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Physiopathologie



Facteurs de risque 
des infections fongiques et bronchiectasies

Altération clairance muco-ciliaire
• Infections (bronchite aspergillaire)
• Antigènes aspergillaires et protéases (MUC5AC) / rétention mucus
• Réponse immune accrue TH2 (ABPA)

Déficit fonction neutrophile / monocytaire ou macrophagique
• Altération mécanismes d’apoptose neutrophiles : inflammation et infection

Particularités structurales de bronchectasie
• DDB cylindriques : cavités ➟ aspergillomes

Infection aspergillaire➟ dommage paroi bronchique➟ DDB
Susceptibilités génétiques 

• Déficit en cellules dendritiques,  Stat3 mutations, hyper IgE syndrome, 
• Chronic Granulomatous Disease

De Soyza A, Medical Mycology, 2016



Facteurs de risque des infections fongiques
France 2004-10 

Bitar, Lortholary et al. (Thanks to O. Lortholary)
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Alcool

45,7%



Gangneux et al., J. Med. Mycol.; 2016, 26, 385–390.
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Une épidémiologie de l’APC encore incomplète

Russie : 
126/100.000

Inde : 
24/100.000

Nigeria: 
78/100.000

Canada: 
1,4/100.000

France: 
3,2/100.000

3 millions de cas dans le monde  



Résistance acquise (prétraités/environnementale)

Chine : 
4,4%

Pays-Bas : 
26%

Allemagne : 
30%

Verweij CID 2016, Van der Linden EID 2015 Bongomin et al, 2018 Dauchy et al, 2018

• Aspergillose chronique : 
• UK : 7,7%, 
• France: 9% 

• Résistance en France ITC sur 
mucoviscidose : 4,6% à 10,6%

• Monde  3,2% : sous-estimation
• absence de pratiques homogènes et 

standardisées inter-laboratoires pour 
surveillance émergence souches R aux azolés



• Aspergillome simple
• Aspergillose Pulmonaire Chronique 

Cavitaire (APCC)
• Aspergillose Pulmonaire Chronique 

Fibrosante (APCF) 
• Aspergillose Pulmonaire Chronique 

Nécrosante (APCN)

• La forme invasive du non 
neutropénique

Manifestations infectieuses

• Aspergillose broncho-pulmonaire 
allergique (ABPA)

• Asthme sévère avec 
hypersensibilisation fongique (SAFS)

• Pneumopathie d’hypersensibilité à 
Aspergillus

Manifestations d’hypersensibilité

overlaps
Denning D et al, Eur Respir J, 2016
Patterson TF et al, CID, 2016

Maladies broncho- pulmonaires liées à l’Aspergillus

Formes de chevauchement

• Colonisation aspergillaire
• Bronchite aspergillaire
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Denning D et al, ERJ 2016 ; Patterson TF et al, CID, 2016 ; Barberan, Esr Esp Quimoter, 2016; Burgel et al Infect and Drug Resis 2016

‡

‡: Utilisation hors-AMM

Maladies broncho- pulmonaires liées à l’Aspergillus

Patients à risques :
• Corticoïdes 
• BPCO  (Gold≥3),  Cavités
• virus influenza, CMV
• Cirrhose ++
• hospitalisation réanimation

Bronchite aspergillaire
• Patient non immunodéprimé
• prélèvements respiratoires + 

et/ou sérologie +
• CT compatible
• Symptomatique

Colonisation aspergillaire
• Patient non immunodéprimé
• prélèvements respiratoires + 

et/ou sérologie +
• CT compatible
• Non symptomatique
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Asthme, ABPA, PHS Asthme, ABPA, PHS 

Cavité
préexistante

Défense normale ImmunodépressionImmunodépression
sévère

Élimination 

Aspergillome
simple

Aspergillome
simple

APCCAPCC

continuum

Hypersensibilité

APIAPCNAPCN A SubaiguëA Subaiguë

Dénutrition, Corticoïdes, 
immuno-suppresseurs,
alcool, tabac,  
diabète

- Neutropénie, autogreffe 
cellules souches,  Immuno-
suppresseurs, déficits 
immunitaires congénitaux

Hôte
- Hypersensibilité
- Déficit immunitaire local, général

-Pathogénicité
-Antigénicité

Colonisation

Inhalation de spores

Immunodépression Immunodépression 
modérée





Aspergillome simple

Kim YT, Ann Thorac Surg 2005

 Prolifération de spores aspergillaires organisées en feutrage 
mycélien dense ou « balle fongique » dans une cavité 
préexistante (pulmonaire, bronchique, pleurale) sans envahir le
poumon

 Absence de tissu pulmonaire nécrosé
 Présence de tissu inflammatoire avec phénomènes 

d’hypervascularisation
 Sérologie aspergillaire positive +/- examen direct/culture positif

Aspergillome 
simple : 
lésion unique 
avec cavité 
à paroi fine









Bio-diversité des Aspergillus

Japan: 40-50%

India : 38%

Iran: 62%

USA-Canada: 73%
France: 80%

- Aspergillus non-fumigatus : fréquents en dehors de l’Europe et de l’Amérique du Nord
- Résistance innée et acquise

Proportion A. fumigatus



AspergillusGenera
Flavi Nigri Terrei Nidulantes

Hong et al., 2008

A. lentulus

N. pseudofischeri

N. udagawae

A. viridinutans

A. fumigatiaffinis

A. fumigatus

Pourquoi faire la culture ?

FumigatiSection

A. 
terreus

A. ustus

A. nidulans A. flavus

 Prendre en compte la variabilité inter-espèces
 Détection des résistances

Remerciements JP Gangneux



Biodiversité et résistance

Section Fumigati : hétérogénéité des profils de sensibilité

Espèces Section Profil de sensibilité

AmB ITZ VCZ POS Candines

A. lentulus Fumigati R V V V R

N. pseudofischeri Fumigati S V V V S

A. felis/viridinutans Fumigati V R V V S

A. tubingensis Nigri S V S S -

A. calidoustus Usti S R R R V

A. alliaceus Flavi R S S - R

V : variableRemerciements JP Gangneux



Eur Respir J 2016; 47: 45–68 



Different forms of Chronic Pulmonary Aspergillosis

Denning et al. Eur Respir J 2016; 47: 45–68 





Approche thérapeutique des APC 
(aspergillome simple exclu)

• Traitement curatif : chirurgical
– éradication de l’aspergillose
– éviter les rechutes

• Traitement palliatif :
– Radiologie interventionnelle
– Traitement antifongique systémique

• Traitement des comorbidités
– Renutrition
– Réadaptation respiratoire
– Réduction et/ou arrêt des corticoïdes
– Prévention vaccinale (pneumocoque/grippe/haemophilus)
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• Traitement palliatif :
– Radiologie interventionnelle
– Traitement antifongique systémique

• Traitement des comorbidités
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– Réadaptation respiratoire
– Réduction et/ou arrêt des corticoïdes
– Prévention vaccinale (pneumocoque/grippe/haemophilus)



Limitations of current therapeutic strategies

Denning et al. Eur Respir J 2016; 47: 45–68 

Current therapeutic recommendations on the management of 
CPA fall short of explicit statements with regard to management 
treatment : 

• supported mainly on cohort or case studies

• with the exception of two prospective phase II studies: 
one « single-stage » (Cadranel, on 2012) 

and the other an open randomized trial (Agarwal, on 2013)



Itraconazole

Voriconazole

Posaconazole

Denning. Eur Respir J 2015;0:1-24 
Patterson TF, Clin Infect Dis 2016; 15;63(4):e1-e60. 

1st message



2d message

Denning. Eur Respir J 2015;0:1-24 
Patterson TF, Clin Infect Dis 2016; 15;63(4):e1-e60. 



Liposomal AmB

Caspofungin

Denning. Eur Respir J 2015;0:1-24 
Patterson TF, Clin Infect Dis 2016; 15;63(4):e1-e60. 

3rd message



5% 34%



• Surgical Experience 
++++

• Prior embolisation
• Adjunctive antifungal

• Limit corticosteroids
• Control diabetes
• Consider nutrition
• rehabilitation



Denning et al, ERJ,  2016 ; Verweij et al, Drug Resist Updat., 2015 ; Agarwal et al, Mycoses, 2015

The absence of standardized therapeutic response criteria makes 
any comparison between studies quite difficult

The absence of comparative studies on the efficiency of the various antifungal treatments

The lack of data concerning tolerance and plasma monitoring of these treatments

The need to investigate factors predictive of relapse following treatment interruption 

The need to define an optimal duration of therapeutic management in such patients, in 
view of limiting the risks of drug interactions, the occurrence of adverse events, and the 
emergence of azoles-resistant Aspergillus



ACHROSCAN study: 
CT-SCAN evaluation of 

CHROnic pulmonary 
Aspergillosis Study



 M0 

N = 36 

M6 

N = 36 

P 

Presence of at least one cavity  32 (91.4%) 27 (81.8%) 0.16 

Unilateral cavities  21 (65.6%) 17 (63%) 0.32 

Absence of cavity in the left lung  12 (33.3%) 12 (36.4%) 0.16 

Number of cavities [1-5[ in the left lung  24 (66.7%) 21 (63.6%) 0.16 

Absence of cavity in the right lung  16 (45.7%) 17 (51.5%) 0.8 

Number of cavities [1-5[ in the right lung  18 (51.4%) 15 (45.5%) 0.8 

Mean of the average volume of the 6 largest 
cavities ,cm3 

 42.7 

(±59.3) 

42.8 

(±65.9) 

0.28 

Presence of at least one fungus balls  22 (61.1%) 15 (45.5%) 0.10 

Unilateral localization of fungus ball  19 (86.4%) 11 (73.3%) 0.32 

Average volume of the fungus balls 

Mean, cm3 

 13.8 

(±33.2) 

6.6 

(±9.5) 

0.27 

Presence of tree in bud  16 (44.4%) 13 (36.1%) 0.08 

Presence of ground glass attenuation  9 (25%) 4 (13.3%) 0.32 

Presence of areas of consolidation  24 (66.7%) 21 (65.6%) 1 

Presence of nodules (>10mm)  16 (44.4%) 15 (41.7%) 0.56 

Presence of collapses  22 (62.9%) 20 (55,6%) 0.08 

Mean of the Maximum thickness of the 
pleural wall 

 6.6 

(±3.8) 

5.2 

(±3.1) 

0.002 

Mean of the Maximum thickness of the 
cavity wall 

 6.2 

(±3.5) 

4.6 

(±2.2) 

0.04 

Bronchiectasis CT score  7.1 

(±3.6) 

6.4 

(±4.3) 

0.09 

 

CT findings at diagnosis and after 6 months of treatment

Godet et al, CHEST, 2016: 137-45 





R+ C+
n (%)

R- C-
n (%)

Kappa 
coefficient †

(95% CI)

McNemar’s
P Value

Odds Ratio
(95% CI)

Fisher’
s

P 
Value

Pleural wall 
thickening
(n=36)

29 (80.5) 0 (0) - - - -

Cavity wall 
thickening
(n=29)

22 (75.8) 1 (3.4)
0.20 

(‒0.14, 0.54)
0.03 - 0.24

Volume of 
fungus ball 
(n=20)

13 (65.0) & 2 (10)
0.29 

(‒0.19, 0.77)
1.00

4.33 
(0.20, 77.97)

0.25

Volume of 
cavities 
(n=31)

19 (61.3) 0 (0)
‒0.24 *

(‒0.37, ‒0.11)
1.00 0 (0, 2.68) 0.31

Tree-in-bud
(n=36)

25 (69.4) 0 (0)
‒0.16 *

(‒0.27, ‒0.05)
0.55 0 (0, 4.80) 0.56

Nodules >5 
mm

(n=36)
26 (72.2) 0 (0)

‒0.13 *
(‒0.25, ‒0.02)

0.34 0 (0, 7.44) 1.00

Lobar collapse
(n=36)

28 (77.8) 0 (0)
‒0.05 

(‒0.14, 0.04)
0.07 0 (0, 78.71) 1.00

Areas of 
consolidation
(n=32)

25 (78.1) 0 (0)
‒0.06 

(‒0.16, 0.04)
0.12 0 (0, 82.33) 1.00

- 0.24

- 0.16

- 0.13

Godet et al, CHEST, 2016: 137-45 

• 100% of correlation in
case of removal of the
fungal ball

• Discordance between
variation in size of
cavities, tree-in-bud
and clinical evolution

• 100% of correlation in
case of removal of the
fungal ball

• Discordance between
variation in size of
cavities, tree-in-bud
and clinical evolution



Denning et al, ERJ,  2016 ; Verweij et al, Drug Resist Updat., 2015 ; Agarwal et al, Mycoses, 2015

The absence of standardized therapeutic response criteria makes any comparison between 
studies quite difficult

The absence of comparative studies on the efficiency of the various antifungal 
treatments

The lack of data concerning tolerance and plasma monitoring of these 
treatments

The need to investigate factors predictive of relapse following treatment 
interruption 

The need to define an optimal duration of therapeutic management in such 
patients, in view of limiting the risks of drug interactions, the occurrence of 
adverse events, and the emergence of azoles-resistant Aspergillus



C PAAARI Study: Chronic Pulmonary Aspergillosis 
and Ambisome Aerosol  with Itraconazole

Therapeutic efficacy comparison of a six-month treatment by 
itraconazole and nebulised Ambisome® versus treatment by 
itraconazole alone in non- or mildly- immunocompromised 

patients with Chronic Pulmonary Aspergillosis: a prospective, 
randomized, single blind study, (single aspergilloma excluded).

Coordinating investigator
Cendrine GODET
Scientific committee
C. GODET, J. CADRANEL, 
A. BERGERON, F. LAURENT
F. COUTURAUD



C PAAARI Study: design



Primary outcome 

Therapeutic efficacy at 6 months,
composite criterion defined by: 

- clinical improvement/stability 

- and radiological improvement



Originality and innovative aspects

• Comparison of two therapeutic strategies:
• conventional itraconazole 
• association of adjunctive inhaled LAmB with conventional treatment

• Potential optimization of treatment duration
• Primary outcome: stringent evaluation of therapeutic response 

defined as a composite criterion integrating both validated clinical 
parameters and validated and standardized CT-scan objective 
parameters

• The 24-month follow-up after treatment discontinuation enabling to 
assess predictive factors of relapse



Chronic pulmonary aspergillosis in France: Prevalence, associated chronic pulmonary diseases and prognosis in a 
10-year retrospective study of the French nationwide administrative hospital database

Thomas Maitre1, Jonathan Cottenet2, Cendrine Godet3, Philippe Bonniaud4, Catherine Quantin2,5,  and Jacques Cadranel1,6

Incidence of outcomes, n (%) At 1 year At 5 years

In-hospital mortality 547 (32.1) 764 (44.8)

Malnutrition 366 (21.5) 485 (28.4)

Chronic respiratory failure 433 (25.4) 523 (30.7)

Pneumothorax 67 (3.9) 90 (5.3)

Thoracic surgery 148 (8.7) 169 (9.9)

New hospitalization for CPA (in first diagnosis) 19  (1.1) 53 (3.1)

Prevalence of CPD and conditions, n (%)
1 year 
before

5 years 
before

U
nd

er
ly

in
g 

lu
ng

 d
is

ea
se

s

Chronic obstructive pulmonary 
diseases

796 (39.4) 888 (43.9)

Emphysema 372 (18.4) 449 (22.2)
Bronchiectasis 294 (14.5) 354 (17.5)

Lung cancer 218 (10.8) 254 (12.6)
Lung tuberculosis 38 (1.9) 59 (2.9)
Lung TB scaring 86 (4.3) 104 (5.1)

NTM lung infection 51 (2.5) 59 (2.9)
Lung Sarcoidosis 20 (1.0) 27 (1.3)

Lung fibrosis 90 (4.5) 120 (5.9)

In
te

rv
en

ti
on

 in
 th

e 
ch

es
t

Pneumothorax 121 (6.0) 151 (7.5)

Thoracic surgery 172 (8.5) 221 (10.9)

Radiotherapy 33 (1.6) 57 (2.8)

As
so

ci
at

e
d 

fa
ct

or
s Chronic respiratory failure 967 (47.8) 1044 (51.6)

Diabetes 287 (14.2) 316 (15.6)

Malnutrition 795 (39.3) 894 (44.2)

Conclusion
We report the largest retrospective nationwide cohort of patients hospitalized for CPA. CPA incidence increase in France and this infection is now more commonly associated with COPD, emphysema, lung
cancer or fibrosis than with TB. The alarming CPA morbidity and mortality rates observed should justify specific screening for CPA in some CPDs particularly in patients with COPD, emphysema and lung
cancer.

From 2009 to 2018, we reported a total of 21,804 CPA prevalent cases hospitalized in France.
Globally male were predominant (62.8%), the median age was 65 years (57-75).

La prévalence annuelle des APC a augmenté de 1 759 cas en 2009 à 2 100 cas en 2018 (p<0,01).
Chez les 2 022 cas incidents d’APC hospitalisés en 2018, les proportions de BPCO, emphysème, 
de cancer bronchique et de fibrose pulmonaire diagnostiqués dans les 5 années précédentes 
étaient de 44, 22, 13 et 6% respectivement . Les proportions de TB et d’infections à mycobactéries 
non-TB ne représentaient que 3% chacune. 

Chez les 1 705 cas incidents d’APC hospitalisées en 2013, la mortalité globale était de 45% à 5 
ans. 



Centres associés: CHU Poitiers, CHU Angers, CHU Rennes, CHU Tours, CHU 
Brest, CHU Nantes, CHU Bordeaux, CHU Limoges, Hôpital Tenon-AP-HP, Hôpital 
Saint Louis-AP-HP, CHU Lille, Hôpital Bichat, CHU Toulouse, CH Pontoise, CHU 

Grenoble, Hôpital Civils de Lyon,  CHU Rouen, CHU Strasbourg, Hôpital Avicenne-
Bobigny, Hôpital d’instruction des Armées de Clamart,  CH le Mans,  Centre 

Hospitalier Intercommunal de Créteil, CHU Amiens, CHU Caen, CHU Besançon, 
CH Orléans, CHU Reims, CHU Marseille, CHU Montpellier, CHU Nancy, CHU Dijon

L’aventure continue! Merci à toutes et à tous!!!


