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Bibliometric analysis of literature on antifungal triazole resistance:

1980 - 2015

Waleed M. Sweileh', Ansam F. Sawalha®™", Samah Allabi’, Sa’ed H. Zyoud’

2007

*#** Total publications
== Candida species
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Number of publications

504
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Year
Annual growth of triazole resistance
showing an increasing pattern during
the study period.
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A total of 1648 journal articles were
retrieved with an average of 20.46
citations per article.

The United States of America (n=446;
27.06%) ranked first in productivity
followed by the United Kingdom (UK)
(n=176; 10.68%), and China (n=133;
8.07%).

Radboud University Nijmegen Medical
Centre (n=69, 4.19%) in the Netherlands
ranked first in productivity, while the
journal Antimicrobial Agents and
Chemotherapy ranked first (n=255;
15.47%) in publishing articles on triazole
resistance.
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Top ten active countries in
publishing documents on triazole resistance
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Mapping mechanisms of resistance, using the related keywords in title/abstract of 410 articles
retrieved, showed that efflux pump and mutations in target enzyme are major mechanisms
described in resistance to triazoles. The keywords cyp51a, voriconazole, itraconazole,
Aspergillus species, and Aspergillus fumigatus were clustered together.
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REVIEW

:' frontiers M REVIEW . ‘
n MICrodiology ' = | Unpredictable susceptibility of emerging clinical moulds

to tri-azoles: review of the literature and upcoming challenges

@ for mould identification

n lraconazole Posaconazole Voriconazole Reference
Aspergillus fumigatus-Related Aspergilus el 3 o 0.0-1 0254 -
H H = L Aspergillus fumigatiaffinis 6 0.25-16 0.125-4 2-8 [43]
Species in Clinical Practice e o i <] o
2 < a5 . % 2 (i < 2 4-8 0.5-2 4-8 [16]
TABLE 1 | Prevalence of Aspergillus spp. of section Fumigati other than Aspergillus fumigatus in clinical specimens. ) o _ _ _
Aspergillus fumisynnematus 1 0.25 0.125 0.5-1 [16]
Country Aspergillus section Strains other than Species (N) Aspergillus lentulus 26 0.125-16 0.03-1 0.25-16 [43]
Fumigati N strains A. fumigatus N strains (%) 14 0.25-16 0.125-2 2-8 [16]
- , I ) ) 8 0.5-1 na 1-2 [14]
United States 147 8 (5.4%) A. lantulus (4)

Aspergillus lentulus seems to represent only a small proportion
(<3%) of all Aspergillus spp. of the section Fumigati isolated in
| clinical specimens. However, it may account for a substantial

Span 362 19 (6.2

Spain 162 6(3.79
proportion (10-30%) of azole-resistant isolates that are
oldls . ~..| morphologically classified as A. fumigatus.
= ; = Neosartorya fischeri 2 0.5-1 1-2 1 i-H]l
Telcomorph: Neosartorya pseudofischer. | 0.125 - 025 [4]
Neosartorya hiratsukae 5 0.125-0.5 0.03-0.25 0.25-2 [16]
. . o . 5 0.125-16 0.03-8 0.25-16 [43]
Antifungal susceptibility testing (AST) : o 0.25 003-1 [45]
1 1 na 2 [54]
may be useful because of the Nesitopaprendoschari. & 816 0.25-05 28 [16]
unpredictable susceptibility profile of A = : o
. Neosartorya udagawae 8 0.125-0.5 na 0.25-1 [16]
these species s 61 omeess a4 3]
4 1-4 0.25-05 1-=16 [55]
3 0.25-2 0.125-0.25 0.5-2 [15]
2 1 0.5 1 [39]
(— “ ” Total 142 0.03-16 <0.016-8 0.03->16
remelll &2
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Antifungal drugs
and their targets

Cowen and Steinbach,
Eukaryot. Cell, 2008
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Antifungal drug resistance mechanisms of select fungal pathogens

Candida albicans Cryptococcus neoformans
Polyene Reduced-ergosterol-content; Defective sterol delta8-7
related species with reduced isomerase activity
intrinsic susceptibility, C.
lusitaniae
Triazole Mutation or overexpression of Mutation or overexpression of
target P450,,, (Ergll), target P450,,, (Ergll),
constitutive upregulation of constitutive upregulation of
multidrug transporters, loss of multidrug transporters

function of Erg3, Hsp90- and
calcineurin-mediated stress
responses; related species with
reduced intrinsic susceptibilities,
C. krusei and C. glabrata

Echinocandin Mutation of target Fks1, Intrinsic clinical resistance
compensatory synthesis of cell
wall components, PKC cell wall
integrity signaling; related species
with reduced intrinsic
susceptibilities, C. guilliermondii
and C. parapsilosis
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Aspergillus fumigatus

Related species with reduced
intrinsic susceptibility, A.
terreus

Mutation or overexpression of
target P450,,, (Cyp51),
constitutive upregulation of
multidrug transporters,
reduced drug penetration

Mutation of target Fks1,
compensatory synthesis of cell
wall components, calcineurin-
mediated stress responses

Cowen and Steinbach ,Eukaryot. Cell, 2008
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Mutations detected in the cyp51 gene of azole-
resistant Aspergillus fumigatus isolates

Amino acid

Genotype substitutions Typical phenotype References
Hot spot mutations commonly found in azole resistant isolates®
G54 E.K.R.V, Itraconazole and posaconazole [2.17]
w resistant, voriconazole
susceptible
198 H Pan-azole resistant [2.9.30]
M220 K.LT,V Itraconazole and posaconazole [2.17]
resistant. voriconazole
variable
Muitations found less frequently in resistant isolates®
N22 D Itraconazole resistant, other [49]
azole susceptibilities not
reported
S52 T Pan-azole resistant [45]
G138 C.R Pan-azole resistant 2]
Qil4] H Pan-azole resistant [45]
H147 Y Pan-azole resistant [2]
P216 L Itraconazole and posaconazole 2]

resistant, voriconazole

susceptible
M236 K. T.V Itraconazole resistant [50]
S297 T Itraconazole and posaconazole [9.30]
resistant, voriconazole
susceptible
P394 L Itraconazole resistant. other [49]
azole susceptibilities not
Howard and Arendrup, Med reported
Mycol 2011 Y431 C Pan-azole resistant 2]
G434 C Pan-azole resistant [2]
T440 A Itraconazole resistant. other [49]
azole susceptibilities not
reported
G448 S Pan-azole resistant 21
Y491 H Itraconazole resistant, other [49]
azole susceptibilities not
reported
F495 I Itraconazole and posaconazole [9.30]

resistant, voriconazole

Gemelli @ susceptible



https://www.google.it/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRxqFQoTCOSCmcyZgckCFUeqDgodERsBOQ&url=https://www.policlinicogemelli.it/&psig=AFQjCNFKCilImO5K9OW3O6CXe4FKwWD8kw&ust=1447084930772027

ANTIMICROBIAL AGENTS AND CHEMOTHERAPY, June 2007, p. 1897-1904 Vol. 51, No. 6
0066-4804/07/308.00+0  doi:10.1128/ AAC.01092-06
Copyright © 2007, American Society for Microbiology. All Rights Reserved.

A New Aspergillus fumigatus Resistance Mechanism Conferring
In Vitro Cross-Resistance to Azole Antifungals Involves
a Combination of cyp51A4 Alterations’

E. Mellado,'* G. Garcia-Effron,' L. Alcazar-Fuoli,' W. J. G. Melchers, P. E. Verweij,?
M. Cuenca-Estrella,' and J. L. Rodriguez-Tudela’

GAATCACGCGGTCCGGATGTGTGCTGAGCCGAA

- L98 e

B GAATCACGCGGTCCGGATGTGTGCTGAGCCGAATGAATCACGCGGTCCGGATGTGTGCTGAGCCGAAT

A7 /

P

R

Diagram of the A. fumigatus cyp51A gene and promoter showing the locations of the gene
modifications. (A) Wild-type strain CM237; (B) azole-resistant strain CM2627
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Basic drug resistance mechanisms and the corresponding azole resistance mechanisms in
A. fumigatus. Drug resistance mechanisms are categorized into five basic types. The
underlying molecular mechanisms identified in A. fumigatus are shown in red text.
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The cdr1B efflux transporter is associated with non-cyp51a-mediated
itraconazole resistance in Aspergillus fumigatus

Marcin G. Fraczek?!, Michael Bromley!, Ahmed Buied?, Caroline B. Moore!, Ranjith Rajendran?, Riina Rautemaal?,
Gordon Ramage?, David W. Denning?! and Paul Bowyer*

Identification of Aspergillus fumigatus
multidrug transporter genes and their potential
involvement in antifungal resistance

Isabelle Meneau’, Alix T. Coste and Dominique Sanglard*

The antifungal drug efflux transporters identified in these studies
were suggested to participate in azole resistance of A. fumigatus;
however, this hypothesis will need further approaches to be verified.

Gemelli #%
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Molecular mechanisms in triazole-resistant A.
fumigatus (TRAF)

" Triazole resistance primarily occurs due to mutations in
the azole target protein, lanosterol 14 a-demethylase,
encoded by the cyp51A gene in A. fumigatus.

" The most frequent cyp51A hotspot mutations in A.
fumigatus are G54, M220, G448 and G138, which have
been confirmed to confer triazole resistance in A.
fumigatus through gene replacement experiments.

= |n addition, mutations at L98 and Y121/T289 combined
with tandem repeats of 34 bp and 46 bp, respectively, are
associated with azole resistance.

Gemelli #*
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Clinical Infectious Diseases

INVITED ARTICLE ;l-d;;;';u],;!,gﬁ@émm

hiv medicine associotion

HEALTHCARE EPIDEMIOLOGY: Robert A. Weinstein, Section Editor

Azole Resistance in Aspergillus fumigatus: Can We Retain
the Clinical Use of Mold-Active Antifungal Azoles?

Routes of resistance development and the underlying molecular mechanisms reported in clinical or environmental A. fumigatus isolates

TRA98H TR 1217(T2884
Patient-Acquired Resistance Environmental Resistance Your of ibiiotei Year ot #ibiicaion
c" N w w Al gﬂ & M Conmtry ol Camn Typ of hokde [P bwntcn! Coantwy Frat Caan Typw of baokete Fwlvwwnic i
onic pulmonary aspergillosis il Neternis o ok 2008 130 Uit Sams 7008 ¢ 201
with cavitary lesion or allergic bronchopulmonary o o Cre  wsma Newiorcs 7008 201304
aspergilloma aspetgil‘:-;s. acute invasive Tutey 2000 [ 2016 2 Bograr oy c w0220
aspergillosis, chronic colonzation in Spen 2001 c 2013 142, 24 Geerrany 017 Q+f 2048 12, 18]
cystic fibrosis Amtsh 004 c 2038 Dol It o E 201¢ ol
Previous or ongoing azole themapy in Two-thirds of patients have no history ....,.w x E.; ;::;:,2:‘: 'y....‘m ;:; cél :.:2;:
all patients of azole therapy Denimar 007 Cof 20000011 112,33 Danmark o4 [ 2008 1331
o7 v, Ciera 208- 200 2001 Do, 38 Span 4 < 205 a8
Clinical failures to azole therapy Clinical failures 1o azole therapy frere 200m [N 2072 {12, 301 Coormta s 0 2018 L
Multiple resistance mutations may Only 1 azole resistance mechanism Unied Krgoom 20082011 Cog 2009 12, 26
be present in a single clinical present in most patients L_‘:a— :;: ‘é' ""o:a;
mpb Cowrrriasy 2012 C+E 2002 112 1%
Both azole-susceptible and azole- Both azole-susceptible and azole- Twenin on ¢ 2016671
resistant phenotypes resistant phenotypes Kimak 33 C4E 2015 030 38
simultaneously prasent in culture simultanecusly present in culture :'ﬁ‘::“ 3’“::"‘ ﬁ ’:::g‘:‘l
Multazole and panazole resistance Multiazole and panazole resistance SR
pmr.Otms phenowms * Dl % e PN W s AT A0 10 e B A (Rt VR A (D e P i (e T S SOl (e T s
Point mutations in the Cyp57Agene, Mutations in the CypS5171A gene in
including substitutions at Gb4, combination with a transcrptional
P216, F219, M220, G138, Y431, enhancer (tandem repeat} in the
and G448 non-CypSi1A-mediated promoter region of the gene: TRa,/

resistance mechanisms: HapE
unknown resistance mechanisms
High genetic dversity between
azole-resistant isolates from
urnrelated patients
Aspergiius furrigatus colonies may
show an abnormal colony

morphology, fack of sporulation or
reduced growth rate

LS8H, TR, and TReu/Y121F/
T288A°

Low genetic diversity between azole-
resistant isolates from unrelated
patients

No apparent fitness cost

* Recantly the presance of 2 pont mutations was reported in the anwronmeant: G54 and

M220 {15, 18].
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Joumal of Clobal Antimicrebial Resstance 3 (2013 ) 65-74

Contents fists avadable at ScienceDiroct

Journal of Global Antimicrobial Resistance

|ournal homepage: www.elsevier com/locate/jgar

Triazole-resistant Aspergillus fumigatus harbouring G54 mutation:
Is it de novo or environmentally acquired?

Cheshta Sharma?, Ferry Hagen ", Ruxandra Moroti®, Jacques F. Meis ™
Anuradha Chowdhary *’

First described isolation of TRAF harboring the
G54E cyp51A mutation from environmental
samples in India, Romania, and Tanzania.

This mutation is so far considered a de novo
mutation arising primarily due to prolonged
human exposure to azoles.

A single resistance mechanism, the G54E
mutation, was found in 16 samples from three
countries.

This mechanism was responsible for 46.4% of
resistant isolates from Tanzania, 30.4% from
Romania, and 20.0% from India.

Prevalence of triazole resistance in Aspergillus fumigatus isolates in environmental samples from Tanzania, Romania and India investigated during 2013-2014.

Location Samples positive for Samples positive TRAF/total A. Isolates with G54E Isolates with Isolates with
A. fumigatus/samples for TRAF/samples fumigatus mutation/TRAF TR34/L98H TR46/Y121F/T289A
investigated investigated isolated isolates tested mutation/TRAF mutation/TRAF
isolates tested isolates tested
Tanzania 27/30 (90.0%) 10/30 (33.3%) 28/106 (26.4%) 13/28 (46.4%) 11/28 (39.3%) 4/28 (143%)
(n=30)°
Romania 25/27 (92.6%) 5/27 (18.5%) 2395 (24.2%) 7/23 (30.4%) 16/23 (69.6%) Negative
(n=27)°
India (n=24)° 21/24 (87.5%) 5/24 (20.8%) 5/52 (9.6%) 1/5 (20.0%) 4/5 (80.0%) Negative
Total (n=81) 73/81 (90.1%) 20/81 (24.7%) 56/253 (22.1%) 21/56 (37.5%) 31/56 (554%) 4/56 (7.1%)

TRAF, triazole-resistant A. fumigatus.
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Cortents fists available at ScienceDirect

Journal of Global Antimicrobial Resistance

FLSEVIER journal homepage: www elsavier.com/locate/jgar

Triazole-resistant Aspergillus fumigatus harbouring G54 mutation:
Is it de novo or environmentally acquired?

Cheshta Sharma®, Ferry Hagen", Ruxandra Moroti, Jacques F. Meis "™,
Anuradha Chowdhary *’

The G54E isolates revealed high MICs of itraconazole
and posaconazole and were cross-resistant to
agricultural fungicides.

The majority of the Romanian and Tanzanian G54E
isolates had an identical genotype.

Despite a genetic heterogeneity of TRAF strains
harboring the G54E mutation in the countries’
environment, it may be anticipated that long-term
exposure of A. fumigatus to fungicides may induce
selection of G54 mutants in the environment.

In vitro antifungal susceptibility profile of triazole-resistant Aspergillus fumigatus isolates from India, Romania and Tanzania against medical triazoles and commonly used

azole fungicides.

cyp51A alterations  MIC Triazole Fungicide
(no. of A. fumigatus (mg/L) drug
isolates)
ITC VRC I1SA POS Bromu Cypro Difeno Epoxi Metco Penco Hexaco Tradi Tricycla Tebu
G54E (n=22) MICsp 16 025 0.25 2 0.5 8 0.25 1 0.125 16 2 32 32 0.5
MICop 16 0.5 0.5 4 32 32 32 32 025 32 32 32 32 32
GM 16 0.29 0.20 2.14 139 138 0.70 1.60 024 2142 3.26 32 32 1.39
Range 16to 025-0.5 0.125-05 1-4 D5to 8toe 0125te 05to 006te 16to 1to =32 =32 0.5 to
=16 =32 =32 =32 =32 =32 »32 =32 =32
TR34/L98H MICsp 16 8 3 1 32 32 32 32 4 32 32 32 32 32
(n=31) MICoy 16 8 8 2 32 32 32 32 8 32 32 32 32 32
GM 16 49 a8 1.1 30.04 32 30.04 32 4 32 30.04 32 32 32
Range 16to 2to =16 8 to =8 1-2 16-32 3210 16-32 320 1-8 32to 16-32 3210 3210 32to
=16 =32 =32 =32 =32 =32 =32
TR4s/Y121F/T289A GM 1.68 16 8 042 32 32 32 32 32 32 32 32 32 32
(n=4) Range 1-2 16 to =16 B to =8 025-05 32t0 3210 32 32 32 32to 32 32 32 32 to
=32 =32 =32 =32

MIC, minimum inhibitory concentration; ITC, itraconazole; VRC, voriconazole; 1SA, isavuconazole; POS, posaconazole ; Bromu, bromuconazole; Cypro, cyproconazole; Difeno,
difenoconazole; Epoxi, epoxiconazole; Metco, metconazole; Penco, penconazole; Hexaco, hexaconazole; Triadi, triadimefon; Tricycla, tricyclazole; Tebu, tebuconazole;
MICsp/00, MIC at which 50% and 90% of the test isolates are inhibited, respectively; GM, geometric mean.

2 21 environmental, 1 clinical.
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Rapid Induction of Multiple Resistance Mechanisms in Aspergillus
fumigatus during Azole Therapy: a Case Study and Review
of the Literature

Simone M. T. Camps,®® Jan W. M. van der Linden,®® Yi Li,>® Ed J. Kuijper,© Jaap T. van Dissel, Paul E. Verweij,>®
and Willem J. G. Melchers®®

TABLE 1 Isolates obtained from the patient suffering from pulmonary aspergilloma

FIG 2 Locations of residues P216 and F219 indicated in the Cyp51A homol-
ogy model. The green tubes represent the two ligand access channels leading to
the heme center of the enzyme.

. . MIC (mg/liter)
Date of isolation o

Microsatellite no. of repeats

Isolate no.  {day-mo-yr) Specimen Cyp51A substitution ITC VRC POS AMB 3A 3B 3C 4A 4B 4C Treatment
Vv74-61 29-9-2008 Sputum A9T 0.5 | 0.063 1 13 9 17 8 9 10 ITC

V76-03 17-11-2008 Sputum A9T, F2191 =16 1 0.5 1 13 9 17 8 9 10  VRC

V77-41 17-12-2008 Sputum AYT, P216L =16 1 1 1 13 9 17 8 9 10 POS

V79-63 25-2-2009 Sputum A9T, F2191 =16 8 =16 1 13 9 17 8 9 10 POS

vB80-28 9-3-2009 Sputum A9T, F2191 =16 8 =16 1 13 9 17 8 9 10 POS

v80-55 19-3-2009 Sputum A9T, F2191 =16 8 =16 1 13 9 17 8 9 10 POS

v82-58 16-5-2009 Sputum A9T, F2191 =16 4 =16 1 13 9 17 8 g 10  POS

v83-11 5-6-2009 Sputum A9T, F2191 =16 4 =16 1 13 9 17 8 9 10 L-AMB + CAS
v83-14 7-6-2009 BAL A9T, G54E >16 05 1 1 13 9 17 8 9 10 L-AMB + CAS

Nine consecutive isogenic Aspergillus fumigatus isolates cultured from a patient with aspergilloma
were investigated for azole resistance. The first cultured isolate showed a wild-type phenotype, but
four azole-resistant phenotypes were observed in the subsequent eight isolates. Four mutations were
found in the cyp51A gene of these isolates, leading to the substitutions A9T, G54E, P216L, and F219I.
Only G54 substitutions were previously proved to be associated with azole resistance. Isolates
harboring F219I evolved further into a pan-azole-resistant phenotype, indicating an additional

acquisition of a non-cyp51A-mediated resistance mechanism.
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AAC

Rapid Induction of Multiple Resistance Mechanisms in Aspergillus
fumigatus during Azole Therapy: a Case Study and Review
of the Literature

Simone M. T. Camps,®® Jan W. M. van der Linden,>® Yi Li,>® Ed J. Kuijper,© Jaap T. van Dissel,? Paul E. Verweij,>®
and Willem J. G. Melchers®®

Review of the literature showed that in
patients who develop azole resistance
during therapy, multiple resistance
mechanisms commonly emerge.
Furthermore, the median time between
the last cultured wild-type isolate and the
first azole-resistant isolate was 4 months
(range, 3 weeks to 23 months), indicating
a rapid induction of resistance.

Previous
azole
exposure | Time (months) Ref
=3 -2 - 4] 1 2 3 4 S 6 T 8 8 0 1t 12 13 14 15 16 17 18 19 20 29 22 23 24 325 25 27T 28
i 2 !_ A i - A LS -y . J US| e b 1 A A A -l -l B lind IM22-0K,7 A ,,,-.-G-sa,E,,
1 | ’ ne | | ITC Y (14)
| th G54R
A 7 ) S (14

Y.O54R GS4E  G448S
e 09

th 7 ?

o4 2y VRCICAS | CAS+POS (2)
c ’
-~ Wiew w? G448S
| =
85 | Y-V VRC "n 3
@© '
a wt M220I 3x G54R

6 e ‘ e ' ' ' (5)

wi N ND
7 mc (8)
24— + « G54E
8 | >7ymmC, this study

10'mo no treatment
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Voriconazole-Susceptible and Voriconazole-Resistant
Aspergillus fumigatus Coinfection

Kolwijck E, Am J Respir Crit Care Med. 2016;193:927-9.

Table 1. Analysis of Individual Aspergillus fumigatus Colonies and Tissue Samples from Three Patients with Proven Invasive
Aspergillosis

No. of MIC (mg/L) (Interpretation)

Patient Date Sample* Colonies ITZ vCz PCZ Genotype Mutation
1 1/30/2013  Bronchoalveolar lavage 17 >16 (R) 4 (R) 2 (R) A TRa34/L98H
2/1/2013  Tissue: left lung 2 >16 (R) 16 (R) 2 R) B TRa24/L98H
2/1/2013  Tissue: right lung 4 1 (S) 1(S) 0.25 (l) C Wild type
2 11/28/2014 Bronchoalveolar lavage 1+ 1(S) 1(S) 0.063 (S) D Wild type
12/8/2014  Bronchial aspirate 1 0.25(S) 0.5(S) 0.063(S) E Wild type
1 0.25 (S) 8 (R 0.125(S) F TR46/Y121F/T289A
12/11/2014  Bronchial aspirate 2 025(S) 05(S) 0.063(S) E Wild type
18 05(8) 16(R) 0.25 (l) F TR4e/Y121F/T289A
12/15/2014 Bronchial aspirate 1 025(S) 0.5(S) 0.063(S) D Wild type
12/29/2014 Sputum 1 025(S) 0.5(S) 0.063(S) D Wild type
1/19/2015  Tissue: right lung (cavnty) 20 05(S) 05(S) 0.0863(S) E Wild type
1/19/2015  Tissue: left lung (nodule)® Wild type
1/19/2015  Tissue: right lung (nodule)
1/19/2015  Tissue: right lung (nodule) Wild type
1/19/2015  Tissue: right lung (nodule)® Wild type
1/19/2015  Tissue: kidney transplant® N.
3 5/27/2015  Bronchoalveolar lavage 1 0.125(S) 0.5(S) 0.063 (S) G Wild type
6/5/2015  Sputum 1 0.125(S) 0.5(S) 0.063 (S) G Wild type
6/10/2015  Sputum 1* >16 (R) 8 (R 0. 5@R) H TR24/L98H
6/19/2015  Sputum 1 0.125(S) 0.5(S) 0.063 (S) G Wild type
8/7/2015  Tissue: brain biopsy 1 =16 (R) 4 (R) 0.25 (l) H TRa34/L98H

Definition of abbreviations: | = intermediate; ITZ = itraconazole; MIC = minimum inhibitory concentration; N.A. = no amplification of fungal DNA was
achieved; PCZ = posaconazole; R =resistant; S = susceptible according to the European Committee on Antimicrobial Susceptibility Testing clinical
breakpoint; VCZ = voriconazole.

*Bold text represents samples recovered at autopsy or through biopsy.

"Number of A. fumigatus colonies is unknown. MIC testing was not performed for treatment guidance; one A. fumigatus colony was sent to the Radboud
University Medical Center postmortem for analysis.

rUp to four colonies were screened, but only one was stored.

SFormalin-fixed, paraffin-embedded histology sections were used for detection of A. fumigatus DNA and mutations in the Cyp51A gene.
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Voriconazole-Susceptible and Voriconazole-Resistant
Aspergillus fumigatus Coinfection

Kolwijck E, Am J Respir Crit Care Med. 2016;193:927-9.

“We hypothesized that in regions with TR34/L98H and
TR46/Y121F/T289A environmental mutations, individual pulmonary
lesions may arise from A. fumigatus strains with different azole
resistance profiles.

In patients 2 and 3, initial diagnosis indicated voriconazole
susceptible disease, but during voriconazole therapy, resistance
emerged in cultures, possibly as a result of azole selection pressure.
Our observation questions the use of azole monotherapy in regions
with TR34/L98H and TR46/Y121F/T289A environmental mutations,
as even in patients with azole-susceptible A. fumigatus, one cannot
be fully confident that azole-resistance is not present.

Although the frequency of Aspergillus coinfection is unknown, we
believe that our current diagnostic and treatment strategies need to
be reassessed.”
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In-host adaptation and acquired triazole resistance in
Aspergillus fumigatus: a dilemma for clinical management

PaulE Verweij*, Jianhua Zhang®, Alfons | M Debets, Jacques F Meis, Frank L van de Veerdonk, Sijmen E Schoustra, Bas | Zwaant, Willem | G Melcherst

The authors explore the adaptation strategies
of A. fumigatus in relation to azole resistance
selection and the clinical implications thereof
for management of diseases caused by
Aspergillus spp.

The authors hypothesize that the current
diagnostic tools and treatment strategies do
not take into account the biology of the
fungus and might result in an increased
likelihood of fungal persistence in patients.

The process of reproduction—i.e. sexual,
parasexual, or asexual—is probably crucial
for the adaptive potential of Aspergillus spp.
As any change in the environment can
provoke adaptation, switching between
triazoles in patients with chronic pulmonary
aspergillosis might result in a high-level pan-
triazole-resistant phenotype through the
accumulation of resistance mutations.

Gemelli #%

Alternatively, when triazole therapy is stopped,
an azole-free environment is created that
could prompt selection for compensatory
mutations that overcome any fitness costs that
are expected to accompany resistance
development. As a consequence, starting,
switching, and stopping azole therapy has the
risk of selecting for highly resistant strains with
wildtype fitness.

Stress factors Adaptation phenotypes

Endogenous:

Effectors of innate immunity
Oxygen deprivation
Nutrient depletion

High-level pan-triazole
resistance

T

Accumulation of mutations

A

Switching between
azoles

Exogenous:
Azole therapy

Stopping azole
therapy
Compensatory evolution

!

Hypervirulence

v

Process of
reproduction

Figure 4: Two scenarios both leading to unfavourable clinical outcomes in patients with persistent
Aspergillus fumigatus infections
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Environmental conditions

Presumed benefit

Likelihood in human host

Fungus characteristics
Asexval Mycelium and asexual
spores
Sexual Requires opposite mating
fypes (MAT1-1 and MAT1-2)
Parasexual Mycelium containing
(heterckaryon)  different compatible
genotypes

Abundantly present in nature; presence
of ait axygen, and light

Only reported under laboratory
conditions; oatmeal agar, 30°C. darkness;
occurs after 4 weeks or longer

Unknown; expected to occurin long-
{asting mycelium

Ability to produce prolific numbers of asexal spores
for dispersal and increased mutation supplyon 2
wide range of substrates under a broad set of
ervironmental conditions

Long-term survival strategy, heat ressstance;
generation of genetic variation for adaptation

Genetic recombination and complementation

Might occur in a lung cavity; chronic cavitary
pulmonary aspergillosis, aspergilloma, or
sinus disease

Unlikely due to required conditions

Might occur in conditions with long-lasting
biofilms harbouring various A fumigatus
genotypes: aspergilloma or sinusitis and
chranic colonisation (cystic fibrosis)

Table: Reproduction processes in Aspergillus fumigatus and their characteristics and probability of occurring in the human host

In cystic fibrosis, A. fumigatus is thought to form hyphal
networks that resemble biofilm structures, where the
fungus can be captured in a hyphal state. Because lungs
typically harbor genetically diverse A. fumigatus spores, this
might be a condition in which parasexual recombination can
occur. Thus, fusion of hyphae allows the nuclei to fuse as
well, resulting in a temporally diploid phase in which mitotic
recombination might occur, before reverting to the normal
haploid stage (Verweij et al., Lancet Infect Dis. 2016).
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Azole resistance surveillance in Aspergillus fumigatus:
beneficial or biased?

Paul E. Verweijl2*, Pieter P. A. Lestrade?, Willem J. G. Melchers'? and Jacques F. Meis23

Microbial surveillance has been recognized as a fundamental component of resistance management.
However, the question is how azole resistance surveillance can best performed, especially if
resistance frequencies are used to guide empirical antifungal treatment decisions.

Gemelli #%

Surweillance strategy

Aim

Advantage

Disadvantage

Bias

Screening of unselected
clinical A. fumigatus
isolates

Identify patients with 1A
based on a positive
Aspergillus culture

Determine the frequency of
1A within a cohort of
patients

Trends in resistance
frequency

Trends in distribution of
resistance mutations

Detection of new resistance
mutations

Determine the frequency of
resistance in patients
with culture-positive 1A

To determine the
prevalence of azole
resistance in a specific
risk group

A substantial number of
isolates may be
screened

Relatively straightforward
to conduct

Provides a relatively high
sample size, when
potients are included
independent of risk

category

Gives an accurate
indication of resistance
prevalence

Relatively uniform
management and
sampling strategy in
single-centre design

Includes isolates that are
clinically not relevant or
from colonized/
untrected patients

May not correspond to
resistance frequency in
specific risk groups

Includes only a minority of
IA patients

Variability in underlying
diseases

Variability in management/
sampling strategy

Requires a substantial
effort to evoluate and
clossify patients

May take a long time to
include a meaningful
number of cases

Variability in management/
sampling strategy in
multicentre design

Denominator bias

Laboratory practice and
procedure bigs in
multicentre design

Case definition, case
ascertainment and
sampling bias

Laboratory practice and
procedure bias in
multicentre design

Case definition, case
ascertainment and
sampling bias

Laboratory practice and
procedure bias in
multicentre design
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= Can we use unselected clinical A. fumigatus isolates?

= Or should isolates from selected respiratory specimens and from normally sterile sites be
included?

=  Or should we only use isolates from patients with documented Aspergillus disease, such
as IA?

Shown is the impact of the denominator on the resistance frequency in azole resistance
surveillance. Resistance rates are calculated for a theoretical population of 200 AML
patients, with a 10% prevalence of 1A and 33% culture positivity.

Azole
resistance
frequency
200 AML patients 1% (2/200)
/ 20 IA cases 10% (2/20)
) / 6 culture positive
2 azole resistant
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From resistance frequency to treatment strategy

= An expert panel recommended reconsidering the use of azole
monotherapy in regions with azole resistance rates exceeding 10%.
Alternative empirical therapy included either liposomal
amphotericin B or voriconazole and echinocandin combination
therapy (Verweij et al., Drug Resist Updat 2015).

" The recommended 10% threshold may help to decide locally
whether moving away from azole monotherapy is appropriate.
Unfortunately, resistance rates may vary over time, thus
necessitating continuous or repeated audits (Verweij et al., J
Antimicrob Chemother 2016).

= |n addition to resistance frequency, patient factors should also be
considered. Patients that require admission to the ICU may benefit
from an alternative empirical therapy, in a setting with a significant
proportion of azole resistance (Verweij et al., ] Antimicrob
Chemother 2016).
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RESEARCH ARTICLE

Emerging aspergillosis by azole-resistant Aspergillus

fumigatus at an intensive care unit in the Netherlands,
2010 to 2013

Jvan Paassen ', ARusscher*, AW in 't Veld - van Wingerden *, PE Verweij ? , E] Kuijper?  Flow-chart of patient selection to investigate the
prevalence of invasive aspergillosis by azole-resistant

To determine the prevalence of IA by Arpveteity oapiial. Nethirlinds. 2010-2013 (38 pelected
azole-resistant A. fumigatus at the ICU N

among patients receiving antifungal e

treatment and to follow their clinical | —
outcome and prognosis. 136 pationts reated | | o
Of 9,121 admitted ICU-patients, 136 had |

received antifungal treatment for | ptens

suspected IA, of which 38 had a positive |

A. fumigatus culture. I .

Ten of the 38 patients harbored at least Cresistania - ‘ Suscepible A

one azole-resistant isolate. Resistance eplrsichi e o o e mebinger i et i
mechanisms consisted of alterations in ROSPENS Natherand, 20102000 perig patines®

the cyp51A gene, more specific

TR34/L98H and TR46/T289A/Y121F.

Microsatellite typing did not show clonal
relatedness, though isolates from two
patients were genetically related.

Number of patients
o} A o w 5’ o
—
l
B
|
I
B
o I
I
]
=i
B

. T - = Treatment for IA Positive culture mmmAzole resistance
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Mortality Rates in Patients with Invasive Aspergillosis as
Reported in Different time Periods

Asgpergilus Disease
Era [A Comment CNS (A Commaent
c-AmB era 65% [21 122 of 187 patients receiving c-AmB died. 95%-100% 3]  Literature review
71.6% [56] 187 of 261 patients with |A died. 99% [56] Review of 141 cases of CNS |A in
immunocompromised patients, of whom 140
died.
Ale era 27.5% 1571 9wk monality: 39 of 142 patients receiving vonconazole 45.6% |71 Retrospectve analysis of 81 patients wath CNS |A
monotherapy. treated with voriconazole
285% [58] Popuation-based study analyzing 8563 aspergillosis 36.4% [59] Literature review: 4 of 11 patients with CNS |A
cases in France. who recaived voriconazole monotherapy.
Awle resistant  100% [44] Culturepositive patients with proven and probable IPA 86% [24, 44, 60] 7 cases of azlevesistant CNS |A have been
treated with voriconazole (5/5) reported, of which 6 were fatal.
88% [45] 8 HSCT patients with culture-positive, azole-resistant A,

of whom 7 died.

100% [54] ICU patients with culture-positive azde-esistant |A died
(10/10), compared with 21 of 28 (75%) with azole-
susceptible |A.

Abbsviations: c-AmB, conventional amphotenain 8; CNS, central nanous syatem; HSCT, hematopoietic stem oall transplant; |A, mvasne aspergiiosis; ICU, intensive cam unit; IPA invashe
puimonary aspergiioss.
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Changes in In Vitro Susceptibility Patterns of Aspergillus to
Triazoles and Correlation With Aspergillosis Outcome in a
Tertiary Care Cancer Center, 1999-2015

Sang Taek Heo,'* Alexander M. Tatara,'**¢ Cristina Jiménez-Ortigosa,’ Ying Jiang,' Russell E. Lewis,"? Jefirey Tarrand,® Frank Tverdek,®
Nathaniel D. Albert,' Paul E. Verweij,” Jacques F. Meis,’” Antonios G. Mikos,? David S. Perlin,* and Dimitrios P. Kontoyiannis'

" Azole-resistant aspergillosis in high-risk patients with
hematological malignancy or hematopoietic stem cell
transplantation (HSCT) is a cause of concern.

" The authors examined changes over time in triazole minimum
inhibitory concentrations (MICs) of 290 sequential Aspergillus
isolates recovered from respiratory sources during 1999-2002
(before introduction of the Aspergillus-potent triazoles
voriconazole and posaconazole) and 2003—-2015 at MD Anderson
Cancer Center.

= For the 107 patients with hematologic cancer and/or HSCT with
invasive pulmonary aspergillosis (IPA), the authors correlated in
vitro susceptibility with 42-day mortality.
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Clinical Infectious Diseases

MAJOR ARTICLE

Changes in In Vitro Susceptibility Patterns of Aspergillus to
Triazoles and Correlation With Aspergillosis Outcome in a
Tertiary Care Cancer Center, 1999-2015

Sang Taek Heo,'?? Alexander M. Tatara,'**° Cristina Jiménez-Ortigosa,’ Ying Jiang,' Russell E. Lewis,'® Jefirey Tarrand,® Frank Tverdek.®
Nathaniel D. Albert,' Paul E. Verweij,” Jacques F. Meis,” Antonios G. Mikos,” David S. Perlin,* and Dimitrios P. Kontoyiannis'

A (EE e
AIDSA | LIVT)

Shown is survival curves for patients who had either azole
wild-type or azole non-wild-type IPA. A, Kaplan-Meier
survival curve. B, Adjusted Kaplan-Meier survival curve.
No significant differences in 42-day mortality were seen in
19 cases compared to 88 controls.
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Diay of folbw up

— Arole- susceptible IPA ——— Arole- esistant |PA

m
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- 7 14 Z1 2B 35 42

Gemelli #% Day of follow up

Non-WT MICs were found in 37 (13%) A. fumigatus isolates
and was only low level (MIC <8 mg/L) in all isolates.

Shown is crude mortality within 42 days in patients with
IPA according to various MIC cutoffs of the A. fumigatus
isolates.

There was no correlation between in vitro MICs and 42-day
mortality in patients with IPA, irrespective of antifungal
treatment.

Rate of Mortality Within 42 Days, no./No. (%)

MIC Cutoff, pg/mL MIC < Cutoff MIC > Cutoff PValue®
itraconazole
1 30/83 (36) 7118 {37) 95
2 33/91 (36} 4111 {36} >499
3 35/95 {37) 277 (29) >89
4 37/102° (36) NA
Vonconazols
1 30/86 (35) 7/16 (44) 50
2 36/98 (327) 1/4 (25) >389
3 36/100 (36) 1/2 (50) > 99
Posaconazole
025 31/85 (36) 6/17 {35) 93
05 34/93 {37} 3/9 {33) > 499
1 3687 137) 1/5 {20) 65
2 371102 {36} NA
Isavuccnazole
1 37/102 (36) NA

Abbreviations: MIC, minimum inhitetory concentrabon; NA, not applicable.
“Clinical and Laboratory Standards Institute criteria.

"We excluded 5 patients who weare lost 1o follow-up before outcome was known within 6
weeks after date of culture

“Univariate analysis
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Changes in In Vitro Susceptibility Patterns of Aspergillus to
Triazoles and Correlation With Aspergillosis Outcome in a
Tertiary Care Cancer Center, 1999-2015

Sang Taek Heo,'? Alexander M. Tatara,'*** Cristina Jiménez-Ortigosa,’ Ying Jiang,' Russell E. Lewis,"" Jeffrey Tarrand,® Frank Tverdek,®
Nathaniel D. Albert,' Paul E. Verweij,” Jacques F. Meis,” Antonios G. Mikos,” David S. Perlin,* and Dimitrios P. Kontoyiannis'

Concluding remarks

Of 37 non-WT A. fumigatus isolates, there
were no cyp51A-dependent mutations
identified to explain this resistance, including
the prominent TR46/Y121F/T289A. Hence,
other mechanisms, such as drug efflux or even
reduced azole import (Esquivel et al.,
Antimicrob Agents Chemother 2015) to
maintain low intracellular azole levels, could be
operating in clinical isolates, at least in
hematology patients.

Assessment of mortality following the
diagnosis of aspergillosis in this time frame is
considered more appropriate as several
competing causes of death exist in this patient
population. No decisions regarding
type/intensity of antifungal treatment were
made by the treating physician based on
knowledge of the MICs.

CLSI has not defined clinical breakpoints for
Aspergillus species, and the European
Committee on Antimicrobial Susceptibility
Testing has defined limited species and drug
values (Espinel-Ingroff et al., J Clin Microbiol
2010). What determines WT and non-WT is
currently based only on epidemiological and
probabilistic concepts based on antifungal
PK/PD relationships.

The lack of differences in survival in IPA caused
by susceptible vs nonsusceptible aspergilli
might be due to practice patterns

(such as the frequent use of combination
therapy in the study cohort) or to biological
factors (such as compensatory evolutionary
genetic changes and subsequent “fitness cost”
of the latter) (Verweij et al. Lancet Infect Dis
2016), or a combination of both.
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Findings from these studies .....

* .....call for an increased awareness especially at
clinical microbiology laboratories, which ideally
would lead to susceptibility testing of all clinically
relevant isolates by reference or validated
methods.

 Moreover, novel diagnostic approaches for non-
culturable pathogens are warranted and especially
DNA-based detection by PCR may serve as a solid
complimentary tool for improved diagnostics of
invasive fungal infections, including aspergillosis.
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Review
New approaches for antifungal susceptibility testing
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" |nvasive fungal diseases, including those caused by (multi)drug-
resistant Candida and Aspergillus species, still represent global
public health concerns. Information about the antifungal
susceptibility testing (AFST) of fungal isolates must be quickly
produced to help clinicians in administrating appropriate antifungal
therapies.

= Particular attention is given to the new approaches based on genetic
or phenotypic recognition of antifungal resistance. Overall, these
approaches provide a rapid, reliable means of identifying those
fungal isolates with phenotypically detectable acquired resistance
mechanisms, independently from the clinical susceptibility
categorization of the isolates as obtained in a classical AFST way.
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Editorial note

Are breakpoints for phenotypic susceptibility testing no longer needed?

= |t has been suggested that very soon we shall not need breakpoints and
recommendations for phenotypic susceptibility testing as these will be
replaced by genetic methods.

= This of course hinges on the ability of genetic methods to predict not only
resistance but also susceptibility, and on their ability to quantify the degree of
resistance.

=  Such prediction is gradually becoming more difficult as multiple resistance
mechanisms become more common, and more of a concern as extreme
resistance and pan-drug resistance become a reality.
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AsperGenius assay

* AsperGenius® assay is a multiplex real-time PCR assay developed
by PathoNostics. It rapidly diagnoses Aspergillus infections and
simultaneously identifies azole resistance.

e Species multiplex
— Aspergillus fumigatus
— Aspergillus terreus
— Aspergillus species
e Resistance multiplex
— L98H
— Tandem repeat 34
— T289A
— Y121F
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Journal of Antimicrobial Chemotherapy Advance Access published August 15, 2016
Journal of
s Antimicrobial
doi:10.1093 joc/dkw323 Chemotherapy

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 Borne’, J, Boelens®, E, Steel®, G. A, Kampinga®, L. F. R. Span’,
K. Lagrou®, J. A. Moertens®, G. J. H. Dingemons®®, G, R. Gaagjetaan’®, D. W. E. van Tegelen'®,
J. J. Comelissen®! A, G, VonkiZ and B. J. A, Rijnders?

 Two hundred and one patients each contributed one BAL
sample, of which 88 were positive controls and 113 were
negative controls.

* The sensitivity, specificity, positive predictive value, and
negative predictive value were 84%, 80%, 76%, and 87%,
respectively.

* Azole treatment failure was observed in 6/8 patients with a
RAM (resistance-associated mutation) compared with 12/45
patients without RAMs (P=0.01). Six-week mortality was 2.7

times higher in patients with RAMSs (50.0% versus 18.6%;
P=0.07).
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Interspecies discrimination of A. fumigatus and siblings A. lentulus and @ SR
A, felis of the Aspergillus section Fumigati using the AsperGenius® assay

G.M. Chong **, AG. Vonk , LE. Meis ©°, GLH. Dingemans ©, |. Houbraken ', F. Hagen ©, G.R Gaajetaan ©,
D.W.E van Tegelen “, G.EM. Simons *, BJA. Rijnders *

The AsperGenius® assay detects several Aspergillus species and the A. fumigatus
cyp51A mutations TR34/L98H/T289A/Y121F that are associated with azole
resistance. We evaluated its contribution in identifying A. lentulus and A. felis, 2 rare
but intrinsically azole-resistant sibling species within the Aspergillus section
Fumigati.

The assay was tested on (i) 2 A. lentulus and A. felis strains obtained from biopsy
proven invasive aspergillosis and (ii) control A. fumigatus (n = 3), A. lentulus (n = 6)
and A. felis species complex (n= 12) strains.

The AsperGenius® resistance PCR did not detect the TR34 target in A. lentulus and A.
felis in contrast to A. fumigatus. Melting peaks for L98H and Y121F markers differed
and those of the Y121F marker were particularly suitable to discriminate the 3
species.

In conclusion, the assay can be used to rapidly discriminate A. fumigatus, A. lentulus,
and A. felis.
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CONCLUSIONS (1)

" |[nvasive fungal infections kill nearly 1.4 million people a
year—a number comparable to deaths from
tuberculosis. Factors that contribute to this disease
burden and high mortality include, inevitably, insufficient
diagnostics and treatment.

" Appropriate antifungal use may contribute to abate the
incidence of antifungal drug resistance, which results
from inherently less sensitive species and/or acquisition
of drug class—specific resistance mechanismes.

" As in vitro growth of Aspergillus is poorly reflective of the
in vivo growth conditions, the optimal practice of
susceptibility testing needs to be revisited.
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CONCLUSIONS (1)

" The study of regulatory networks taking place in fungal
pathogens can help to target specific fungal pathways as
a whole, rather than to target more specific effectors of
virulence or drug resistance.

" |n addition, the strategies that a fungal pathogen uses
during infection to increase its genetic diversity and its
adaptation to the human microenvironment need to be
investigated.

" Future research in these fields might allow to develop
better diagnostic and treatment approaches and will
ultimately help us to improve our management
strategies of patients with invasive fungal infections.
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