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Invasive Aspergillosis
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MolecularStructure of GM«

Galactomannan:

« component of the fungal cell wall

» carbohydrate molecule

(mannose backbone and a variable number of galactofuran side chains)
- exoantigen of Aspergillus

* Can be detected in serum, BAL or CSF



Galactomannan
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Galactomannan antigen:

+ early marker for invasive aspergillosis
 can be detected before clinical or radiologic features of disease appear
* used for monitoring immunosuppressed patients



Sandwich ELISA assay

enzyme immunoassay that detects fungal antigens (galactomannan)

” © 1

ELISA-based method
high sensitivity and specificity (0.5 ng/ml)



Galactomannan antigen
Cut-off for positivity
Test result as GM index = sample OD/cut-off OD
* Index>0.5 intwo consecutive samples (Biorad)
* Index:>1 (Verwey 1998, Maertens 2001; Sulahian 2001; Ascioglu 2002)

« Index>0.7 sensitivity +24% vs Biorad (Herbrecht 2002)

* Punctual testing in case of clinical suspicion of IA

 Regular screening twice-weekly of serum samples of
high-risk patients is recommended to increase the
sensitivity and early positivity of the test



Galactomannan

FALSE POSITIVE FALSE NEGATIVE

Antigenic cross reactivity with Degree of angio-invasion and
dissemination

other fungi:
Penicillium
Fusarium
Acremonium
Alternaria
Paecilomyces
Cladosporium
Histoplasma

Administration fermentation
products of Penicillium:

piperacillin-tazobactam
amoxicillin or amoxicillin-clavulate




Invasive Aspergillosis and
GALACTOMANNAN

Neutropenia can affect the diagnostic
yeld of the GM test on serum

Group | Groups 2 +3
(n=18) (n = 81)

GM index <100 PMN =100 PMN

i 207 | Bk Limited angio-invasion in patients

GM index 20.5 - L5 (18.52 with better immune defenses
GM index, median (range) 0.19 (0.04-5.31)

Steroid administration Compar'ed TO Those WlTh
4.63 (4.37-5.84) 0.2 (0.04-1.93) c
0.44 (0.08-2.48) 0.18 (0.04-5.31) neLITr'Openla
Potentially GM-contaminated antibiotic(s) use
Yes 4.36 (0.11-5.84) 0.24 (0.04-5.31)
No 0.57 (0.08-4.96) 0.18 (0.04-2.01)
Antifungal therapy
Yes 0.54 (0.08-2.48) 0.17 (0.1-2.29)
No .21 (0.1-5.84) 0.20 (0.04-5.31)

*p-value of Fischer’s exact test.
®p-value of the non-parametric Kruskall-Wallis test.

GM negative results in non-neutropenic patients BAL ANALYSIS



Invasive Aspergillosis

Prolonged
neutropenic patients
and allogeneic stem
cell transplantation
recipients not on
mold-active
prophylaxis

Solid organ
recipients

Patients with a
hematological
malignancy
*Neutropenic patients

*Non-Neutropenic
patients

To exclude invasive
aspergillosis —
screening

To diagnose
invasive
aspergillosis

To diagnose invasive
aspergillosis

Galactomannan in
blood

Draw samples every
3-4 days

Galactomannan in
blood

Galactomannan in
blood

Morrissey, The Lancet,
2013

Springer, JCM, 2013
Leeflang, The Cochrane
Library, 2008
Maertens, CID, 2007
Maertens, JID, 2002
Maertens, Blood, 2001

Tabarski P, Exp Clin
Transplant, 2012
Husain S, Am J
Transplant, 2004
Pfeiffer, CID, 2006

Leeflang, The Cochrane
Library, 2008
Pfeiffer, CID, 2006

Cordonnier, CMI, 2008
Maertens, CID, 2010

Highest test accuracy
requiring 2 consecutive
samples with an OD
index >0.5

Prospective monitoring
should be combined
with HRCT and clinical
evaluation.

Low sensitivity,
good specificity.
Most data for
lungTx (few other
SOT patients with
IA included)

Significant lower
sensitivity in non-
neutropenic patients

As diagnostic assay two
samples are minimum




Invasive Aspergillosis

‘: CRITICAL CARE

Role of galactomannan determinations in
bronchoalveolar lavage fluid samples from
critically ill patients with chronic obstructive
pulmonary disease for the diagnosis of invasive
pulmonary aspergillosis: a prospective study

1 Znan

i Qingyua

Table 2 Results of BALF and serum GM detection and isolation of Aspergillus from LRT in critically ill COPD patients.

BALF GM ( 95%Cl) BALF GM ( 95%Cl) Serum GM ( 95%Cl) Isolation of Aspergillus from LRT ( 95%ClI)
(cut-off 0.8) {cut-off 0.5) (cut-off 0.5)

For probable IPA and control patients (n = 26).
BALF, bronchoalveolar lavage fluid; COPD, chronic obstructive pulmonary disease; GM, galactomannan; IPA, invasive pulmonary aspergillosis; LRT, lower
respiratory tract; NPV, negative predictive value; PPV, positive predictive value; TCR, total consistent rate.

A GM index value 20,8 in BAL fluid enhances the
identification of Aspergillus species in critically ill
patients with COPD.




Invasive Aspergillosis

Bronchoalveolar Lavage Fluid Galactomannan
for the Diagnosis of Invasive Pulmonary Aspergillosis
in Patients with Hematologic Diseases

Johan Maertens,' Vincent Maertens,' Koen Theunissen,” Wouter Meersseman,? Philippe Meersseman,” Stef Meers,’
Eric Verbeken,® Gregor Verhoef,' Johan Van Eldere,* and Katrien Lagrou®

'Department of Hematology, “Department of General Internal Medicine, Medical Intensive Care Unit and Infectious Diseases Unit, *Department
of Pathology, and *Department of Medical Diagnostic Sciences, University Hospital Gasthuisberg, Leuven, and *Department of Hematology, Virga
Jesse Ziekenhuis, Hasselt, Belgium

CID 2009

A GM index value 21.0 in BAL fluid enhances
the identification of Aspergillus species as a
cause of pulmonary disease in hematologic

patients.



Canadian Respiratory Journal
Volume 2017, Article ID 3685261, 7 pages

Research Article

Galactomannan in Bronchoalveolar Lavage Fluid for
Diagnosis of Invasive Pulmonary Aspergillosis with
Nonneutropenic Patients

Qidong Zhuang,! Hongying Ma,! Yun Zhang,! Lei Chen,! Li Wang,? Lin
Zheng,2 Zaichun Deng,! and Zhongbo Chen!

Table 3: Performance of GM detection for diagnosis of IPA in BALF.

Cutoff value Sensitivity% Specificity% PPV% NPV%

BALF GM = 0.5 100.0% 64.3% 16.4% 100.0%
BALF GM = 0.76

BALF GM = 0.8

BALFGM = 1.0 70.0% 2.5% 21.9%
BALFGM =1.5 60.0% 23.1%
BALFGM = 2.0 50.0% .8% 23.8%

GM, galactomannan; IPA, invasive pulmonary aspergillosis; BALF, bronchoalveolar lavage fluid; PPV, positive predictive value; NPV, negative
bredictive value.




Galactomannan

Galactomannan serum assay

* high-risk patients: regular screening twice-weekly

* In the non-neutropenic critically ill patients,

BAL may perform better than serum

Galactomannan BAL assay
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A ammean [ Journal of
microsiotocy Clinical MicrObiOlogy

Diagnostic Performance of Galactomannan Antigen Testing in
Cerebrospinal Fluid

G. M. Chong,? J. A. Maertens,” K. Lagrou,© G. J. Driessen,® J. J. Cornelissen,® B. J. A. Rijnders?

TABLE 2 Correlation of CSF GM ODI and patient CA status”

_ TABLE 3 Diagnostic performance of GM in CSF according to different
No. of patients cut-offs

CSF sample type With CA Without CA Value (%) with CSF GM ODI cutoff of

With positive GM (=0.5/1.0/2.0) 15 1 16 Parameter 05 7.0 7.0 3.0
With negative GM (<<0.5/1.0/2.0) 2 26 28

Sensitivity 88.2 88.2 88.2 76.5

a5 . --‘-l » - ~ ( -~ % ~
Total 17 27 44 Specificity 96.3 96.3 96.: 96.3
Eev 93.8 93.8 93.8 92.9
“ Sensitivity, 15/17 (0.8824); specificity, 26/27 (0.9630); positive predictive value, 15 7 : - =
| Cniltl\\lt'\‘,l ’/l/ (0 8.8 T“ specifi m 6/ .(0_96 0); positive predictive value, 15/16 NPV 92.9 92.9 9.9 86.7
(0.9375); negative predictive value, 26/28 (0.9286).

430 jcm.asm.org Journal of Clinical Microbiology February 2016 Volume 54 Number 2

GM in CSF has a high diagnostic performance for diagnosing CA
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LFA

Lateral-flow Technology for IPA diagnosis

immuno-chromatographic test
TEST LINE

The antibody binds to an Aspergillus extracellular glycoprotein antigen that is
secreted during active growth of the fungus only



¢ IMMY

www.immy.com n :
’

/products/lateral-flow-assays

www.olm(hagnostlcs.com. :
7product/4/aspergillus-lateral-flow-dq B

Pros Cons

Higly specific Not
quantitative

Simple and quick
(15-30 min)

BAL and SERUM




In haematological malighancy patients using serum EORTC
Proven/probable IPA (n = 22) versus ho IFD (n=59)

olishe dy conducted at School of Medicine, Cardiff Uniy

Ke. LFD compared to Bio- F\aci Platelia GM-EIA and real-time PCR

ASSAY SENSITIVITY | SPECIFICITY m

SERUM

PCR

GM-EIA .~
{._ 26.6-

nfidence Intervals, NPY

In haematological malighancy patients and solid organ
transplant recipients using BAL (n = 37; 27 HM, 10 SOT;

EORTC probable IPA n = 12)
Published study conducted at Medical University of Graz, Austria®. LFD
compared to Bio-Rad Platelia GM-EIA.

SENSITIVITY SPECIFICITY




Curr Fungal Infect Rep (2017) 11:45-51

DOI 10.1007/s12281-017-0275-8

@ CrossMark

ADVANCES IN DIAGNOSIS OF INVASIVE FUNGAL INFECTIONS (S CHEN, SECTION EDITOR)

Lateral Flow Assays for the Diagnosis of Invasive
Aspergillosis: Current Status

Sven Heldt' - Martin Hoenigl

1234

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
(absolute numbers)

Overall 75% (50/67)
Under mold active systemic antifungals 56% (14/25)

Without mold active antifungals 86% (36/42)

BALF bronchoalveolar lavage fluid, /PA invasive pulmonary aspergillo-
sis, LF'D lateral flow device




LFA

Table 1 Per BALF sample
performance of the BALF Patient group Sensitivity Specificity PPV

Aspergillus LFD for probable/ -_— ——— V
proven invasive pulmonary Overall® 73% (83/113) 90% (498/552) 61% (83/137) 94% (498/528)
aspergillosis versus no evidence Solid organ transplantation 94% (15/16) 92% (89/97) 65% (15/23) 99% (89/90)
for sy guimonary Intensive care unit 79% (26/33) 85% (176/206)  46% (26/56) 96% (176/183)
aspergillosis in different patient ) ' - ‘ . i , ) By
cohorts (percentage and absolute Respiratory diseases 78% (25/32) 91% (196/215) 57% (25/44) 97% (196/203)
numbers)* Hematological malignancies 67% (36/54) 91% (126/139) 73% (36/49) 88% (126/144)

PPV positive predictive value, NPV negative predictive value
“Data derived from published studies [8¢, 16+, 28, 32, 33, 39-47, 48es]:

k g “ v
>Overall summarizes unique samples and is lower than the sum of subgroup samples, as some samples were
classified into more than one subgroup
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ORIGINAL ARTICLE WILEY

Performance of serum (1,3)-B-p-glucan screening for the - oM c 0 .
diagnosis of invasive aspergillosis in neutropenic patients with The hlgheSt SpECIfICIty (974) was observed for combined

haematological malignancies positivity of at least one BDG and at least one GM.

Elisa Furfaro® | Daniele Roberto Giacobbe? | Valerio Del Bono? |

Alessio Signorit | Fabio Guolo® | Paola Minetto® | Marino Clavio® |

Filippo Ballerini® | Marco Gobbi® | Claudio Viscoli? | Malgorzata Mikulska?

BDG neg
-+ BDG pos

Survival probability

lower 180- day survival in patients with IA
and a positive vs negative BDG.

Patients at risk
BDG neg 8 6
BDG pos 12 7

FIGURE 1 Survival in patients with probable invasive
pulmonary aspergillosis with and without positive serum (1,3)-8-p

glucan (BDG) at the time of diagnosis, The time of origin was set at

the time of the positive galactomannan in serum or bronchoalveolar

lavage fluid defining probable invasive aspergillosis (IA). Survival
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Galactomannan and 1,3-3-D-Glucan Testing for the
Diagnosis of Invasive Aspergillosis

Frédéric Lamoth

Infectious Diseases Service, Department of Medicine, and Institute of Microbiology

Lausanne University Hospital, Lausanne 1011, Switzerland; frederic lamothifichuv.ch; Telr +41-21-3

Academic Editor: William |, Steinbact
Received: 27 April 2016; Acceph

Pre-test probability BDG / GM testing  Post-test Comments
(serum) probability
IA Prevalence Clinical suspicion

IA highly probable
Lung nodules
with halo or awr- 1A sSUSDICION remains
crescent sign high (sensitivity of the

test not optimal

Moderate
(+)

Test uninlorpretable

and specihicity

of fer the optimal benefit in IA diagnosis and management
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EAPCRT Aspergillus PCR standardization process

« The extraction procedure appears to be the

. rate-limiting step
Suitable commercial alternative Hypatonic Red Cell Lysis™ {10mL): < .
1™ Wash decant supernatant R l =
 Relatively large blood volumes (23 ml) are
required

2" Wash decant supernatant

— - F | lysis th h bead beati

el Iysis hrough bead beating
preferre

« DNA should be eluted in volumes of <100 pl

Centrifugation 5000xg/10mins

Decant 0.8ml supernatant. X
Add glass beads 10mins C In-l-er‘nal ConTr‘Ol

« All PCR testing should be performed at least in

duplicate
Pulse centrifuge p
DNA purification/ppt can be
pu 3 /op Transfer 0.2mL supernatant or wash &
performed using automated or . Smins
3 . with 0.2ml| molecular grade water
manual processing using the

commercial kits highlighted in l % J | al )
DNA strategies 1, 2, 6-11, 15 and DNA purification/ppt { :L’)‘('""(v‘:‘o. Clinical Microl I0av
et { /1 ) )( ) \/
16 . All reagents should be batch MICRODIOLOGY il '|' cl IVIHLITO NOIO( l‘.'
screened for fungal
Elution Volume <100uL Threshold: 14/18

contamination. Home Articles For Authors About the Journal Subscribe

Aspergillus PCR: One Step Closer to Standardization




PCR

Several commercial assays: FALSE POSITIVES FALSE NEGATIVE

* Pathonostics Aspergenius Contamination Limited circulating
biomarker
* Roche Septifast Colonization/exposure AFT

Similar Cq values for true
and false positives

* Myconostica MycAssay

* Adamtech Mycogenie

cyp51 MUTATIONS



Frozen or fresh EDTA whole
blood is acceptable
Suitable commercial alternative
available from Promega

Recombinant Proteinase K
preferred

Ceramic or acid washed glass
beads (710-1180um)

DNA purification/ppt can be
performed using automated or
manual processing using the
commercial kits highlighted in
DNA strategies 1, 2, 6-11, 15 and
16 . All reagents should be batch
screened for fungal
contamination.

3-4mL EDTA whole blood Threshold : 12/18

EAPCRT Aspergillus PCR standardization process

Hypatonic Red Cell Lysis™ {10mL):
Y Threshold: 13/19 || 15mins”x2
Incubate ambient temperature

1" Wash decan

Centrifugation 3000xg

R
10mins x2

2"’ Wash decant supernatant

White Cell Lysis® (1mL) Incubate 65°C
Centrifugation 5000xg/10mins

Decant 0.8ml
Add glass bea

Bead-beating
Pulse centrifuge

Threshold: 9/12

supernatant.
s 10mins
Threshold: 14/18 ‘

Transfer 0.2mL supernatant or wash "
. Smins
with 0.2ml molecular grade water

DNA purification/ppt
Elution Volume <100uL

Threshold: 14/18

« The extraction procedure appears to be the
rate-limiting step

* Relatively large blood volumes (>3 ml) are
required

* Fungal lysis through bead beating
« DNA should be eluted in volumes of <100 pl
« Internal control

« All PCR testing should be performed at least in
duplicate

Journal of

1 AMERICAN : .
=) wamvior | Clinical Microbioloay

MICRODIOLOGY

Home Articles For Authors About the Journal Subscribe

Aspergillus PCR: One Step Closer to Standardization

' v erin



Adding a PCR test for every GM
positive sample could improve
the diagnosis?

Duplicates were  more
consistently both positive
when the Cg was below 38

}frontiers

v W iered \|
1 IMICTORIOWOON,

- $
(=] (3}

Cq (cycles)
w
N

30

25

Circulating Aspergillus fumigatus
DNA Is Quantitatively Correlated to
Galactomannan in Serum

Alexandre Alanio'23, Jean Menotti'z, Maud Gits-Muselli'2, Samia Hamane?,
Blandine Denis?, Emmanuel Rafoux®, Régis Peffault de la Tour2#, Sophie Touratier?,
Anne Bergeron?%, Nicolas Guigue' and Stéphane Bretagne'**

+/-

FIGURE 1 | Results of the duplicates performed for each PCR-positive
sample. The positive duplicates (+/+) had lower mean Cq values than the
sample (+/-) with only one duplicate positive (f-test; p < 0.001).
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FIGURE 2 | Correlation befween gaactoma sox (GM antiication cycks (a0 of ASDGis Amipets § PR R ¢ 60 90 120 150
ttained betoro (A) or after (B) intistion of antitungal therg Time (days)
* Fungal DNA and GM titers are positively correlated * PCR-positive result once GM is already
positive is associated with a poorer
 DNA poorer marker for following the efficacy of the therapy prognosis

compared to GM

« PCR performed when GM is already positive can improve the specificity of the GM result



Next generation sequencing

Circos (72) image of normalized whole-genome depth of coverage of all 24 A. fumigatus isolates
(plotted as listed in the key), averaged over 10,000-bp bins.

Full resistance profiling
Outbreaks control

Novel drug targets

Afu 257/E11
W AfuI8EN
| AF63

Novel biomarkers W\ T,

Alireza Abdolrasouli et al. mBio 2015;
doi:10.1128/mBi0.00536-15
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