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Mortality due to invasive fung i
»97-100% if not treated
»~50% even after proper trg At
> Why so poor outcome des| -%
Management ‘dj

Dilemma—In
infection?,

rly diagnosis & prompt therapy
of diagnosis, Which patient has fungal

Cling ‘oms & signs not specific

immunosuppressed patients, attenuated till late
distinguish from bacterial sepsis?
¢ gﬁ -
Imaging P %
»>Findings subtle

»Halo sign, air-crescent signs are absent in non-neutropenic

o

EMERGING INFECTIOUS DISEASES [T IIERTId Volume 23, Number 2 February 2017 P.179
Delivering on Antimicrobial Resistance Agenda Not Possible without Improving Fungal
Diagnostic Capabilities

David W. Denning, David S. Perlin, Eavan G. Muldoon, Amalda Lopes Colombo
, Malcolm D. Tania C. Sorrell

4 common clinical situations:
l.inaccurate diagnosis of fungal sepsis - resulting in inappropriate use of
broad-spectrum antibacterial drugs

2 failure to diagnose chronic pulmonary aspergillosis in smear-negative
pulmonary tuberculosis — use of second line antitubercular drugs

3.misdiagnosis of fungal asthma & invasive aspergillosis in COPD - resulting
in unnecessary antibacterial drugs

4.overtreatment and undertreatment of Pneumocystis pneumonia in HIV-
positive patients.

Access to advanced fungal diagnostics would benefit al outcome,
antimicrobial stewardship, & control of antimicrobial resistance




It is easy to advice - diagnose & then treat!
(Candida sepsis in ICUs)

You can’t get answer always (19

- Blood culture positivity ~50%

patient has
- Candida score, colonization index — sampling for all colonization '_ . ::n?sf;rl‘:c
sites daily, impractical in clinical situation, not cost effective ¢ g 1 howto

- Indian study - 97% patients were colonized with Candida species i diagnose?

at any point of time during ICU stay

« Ostrosky’s rule — easier to implement, but only 10% of those g 1
patients will develop proven or probable IC . ANS E; 53 CE:. E E ot
*How to
- Do you know, which patients to be treated with antifungal when Somnoth = ] ﬁ“ffa’j"se

predictive rules, candida score, blood culture fail? : - - N abdominal

5 candidiasis?
*When
antifungal

“surgeons [IECEIULEE

T2 Magnetic Resonance Enables Nanoparticle-Mediated
Rapid Detection of Candidemia in Whole Blood

Laboratory dlagnOSIS —=S S ess www.ScienceTranslationalMedicineorg 24 April 2013 Vol 5 Issue 182 182ra54
O Lori A. Neely,’ Mark Audeh,’ Nu Ai Phung,’ Michael Min,' Adam Suchocki,’ Daniella Plourde,’

« Sample collection —

2 mi blood Blood cell lysls Ramala Lyse PCR :c::‘:’:;
» Difficult to avoid colopjfers llect frofy deepftissue sample & Candida cel) = ‘“(":":“"’ lysate with
particles

» Improvement ir& rg€edure (FNAC/Iung biopsy)
I
- Direct microscOgy, cOlfure & Histopathology — — -} {... ; <
A\ El <4
> Insensigie, Slow, difficult to distinguish from colonizer Rl YO T — ,4:/1<
> i (especially PJP), can see mycelial fungi, takes few minutes — -'—:\é-— —%— ~ }(/,)gf:
a e e o

« JeleW@ification — important, as you can choose the drug 4 {

Phenotypic method — time consuming & need expertise + Detection limit — 1-10CFU/ml compared to Multiplex PCR - >30CFU/ml

4: E MALDI & sequencing — revolutionized - Improve the time to detect — BACTEC - 2.6d, T2 - 3-4h

. - Detect only five common Candida species (95%); chance of contamination
< Ab detection — does not help in immunosuppressed hosts

« Ag detection — excellent in Cryptococcus, Histoplasma (urine — 80-90% positive) Beyda ND, et al. Diagn Microbiol Infect Dis 2013; 77: 324

« No antifungal susceptibility test performed & cannot replace blood culture




Identification of fungus in tissue

22 —
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« Immunohistochemistry
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- Extraction of DNA from tissue & sequencing

Fluoresence In Situ Hybridization

probe DNA Denature

/- ’?/‘/A— & Hybridze
Labeling with

fluorescent dye M/ ) y
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Molecular diagnosis of rhino-orbito-cerebral mucormycosis
from fresh tissue samples

Kamran Zaman,' Shivaprakash Mandya Rudramurthy, Ashim Das.” Naresh Fanda,’ Prasanna Honnavar,
Harsimran Kaur' and Arunaloke Chakrabarti'*

Matrix-assisted laser desorption i ion time: ht mass
spectrometry for the rapid identifigition of y£a sing bloodstream
infections A. K. Ghaosh, S. Paul, P, M. R irchy, A. . J. Jillwin and A. Chakrabarti
Clin Microbiol Infect 2015; 21: 372-3) ‘ ’

+ 354 sequence yeast¥gtan ization)

« 367 blind clipjealYgast (Validation)

r Candida auris, C. viswanathii, Kodamaea

Q.

MALDI-TOF correctly identified 98.9% as compared to PCR:

Identification — proteomic based appr

- MALDI
»Identification of bacteria & fungi wi@v minutes
»Susceptibility testing

»Molecular typing ;

A imer
2 Laser Dasorpion/Gnisation

Rapid detection of fluconazole resistance in
Candida tropicalis by MALDI-TOF MS
Saikat Paul, Pankaj Singh, Shamanth A 5, . Medical Mycology, 2017,0,1-8
and Anupuem.sw ' doi: 10.1093/mmy/myx042
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“Okay—uwho put my lunch through the mass spectrometer..?”

http://www.lab-initio.com/250dpi/nz025 jpg

Culture independent me%— pro Qic VS.

genomic approach

- Detection in clinigafl's — promiging,Jbut success limited

- Limitation &
> presenc ighparker in pg But real
»No of, prior amplification before detection challenge
% diagnosis in

clinical
- Pre-amplification possible
samples
igher sensitivity & specificity

» Low turn around time

* GM released in active growth, PCR better in prophylaxis

Percentage of IMI

But what would be real success? Q

Biological Clinical
infection infection Pathologica@
lll\llllll ll’
R g
Candida PCR <4 v >
Glucan P4

Aspergillus PC|
Aspergillus G
Aspergill

diagnostic methods

al/targeted therapy

Haematologica. 2006 Jul;91(7).986-9.
Invasive fungal infections in patients with hematologic
malignancies in a tertiary care cancer center:
an autopsy study over a 15-year period (1989-2003)

Chamilos G', Luna W, Lewis RE, Bodey GF, Chemaly R, Tarrand JJ, Safdar A Raad Il, Konteviannis DF

+ 1,017 patients with haematological malignancies autopsied
»31% were found to have invasive fungal infections

»75% were not diagnosed before death
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Improvement in diagnosis
(MD Anderson autopsy data on haematological malignancy)

0.15 1
- 84% of IFl were - r

diagnosed post-mortem
during 1989-93

+ 49% of IFl were
diagnosed post-mortem
during 2004-08

« Improvement in
aspergillosis diagnosis
due to pre-emptive
approach or introduction 000 19;;9.9?“
of molecular tests

0.10 4

Prevalence per
100 autopsy examinations

o
1994-98
Years of examination

Il Mucorales
Fusarium

[ Aspergillus
[ Candida

Lewis RE et al. Mycoses 2013; 56: 638 I Mixed Aspergillus -Candida

Biomarker tests Q

Existing benchmark tests  New bionfarkers

« CRP & Procalcitonin ? - Aspergi
- Serum galactomannan : GM +PCR
- BAL galactomannan Aspergillus Lateral flow

%AL Beta-D glucan

- Serum Beta-D gulcan V4
. . = Mucorales PCR from blood
(Caution: may need ‘expe

N « Breath Volatile metabolites

interpretation)

Many potential POCT

Procalcitonin, C-reactive protein
and serum lactate dehydrogenas!

in the diagnosis of bacterial sepsi

SIRS and systemic candidiasjss,
B e e )

Variables All RS P

) n=42)
PCT (ng/mL)
day 0 0499 | 038026064 | <0001 | 102(128253) | <0.001 |  055(03609)
day?2 9) | 028(012-05) | <0001 | 4907119 0.001 0.5(020.6)
CRP (mg/L) l
day 0 (557164) | 68.6(485139) | <0001 || 1286(77-2547) | <0001 | 605 (54.4.965)
day '8(523117) | 585(47.183) | 0001 [{ 999(58-1802) | 0046 67.4(50.78.8)
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ulness of procalcitonin in differentiating Candida
and bacterial blood strean ections in critically ill septic patients
outside the intensive care unit
4 . e
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Galactomannan

- Galactomannan (GM) testing has been reviewed in several
meta-analyses'~2 Different cut-offs to define

Better performance in patients undergoing intensive chemotherapy

compared to solid-organ transplant patients
Patients Sensitivity, % Specificity, % (95%
(95% CI) Cl)

Haematological malignancy 58 (52-64) 95 (94-96)
HSCT 65 (60-78) 65 (44-83)
Solid organ transplant 41 (21-64) 85 (80-89)

* Diagnosis-driven strategy: GM monitoring every 3—4 days
combined with clinical and microbiological evaluation and
high-resolution CT imaging (A Il recommendation)

1. Mennink-Kersten MA, et al. Lancet Infect Dis 2004;4:349-57;
2. Leeflang MM, et al. Cochrane Database Syst Rev 2008;8:CD007394.




Galactomannan in BAL

- CHEST gi

wecercron| Disgnastc Accoracy of PCR Aloae Compared 1o Galaclomannan in
== Bronchoalveolar Lavage Fluid for Diagnosis of Invasive Pulmonary
Aspergillsi: a Systematic Revie

Accuracy of BAL Galactomannan
in Diagnosing Invasive Aspergillosis
A Bivariate Metaanalysis and Systematic Review
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Systematic Review and Meta-Analysis of Detecting s
Galactomannan in Bronchoalveolar Lavage Fluid for y lavage. alane or in

Diagnosing Invasive Aspergillosis
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hematology patients: A systemati seview and meta-analysis
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False positive & negative results

A

False positive results

Host-related Renal failure, mucositis, food intake of alactoflyse, gut
colonization & possible translocatiol ifidobacterium,

ganstrointestinal microflora of neongtes'

latrogenic Blood derivatives, intraveno

treatment of antibiotics derivi
Penicillium (piperacillin- , amoxicillin-clavulanic acid)

Sample collection Cotton swab & cagéboard

Environmental Presence of non-Ag @ /lus fungi, e.g. Penicillium, Aletnaria,

Paecilomyggs, Gvr im, Histoplasma, rarely Cryptococcus
Food Pasta & yog

False-negative resu

Sen: Ref.
920 94 Guo, Chest 2010
90 96.4 Avni, JCM 2011;4:665-70
Cut-off of 0.5 87 94 Zou, PlosOne 2012; 7:e52833
Heng, Crit Rev Microbiol
92 98 2015;41:124-34

(haematological patients)

Host conditions disease

latrogenic eatmentfvi i Lackner M, Lass-Florl C.
Methods Mol Biol. 2017;
Sample Long-téri or; 1508: 85

Positive threshold

=
0 11 13 18 20 25 27 32 34 37 42 44 47 49 51 54 56

Days after Stem-Cell Transplatation
Uiy anes stem-ven anspistanon

Galactomannan Antigen Index

o
Mr.Freeze Disney  Yetigel

Q@Qy |

Pros & Cons of GM test

 FDA approved GM test in serum & BAL

- Detectable GM precedes clinical infection

« BAL GM precedes serum GM

- Good positive & negative predictive value in Haematology-Oncology

- Not yet standardized in ICU patients
+ Limitation
> Cross-reaction with some fungi (Geotrichum, Penicillium, Histoplasma etc.)
»Variable turnaround time depending of number of specimens
> False positive tests
> Well-equipped laboratories & trained staff to perform the test

Amsden JR. Curr Fung Infect Rep 2015; 9:111




1,3-B-D-glucan
detection

(1-3)p-D-glucan
Activated Factor G 4 Factor G
Preciotting Enzyme ~~ A Clotting Enzyme

BecleuGly-ArgpNA = BecLeu-Gly-Arg-pNA
(Artificial Substrate)

J Antimicrob Chemother 2016; 71: 2628-2633

Discontinuation of empirical antifungal therapy ip
using 1,3-p-o-glucan

Hegative biomarker
conert (N=21),
n i) »

Foctars rlated ta
false-posiive BDG

Bactememin' 61286) 038

Im 5(@7 30143) 087
o 5@7 30143) 087
" 107) o 10
W e 49 (8601 wis  on
WG B 7023 168 04t
L ] 13228 “nem 180
| Allnegative | | 806 positive | [ Candidoemia | [Condidoemia
W1 Wosp | | Wer sl | |N-10(@5) . . . .
P ‘AII 21 patients with baseline negative BDG
—"

N discontinued anidulafungin on day 4. None
loped candidaemia until day 30.

Conclusions: Early %?nuatio f irical echinocandin therapy in high-risk
ICU patients base secuti atiVe BDG tests may be a reasonable strategy,

with greatpo' reduce) khe se of echinocandins in ICU patients.
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BMT 2012

Furfaro E, et al. Curr Fung
e st i G B nfect Rep 2015; 9: 292
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« Pan-fungal marker except Mucor & possibly Cryptococcosis

« Positive before clinical symptoms; Helps to monitor therapy

« Good performance in suspected Pneumocystis & Candida infection
- False positivity, difficulty to test, cost

Nucleic acid detection - Real challenge in clinical sample

 PCR based detection assay - Real time PCR or qPCR

« Large number of PCR protocols published over 20 years, but

absence of consensus standardized technique

» PCRis not included in EORTC/MSG guideline

Comparison with virology

- Different protocol published for viruses, but this does not

hamper acceptance of PCR in diagnostic virology

- For viruses — we deal with >103
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Challenges in fungal PCR

- Too few fungal DNA in sample
« PCR inhibitors — heparin, haemoglobin, lactoferrin

- Contamination is a big issue - environment
»10-20% tube may have Aspergillus DNA contamination

»18% commercial tubes with anticoagulant have fungal DNA

. Proficiency pa( o~ , & EAPCRI Panels
Recommendation EAPCRI Sensitivity % Blood: 793 ¥ ) Blood:IA:568-77.1  Blood: 84-88
- Serum may be used, plasma best — blood volume >3ml BAL: 83,6-85.7 BAL:76.8-79.6
Specificity % Blo, ] Blood: 81.3-97.0 Blood: 75-76
> Elution in small volume _Bal ~ BAL: 93.7-94.5
False positive Yes Yes
» Mechanical lysis better than enzymatic lysis of cell wall P
False negative fes Yes
> Internal control, ITS target Clinical utiligy es Limited yes

Diagnosis of aspergillosis — comparison GM/BRS/PCR

White PLet al. Clin | S5p61: 1293

Characteristic GM-EIA

single commercial
assay with SOP:
Platelia Aspergillus
antigen (BioRad)

B-D-glucan PC Ve

5 commercial assays: athorlostics Aspergenius,
Fungitell (assocites of @pe che Septifast,

cod) lyconostica MycAssay,
Fungitec G-Test

‘Ademtech Mycogenie,
Renishaw Fungiplex,
Procedural
recommendations for
DNA extraction (EAPCRI)

Methodological
recommendation

Assay
ker Biotechnology Co, Ltd)

-D-Gluca
Internal — BioRad,

Quality control Independent— QCMD

Q
%
C)O

Interpretation of non-cult

« If blood culture is negativ to |
PCR assays unlikely togha nosis i

« If a patient in lowgfisk oD (ICU admission), positive result does not
help, but negatiye réult excludes the disease

- If a pati “fisk group (repeated ileal leak or pancreatitis), a
positiv ulpincreases the likelihood of invasive candidiasis
. n —shorter turn around time & early therapy

‘e tend to believe - non-culture diagnostic tests can identify blood
4 ure negative primary or secondary deep-seated candidiasis

= Two high positive results are compelling

- Similarly multiple negative results are compelling

>

< Q@?‘
Q%
@)

Galactomannan and Polymerase Chain
Reaction-Based Screening for Invasive
Aspergillosis Among High-Risk Hematology
Patients: A Diagnostic Meta-analysis

Marias Arvanitis,"*? Theodora Anagnostou,'* and Eleftherios Mylonakis'*

Clin Infect Dis 2015; 61: 1263

Sensitivity,  Specificity,

Test % (95% CI) % 95% CI)

PCR 84 (71-92) 76 (64-85) No positve tests One positive M least 2

2 PCRs 57 40-72) 93 (87-97) (oo ] o e
GM 92 (83-96) 90 (81-95)

2 GMs 62 48-74) 95 (81-97)

GMorPCR 99 (96-100) 64 (49-77)
GMand PCR 68 (54-80) 98 (94-100)

;
T | P
eurluded ¥

Pre-emptive approach can (i) direct antifungal therapy (reduce
empiric therapy); (ii) allow earlier detection of 1A




GM + PCR better than GM alone Q
Imbert et al. Clin Microbiol Infect 2016, i ics:
941 patients, 5146 serum samples Feb 16 (online; e Current dlagnostlcs. consensus
+ 51 patients — proven/probable 1A Infection Culture/ Biomarker (Ab) Bionfarl g)' Response to
« PCR-66.7% sens., 98.7% spec. Histo «~ Rx
* GM —78.4% sens., 87.5% spec. Aspergillosis Yes -invasive No @G/PCR Increasing
evidence
* PCR+GM - 88.2% sens. i is hij icti
’ Aspergillus P(?R is highly predictive Cryptococcosis Routine No Ag/PCR Yes (CSF Ag)
of 90d mortality : . .
Histoplasmosis Culture - Li Ag Yes (Ag)
delay
Survival data : PCR . o Vd o
1 . Mucormycosis Yes - invasive %No Investigational No
3 e >=150 Other moulds Yes —invasive No Investigational  No
§ L <0001 Candidaisis R ﬂlnvestigational PCR/mannan/B  No
H . (antj#Mgnnan) DG
& [l PSSR

 CrAg Lateral flow assay (Immy, Norman) -
Q < , * No equipped lab or skill staff required = = 8§
IK eC h n iq u es * Can identify disease before symptoms 4 5
« Temperature stable, rare cross-reaction / i

POCT tests ‘v

 Takes 10 minutes; Costs $2, cost-effective

« Cannot monitor therapy — clearance slow

R Diagnostic test Number  Number positive/number tested (%)
% Study in Uganda, :

ensitivi Specificity PRV NPV
Q~ Suspected Seiihlly  Spocifely N

Cryptococcal meningitis Cryptococcal Antigen
v : JLatcral Flow Assay

cryptococcal CSF culture 506 459/510 900) 296296 (100.0) 459459 (100.0)

100-uL volume s 9 196196 (100.0) 3097309 (1000}
1L volume 21 100100, (100.0)  15/150{100.0)
ndia ink microscopy 803 07.3)

meningitis

s

ex Meridian) 279

Nalintya E, et al. Curr Fungal
Infect Rep 2016; 10: 62

S) RSUO(RSE)  LTW190(926) K5/ (95,5)
749 IS466(70)  IRIIKI (1000} ASAS2(1000) 283207 (95.3)




Detection of Invasive Pulmonary Aspergillosis in Haematological Malignancy
Patients by using Lateral-flow Technology

Christopher Thomion', Gemma Johnson?, Samir Agrawal J.Vis. Exp. (61), €3721, DOl : 10.3791/3721 (2012).

§. G ?’F il « Aspergillus specific extracellular
& .

F H . glycoprotein Ag

8 +— Test ine. . .

_§ ) Q 9 + Secreted during active growth of
F= @, .

3 fungi

s\ &l&&LS

+ Mab (JF5) developed
- Lateral-flow device (point of care)

+ Useful in BAL

Serum

« Lot of variability in sensitivity &

specificity among the laboratories

Study Risk Samppfiize men  Sensitivity  Specificity
A (n of ients)
" W > S par 100 818
3 7 BALF 100 83
Serum showed 5 VHM BALF 71 76
less promising HM and noa-HM 32 BALF 100 0
SOT 10 BALF 100 80
res.ults cf. BAL soT 4 BALE 91 0
fluid Figl 2015 Icu 133 BALF 80 81

59.0° 98"

Pranes 2014 Respimmwry 21 BALF mn 92
Disease.
Held 2013 HSCT 101 Serum 40 868
2" 978"
6 White 2013 HM 103 Serum 818 B8

/
A%y, Sensitivity Spec PPV NPV
A
e rgan transplantation 94 % (15/16) 92 % (89/97) 65 % (15723) 99 % (89/90)
@urusuc care unit 79 % (26/33) RS % (176/206) 57 % (26/46) 96 % (176/183)]
Respiratory diseases 77 % (24731) 92 % (1957211) 60 % (24/40) 97 % (195/202)|
Hematological malignancies 65 % (3047) | 89 % (88/99) 73%(3041) 84 % (88105)

Prattes J, et al. Curr Fungal Infect Rep 2016; 10:43 |

Serum specificity tests Q

Aspergillus LFA: current status

« Use of test with BAL fluid >> serum

= Most promising in non-neutropenic patients (no data on serum

LFA in this group)
= Use in combination with PCR +/- GM

« Non-specific binding evident even with the “CE marked” strips

observed in some countries

- Till more data, for now, small but potential role in IA diagnostics

10



Proximity ligation assay for the early detection of invasive aspergillosis Siderophore production by Aspergillus
G.Johnson', M. Shannon', C. Thomton', S. Agrawal2, C. Lass-Fléri%, W. Mutschiechner, S, Bustin'

Culture supernatant serial dilution

JF5 monoclonals A H

+ PLA 10-100 fold higher X, » i @0 Bl i ] 2 i
sensitivity to GM = v
+ 1000 fold higher i & e
sensitivity to lateral flow <
assy (1FD) o :
8 Fes

- No cross reaction with 2 W

other fungal species I

* Fuscarinine C (F:
fumigatus release
* Not validateldl yet iy clinical
Johnson et al. Bio 014; 8: 429-!

Biomark Med 2014; 8: 429-51; 25" ECCMID congress, Copenhagen, 2015

A Breath Fungal Secondary Metabolite Signature
to Diagnose Invasive Aspergillosis

e®

Sephin Kom*** Horatio R Thamas."** 5. David Daniots” Mot C. Lywch” Sean M. Forir' Margaret M. Shon
Moy’

JCM Electronic V\&? C

Electronic Nose Technglo: Detedfion pf Invasive Pulmonary = o .
L is i 1 =2 Py emm— e o N N '
AspergﬂlOSls in Pro emother nduced Neutropema: = pet Clinical Infectious Diseases™  2014;59(12):1733-40

a Proof-of-Princi;

Highly effective in i =
g / g e . b e Invasive Other Total
i ciy, St i | | isi i —=="=k powe - Parameter Aspergiiosis®  Preumania  Patients
Invastve aspergilliosis in H =
: ) = 4 Aspergillus metabiofte 2 2 £
q i R TR R signature® +
neutropenic patients j CYRAN 320 Aspergitus metolte - n 2
19— signature —
! Total patients £ 2 64
e - ’ Test parameters
SenSlthlty 100% s Sensitivity (95% CI) 0.4 (81-98)
e Specificity (95% CI 0.3 79-98)
Q Speclflclty 83% = g F‘o:ai‘lix;elgw;z\hccﬁd 14.1268-54.0)
f— i Negative likelihocd 0.063 (02-24)
ot o 195% Cil
=




Present scenario in Asian countries; 241 laboratories surveyed

Chindamporn et al. Med Mycol 2017 (accepted)

Present scenario in Asian countries Q

I
S T

Tests Overall China India Vn Thailand

n=241 n=71 n=10 n=11 n=26 18 n=7
(%) (%) 4 (%) (%) ( (%) (%)
(%) 4

&

Summary ?\ h you !
« Areas of interest — detec '@ ungi in sue, rapid
identification of fungj tifwhgal drugyresisgance in clinical samples

- Proteomic appri - DI, biomarkers - promising

— more promising, but majority are in house & not

d initiative, but commercial closed system required

. EA%
igitfatives — genetic susceptibility, POCT (lateral flow, proximity
atjen assay, microarray, nano technology, T2)

Q‘:ian laboratories — investment required, LFA — cheaper option, need to
develop reference lab with availability of all biomarker tests

Crypto 652 667 583 500 75! 100 100 50.0
Ag
0

Histo Ag 2.6 5.0 2.7 0
7

Candida 148 438 7.1 22.

Ag

GM 228 254 269 X4 115 25.0 278 143
BDG 100 254 38 38 0 0 14.3

PCR 37.8 43.8 #46.2 1lab 0 0 0
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