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Aspergillus fumigatus

Weichel et al, Clin Exp Allergy 2003;33:72, www.aspergillus.org.uk



Species of Aspergillus causing IA 

Species Voriconazole 
RCT (MITT)

TransNet 
(surveillance)

MSG 
multicentre 
study 

A. fumigatus 85 (77%) 136 (74%) 171 (67%)

A. flavus 7 16 41A. flavus 7 16 41

A. niger 9 13 14

A. terreus 6 10 8

Other 3 8 4

Not 
speciated

167 16 18

Multiple 28



Interaction of Aspergillus with the host

A unique microbial-host interaction
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.After Casadevall & Pirofski, Infect Immun 1999;67:3703 



Size of Aspergillus disease problem 
globally

1. Over 350,000 patients develop IA including ~10% of 
acute leukaemia (30,000) and stem cell and other 
transplants (7,500) and 1.2% of COPD patients admitted 
to (216,000 IA cases)- ~50% mortality

2. Chronic pulmonary aspergillosis after TB – 1.1M cases 
prevalenceprevalence

3. Chronic pulmonary aspergillosis total - ~3M

4. Asthma 197M in adults, of which ~10-20% severe, UK and 
USA have very high prevalence rates

5. Allergic bronchopulmonary aspergillosis in asthma - ~4M 
worldwide (2.1% of adults referred with asthma)  

6. Severe asthma with fungal sensitisation - ~6M worldwide 
(33% of 10% (severe only))



Invasive aspergillosis



Invasive aspergillosis – 100% mortality, 
unless treated

www.aspergillus.org.uk

4 days later



Risk factors for invasive aspergillosis

Major

• Neutropenia (+ monocytopenia)

• Corticosteroid treatment• Corticosteroid treatment



Neutrophils and monocytes key to 
damaging fungal hyphae



A single centre case control study :
- IA based on radiology (CXR) and clinical features 

Invasive aspergillosis: Time of diagnosis

Gerson, Ann Intern Med 1984; 100:345



Risk period of fungal disease

A  crude estimation of risk –
how can we refine it?

Pearson et al, Infect Dis Clinic N Am 2010;24:439

how can we refine it?



ABPA and severe asthma

www.emphysema-copd.co.uk 



Asthma – variable airflow obstruction

Inhaled steroids

Patient SY, Aspergillus Website 



ABPA – bronchoscopy views 
showing mucus plugging

www.aspergillus.org.uk



Fungal exposure in asthmatics is related to:

• Life-threatening asthmatic attacks (ie thunderstorm 
asthma)

• Severe asthma and hospital admission

O'Hollaren, N Engl J Med 1991; 324: 359;  and many others



Severe asthma with fungal sensitisation 
(SAFS)

Criteria for diagnosis
• Severe asthma (BTS step 4 or 5)

AND
• RAST (IgE) positive for any fungus

Denning et al, Eur Resp J 2006; 27;27:615

• RAST (IgE) positive for any fungus
OR

• Skin prick test positive for any fungus
AND

• Exclude ABPA (ie total IgE <1,000 iu/mL)



Skin prick testing – example of SAFS result

Cladosporium +ve

O’Driscoll, unpublished



Hospital admission and sensitisation

Allergen Asthma, no admission (n=82)     Asthma, 2+ admissions (n=46)

House dust mite 56 % 67 %

Grass pollen 46 % 63 %

Cat 37 % 59 %

Dog 18 % 48 %Dog 18 % 48 %

Any non fungal allergen 70% 74%

O’Driscoll et al, BMC Pulmonary Medicine 2005;5:4



Hospital admission and mould allergy

Allergen Asthma, no admission (n=82)   Asthma, 2+ admissions (n=46)

Aspergillus 7 % 37 %

Alternaria 5 % 26 %

Cladosporium 1 % 41 %

Penicillium 2 % 30 %Penicillium 2 % 30 %

Candida 10 % 33 %

Any fungal allergen 16% 76%

O’Driscoll et al, BMC Pulmonary Medicine 2005;5:4



Airborne fungal fragments

Fungal fragment

Green et al, J Allergy Clin Immunol 2005;115:1043 

Diffusing 
allergen 
leeching out of 
fungus in 
contact with 
liquid



Genomic 
analysis of 
allergens

(allergen = IgE 
binding protein)

Bowyer et al, BMC Genomics 2006;7:251.



Skin test reactivity to recombinant A. fumigatus and human 
proteins in a patient sensitized to MnSOD and P2 protein.

Intradermal skin tests, 100 µl of the 
protein solutions (10-1 µg/ml) injected. 

(A) 0.01% histamine 

(B) 0.9% saline 

(C) human P2 protein 1ng

{
(C) human P2 protein 1ng

(D) fungal P2 protein 10ng

(E) human P2 protein 10ng

(F) rAsp f 3 

(G) rAsp f 11 

(H) fungal MnSOD 10ng

(I) human MnSOD 10ng

Mayer et al, J Exp Med. 1999;189:1507-12.

{

{



Allergens in the sequenced Aspergilli
Accession Allergen Protein name Asp-core

AFUA_5G02330 Asp f 1  major allergen and cytotoxin No

AFUA_4G09580 Asp f 2 major allergen No

AFUA_6G02280 Asp f 3 allergen Yes

AFUA_2G03830 Asp f 4 allergen No

AFUA_8G07080 Asp f 5 elastinolytic metalloproteinase Mep No

AFUA_1G14550 Asp f 6 Mn superoxide dismutase MnSOD No

AFUA_4G06670 Asp f 7 allergen No

AFUA_2G10100 Asp f 8 60S acidic ribosomal protein P2 Yes

AFUA_1G16190 Asp f 9 cell wall glucanase Crf1 Yes

Fedorova et al, PLOS Genet 2008; 4: e1000046.

AFUA_1G16190 Asp f 9 cell wall glucanase Crf1 Yes

AFUA_5G13300 Asp f 10 aspartic endopeptidase Pep1/aspergillopepsin F Yes

AFUA_2G03720 Asp f 11 peptidyl-prolyl cis-trans isomerase Yes

AFUA_5G04170 Asp f 12 molecular chaperone/allergen Mod-E/Hsp90/Hsp1 Yes

AFUA_2G12630 Asp f 13 allergenic cerato-platanin Yes

AFUA_4G03240 Asp f 17 cell wall galactomannoprotein Mp1 No

AFUA_5G09210 Asp f 18 autophagic serine protease Alp2 Yes

AFUA_6G06770 Asp f 22 enolase Yes

AFUA_2G11850 Asp f 23 60S ribosomal protein L3 Yes

AFUA_3G07430 Asp f 27 peptidyl-prolyl cis-trans isomerase/cyclophilin No

AFUA_6G10300 Asp f 28 thioredoxin, putative Yes



Human genetics



Interaction of Aspergillus with the host
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Human genetic 
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expression
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.After Casadevall & Pirofski, Infect Immun 1999;67:3703 



Genetic risks

Ok et al, Int J Med Microbiol 2011;301:445

*



Surfactant A and D

Kishore et al Mol Immunol 2006;43:1293



CPA or ABPA and surfactant defects
ABPA patients have a higher frequency of SP-A2 A1660G SNP 

compared with with control subjects (OR = 4.78). In 
combination with SP-A2 G1649C more significant (OR = 
10.4) (P=0.016 and p=0.008)

CPA patients had 32% and 22% frequency of 2 SP-A2 CPA patients had 32% and 22% frequency of 2 SP-A2 
mutations, compared with normals (18% and 11%) 

(p=0.021 and p=0.044)

SP-B - single ORF polymorphism (Thr131Ile) associated with 
ARDS

Exogenous SP-D protective against murine IA

Vaid et al, Clin Chem Lab Med 2007;45:183; Saxena et al, J All Clin Immunol 2003;111:1001



TLR SNPs and ABPA vs. SAFS
SNP 

Study groups 

(n) 

Genotype 

n (% frequency) 

Allele 

n (% frequency) 
Χ2 p value OR (95% CI) 

 A/A A/G G/G A G 

Controls (80) 0 (0.0) 5 (6.2) 75 (93.8) 5 (3.1) 155 (96.9) 

 

ABPA (22) 0 (0.0) 0 (0.0) 22 (100) 0 (0.0) 44 (100.0) 1.41 0.587 1.032 (1.004-1.061) 

SAFS (14) 0 (0.0) 2 (14.3) 12 (85.7) 2 (7.1) 26 (92.9) 1.07 0.280 2.385 (0.439-12.944) 

TLR2 

Arg753Gln 

CCPA (40) 0 (0.0) 2 (5.0) 38 (95.0) 2 (2.5) 78 (97.5) 0.07 1.000 0.795 (0.151-4.190) 

 A/A A/G G/G A G 

Controls (80) 70 (87.5) 10 (12.5) 0 (0.0) 150 (93.8) 10 (6.3) 

 

TLR4 

Asp299Gly 

Carvalho, J Infect Dis 2008;197:618

Controls (80) 70 (87.5) 10 (12.5) 0 (0.0) 150 (93.8) 10 (6.3) 

ABPA (22) 21 (95.5) 1 (4.5) 0 (0.0) 43 (97.7) 1 (2.3) 1.07 0.463 0.349 (0.043-2.802) 

SAFS (14) 12 (85.7) 2 (14.3) 0 (0.0) 26 (92.9) 2 (7.1) 0.03 0.695 1.154 (0.239-5.570) 

Asp299Gly 

CCPA (40) 25 (62.5) 15 (37.5) 0 (0.0) 65 (81.3) 15 (18.8) 8.93 0.003 3.462 (1.477-8.110) 

 T/T T/C C/C T C 

Controls (80) 65 (81.2) 15 (18.8) 0 (0.0) 145 (90.6) 15 (9.4) 

 

ABPA (22) 14 (63.6) 7 (31.8) 1 (4.54) 35 (79.5) 9 (20.5) 4.08 0.043 2.486 (1.005-6.145) 

SAFS (14) 13 (92.9) 1 (7.1) 0 (0.0) 27 (96.4) 1 (3.6) 0.03 0.474 0.358 (0.045-2.825) 

TLR9 

T-1237C 

CCPA (40) 33 (82.5) 7 (17.5) 0 (0.0) 73 (91.3) 7 (8.8) 0.02 0.874 0.927 (0.362-2.373) 

 



Other genetic associations with ABPA

• HLA-DR2/DR5 restriction
– DRB1*1501, 1502, 1503, 1601
– HLA-DR5: DRB1*1101, 1103, 1104, 1202
– HLA-DQ2 is protective (DQB1*0201)

• IL-4Ra polymorphism
– HLA-DQ2 is protective (DQB1*0201)

• IL-4Ra polymorphism
• IL-13 polymorphism
• IL-10 polymorphism
• CFTR heterozygote



Making genetics work for patient care

1. Larger studies, across ethnic boundaries

2. Complex statistics (opportunity for many false or non-
significant associations

3. Needs a strong reproducible phenotype

4. Could be used for risk prediction (ie pre-transplant) or 
prognostication or drug disposition/toxicityprognostication or drug disposition/toxicity

5. Will require integration with other parameters (ie CMV 
status)

6. Will require expert AI systems to optimise clinical utility



Treatment



Choice of antifungal for invasive 
aspergillosis

Priority sequence

• Voriconazole (unless drug interaction)

• AmBisome 3mg/Kg (if not ‘nephro-critical’) 

OR OR 

micafungin/caspofungin (if not neutropenic)

3. Posaconazole (oral only, if no drug 
interactions)

4. Itraconazole



Impact of voriconazole in real life

Nivoix et al, Clin Infect Dis 2008;47:1176



Management of ABPA and SAFS

• Optimise inhaler regimen with inhladed 
steroids and long acting bronchodilator 
therapy

• Consider leukotriene antagonists• Consider leukotriene antagonists

• Antifungal therapy 

• Consider omaluzimab for SAFS

• If bronchiectasis, consider long term 
macrolide therapy

AAAAI Task Force on fungal diseases of the lower respiratory tract



Randomised studies of antifungals 
and ABPA and/or asthma

Disease Antifungal, 
duration

Benefit? Author, year

ABPA Natamycin inh, 52 
wks

No Currie, 1990

ABPA Itraconazole, 32 
wks

Yes Stevens, 2000
wks

ABPA Itraconazole, 16 
wks

Yes Wark, 2003

“Trichophyton” asthma Fluconazole, 20 wks Yes Ward, 1999

SAFS Itraconazole, 32 
wks

Yes Denning, 2009 



Another challenge – immune 
reconstitution



Miceli, Cancer 2007;110:112; Caillot Eur J Radiol 2010;74:e172  

Day 0 Day 7



Rapid neutrophil recovery & invasive aspergillosis

�= bleeding from the 
lung and usually death

Todeschini et al, Eur J Clin Invest 1999;29:453



Immune reconstitution in invasive pulmonary 
aspergillosis, in AIDS

Patient HB 
Day +14, CD4 cells 84/uL

Sambatakou, Eur J Clin Microbiol Infect Dis 2005;24:628

Patient HB 
Day +42, after AmB and ITZ



Immune reconstitution in invasive pulmonary 
aspergillosis, in AIDS

Patient HB 
Day +64, CD4 cells 340/uL, on VRC

Sambatakou, Eur J Clin Microbiol Infect Dis 2005;24:628

Patient HB 
Day +87, day of death



Conclusions

• Invasive aspergillosis is primarily related to immune 
suppression, especially corticosteroid use

• ABPA and SAFS are primarily genetic diseases involving 
several genes

• Current treatments are partially successful but more oral • Current treatments are partially successful but more oral 
therapies are needed

• Immune reconstitution poorly understood, but probably 
important

• Opportunities for immune therapies going forward



13 years and counting
Over 2M pages read monthly in >125 countries

Supported by the Fungal Research Trust – 20 year ann iversary in 2011 




