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Synopsis

s Aspergillus
< Immunité antifungique
s Aspergillose pulmonaire invasive (API)

> Terrain
> Formes cliniques et radiologiques

+* Criteres diagnostiques
> Hématologie/autres
> APl et BPCO
> Traitement

+» Cas clinique




Aspergillus

** Champignons filamenteux ubiquitaires et saprophytes (sol, végétaux en décomposition)
> Aspergillus fugimatus++
> A. flavus, A. niger, A. terreus
> Especes « cryptiques » identifiées par biologie moléculaire

¢ Porte d’entrée principale= voies aériennes
> Exposition quotidienne a des spores (conidies) d’aspergillus
> Inoffensif chez ’"h6te normal

v' élimination rapide par clearance muco-ciliaire
v 1°r ligne de défense épithélium des voies aériennes, macrophages alvéolaires

< Manifestations pulmonaires variées
> Inoculum (importance et virulence)

> Terrain (atopie, immunodépression)
> Etat du poumon sous-jacent
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Frequency of aspergillosis

A ABPA

Kosmidis & Denning Thorax 2015

Severe asthma with
fungal sensitisation
Subacute |A
Chronic pulmonary aspergillosis
Simple aspergilloma
Aspergillus bronchitis
Immune dysfunction Lung damage Immune hyperactivity
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Immune Response

Hypersensitivity-Allergy Structural disease +/- inflammation Severe immunodeficiency
Hypersensitivity Semi-invasive
syndrome forms

Aspergilloma

FIG 3 Syndromes associated with aspergillosis patients with different immune statuses include the following: SAFS,
severe asthma with fungal sensitization; ABPA, allergic bronchial pulmonary aspergillosis; CPA, chronic pulmonary
aspergillosis; IPA, invasive pulmonary aspergillosis; and IBA, invasive bronchial aspergillosis.

Latgé & Chamilos Clin Microbiol Rev 2020

Passage d’une forme a l'autre possible



Bronchial Epithelial Cells on the Front
Line to Fight Lung Infection-Causing
Aspergillus fumigatus

Signaling pathways

tPro-inﬂammatory cytokines and
chemokines

Bigot et al Frontiers in Immunology 2020
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Effector functions

ROS-dependent killing
(NETosis?)

Chemotaxis Cross-talk
CARD-9 and Type | IFNs: # ROS production
MyD88-dependent IL-17: # ROS production

ROS-dependent-apoptosis
ROS-independent: Nutritional Immunity (Iron-lactoferrin, Zn-dependent)

Latgé & Chamilos Clin Microbiol Rev 2020
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Major immune effector pathways in alveolar macrophages activated during phagocytosis of A. fumigatus

Ca?*/Calmodulin

J L » Rubicon/VPS34/Beclin-1

NADPH oxidase
(NOX-2)
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signaling
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Latgé & Chamilos Clin Microbiol Rev 2020



Fungal recognition  Antigen presentation T helper cell response Fungal killing

Camargo & Husain Lin Infect Dis 2014



Allogeneic HSCT -

Autologous HSCT A

AML/MDS induction therapy -
AML/MDS azacitidine therapy A
Acute lymphoblasticleukemia -
Multiple myeloma A
Non-Hodgkin's lymphoma -

Hodgkin's lymphoma

Lung cancer 1

Lung or heart-lung Tx -
Heart Tx -

Liver Tx 4

Pancreas Tx -

Renal Tx

Small bowell Tx

AIDS

Chronic granulomatous disease
Severe combined immunodeficiency
Systemic lupus erythematosus
Anti-TNF therapy

Intensive care patients 4

Critically ill patients with COPD A
Extracorporeal membrane oxygenation -
Liver failure -

Burns 1

1

Ranges of incidence (%) 0 5 10

Ledoux el al Semin Respir Crit Care Med 2020
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Transplantation

1940s
Leukemia

Patients at risk for infection over time

Latgé & Chamilos Clin Microbiol Rev 2020



co-infections ?



Aspergillose pulmonaire invasive prouvée
(EORTC/MSGERC 2020)

< Specimen from a unusually sterile site: culture, PCR or DNA sequencing positive for Aspergillus sp.
> excluding BAL fluid, a paranasal or mastoid sinus cavity specimen, and urine

< Histopathologic, cytopathologic, or direct microscopic examination of a specimen obtained by
needle aspiration or biopsy in which hyphae are seen accompanied by evidence of associated

tissue damage qualifies for an invasive mold disease
> but not for IA in the absence of Aspergillus identification by culture or molecular diagnosis

Donnelly et al Clin Infect Dis 2020




APl EORTC/MSERC 2020
Probable/possible

®

Host factors

Recent history of neutropenia (<0.5 x 10° neutrophils/L [<500 neutrophils/
mm?] for >10 days) temporally related to the onset of invasive fungal
disease

Hematologic malignancy?

Receipt of an allogeneic stem cell transplant

Receipt of a solid organ transplant

Prolonged use of corticosteroids (excluding among patients with allergic
bronchopulmonary aspergillosis) at a therapeutic dose of >0.3 mg/kg cor
ticosteroids for =3 weeks in the past 60 days

Treatment with other recognized T-cell immunosuppressants, such as
calcineurin inhibitors, tumor necrosis factora blockers, lymphocyte-

specific monoclonal antibodies, immunosuppressive nucleoside analogues
during the past 90 days

Treatment with recognized B-cell immunosuppressants, such as Bruton’s
tyrosine kinase inhibitors, eq, ibrutinib

Inherited severe immunodeficiency (such as chronic granulomatous di-
sease, STAT 3 deficiency, or severe combined immunodeficiency)

Acute graft-versus-host disease grade lll or IV involving the gut, lungs, or
liver that is refractory to first-line treatment with steroids

API probable: 1+2+3

API possible: 1+2

@Clinical features
Pulmonary aspergillosis
The presence of 1 of the following 4 patterns on CT:
Dense, well-circumscribed lesions(s) with or without a halo sign
Air crescent sign
Cavity
Wedge-shaped and segmental or lobar consolidation
Tracheobronchitis

Tracheobronchial ulceration, nodule, pseudomembrane, plaque, or eschar
seen on bronchoscopic analysis

Mycological evidence

Aspergillus species recovered by culture from sputum, BAL, bronchial brush,
or aspirate

Galactomannan antigen

Antigen detected in plasma, serum, BAL, or CSF
Any 1 of the following:
Single serum or plasma: =1.0
BAL fluid: =1.0
Single serum or plasma: =0.7 and BAL fluid >0.8
CSF: =1.0
Aspergillus PCR
Any 1 of the following:

Plasma, serum, or whole blood 2 or more consecutive PCR tests positive
BAL fluid 2 or more duplicate PCR tests positive

At least 1 PCR test positive in plasma, serum, or whole blood and 1 PCR
test positive in BAL fluid

Donnelly et al Clin Infect Dis 2020




Posaconazole vs. Fluconazole or Itraconazole
Prophylaxis in Patients with Neutropenia

Acute myelogenous leukemia

New diagnosis

First relapse

Myelodysplastic syndrome

Probability of Invasive Fungal
Infection or Death

0.30+

0.20

0.10

Nadir ANC during treatment phase

<500 cells/mm?

<100 cells/mm?

Fluconazole
or itraconazole

Posaconazole

T T | |
20 40 60 80 100

Days after Randomization

Cornely el al NEJIM 2007



Posaconazole or Fluconazole for Prophylaxis in Severe

All proven and probable invasive fungal infections*

All invasive aspergillosis
Aspergillus (not otherwise specified)
Aspergillus galactomannan antigen index
A. fumigatus
A. flavus
A. niger

A. terreus

Graft-versus-Host Disease

Posaconazole Fluconazole

Group
(N=291)

o O O N O

Group
(N=288)

Odds Ratio
(95% CI) P Value
0.56 (0.30-1.07) 0.07
0.31 (0.13-0.75) 0.006

Ullmann el al NEJM 2007

Probability of Onset of Infection (%)

20+

18

164

14|

124

10

#*
Fluconazole group ¢

P

Posaconazole group

Days after First Dose of Study Drug



Autres terrains

** Transplantés d’organes, pathologies pulmonaires chronigues, nouveaux médicaments
> pas de prophylaxie systématique

> association de plusieurs mécanismes altérant les défenses antiaspergillaires chez le méme
patient

v" clairance muco-ciliaire: BPCO, grippe, corticoides inhalés

v diminution immunité systémique : diabete, insuffisance rénale chronique, insuffisance
hépatique

** APl en réanimation (post-grippe, Covid)




APl en réanimation
Criteres AsplCU modifiés

Clinical criteria Radiological criteria
One of the following signs or symptoms had to be present: Any infiltrate on pulmonary imaging by portable chest x-ray or
- Fever refractory to at least 3 days of appropriate antibiotic CT scan of the lungs.
therapy. Mycologjical criteria
» Recrudescent fever after a period of defeverescence of at One or more of the following had to be present:
least 48 h while still on antibiotics and without other . Histopathology or direct microscopic evidence of
apparent cause. dichotomous septate hyphae with positive culture for
» Dyspnoea. Aspergillus from tissue.
* Haemoptysis. - A positive Aspergillus culture from a bronchoalveolar
» Pleural friction rub or chest pain. lavage (BAL).
« Worsening respiratory insufficiency in spite of appropriate - A galactomannan optical index on BAL of 1.
antibiotic therapy and ventilatory support. - A galactomannan optical index on serum of =0-5.

Schauwvlieghe et al Lancet Respir Maed 2018




Table 1 Proposed case definition for IAPA in ICU patients

Entry criteria: influenza-like illness + positive influenza PCR or antigen + temporally relationship

Aspergillus tracheobronchitis IAPA in patients without documented Aspergillus tracheobron-
chitis
Proven Biopsy or brush specimen of airway plaque, pseudomembrane Lung biopsy showing invasive fungal elements and Aspergillus growth
or ulcer showing hyphal elements and Aspergillus growth on on culture or positive Aspergillus PCR in tissue
culture or positive Aspergillus PCR in tissue
Probable Airway plaque, pseudomembrane or ulcer A: Pulmonary infiltrate
and at least one of the following: and at least one of the following:
Serum GM index>0.5 Serum GM index> 0.5
or or
BAL GM index> 1.0 BALGM index>1.0
or or
Positive BAL culture Positive BAL culture
or OR
Positive tracheal aspirate culture B: Cavitating infiltrate (not attributed to another cause)
or and at least one of the following:
Positive sputum culture Positive sputum culture
or or
Hyphae consistent with Aspergillus Positive tracheal aspirate culture

Verweij el al Insensive Care Med 2020



Host/Risk 57% EORTC/MSGERC host factor negative [9]
|APA associated with corticosteroid use [7]

Virus Cell entry through sialic acids-2,6Gal: epithelial layer in lung
including larger airways [63]

Immune modulation by suppression of the NADPH oxidase
complex [65]

Fungal infection Invasive Aspergillus tracheobronchitis in up to 55% of patients
[/-9]

Median time between ICU admission and IAPA diagnosis
2-3 days [7-9]

Aspergillus diagnostics BAL GM positive in> 88% [/-9]

Serum GM positive in 65% [/-9]

Secondary infections | In 80 of 342 (23.4%) ICU patients, most frequent pathogens S.
pneumoniae, Pseudomonas aeruginosa and S. aureus [66]

ICU mortality 45% in IAPA compared with 20% in influenza without IAPA
(p<0.0001) [9]

Verweij el al Insensive Care Med 2020



@ SARS-CoV-2
Intensive care Acute respiratory
unit distress syndrome

-
Proven CAPA
%

Figure 2: Defining and diagnosing CAPA (tracheobronchial form)

Koehler et al Lancet Infect Dis 2021



Other pulmonary forms
(probable)

Other pulmonary forms
(possible)§

Host factors Clinical factors

Patient with COVID-19 needing intensive careanda  Pulmonary infiltrate, preferably
temporal relationship (entry criterion) documented by chest CT,

or cavitating infiltrate

(not attributed to another cause)

Patient with COVID-19 needing intensive careanda  Pulmonary infiltrate, preferably
temporal relationship (entry criterion) documented by chest CT,

or cavitating infiltrate

(not attributed to ancther cause)

Koehler et al Lancet Infect Dis 2021

Mycological evidence

At least one of the following: microscopic
detection of fungal elements in
bronchoalveclar lavage, indicating a mould;
positive bronchoalveolar lavage culture;

serum galactomannan index =0-5 or serum
LFA index hD-EI:I: bronchoalveclar lavage

galactomannan index 21-0 or
bronchoablveolar lavage LFA index =1-0;%
two or more positive aspergillus PCR tests in
plasma, serum, orwhole blood;T a single
positive aspergillus PCR in bronchoalveolar
lavage fluid (<36 cycles);T or a single
positive aspergillus PCR in plasma, serum,
orwhole blood, and a single positive in
bronchoalveolar lavage fluid {any threshold
cycle permitted)t

At least one of the following: microscopic
detection of fungal elements in
non-bronchoscopic lavage indicating a
mould; positive non-bronchoscopic lavage
culture;T single non-bronchoscopic lavage
galactomannan index =4-G;
non-bronchoscopic lavage galactomannan
index »1-2 twice or more; or
non-bronchoscopic lavage galactomannan
index >1-2 plus another non-bronchoscopic
lavage mycology test positive
(non-bronchoscopic lavage PCR or LFA)






The clinical spectrum of aspergillosis in chronic obstructive pulmonary
disease

Aspergillosis entity Comments

Well documented and clearly linked

Invasive pulmonary aspergillosis Often a challenging diagnosis

Invasive Aspergillus tracheobronchitis Usually only diagnosed in ICU or autopsy

Chronic cavitary pulmonary aspergillosis Infrequent and often with other pulmonary disease

Aspergillus sensitisation Common but of uncertain clinical significance

Community-acquired Aspergillus pneumonia Probably rare, difficult to diagnose. Similar, if not
identical, to sub-acute invasive pulmonary aspergil-
losis

< BPCO souvent colonisés a Aspergillus (jusqu’a 30%)
< Prévalence API varie selon la population étudiée (sous-estimée):
> patients en insuffisance respiratoire, stades GOLD 3 or 4 >> stades précoces
< Facteurs de risque:
> prednisone >20 mg/j, corticothérapie prolongée (dose cumulée >700 mg/j),
antibiothérapie préalable, infection virale, corticoides inhalés, admission en
réanimation

Otu el al Infection 2023



* Diagnostic difficile

< Signes peu spécifiques:
> Fievre, dyspnée, augmentation des expectorations, sibilants, hémoptysie, douleur thoracique
> Retard diagnostique

» Imagerie variée:
» Rarement aspect d’API angio-invasive
> Condensation, nodules, nodules cavitaires, parfois multiples

* Isolement d’aspergillus dans sécrétions bronchiques pas univoque

% Sensibilité et spécificité des tests diagnostiques peu étudiée dans BPCO
> GM (sang, LBA), PCR
> Sérologie?

% Critéres IPA en réanimation

< Mauvais pronostic, mortalité élevée

Otu el al Infection 2023



Prise en charge de I'API

+* Bilan d’extension (clinique) et TDM sinus + IRM cérébrale

< Traitement précoce++

< Antifongique
> Molécule
> Résistance, effets indésirables
> Interactions médicamenteuses, monitoring taux sanguin
> Durée du traitement 6-12 semaines
> Surveillance évolutive (clinique, GM, Imagerie...)
> (Rarement embolisation, chirurgie)
> Prophylaxie secondaire

< Lever/baisser 'immunodépression
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Aspergillus spp.

AMB

FLU

CAS

MIC

ANI

A. fumigatus

A. flavus

A. terreus

A. niger

Mucorales

Rhizopus spp.

Mucor spp.

Lichtheimia spp.

Nivoix el al Semin Respir Crit Care Med 2020




Table 2 Recommendations on curative treatment and prophylaxis of invasive aspergillosis

IDSA

ECIL

ESCMID

First line curative treatment®
s First choice®
* Alternative

Voriconazole
Isavuconazole|or

Liposomal AmB

Voriconazole or Isavucona-
zole

Voriconazole or Isavucona-
7ole

Liposomal AmB

Prophylaxis
AML/MDS
* First choice
* Alternative

b

Pu::usao::un.azmlzi—'E

Liposomal AmB

Posaconaznlel

[traconazole or aerosolized
liposomal amphotericin B¢

Posaconazolel

Aerosolized liposomal am-
photericin B

AlloHSCT (pre-engraftment)
« First-choice®

Iltraconazole or Voriconazole
Posaconazole

Posaconazole or aerosolized
liposomal amphotericin B9-¢

 Alternative

AlloHSCT (GVHD) Posaconazole|-- Posaconazole |P05.aconazolc
e First-choice® Itraconazole or Voriconazole | =°
 Alternative

Ledoux el al Semin Respir Crit Care Med 2020




Voriconazole

lsavuconazole

Posaconazole

LAmMB

IV: 2 x 6mg/kg on day 1 then 2 x 4 mg/kg/d
Oral: 2 x 400 mg on day 1, then 2 x 200 mg/d
Gold standard for invasive aspergillosis

TDM recommended

3 x 200 mg on days 1 and 2, then 200 mg/d
As effective as voriconazole for invasive aspergillosis and

better tolerated>'1?

IV and tablets: 2 x 300 mg on day 1, then 300 mg/d

Oral suspension: 100-800 mg/d depending on the indica-
tion (in combination with food)

Tablets and oral suspension are not interchangeable due to
the differences ir *»~ dosing of each formulation

TDM recommendea tor both oral formulations

3-5mg/kg/d as a single infusion

Nivoix el al Semin Respir Crit Care Med 2020



CAPA

—_—

Liposomal amphotericin Bt é? %
3 ma/kg per day /N

Serum for therapeutic drug monitoring Continuous monitoring of renal function
(plasma trough) —" recommended

Koehler et al Lancet Infect Dis 2021



Therapeutic Targets
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Prévention

*»» Eviter le contact avec Aspergillus

> Chambre a flux laminaire

> Eliminer le sources potentielles : plantes, jardinage, ...aliments
> Etat domestique, systeme de ventilation ...

> Protection lors de travaux

> Surveillance de la contamination (air et surfaces)

** Prophylaxie médicamenteuse
> Groupes a risque

¢ Eviter antibiothérapie inutile (BPCO)

< Limiter autant que possible immunosuppression (corticoides)




Cas clinique

% Homme de 49 ans, ACSH pour LAM 12/2021

> Prophylaxie GVH cyclosporine, méthotrexate
> Suites immédiates: pneumopathie non documentée d’évolution favorable sous ATB
> LPT ganglionnaire EBV induit traité par Rituximab (02/22), négativation PCR EBV
> Prophylaxie infectieuse
v amoxicilline, cotrimoxazole, valaciclovir, posaconazole (arrété fin 01/22)
> Pas de corticoide oral

* J100
> Toux seche, dyspnée d’effort, pas de signe clinique de GVH
> Apparition TVO VEMS 62%, VEMS/CVF 61%, VR/CPT 149%
> Micronodules bronchiolaires sur TDM thoracique
> Ag GM sanguin séquentiel négatif
> Bilan infectieux négatif large y compris fibroscopie bronchique + LBA
v guelgues colonies A. fumigatus en culture
v Ag GM négatif, PCR Af + 31 cycles
> EPP: gamma 6.0 g/L
> SBO post allogreffe
v budesonide + formoterol 800 g x 2/j




J100



** Nette amélioration clinique et fonctionnelle aJ 21 de tt inhalé
> VEMS + 800 mL, CVF + 400 mL

% J30ttinhalé

> Toux seche, douleur pharyngée, otalgie fievre 38°2C

> Inefficacité levofloxacine en probabiliste

> NFS: Hb 10g/dL, leucocytes 4,2 G/L, PNN 2,85 G/L, Ly 0,3 g/L, Plag 110 g/L
> Ag GM sang négatif




< Biopsies bronchiques a visée mycologique

> Présence de filaments mycéliens septés type Aspergillus (J+2 tres nombreuses colonies)
% LBA

> Ag GM ++ (6,8), PCR Af + 21 cycles

> Nombreuses colonies A. fumigatus en culture
< Sang

> Ag GM négatif, PCR aspergillus sang + 35 cycles

> Gamma globulines 5,3 g/L

> Lymphopénie T profonde, quasi absence de lymphocytes B circulants



** APl trachéo-bronchique

< Voriconazole 3 mois
> Taux sanguin satisfaisant

< Evolution API favorable
> Prophylaxie secondaire isavuconazole

19/01/2023
| | or Lo o
30/09/2021 5030 6860 73,4
13/04/2022 2660 4370 61 149
12/05/2022 3490 4690 74,4 143
23/01/2023 3700 5110 72,4 143

Rechute post allogreffe de la LAM



Conclusion

L)

0’0

Fréquence

< Modifications terrains
> Hématologie (prophylaxie)
v hémopathies lymphoides (CAR-T)
v/ nouveaux traitements
> Hors hématologie ++
v' retard diagnostique
v' mortalité

% Coinfections, parfois autres champignons (pas A. fumigatus)

» Outils diagnostiques performants
> Rentabilité variable selon présentation et terrain
> LFA?

% Probleme de résistance aux azolés
> Post traitement (agriculture dans certains pays)
» Nouveaux traitements en cours d’évaluation

% Prévention ++







