms TR 4, Y121F, and T289A (region with M172 not covered)

RoRler S, Bader O, et al., AAC 2017
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summary

Emergence of azole resistance is not an academic, but a
clinical problem.

It is not restricted to The Netherlands, but of global concern

Environmental Screening makes sense to estimate the
prevalence in local clinics / wards

Methods for analysis are available, and they are not
complicated



e : UMG
Acknowledgement

MYkO LabNet-D-Partners: (in alphabetical order)

F. Albert, W. Bartelt, A. Beider, O. Benedek, B. Beyreil}, D. Buchheidt, M. Christner, L. Draht, C. Friedrichs,
M. Fritzenwanker, N. Guenther, A. Haas, J. Held, M. Klotz, E. Kurig, , S. Peter, R. Pfiller, U Schumacher,
L. Sedlacek, M. Seibold, M. Simon, K. Tintelnot A. F. Wendel, M.-G. Weyer, O. Zimmermann

Collectors of environmental samples: (in order of samples contributed)

N. Hoberg, S. Geibel, E. Vogel, J. Blintzel, J. Springer, L. Lehning, Chr. Schadel ,Strecker&Weinert*,
L. Metzger, A. Zautner, D. Buchheidt, S. Wiegmann, S. Klingebiel, A.-Chr. Loock, J. Hegewald, M. Hassenpflug,
A. Aurin, J. Szymczak, ,, alphaomega Labor” N. Diffloth, M. Kuhns

Bereitstellung von Stammen aus anderen Studien:
J. Steinmann (Ndrnberg), A. Hamprecht (KdIn), S. RoR3ler (Dresden)

Bundesministerium
fir Gesundheit

€9 MSD

(Posaconazol)



http://www.dfww.de/MSD_Logo_4c_gr.jpg

UNIVERSITATSMEDIZIN
GOTTINGEN

HE

Current EUCAST breakpoints

Antifungal agent

MIC breakpoint (mg/L)

A. flavus

A.

fumigatus

A. nidulans

A. niger

A. terreus

Non-species
related
breakpoints?

Notes

S<

R>

Ss

R >

S< R>

S<

R>

S<

R>

S< R>

1. Non-species related breakpoints have been determined mainly on the
basis of PK/PD data and are independent of MIC distributions of specific
species. They are for use only for organisms that do not have specific
breakpoints.

Amphotericin B

2. The ECOFFs for these species are in general one step higher than for A.
fumigatus.

3. There are too few MIC data to establish ECOFFs and hence to suggest
any breakpoints.

/Anidulafungin

IE

IE

Caspofungin

IE

IE

Fluconazole

Itraconazole*

4. Monitoring of azole trough concentrations in patients treated for fungal
infection is recommended.

5. The MIC values for isolates of A. niger and A. versicolor are in general
higher than those for A. fumigatus. Whether this translates into a poorer
clinical response is unknown.

Micafungin

Posaconazole*

IE2

IE?

0.12%|0.25°

IE2 IE?

IE2

IE2

0.12°

0.25°

6. Provided adequate drug exposure has been confirmed using therapeutic
drug monitoring (TDM). There remains some uncertainty regarding cut-off
\values for posaconazole concentrations that separate patients with a high
probability of clinical success from those with a low probability of clinical
success. In some circumstances (e.g. patients with persistent and profound
neutropenia, large lesions, or those with other features associated with a
poor clinical outcome) a relatively high trough concentration should be
sought. Preclinical and clinical data suggest this value should be >1
mg/L at steady state. For other patient groups a lower trough
concentration may be acceptable. For prophylaxis a target
concentration of >0.7 mg/L has been suggested.

\Voriconazole*

I—
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MIC value distribution

across the literature

EUCAST Itraconazole Voriconazole Posaconazole
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1
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16
>16
0,125
0,25

n 00
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0,06
0,13
0,25
0,5
1
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>4

Mutation

TR34/L98H 9 11 8 1 5 18 4 1 3
TR34/L98H+S297T+F495| 8
TR46/Y121F+T289A 1 1
G54E 2 1 1 1
G54R 1 1
G54R+M220T 1 1
G54W 1 1
H147Y 1 1 1
M172V 4 4 4
P216L 1
F219C
F219I
M220I
M220K 2 1 1 1
M220L 2 1 1 1
M220T 3 1 3 1 1 2 1
M220V 1 1 1
M2201+V101F 8 4 3 1 1 7
N248T 1 1 1
D255E
Y431C 2 2 2
E427G/K
G434C
G448S
G448S
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