7°C
European Confederation of Medical Mycology
www.ecmm.info

ECMM webinars series: “One World One

Guideline”
Guidelines Mucormycosis: Diagnostics

Ana Alastruey lzquierdo, FECMM
Mycology Reference Laboratory
National Centre for Microbiology

Instituto de Salud Carlos III, Madrid, Spain



Disclosures

* |n the past three years, | have received:

— Grants from
* Fondo de Investigaciones Sanitarias (ISCIII)
* European Society of Clinical Microbiology and Infectious diseases (ESCMID)
* European Confederation of Medical Mycology (ECMM)

— Honoraria for educational talks on behalf of:
* Pfizer
* GILEAD
* MSD
e Astellas



Global guideline for the diagnosis and management of
mucormycosis: an initiative of the European Confederation
of Medical Mycology in cooperation with the Mycoses Study
Group Education and Research Consortium

Oliver A Cornely, Ana Alastruey-lzquierdo, Dorothee Arenz, Sharon C A Chen, Eric Dannaoui, Bruno Hochhegger, Martin Hoenigl, Henrik E Jensen,
Katrien Lagrou, Russell E Lewis, Sibylle C Mellinghoff, Mervyn Mer, Zoi D Pana, Danila Seidel, Donald C Sheppard, Roger Wahba, Murat Akova,
Alexandre Alanio, Abdullah M S Al-Hatmi, Sevtap Arikan-Akdagli, Hamid Badali, Ronen Ben-Ami, Alexandro Bonifaz, Stéphane Bretagne, Elio
Castagnola, Methee Chayakulkeeree, Arnaldo L Colombo, Dora E Corzo-Ledn, Lubos Drgona, Andreas H Groll, Jesus Guinea, Claus-Peter Heussel,
Ashraf SIbrahim, Souha S Kanj, Nikolay Klimko, Michaela Lackner, Frederic Lamoth, Fanny Lanternier, Cornelia Lass-Floerl, Dong-Gun Lee,
Thomas Lehrnbecher, Badre E Lmimouni, Mihai Mares, Georg Maschmeyer, Jacques F Meis, Joseph Meletiadis, C Orla Morrissey, Marcio Nucci, Rita
Oladele, Livio Pagano, Alessandro Pasqualotto, Atul Patel, Zdenek Racil, Malcolm Richardson, Emmanuel Roilides, Markus Ruhnke, Seyedmojtaba
Seyedmousavi, Neeraj Sidharthan, Nina Singh, Janos Sinko, Anna Skiada, Monica Slavin, Rajeev Soman, Brad Spellberg, William Steinbach, Ban
Hock Tan, Andrew J Ullmann, Jérq ] Vehreschild, Maria ] G T Vehreschild, Thomas ] Walsh, P Lewis White, Nathan P Wiederhold, Theoklis Zaoutis,
Arunaloke Chakrabarti, for the Mucormycosis ECMM MSG Global Guideline Writing Group



e.2019 Dec;19(12):e405-e421

One World One Guideline

e All UN regions (33 countries)
* Expertise

Figure S 1. Global distribution of authors of the mucormycosis guideline
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One World One Guideline

Figure S 2. National socleties endorsing the guideline

e All UN regions (33 countries)
* Expertise

 GRADE+ AGREE+ PICO
 Two coordinators

* Power point updated several times a day
* Writing group

e January- December 2018

e 51 Scientific societies from 33 countries

Cornely et al. Lancet Infect Dis 2019
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Mucormycosis

* Rapid progressive disease

* Requires urgent intervention
 Mucormycosis (Zygomycosis)
e Several Clinical manifestations
* Mortality: 40-80%

Cornely et al. Lancet Infect Dis 2019



Mucormycosis

Figure 2. Worldwide distribution of mucormycosis (reported cases per million population)
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Mucormycosis

Treatment

Improved survival

. : - Early clinical suspicion

Diagnosis Surgery _ Appropiate test

- Adecuate terapeutic strategy
including surgical debridement

Cornely et al. Lancet Infect Dis 2019



Time to diagnosis

Delaying Amphotericin B-Based Frontline Therapy
Significantly Increases Mortality among Patients with
Hematologic Malignancy Who Have Zygomycosis

Georgios Chamilos,' Russell E. Lewis,"? and Dimitrios P. Kontoyiannis'?
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11 Stromghy recommiended

1 Maderately recommended

Suspected and confirmed mucermycosis are ermergencies and require rapid action

v

Mevtrapenic, H3CT or 50T
Porsistent feveror

v
Diabetic

Facial rain, s s,

. v

Trauma Trawma
Pemsistent feveror Fuchar

v

Asia, specifically China
and India

L

Asia, specifically India
Diabetic adult on diakysis or

respimtory symptnms proptosis, Amanrss respiratony symptems Mo urderlying discases: malnearished! premature
flank pain, fever, childwith brogd- spectrum
haematuria with sterile antibiotic therapy with
weime, and blood oultones abdominal mass, distersion
o bilicars wornting, with o
without gastmintestinal
bleeding
. v ¥ . . v
Chest CT Cranial CT Chest CT Imaging of injured Ulerasound fabdominal €T Abdominal CT or MR
Twlcal findings: Typlcal finding: If persstent fever or reglons as appropriate Typical findings: enlarged, Typlcal findirg: lsclated
Reverse Halo =10 noduke Bone destruction respiralony sympLoms nun- hydronephrotic abidarrinal rroms
plewral effusion kiddnesys with hyprdensitios,
¢- cartical im sign
Cranial MR
Typical finding: cabit,
birain o lverment
h
Staging
CT sirwses, chest, sbdomen, pehvis
: v
Sampling Seralogy
Baopsy (e, endoscopic, or CT-gquided) Galactormannan, 1,3-f-D-glucan
Grinding samples causes non-wiakility Positive assays suppost differential diagnosis
or mizeesd invasive fungal infection
* L 3 v

Direct micrascapy using
flaurescent brightener
and histopathology with
special stains (eg PAS and
GME)

Typical findings:
nan-septate;
paud-septate, ibbon-like
by phasee iat least 616 pm
withe)

Vessel gochusion

Culture

Routine media at 30°C
and 37°C

Typical findings:
cottony white or grevish
black coleny

+

Susceptibility testing

Molecular identification
Preferably semi- nested
qPCR, HRM, Multiplex
Target: 18s, ITS, 2Bs or
rDMA
Immunchistochemical
staining with specifc
primary reagents

Cornely et al. Lancet Infect Dis 2019



Time

Pros

Cons

L Fe ¥ N _

Microbiological Diagnosis

Microscopy Culture Biomarkers
Histology
10 min-3-7 days 3-28 days 1-3 horas 5-72 horas
v Fast v Specific v Fast V" Fast
v" Invasion v Epidemiology v Invasion v" Invasion
v AFST v POC available
** Sensitivity ** Slow *» Specificity ** Complex
**» Expertise **» Sensitivity ** Non sterile

samples?

Slide adapted from D. Caceres



Diagnosis: Radiology

1 Strongly recommended ] Moderately recommended

Suspected and confirmed mucormycosis are emergencies and require rapid :

s

-

-

¥
Meutropenic, HSCT or SOT Diabetic Travma Trauma
Persistent feveror Facial pain, sinusitis, Persistent feveror Eschar
respiratony symptoms proptosis, amauvrosis respiratory symptoms
v v v v
Chest CT Cranial CT Chest CT Imaging of injured
Typical findings: Typical finding: If persistent fever or regions as appropriate
Reverse Halo >10 nodules Bone destruction respiratorny symptoms
pleural effusion ¢
Cranial MRI
e S Weekly CT scans are strongly
D recommended in view of
| rapid progres of disease
Staging
{T sinuses, chest, abdomen, pelvis

Cornely et al. Lancet Infect Dis 2019



Diagnosis: Radiology

1 Strongly recommended ] Moderately recommended

s

Suspected and confirmed mucormycosis are emergencies and require rapid action

-

-
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Meutropenic, HSCT or SOT Diabetic Travma Trauma Asia, specifically China Asia, specifically India
Persistent feveror Facial pain, sinusitis, Persistent fever or Eschar and India Diabetic adult on dialysis or
respiratony symptoms proptosis, amaurosis respiratory symptoms Mo underlying diseases: malnourished/premature
flank pain, fewver, child with broad-spectrum
haematuria with sterile antibiotic therapy with
urine, and blood cultures abdominal mass, distension
or bilious vomting, with or
without gastrointestinal
bleeding
v v ’ v v v
Chest CT Cranial CT Chest CT Imaging of injured Ultrasound/abdominal CT Abdominal CT or MRI
Typical findings: Typical finding: If persistent fever or regions as appropriate Typical findings: enlarged, Typical finding: isclated
Reverse Halo >10 nodules Bone destruction respiratorny symptoms non-hydronephrotic abdominal mass
pleural effusion kidneys with hypodensities,
¢ cortical rim sign
Cranial MRI
Typical finding: orbit,
brain imvolvement
NG S
| | -
Staging

{T sinuses, chest, abdomen, pelvis

Cornely et al. Lancet Infect Dis 2019




11 Stromghy recommiended

1 Maderately recommended

Suspected and confirmed mucermycosis are ermergencies and require rapid action
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Sampling Seralogy
Baopsy (e, endoscopic, or CT-gquided) Galactormannan, 1,3-f-D-glucan
Grinding samples causes non-viability Positive assays suppost differential diagnosis
or mizeesd invasive fungal infection
* v ¥

Direct micrascapy using
flaurescent brightener
and histopathology with
special stains (eg PAS and
GME)

Typical findings:
nan-septate;
paud-septate, ibbon-like
by phasee iat least 616 pm
wite)

Vessel gochusion

Culture

Routine media at 30°C
and 37°C

Typical findings:
cottony white or grevish
black coleny

+

Susceptibility testing

Molecular identification
Preferably semi- nested
qPCR, HRM, Multiplex
Target: 18s, ITS, 2Bs or
rDMA
Immunchistochemical
staining with specifc
primary reagents

Cornely et al. Lancet Infect Dis 2019



Mucormycosis is suspected...

Sampling
Biopsy (eg, endoscopic, or CT-guided)

Grinding samples causes non-viability

Serology

Galactomannan, 1,3-B-D-glucan

Positive assays support differential diagnosis
or mixed invasive fungal infection

v -

v

Direct microscopy using Culture

flourescent brightener Routine media at 30°C
and histopathology with and 37°C

special stains (eg PAS and Typical findings:

GMS) cottony white or greyish
Typical findings: black colony

non-septate/
pauci-septate, ribbon-like
hyphae (at least 6-16 pm
wide)

Vessel occlusion

Molecular identification
Preferably semi-nested
qPCR, HRM, Multiplex
Target: 18s, ITS, 28s or
rDNA
Immunochistochemical
staining with specific
primary reagents

v

Susceptibility testing

:3

No serological

markers for
mucorales

Cornely et al. Lancet Infect Dis 2019



Microscopy

Direct microscopy using
flourescent brightener
and histopathology with
special stains (eg PAS and
GMS)

Typical findings:
non-septate/
pauci-septate, ribbon-like
hyphae (at least 6-16 pm
wide)

Vessel occlusion

v" Direct microscopy (calcofluor White or blankophor)

2-020 pm

7-721pym

X

v" Histopathology

GMS, x200

L
HE, x1000 ‘

Haematoxylin-eosin (HE)

Perlodlc acid-schiff stain (PAS)
Cornely et al. Lancet Infect Dis 2019

Grocott-Gomori’s methenamine-
silver stain (GMS)



Microscopy

Direct microscopy using
flourescent brightener
and histopathology with
special stains (eg PAS and
GMS)

Typical findings:
non-septate/
pauci-septate, ribbon-like
hyphae (at least 6-16 pm
wide)

Vessel occlusion

v" Histopa

v" Direct microscopy (calcofluor White or blankophor)

2-020 pm

7-721pym

3

°
GMS, x200 HE, x1000 ‘ . -

Grocott-Gomori’s methenamine- Haematoxylin-eosin (HE)
silver stain (GMS)

BT AN AN SNe

s AR
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Culture

v

Culture

Routine media at 30°C
and 37°C

Typical findings:
cottony white or greyish
black colony

v

Susceptibility testing

Culture essential
Incubate 30 and 372¢C
Avoid homogenisation

Species ID

AFST

Cornely et al. Lancet Infect Dis 2019
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Culture

Routine media at 30°C
and 37°C

Typical findings:
cottony white or greyish
black colony

* Rhizopus spp.
* Mucor spp.
* Licthehimia spp.

Rhizomucor spp.
Cunninghamella spp.
Apophysomyces spp.

v

Susceptibility testing

Species identification

Saksenaea spp.

v Expertise £
v’ Specific media for sporulation |




Species identification

v

Culture

Routine media at 30°C
and 37°C

Typical findings:
cottony white or greyish
black colony

v

Susceptibility testing

AFST to guide treatment is marginally
supported
Epidemiological knowledge

Commercial methods marginally
recomended (AMB and PCZ)
ECCOFs for some species no BP

Etest Cannot Be Recommended for In Vitro Susceptibility Testing of
Mucorales

Rita Caramalho,® Elisabeth Maurer,® Ulrike Binder,® Ricardo Araujo,”< Somayeh Dolatabadi,®® Cornelia Lass-Fl6rl,* Michaela Lackner®
Division of Hygiene and Medical Microbiology, Medical Unaversity of innsbruck, Innsbruck, Austria®, Institute of Molecular Pathology and Immunology of the University of
Porto, Porto, Portugal®™; Faculty of Sciences, University of Porto, Porto, Portugal®; CBS Funagal Biodiversity Centre, Institute of the Royal Netherlands Academy of Arts and
Scences (KNAW), Utrecht, The Netherlands®, Institute for Biodivessity and Ecosystem Dynamics, University of Amsterdam, Amsterdam, The Netherlands®

Amphotericin B and posaconazole susceptibility patterns were determined for the most prevalent Mucorales, following EUCAST
(European Committee on Antimicrobial Susceptibility Testing) broth microdilution guidelines. In parallel, Etest was performed
and evaluated against EUCAST. The overall agreement of MICs gained with Etest and EUCAST was 75.19%; therefore, Etest can-
not be recommended for antifungal susceptibility testing of Mucorales. Amphotericin B was the most active drug against Muco-
rales species in vitro, while the activities of posaconazole were more restricted.



IN VITRO ACTIVITY
AMB most active (Cunninghamella)

Rhizopus high MICs to posa

Rhizopus arhizus 25 0.64 3.6 12.4 1.1 Itraconazole variable MICs
Rhizopus microsporus 7 0.9 59 8.8 4 VOFiCOHaZO|e and eChinocandinS h|gh MICS
Mucor Spp' 17 0' 14 8' 6 14' 7 3 '5 TABLE 1 In vitro susceptibilities of Mucorales (n = 124) to amphotericin B, posaconazole, isavuconazole, and voriconazole as determined by the
CLSI and EUCAST broth microdilution methods
Rhizomucor spp. 7 0.13 0.6 16 0.19 Test result (pg/ml) for:
. . . . ) . AMB POS ISAV VRC
Lichtheimia corymbifera 19 0.12 1.66 14.3 0.76 | Genus(no-ofisolates Species (no. of isolates
tested) tested) Parameter  CLSI EUCAST  CLSI EUCAST CLSI  EUCAST CLSI EUCAST
. . Rhizopus (74) arrhizus var. delemar GM 0.05 0.24 1.43 3.78 5.42 6.96 10.55 15.56
Cunninghamella bertholletiae 7 3.2 4.8 19.5 1.78 ’ 25) MIC,  0.03 0.25 1 1 8 8 6 16
MICqq 0.25 0.5 8 8 8 8 16 16
Range 0.03-0.5  0.03-05 01258 058 1-8 2-8 4-16 816
arrhizus var. arrhizus GM 0.07 0.40 0.66 1.45 1.76 3.20 8.25 15.02
(22) MICs, 0.06 0.5 0.5 1 1 4 8 16
Species (number of strains) AMB NAY, MIC, 025 2 8 8 8 8 6 16
Range 0.03-0.5  0.06-2 0.125-8  05-8 05-8  1-8 4-16 816
Lichtheimia corymblfera (14 M |C 0.06 0.12 microsporus (23) GM 0.11 0.53 0.78 2.70 2.32 465 9.02 1506
MIC,, 0.125 0.5 1 4 2 8 16 16
Range 0.03-0.5 0'12-16 8-16 0.06-16 ;{alncm 11303—1 ;125—1 3125_3 35—8 :5_3 ?—s 1615 sl;fm
ge . . . L. L. -
Lichtheimia ramosa (14) 0.06 2 16 0.12 stolonifer (4) Range 0.03-0.06  0.125-05 0.125-05 0.125-1  0.25-1  0.5-2 48 816
Mucor (7) circinelloides (5) Range 0.03-0.125 0.125-0.5 0.125-1 0.5-8 1-8 2-8 8-16 16
jEnlE  0.03-0.5 0.25-8 8-16 0.06-0.5 ’“:";f‘“’(”m ﬂig gig gf;s ; ; 2 ﬁ 12 i:
Mucor circinelloides (16) 0.06 8 16 1 Lichtheimia (13) ramﬂsa'(7) Range 0.06-1 0.125-1  0.5-8 05-8 0.5-8 1-8 8-16 8-16
corymbifera (6) Range 0.06-0.5  0.125-1 01258  0.5-8 2-8 2-8 8-16 16
Ra nge 0.03-0.25 0.06-16 1-16 0.06-16 Rhizomucor (8) pusillus (7) Range 0.06-1 0.06-1 0.25-8 1-8 1-8 4-8 8-16 16
michei (1) MIC 1 2 0.125 2 8 8 16 16
[ [ Cunninghamella (4) bertholletiae (3) Range 0.25-1 0.5-1 8 8 8 8 16 16
Rhizomucor pusillus (9) 0.06 2 8 0.12 el Rang ’ ° : : : : oo
Apophysomyces (3) elegans (2) Range 0.06-0.125 0.125-0.5 02505 12 0254 8 416 16
Ra nge 0.03-0.12 0.5-8 2-16 0.06-16 - mfr'abﬂis (1) MICg 0.06 0.5 0.5 1 4 8 8 16
o o Syncephalastrum (15)  racemosum (15) GM 0.06 0.15 0.62 1.14 2.40 4 11.05 16
RhIZOpUS arrhizus (16) 0.25 2 8 0.25 e MIC,, 0.06 0.125 0.5 1 4 4 16 16
MIC,, 0.125 0.5 4 8 8 8 16 16
Range 0.12-8 0.5-8 2-16 0.06-16 Range 0.03-05  0.03-1 0.125-8  025-8  0.125-8 1-8 4-16 16
Rhizopus microsporus (11) 0.25 1 4 0.25 Chowdhary et al. AAC 2015
-1zqui in. Micro. 2
e 0.06-0.5 0.5-1 0.12-8 0.06-0.5 Alastruey-Izquierdo Clin. Micro. Infect 2009

Alastruey-lzquierdo P016 TIMM 2015



Recommendations identification

ldentification is strongly supported: Epidemiology.

Guiding treatment by identification to the genus level is
supported with marginal strength.

Molecular identification (ITS) is strongly supported and
preferred over morphology

WGS for outbreak investigations
MALDI-TOF depending on the databases

Cornely et al. Lancet Infect Dis 2019
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Molecular identification
Preferably semi-nested
qPCR, HRM, Multiplex
Target: 18s, ITS, 28s or
rDNA
Immunohistochemical
staining with specific
primary reagents

2ol

Molecular diagnostics

* PCR techniques (Fresh and FFPE)

— Highly specific
— Variable sensitivity
— Not widely available

* Fresh material is preferred

Absence of a standardised test

moderately supported.

PN-700 MucorGenius® real-time PCR (25 rxn)

« Pan-Mucormycetes
-Rhizopus spp.
-Mucor spp. W
-Lichtheimia spp.
-Cunninghamella spp.

-Rhizomucor spp.

« Internal Control (IC)

= Aids in the diagnosis of mucormycosis
« The only commercial real-time PCR kit available
= Direct detection in BAL samples

= Sample-to-result in less than 3 hours

Cornely et al. Lancet Infect Dis 2019



PCRs

Table 3. Results for panel 1 and Cqg values for the most commonly used gPCR and for all gPCRs combined.

FPCRI
FUNGAL PCR INITIATIVE
[ISHAM &k

4-.

INTERNATIONAL SOCIETY FOR
| FubeaN Ao ANIMAL MYCOLOGY

Positivity rate (correct Average Cqg (5D Laboratories Average Cq (5D} All laboratories
Spiked DMA Serum no. identification to the genus level) using qPCR A (n = 14)* -All gPCR assays (n = 18)*
R. pusillus 51-1 4%, 34.0(245 34.7(3.0)
Megative control 52-1 100 %% ! !
E. oryzae 53-1 100%
L. corymbifera 54-1 4% 33

*Oly Cq valwes for good identifeation were used calculation of the mean and standard de
gPCH assave ‘A% gPCR described by Millon et al.”

Table 4. Composition (DNA quantity in genome equivalent/ml) of serum panel 2 (51 to 57) and percantage of laboratories that generated
positive gPCR result for each individual sample.

Positive samples

Positive samples

Positive samples

gPCR B, C and

Posirive samples all

(1 genome'ml)

Serum no. gPCR A (n = 16) gPCR D (r=4) other (w = &) gPCR (n = 18)
Megative control 51-2 6% 0% 0% 4%
(no DMNA)
Rhizomucor pusillus £5-2 Q495 100% 83% Q24
(100 genomes‘ml.)
Rhbizomucor pusillis 52-2 88% 75% 500 TT%
_E (10 genomes/mL)
g Rbizomucor pusillus §7-2 56% T5% 17% 50%
E (1 genome'ml)
-2 Lichtheintia 532 100% 100% 1005 100%
E_ carymbifera
E (100 genomes‘ml)
[ Lichtheimita S6-2 100% 100% 83% D6%
carymbifera
(10 genomes/ml)
Lichtheiniia 54-2 100% T5% 50% B5%
caorymbifera

gPCR assays: “A": gPCR described by Mallon ex al.”-2; ‘B gPFCR described by Springer et al.®; “C': qPCR described by Lengerova et al®¥; “D': MucorGenis kit and ‘ether’:
qPCR assay not published.

Rocchi et al Medical Mycology 2021
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* Clinical suspiction 2> A==

ICELEERMUEILEE A vailability of imaging

* Biopsies strongly red  clciceiiiaia cigel clasiieaitis

T T R ) L[ ycologicaliancrniStological

* Molecular identifica investigation are key

* PCR techniques preferc
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