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Pulmonary Disease due to Aspergillus

 Disseminated or invasive aspergillosis
 Aspergilloma or mycetoma
 Bronchial asthma
 Extrinsic allergic alveolitis (malt worker’s lung)
 Allergic bronchopulmonary aspergillosis



Diagnostic Criteria for ABPADiagnostic Criteria for ABPA
 Major CriteriaMajor Criteria

 Bronchial obstruction Bronchial obstruction –– asthma, CFasthma, CF
 Pulmonary infiltratesPulmonary infiltrates
 Positive skin test to Positive skin test to AspergillusAspergillus
 Precipitating (IgG) antibodies to Precipitating (IgG) antibodies to AspergillusAspergillus
 Elevated serum IgG, IgA & IgE Elevated serum IgG, IgA & IgE antianti--AspergillusAspergillus
 Elevated IgE level >1000 Elevated IgE level >1000 ngng/ml/ml
 Blood eosinophilia Blood eosinophilia 
 Proximal or central bronchiectasisProximal or central bronchiectasis

 Minor CriteriaMinor Criteria
 Sputum culture positive for Sputum culture positive for A. fumigatusA. fumigatus
 LateLate--skin (skin (ArthusArthus) reactivity) reactivity
 History of expectoration of brown plugsHistory of expectoration of brown plugs



Demographics of Patients with ABPADemographics of Patients with ABPA

StudyStudy ABPA (41)ABPA (41) NonNon--ABPA (49)ABPA (49)
CFCF 34%34% 50%50%
AsthmaAsthma 66%66% 50%50%
Age, yearsAge, years 24 24 ±± 1818 17 17 ±± 1212
Sex, % maleSex, % male 58%58% 49%49%
IgE, IU/mlIgE, IU/ml 2617 2617 ±± 22752275 322 322 ±± 10431043
Reactivity to Reactivity to A. fumigatusA. fumigatus
AfAf skin testskin test 100%100% 43%43%
IgG antiIgG anti--AfAf antibodyantibody 100%100% 88%88%













Aspergillus Allergens + Proteases
Activation, damage, leakage

↑IL4 Activity 
↑IL-4R SNP

HLA-DR2+/DR5+

APC
Th0↑IL-10

↓IL-12

Th2

B cell
↑CD23, ↑CD86

↑IgE production

CD40    CD86/CD80

CD40L    CD28

IL-4

Allergic Inflammation
↑IL-8, MCP-1, IL-6

↑Mucus
↑TGF-, ↓EGFR

↑Myofibroblast activation
Airway remodeling

EOSLung Damage
ECP, MBP, EDN, EPO

Mast cell
FcR1

IgE priming
Recruitment
Activation

↑IL-5

DC, Epi, SMC



Cytokine synthesis by tetanus toxoid and Aspergillus stimulated PBMC (Th1/Th2 cytokine 
synthesis).  Following Asp f2/3/4 stimulation, ABPA CF had significantly increased IL-5 
synthesis compared to Af ST+ and Af ST- CF patients. IL-10 synthesis was elevated in 
ABPA, Af ST+ and Af ST- CF patients in Asp f2/f3/f4 stimulated cultures but not in tetanus 
toxoid stimulated cultures; TGF-b synthesis was comparable in all three patient groups. 
Data presented as Mean  SE.
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IL-4 Stimulated CD23+ Molecules per B-cell
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CD23 Molecules per B-cell in ABPA Flare vs
Remission

The number of CD23 molecules in ABPA patients during flares and 
remission. ABPA CF patients during acute flares had significantly increased 
CD23 molecules on total B-cells and CD86+ B-cells compared to ABPA 
during remission.  In addition, the number of CD23 molecules was
significantly increased compared to non-ABPA patients and controls.  Data 
presented as Mean  SE.
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Genetics of Genetics of AlternariaAlternaria--Sensitive ModerateSensitive Moderate--
Severe Asthma in ChildrenSevere Asthma in Children

 We hypothesize that in We hypothesize that in AlternariaAlternaria sensitive sensitive 
patients with moderatepatients with moderate--severe asthma, a similar severe asthma, a similar 
pathogenesis as is seen in ABPA might occur pathogenesis as is seen in ABPA might occur 



TENOR = The Epidemiology and Natural History of Asthma: Outcomes and Treatment Regimens

Healthcare utilization and missed work/school days Healthcare utilization and missed work/school days 
by asthma severityby asthma severity

Dolan CM, Ann Allergy Asthma Immunol 92:32-39, 2004
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Annual per-patient direct and indirect costs of 
asthma in adults

Cisternas MG, J Allergy Clin Immunol 111:1212-1218, 2003

Total 
Costs

($)

Indirect 
Costs†

(%)

Total 
Direct 
Costs

($)

Other 
Medical*

(%)

Hospital
Use 
(%)

Out-
Patient 
Care
(%)

Meds
(%)

Asthma 
Severity

6354

24732473

16811681

46

3333

2222

12,813817719Severe

453045304455773939ModerateModerate

264626465544774747MildMild

N=401; adults with asthma 18 to 50 years of age.
*Emergency department and outpatient medical procedures.
†Estimated cost of lost work productivity.



SensitisationSensitisation to airborne molds and to airborne molds and 
severity of asthmaseverity of asthma

ZureikZureik M, BMJ 325:1M, BMJ 325:1--7, 20027, 2002

 European Community Respiratory Health SurveyEuropean Community Respiratory Health Survey
 30 centers30 centers
 1132 adults 201132 adults 20--44 years old44 years old

 A. alternataA. alternata or or C. C. herbarumherbarum sensitivity associated with sensitivity associated with 
increased severity of asthma increased severity of asthma vsvs mild asthmamild asthma
 Severe asthma: OR 2.34 (1.56Severe asthma: OR 2.34 (1.56--3.52 95% CI )3.52 95% CI )
 Moderate asthma: OR 1.56 (1.05Moderate asthma: OR 1.56 (1.05--2.32 95% CI )2.32 95% CI )

 D. D. pteronyssinuspteronyssinus also associated with increased severity of also associated with increased severity of 
asthma asthma vsvs mild asthmamild asthma
 Severe asthma: OR 1.85 (1.36Severe asthma: OR 1.85 (1.36--2.51 95% CI )2.51 95% CI )
 Moderate asthma: OR 1.22 (0.93Moderate asthma: OR 1.22 (0.93--1.60 95% CI )1.60 95% CI )

 No association with pollens or cat sensitivityNo association with pollens or cat sensitivity



Randomized controlled trial of oral antifungal treatment Randomized controlled trial of oral antifungal treatment 
for severe asthma with fungal for severe asthma with fungal sensitisationsensitisation (SAFS), the (SAFS), the 

FAST studyFAST study

 ItraconazoleItraconazole--placebo controlled 32 week trial in fungusplacebo controlled 32 week trial in fungus--
sensitive severe asthmasensitive severe asthma

 PatientsPatients
 49.2 yrs49.2 yrs
 48% male48% male
 SensitivitiesSensitivities

 AspergillusAspergillus –– 66% 66% 
 CladosporiumCladosporium –– 52%52%
 AlternariaAlternaria –– 34%34%
 PenicilliumPenicillium –– 48%48%
 CandidaCandida –– 66%66%
 TrichophytonTrichophyton –– 31%31%
 BotrytisBotrytis –– 28%28%

Denning DW et al , AJRCRM 179:1Denning DW et al , AJRCRM 179:1--18, 200918, 2009



Effect of Effect of ItraconazoleItraconazole in SAFSin SAFS
Denning DW et alDenning DW et al

 AQLQ AQLQ -- ↑↑ 0.850.85
 IgE level IgE level -- ↓↓ 27%; 187 IU/ml 27%; 187 IU/ml →→ 136 IU/ml136 IU/ml
 FEVFEV--1 1 –– no changeno change
 PF PF -- ↑↑ 20.8 L/min20.8 L/min
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Protease-dependent activation of epithelial cells by 
fung`al allergens leads to morphologic changes and 

cytokine production
Kauffman HF, JACI 105:1185-1193, 2000
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The role of protease activation of 
inflammation in allergic respiratory disease

Reed CE, JACI 114:997-1008, 2004



Effects of PAREffects of PAR--2 Stimulation2 Stimulation
Reed CE, JACI 114:997Reed CE, JACI 114:997--1008, 20041008, 2004

Airway epitheliumAirway epithelium ↑↑ expression in asthmaexpression in asthma
↑↑ methacholinemethacholine responseresponse
↑↑ ILIL--6, IL6, IL--8, GM8, GM--CSF, eotaxinCSF, eotaxin
↑↑ IgE productionIgE production

Airway smooth muscleAirway smooth muscle ↑↑ methacholinemethacholine responseresponse

LymphocytesLymphocytes ↑↑ specific IgE synthesis (OA)specific IgE synthesis (OA)

Monocytes, Monocytes, dendriticdendritic cellscells ↑↑ GMGM--CSFCSF
↓↓ ILIL--4 expression4 expression

Endothelial cellsEndothelial cells ↑↑ ILIL--6, IL6, IL--8, NF8, NF--

FibroblastsFibroblasts ↑↑ ILIL--8, MCP8, MCP--11
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Interaction between Th2 inflammation and the Interaction between Th2 inflammation and the 
EMTU in asthma pathogenesisEMTU in asthma pathogenesis

Davies DD, JACI 111:215Davies DD, JACI 111:215--225, 2003225, 2003

Asthmatic Bronchial Asthmatic Bronchial 
EpitheliaEpithelia

 ILIL--13 stimulates TGF13 stimulates TGF--
synthesissynthesis

 ILIL--4, IL4, IL--13 stimulates 13 stimulates 
STATSTAT--66
 ↑↑ synthesis of GMsynthesis of GM--CSF, ILCSF, IL--

8, TGF8, TGF-- ((↑↑ mucinmucin gene gene 
expression), eotaxinexpression), eotaxin

 DerDer p enhances ILp enhances IL--4, IL4, IL--13 13 
stimulationstimulation

 DerDer p stimulates ILp stimulates IL--5, IL5, IL--13 13 
secretion of BE explantssecretion of BE explants





Allergy European J Allergy Clin Immunol 2010 May 10 Epub



Alternaria-stimulated Cytokine Synthesis in Alternaria-
sensitive Asthma



Asp f3 and Alternaria-stimulated Cytokine Synthesis in 
Aspergillus/Alternaria-sensitive and Alternaria-sensitive Asthma





Inhibition of Alternaria Stimulation by 
Blocking anti-HLA mAbs



Alternaria-stimulated Cytokine Synthesis in HLA-
DQ3+ and –DQ3- Alternaria-Sensitive Asthma



Clin Mol Allergy 8:5, 2010 Epub





ILIL--4R alpha mutations are associated with asthma 4R alpha mutations are associated with asthma 
exacerbations and mast cell/IgE expressionexacerbations and mast cell/IgE expression

Wenzel SE, Am J Wenzel SE, Am J RespirRespir CritCrit Care Med 175:570Care Med 175:570--576, 2007576, 2007

 Severe Asthma Research Program (SARP)Severe Asthma Research Program (SARP)
 Criteria Criteria 

 Major Major ↑↑
 Requirement of highRequirement of high--dose ICSdose ICS
 Oral corticosteroids Oral corticosteroids ≥≥50% of year50% of year

 Minor Minor ↑↑
 Use of LABA, LTRA, Use of LABA, LTRA, theophyllinetheophylline
 SABA use on daily or near daily basisSABA use on daily or near daily basis
 FEVFEV--1 <80%, PF variability >20%1 <80%, PF variability >20%
 ≥≥1 ED 1 ED visit(svisit(s)  per year)  per year
 ≥≥3 oral corticosteroid bursts per year3 oral corticosteroid bursts per year
 Deterioration with Deterioration with ≤≤25% reduction of ICS dose25% reduction of ICS dose
 NearNear--fatal asthma event in the past fatal asthma event in the past 



ILIL--4R alpha mutations are associated with asthma 4R alpha mutations are associated with asthma 
exacerbations and mast cell/IgE expressionexacerbations and mast cell/IgE expression

Wenzel SE, Am J Wenzel SE, Am J RespirRespir CritCrit Care Med 175:570Care Med 175:570--576, 2007576, 2007

 Severe asthmaSevere asthma
 European Network for the Understanding of Mechanisms of European Network for the Understanding of Mechanisms of 

Severe Asthma (ENFUMOSA)Severe Asthma (ENFUMOSA)
 Severe Asthma Research Program (SARP)Severe Asthma Research Program (SARP)

 ILIL--4RAs glu400ala (E375A) and gln576arg (Q551R) associated 4RAs glu400ala (E375A) and gln576arg (Q551R) associated 
with more severe asthma exacerbations and lower lung functionwith more severe asthma exacerbations and lower lung function

 ILIL--4RA glu400ala (E375A) associated with higher bronchial 4RA glu400ala (E375A) associated with higher bronchial 
tissue mast cells and higher levels of IgE bound to mast cellstissue mast cells and higher levels of IgE bound to mast cells



ALternaria Allergens + Proteases
Activation, damage, leakage

PAR-2

↑IL4/IL-13 Activity 
IL-4R SNP

IL-13 SNP

HLA-DR  restricted
HLA-DQ3 protective

APC
Th0↑ TSLP, IL-10

↓IL-12

Th2

B cell
↑ CD23, ↑ CD86

↑ IgE production

CD40    CD86/CD80

CD40L    CD28

IL-4

Allergic Inflammation
↑IL-8, MCP-1, IL-6

↑ RANTES
↑TGF-, ↓EGFR

↑Myofibroblast activation
Airway remodeling

EOSLung Damage
ECP, MBP, EDN, EPO

Mast cell
FcR1

IgE priming
Recruitment
Activation

↑ IL-5

SUMMARY
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