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Diagnosis of IA

Alastruey-lzquierdo TIMM 2017

Early diagnosis challenging and basic for improvement of survival

Biopsies difficult (critically ill)
Cultures low sensitivity and low PPV in some
populations
Antifungal treatment




Galactomanan 5
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v" Enzyme-linked immunoassay
v" Serum BAL, CSF
v’ Can be used for monitoring the infection
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Mennink-Kersten Lancet Inf. Dis. 2004



GM for IA
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Autopsy-Controlled Prospective Evaluation of Serial Screening
for Circulating Galactomannan by a Sandwich Enzyme-Linked
Immunosorbent Assay for Hematological Patients
at Risk for Invasive Aspergillosis
JOHAN MAERTENS,' JAN VERHAEGEN,? HILDE DEMUYNCK.' PENELOPE BROCE?

GREGOR VERHOEF,' PETER VANDENBERGIHE,' JOHAN VAN ELDERE.”
LUDD VERBIST,” avn MARC BOOGAERTS'

Deparmnenis of Heeruology, Pacdisinics Y and Microbiolgy,” University Hospiral Gatheisbery, Leuven, Belgium

Sensitivity: 92.3%

Specificity: 95.4%

B
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Bronchoalveolar [avage Fluid Galactomanman
for the Diagnosis of Invasive Pulmonary Aspergillosis
in Patients with Hematologic Discases

Joham Macrtess.' Vincent Macrtons,” Koen Thounseson.” Woirter Mee 2 PRilippe W n.! Stot Moeors.'
Erie Verbeken,” Gregor Verhoet,' Johan Van Eldere,” and Kaarlen Lagrou®

Method Sensitivity

GM-BAL 91.3%
Culture 50%
Microscopy 53.3%




Galactomanan 25
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Maertens J et al. Clin Infect Dis. 2005;41(9):1242-1250.

Reduction in empiric treatment 35 2 7,7%



Utility of GM

Other populations GM not performed well
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ICU
Population Sensitivity | Specificity
AIDS Neutropenic 96% 96%
Prophylaxis Het 70% 1%
Liver transplant 57% 94%
ICU 38% 100%
CGD 24% 95%

Adapted from Aguado GEMICOMED 2017
Maertens, Blood 01; Bretagne CID 98; Fortun, Transplant 01, Walsh, ICAAC 02



Galactomanan

Table 2 Biological and epidemiological factors that influence the
performance of GM detection in invasive aspergillosis®

Bivlorical factors

Site of infection

Aspergifius species causing infection
Microenvironment at the site of
infection: nutrents, oxvgen level, pH
Exposure to antifungal agents
Moelecular structure of released
galactomannan

Underlying condition neutropen:a)
level of iImmunosuppression

Renal clearance, hepatic metabolism
Circulating galactomannan antibodies

Storage of chmcal sample

Pre-analytical treatment procedure

Epidemiolopical factors

Patient population
Sampling stratepry
Definition of a positive result

Definition of an IFD
Prevalence of IFD

Cutofl for postlivily

Laboratory experience
Nutntonal factors
(zalaclomannan-containing
food)

Treatment with semi-synthetic
B-lactam antibiotics
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ECIL recommendations for the use of biological markers for the diagnosis of invasive fungal diseases in leukemic patients and hematopoietic SCT recipients
O Marchetti, F Lamoth, M Mikulska, C Viscoli, P Verweij and S Bretagne and the European Conference on Infections in Leukemia (ECIL) Laboratory Working Groups
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“pan fungal” (No Crypto no Mucorales)
Sensitive
Low specificity
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Standardized

Validation

Variability

EAPCRI --> DNA extraction



Biomarkers vs Standard

Multicenter
randomized
controlled
trial
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Assessad Tor eligibility (number not recarded)

’

240 enrolied

132 assigned standard diagnostic strategy

diagnostic strategy

118 assigned biomarker-based

v

Nonculture improved 12 died
i i 2 fost to follow-up
dlagnOSIS - _ —®| 8 withdrew corsent
Reduced empiric antifungal 1wk ik compilarit
with trial protocal
therapy (17%) !
: 7 cormpleted brial

122 analysed by intention to treat i - 118 analysed by intention to treat

Morrissey et al. Lan. Infect. Dis. 201:



GM vs GM+PCR Y
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AML or MIOE on semsson-nduclion Fevapy
Alo-HECT reoipient

Multi- center randomized study | , [ :
PCRAga gl 1

Sanm G ard MPCH resulls Ondy serum GM results infomed
miormid in ®e GM-PCR group inlha GM group

v' Median to diagnosis GM-PCR

(13 vs 20 days P= 0.022) s @

v' Reduced empiric antifungal

therapy (17% vs 29% P= 0.027) ﬂlﬂ

Troraoe HRCT acan Thorace HRCT scan Resumption of |
mxgmEEion wanmirbon maonitonng*
Fritisbomn of anifungal britimlion: of snafungal
Therapy Tar b Hharsgy for 1%

Aguado et al. Clin Inf Dis 2015



No one is perfect
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Combinations
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No one is perfect
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Combinations

New methods needed but...

No reliable gold standard for vglj
EORTC/MSG Miss classification possible

Proven: culture or histology stern Source of variability

Probable: host + clinical + microl8

Possible: host + (clinical or microbiological)

®
. &R
Dt‘hiﬂlt ion h h-

Shortcoming: |

g

http://transplant-id.blogspot.rs/2015/12/2008-eortc-msg-criteria-invasive-fungal-disease-shortcomings.html



Lateral Flow assay

Monoclonal Ab

Detects extracelular glicoprotein

Secreted during active growth of Aspergillus spp

Aspergillus
Lateral Flow

: -
3
The Aspergillus LFD

Highly specific and detects “activity’ only
Single use assay with results in less than 15 minutes
Proven efficacy in diagnosis of IPA in humans
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PERFORMAMNCE CHARACTERISTICS
1. In hoematelogical malignancy potients using serum EORTC Proven/
prohable IPA (n = 22] versus no IFD (n = 5%)

# University, Wales, UK6. LFD

ASSAY SENSITIVITY SPECIFICITY MNPY

LFD B1 E2% (4 B4.75% (73,591 8)" | 925 g
PCR 75.45% 72.88% (60.4-82.6)* | 97.73% (88.2.99.4)"
Gh-ElA 77.27% |56.6-89.9) | B1.36% (69.4-89 3

nee |nfervals, NE

= Negative Predid lue

2.In k I lig patients and solid organ fransplant
recipients using BAL (.n = 37; 27 HM, 10 50OT; EORTC prebable

ted ot Medical L
HaA

sity of Graz, Austrind . LFD o

SENSITIVITY SPECIFICITY

100% a1%

PV = Megative Predictive Yolua

=g b kol molkguinoy s lants by

skl el DO B1L 1751 50101 Jul1 72



Lateral Flow assay

Serum (pretreatment) and BAL samples

Fast and cheap

Sensitivity 68% (52-81%) specificity 87% (80-92)

Cross-reaction with Penicillium

Fast (15 min) and cheap

Table 1 Per BALF sample
performance of the BALF
Aspergillus LFD for probable/
proven invasive pulmonary
aspergillosis versus no evidence
for invasive pulmonary
aspergillosis in different patient
cohorts (percentage and absolute

B

[
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Table3 Sensitivity of BALF LFD for probable/proven IPA in patients
with and without antifungal prophylaxis/therapy (information only
available for a proportion of cases published ).

BALF LFD sensitivity
for IPA overall percentage

{abzolute numbers)
Orverall T5% (36T)
Under mold active systemic antifimgals 6% (1425)
Without mold active antifungals RO (36/42)
Lower sensitivity in prophylaxis and patients with hematological malignancies

Patient group Sensitivity Specificity PPV NPV

Overall® 135 (83/113) 90 (498/552) 61% (83/137) 94% (498/528)

Solid organ transplantation 04% (15/16) 929% (89/97) 65% (15/23) 99% (89/90)

Intensive care umit 79% (26/33) B5% (176/206) 46%9% (26/56) Q6% (176/183)

Respiratory diseases T8% (25/32) 91% (196/215) 57% (25/44) 97% (196/203)

Hematological malignancies 67% (36/54) 91% (126/139) 73% (36/49) 88% (126/144)

numbers)*

Hoenigl J et al. Infect. 2012

Hoenigl M et al. Journal of Clinical Microbiology 2014
Pan Z et al J Med Microbiol. 2015
Heldt Curr Fungal Infect Rep 2017
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Lateral Flow assay
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Short Communication

Short Communication

Serum and urine galactomannan testing for
screening in patients with hematological
malignancies

Wiebke Duettmann'2, Christoph Koidi3, Katharina Troppan?,
Katharina Sceber?, Walter Buzina®, Albert Wolfler2, Jasmin Wagner?,
Robert Krause! and Martin Hoanigl' 4
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lactomannan in urine
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Urine Galactomannan-to-Creatinine Ratio for Detection of Invasive
Aspergillosis in Patients with Hematological Malignancies

Frederike M. ). Reischies,” Reinhard B, Raggam.” Juergen Prattes” Robert Krause,” Susanne Eigl® Agnes List” Franz Quehenberger,®
Valker Stranger,’ Albert Walfler,” Martin Hoenig? =0

Sectian of Infectious Dissases and Tropcal Medicine, Dapartment of Intemal Medicne, Macical University of Graz, Graz, Austra®, Chnical institute of Modical and

Cherrical Labaratory Diagriodlics, Medieal Uniersity of Graz, Gr

ez, Murstria®; Diviskon of Pulmanalogy, Departmient of Intemal Medicine, Medical Unhersity of Grae, Gray,

Austria”, Dndsion of Hematokogy, Department of Inteenal Medicine, Medical Uriversiy of Graz, Graz, Austria®, Institute for Medlcal Infoimnaiics, Statistcs, and
Documentation, Medeal University of Graz, Graz, Austria®, Division of Pedatne Hermato-Oneology, Departrent of Pediatrics and Adolescent Medicine, Madical Unnarsity
of Grae, Graz, Austria’, Dhvision af Infectious Diseases, Departrment of Medicing, Uriteecity of Califormia. San Drega, Califamia, USAY

Duettmann et al. Med Mycol. 2014;52.

Reischies et al. J Clin Microbiol. 2016c;54(3):771-4.
Dufresne SF, et al. PLoS One. 2012;7(8)

Heldt Curr Fungal Infect Rep 2017
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Detection of Urinary Excreted Fungal Galactomannan-
like Antigens for Diagnosis of Invasive Aspergillosis

Simon F. Dufresne’**, Kausik Datta' ", Xinming Li**, Ekaterina Dadachova’, Janet F. Staabd’,
Thomas F. Patterson®, Marta Feldmesser’, Kieren A. Mar '
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Figure 5. MAb476-based Lateral flow immunochromato-
graphic assay device (LFD) detects Galf antigen in simulated
and human urine les. A, e of the LFD;
subsequent panels show scanned images of the reaction window. 8,
Comparison of urine and normal saline (NS) as diluent for EPA293 in
LFD, €, Detection of EPA293 in 1 samples after i
{5-10 folds, 3 KDa MWYCO) and desalting (7 KDa MWCQ), compared to
no treatment. D, Detection of Galf-containing antigen in processed
clinical urine samples; 2 patients have intermediate [++) positive signal
and 2 have weak (+) positive signal.
doi:10.137 1/journal pone 0042736.9005




Volatile organic compounds
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Total lon count (*100 000)

Aspergillus fumigatus

Se
Sp

Aspergillus calidoustus

3
0 B 10 15 20 25 30 35
Retention time (minutes)

Table 3. Breath Aspergillus Metabolite Signature by the Reference
Standard and Test Parameters

Irrvasive Other Total
Fararmetor Aspergillosis® Pneurmnonia  Patients
.. Aspargifius metabolite 32 2 34
nsitivity: 94% signature” +
ecificity: 93%  [iostmii ‘ # *
Total patients 34 30 B4
Test parametars
Sansitivity (95% Cl) 0.24 {.81-33)
Specificity (95% CI) 0.93 |.78-98)
Pasitive likelihood 14.1 (3.68-54 0
ratiz 195% CI)
Magative ixelihood 0.063 {.02-24)
ratiz 195% Cl)

Koo S et al. Clinical Infectious Diseases 2014



Electronic nose technology in COPD 5
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Sensor data reduced to 2 PC

11 COPD Cross-validity accuracy 90.5%

A.fumigatus + |

_

Sensitivity: 91%
Specificity: 90%

3 ] :““x.::.....
10 COPD amer] \ /-
A.fumigatus o X/:
, 3 | ="

Roe of Rohe et al. ECCMID 2017 #P1477
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Samples Media for culture Growth and subtyping Susceptibility Typing
Rapid 1-2 days 1-6 weeks
grgwer\s T : 1T 1T L 1
7
Sterile Bloed S| Aerobichacilli |sssemad sesnsui
z ,: ap 2 U
Hodydiuic Ot \F Z Gram stain Staphylococci [semmmale smamnnde
Urine 23 [} N 7
ot —] SUEPLococei  |rsmsssl smssa)
- Ll
Pus 8] =
astdious
— e B e
Surface swabs E oraanisms
MALDI-TOF =
Sputum F Samples Media for culture
‘ | ]
Contaminated Facces G Rapid 1-2 days 1-12 hours
S growers 1 1
H - Ac.élcllja._st Sbtga itn — i !
an ain 5 i | - Py
— % Resistance | |Virulance
| , Steflo Hiend T & Species  Relatedness| |knowledge = knowledge]
! e base base
1-3 weeks Body fluid ,:___. B
‘l ‘l =
oM
Urine C
Allisolates LS
Pus D i ) T
i 5 Read processing Database of all sequences, metadata,
g |t * | and assembly > analysis results and visual analytics
Surface swabs E
Sputum E
A —
Contaminated Faeces G
Local hospital clinical record system National and international databases
; _I
. 1-3 weeks Y >
Didelot et al Nat Rev Genet. 2012 Allisolates




NGS o oo

Application of next generation sequencing in clinical microbiology
and infection prevention RH. Deurenberg et al. / Journal of Biotechnology 243 (2017) 16-24

Ruud H. Deurenberg?®, Erik Bathoorn™ ' Monika A, Chlebowicz ', Natacha Couto™’,
Mithila Ferdous® !, Silvia Garcia-Cobos® |, Anna M.D. Kooistra-Smid <"1,
Erwin €. Raangs™ ', Sigrid Rosema ™', Alida CM. Veloo™', Kai Zhou'!,
Alexander W, Friedrich?, John W.A, Rossen ™

tof Medical Micrabisiogy, Lniversiny of Groningen, [nfversiry Medicol Center Gromangen, The Netheriands
!mnemmq'mmmm mmmas

mmmmjnr e N I T
Schoal, Hm'wrmm

NGS (24-72h)

Fig. 1. A schematic overview of the general workflow of diagnostic procedures including NGS in our laboratory.



AF resistance 3
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Empiric and

prophylactic Resistance
High treatment

mortality
rates

Agricultural
use of azoles

Shift in the
epidemiology

secondary R
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Azale antifungal drug resistance In Aspargiius fumigatus & resistance machanisms REVIEW
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Figure 2.
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http://www.gaffi.org/uk-calls-for-agricultural-fungicide-restraint-to-reduce-azole-resistance-in-aspergillus/



Aspergillus cryptic species A%
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Table 1. Aspergillus 5 sleminlogical surveys from Spain and the UL 577

Transnect ( FILPOP
Specics Section M isolates T M isolates ¥
Al ,ﬁn:rlfgﬂ'ru.-: I:'Ll.l.'l'liHjllll 134 &3 | 5da o |
A. levirulus Fumigati 4 1.B 3 1.1
A, wdagaware Fumigati 3 1.4 0 0.0
M. peudofischerd Fuumigati | 0.5 1 0.4
AL viridinutans Fumigati 0 0.0 1 0.4
AL furrvigariafings Fumigati ] 0.0 1 0.4
A. flavus Flawi 29 13.3 27 9.7
A, alliaceus Flawi il 0.0 ] 1.1
AL terres Terrei 11 5.0 26 .4
A, carneus Terrei 0 0.0 1 0.4
A. mubringensis Migri & 2.8 22 7.9
A miger Migri 13 6.0 21 7.6
A, calidoustis Listi 1 28 4 1.4
AL fnsnetus Uisti 0 0.0 1 0.4
A, kewveeid Uit 1 0.0 1 .4
A, svdowii Versicolores 2 0.9 | 0.4
A, versicolor Versicolores 3 1.4 1 0.0
E. quadrilineara Midulanies | 0.5 0 0.0
A, ridulans MNidulantes ] [ENY) & 2.4
A. westerdijkiae Circumdati 0 0.0 1 0.4
Total \LJH ;:g) vm y

Balajee et al, JCM 2009 Alastruey-lzquierdo et al. AAC 2013

Alastruey-lzquierdo et al. ANYAS 2012
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Aspergillus cryptic species

i
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n AMB ICZ VCzZ PCZ CPF MCF ANF
A. lentulus 26 3 2.3 3.4 1.6 0.1 0.1
N. hiratsukae 9 1.7 0.9 1.1 0.16 0.11 0.03 0.03
N. pseudofischerii 6 0.25 4 2.51 0.86 0.03 0.03
A. fumigatiaffiinis 6 4.8 5 3.1 04 022 0,03 0,03
N. udagawae 5 0.6 2.3 0.3 0.03 0.03
A. viridinutans 3 0,7 16 4 5,66 0,06 0,09
A. tubingensis 22 011 042 076 0.09 03 0.05 0.03
A. calidoustus 19 0.9 8.6 6.2 6.8 0.5 0.04 0.04
A. insuetus 2 0.7 11.3 8 2.8 5.6 1.4 0.9
A. keveii 1 0,25 16 16 16 16 16 16

30 19.25 0.2 0.5 0.11  12.15 3.8 1.9

Data from Mycology Reference Lab, CNM, ISCIII



Screening for azole resistance in the lab 7t
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40 WT and 39 Azole R mutants
3 labs/2 readers

Good agreement

Sensitivity & specificity based on presence of C¥P51A mutations & growth in >1
azole containing agar well

ITCWVRETSC

Dheerall 99 s Do L 99% 100 9% wu_]
ITC R
Meletiadis et al. ECCMID 2017 # P1750 vRC/PSC

Chumrall HS5% P b LS i L A HE% T




Azole resistance detection
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PATHOMACOIRTICS
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Species multiplex

- Aspergillus fumigatus

- Aspergillus terreus

- Aspergillus species

= Incernal Amplification Concrol (1AC)

Resistance multiplex

- Lo8H

- Tandem repeat 34
- T2894A

- ¥121F



Azole resistance detection
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Journal of
J Antimicrob Chermother 2013; 68: 1497 - 1504 Antimicrobial
doi:10.1093/joc/dkt071 Advance Access publication 5 March 2013 Chemotherapy

Azole resistance in Aspergillus fumigatus from bronchoalveolar lavage
fluid samples of patients with chronic diseases

Yanan Zhaolt, Christen R. Stenswvold?t, David 5. Perlin! and Maiken C. Arendrup?*

Table & Mutations in the CYP514 gene of A. fumigotus detected directly from BAL fluid sarmmples

Amino ocid substitutions caused Polymorphisms caused by
Mo, of samples by non-synonymous mutotions synonymous mutations Culture/aozole susceptibility

Samples carrying single or muitiple non-synonymous mutations

1 M&4Z 55 A furnigotus/susceptible
1 ML72V7, FLAEYT A. furnigotus/susceptible
1 L236F, L210P 589G negativeM™A
1 Ka7E 589G Penicillium speces/POS=1, VRC=4, [TC>=4
1 ¥107C D700, GB2G negativeM™A
X Mz20V" G899 A furmnigotus/susceptible
1 MN3I3D, KEOE eti=let MDA
kL F415, EGBG D700, GBLGE MOA
1 P216L" 589G negative™A
Samples carrying synonymous mutations onky
1 589G, F&495F MDA
& D700, GBOG 3 ND; 1 negative/Ms,
i Wiaa, GE9G negativeMNA
1 G895, F165F A furnigotus/susceptible
38 G89G one resistant A, fumigatyus isolate; POS=1, VRC=2, ITC >4
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v No perfect diagnostic test nor diagnosis algorithm for IA
v Combination of tests

v Future promises: LFD / VOCs

v Azole resistance emerging

v Detection methods available

v Treatment options should be adapted to local situations
v AFST, epidemiological studies

v New antifungals
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