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Aspergillus fumigatus 

• Spore forming fungi

• Thermophilic, survival at temperatures up to 70oC

• Soil, compost, garbage collection, water damaged structures, 
damp basements, barns, sewage treatment facilities

• The spores are dispersed by wind in the atmosphere

• Inhalation is unavoidable

• Size of spores: 3-5μm  (reach lower airways)

A.Shah, C. Panjabi, Eur Respir Rev 2014/  R.Agarwal et al Clin. Exp. All. 2013



Park, Mehrad CLINICAL MICROBIOLOGY REVIEWS 2009,A.Shah   Allergy Asthma Immunol Res 2016

Aspergillus associated respiratory disorders



Asthma + hypersensitivity to Aspergillus (Aspergillus Sensitization-AS)

SPTs or elevated s.IgE levels

Exclusion of ABPA

16% to 38% in different geographical regions -pooled prevalence of 25%

identification of Aspergillus Sensitization (AS) is important as it is associated with 
higher rates of bronchiectasis and severe asthma

A.Shah, C. Panjabi, Eur Respir Rev 2014/  R.Agarwal et al Clin. Exp. All. 2013

Aspergillus Induced Asthma-AIA



Aspergillus Induced Asthma-AIA

Maurya et al, Chest 2015

105 asthmatic patients
• B: asthmatic subjects, SPTs-
• C: asthmatic subjects , SPTs +, Aspergillus Ag –
• D: SPTs +, Aspergillus Ag +
• E: ABPA (Aspergillus Ag +)

105 patients with bronchial asthma:

28.5% (30) sensitized to Aspergillus antigens = 
more severe form of asthma 

 Higher mean duration of illness (p,0.001), 
 Higher mean eosinophil count (p,0.0001), 
 Higher mean total IgE (p,0.05)
 More usage of oral corticosteroids per year 

(p,0.004).
 increased incidence of bronchiectasis



Sensitization to moulds and asthma severity 

Mahmoud Zureik et al, BMJ 2002

The frequency of sensitisation to 
moulds (Alternaria alternata or 
Cladosporium herbarum or both) 
increased significantly with increasing 
asthma severity 

odds ratio 2.56 for severe vs mild 
asthma



Severe asthma with fungal sensitization (SAFS) – Diagnostic Criteria

D.W. Denning et al, Eur Respir J 2006

• 1) severe (poorly controlled) 
asthma

• 2) a positive skin-prick test 
result for fungi or antifungal 
IgE>0.4 kU/L(not necessarily 
to Aspergillus species) 

• 3) a total IgE <1000 kU/L , no 
bronchiectasis, no mucous 
plugging (exclusion of ABPA)



Allergic Bronchopulmonary Aspergillosis (ABPA)- Pathogenesis 

• Predominantly affects patients with asthma and cystic fibrosis

• airway colonisation in susceptible hosts that elicits an allergic response. 
• Mainly type I (IgE-mediated hypersensitivity)

• Tissue invasion does not occur

A.Shah, C. Panjabi, Eur Respir Rev 2014/  R.Agarwal et al Clin. Exp. All. 2013

a) Resting conidia

b) Swelling of conidia

c) Germination

d) Hyphae formation



Allergic Bronchopulmonary Aspergillosis (ABPA)- Immune response 

A.Shah, C. Panjabi, Eur Respir Rev 2014/  R.Agarwal et al Clin. Exp. All. 2013/ R.Agarwal Expert Review of Respiratory Medicine



Allergic Bronchopulmonary Aspergillosis (ABPA)- Pathogenesis 

Genetic susceptibility in ABPA complicating 
asthma and CF

(mutations/polymorphisms HLA/DR, MBL, 
SPA2, TLR-9, IL-4Ra, IL-10, TGF-β)

A.Shah, C. Panjabi, Eur Respir Rev 2014/  R.Agarwal et al Clin. Exp. All. 2013

HLA/DR

MBL

SPA2

TLR-9

IL-4Ra/10

TGF-β



Allergic Bronchopulmonary Aspergillosis (ABPA)- Epidemiology

A.Shah, C. Panjabi, Eur Respir Rev 2014/  R.Agarwal et al Clin. Exp. All. 2013

• AS complicating asthma (AIA): 5.5% to 38.5% with a pooled prevalence of 25%
• ABPA in asthma ranges between 2.5 and 22.3% with a pooled prevalence of 8.4%



Allergic Bronchopulmonary Aspergillosis (ABPA)- Clinical Features

113 patients with ABPA

mean age: 32 years, 

mean age of onset of asthma :21 years. 

 poorly controlled asthma

 golden-brown sputum (56%), 
 peripheral eosinophilia

1/3 relatively asymptomatic despite extensive radiological lesions

 Cough (99%)
 Breathlessness (99%)
 Expectoration (98%) 
 Wheezing (97%) 
 Haemoptysis (41%)
 Nasal symptoms 45% 
 Expectoration of sputum plugs 37% 
 Nasal plugs by 6%

A.Shah, C. Panjabi, Eur Respir Rev 2014/  R.Agarwal et al Clin. Exp. All. 2013



Allergic Bronchopulmonary Aspergillosis (ABPA)- Clinical Features

Agarwal, CHEST /135/3/ MARCH, 2009

Clinical features Behera et al/1994 Chakrabati et al/2002 Agarwal et al/2007 

Patients, No. 35 89 155

Male/female gender, No 14/21 53/35 79/76

Mean age, yr 34.3 36.4 33.4

Μean duration of asthma, yr 11.1 12.1 8.9

History of asthma 94% 90% 100%

Absolute EOS count>500/μL 12/28 (43%) 100% 76.1%

Fleeting shadows 77% 74% 40%

Skin test against Asp (type I) 51% 85% 100%

Elevated IgE levels 100%

Serum precipitins against 
Aspergillus 

77% 71.9% 85.6%

Central bronchiectasis 71% 69% 76.1%



Allergic Bronchopulmonary Aspergillosis (ABPA)- Diagnostic tests

 Aspergillus Skin test: is a surrogate marker for ABPA - was regarded as hallmark of ABPA

• Sensitivity 88- 94%

• Should be replaced by Aspergillus s.IgE

A.Shah, C. Panjabi, Eur Respir Rev 2014/  R.Agarwal et al Clin. Exp. All. 2013/R.Agarwal Expert Review of Respiratory Medicine 2016

 Total Serum IgE: diagnosis and follow up of ABPA

• A normal serum IgE generally excludes active ABPA

• The cut-off value remains speculative and needs validation

• level  > 1000IU/mL (2400ng/ml) (classic ABPA): sensitivity 39% - specificity 100%

• The lowest value after treatment (clinical and radiological improvement) is a ‘new’ baseline for an individual. 

• An increasing level (>50% of the ‘new’ baseline) of total IgE along with  clinical and radiological worsening 
=exacerbation of ABPA

 A.Fumigatus specific IgE: are considered to be a hallmark of ABPA

• level  > 0.35 kUA/L   sensitivity 100% (must be used as screening test)  - specificity 66.2%

• Unreliable for follow up of ABPA



Allergic Bronchopulmonary Aspergillosis (ABPA)- Diagnostic tests

 Sputum cultures for A. Fumigatus:

• supportive but not diagnostic of ABPA

• 39 to 60% depending on the number of specimens examined

• vast majority of culture-negative ABPA patients have detectable A. fumigatus DNA in their sputum

• Susceptibility to antifungal agents

 Peripheral eosinophilia:

• > 500 cells/μL – criterion for diagnosis of ABPA

• only 40% of patients with ABPA > 1000 cells/lL at diagnosis

• a low eosinophil count does not exclude ABPA

A.Shah, C. Panjabi, Eur Respir Rev 2014/  R.Agarwal et al Clin. Exp. All. 2013/R.Agarwal Expert Review of Respiratory Medicine 2016

 Serum precipitins or specific IgG to A.Fumigatus:

• 10% of asthmatics with or without SAFS

• A.fumigatus-specific IgG (>27 mgA/L) is far more sensitive (89%) than Aspergillus precipitins (27%)



Allergic Bronchopulmonary Aspergillosis (ABPA)- Diagnostic tests

 Galactomannan detection:

• Polysaccharide component of aspergillus cell wall

• Sensitivity 25,7% 

• Specificity 82%

A.Shah, C. Panjabi, Eur Respir Rev 2014/  R.Agarwal et al Clin. Exp. All. 2013/R.Agarwal Expert Review of Respiratory Medicine 2016

 Pulmonary function tests:

• helpful in categorizing the severity of asthma and the underlying lung disease. 

• can be normal in ABPA 

• normal spirometry should not exclude ABPA

 Recombinant Aspergillus antigens:

• Asp f1,3 in AS and ABPA,   Asp f3,4,6 in ABPA

• 36-68% specificity



Allergic Bronchopulmonary Aspergillosis (ABPA)- Radiological 
investigation – Plain Chest Radiology

R.Agarwal et al , Indian Journal of Radiology and Imaging / November 2011, Shah et al, Allergy Asthma Immunology Res 2016



Allergic Bronchopulmonary Aspergillosis (ABPA)- Radiological 
investigation-Plain Chest Radiology

R.Agarwal et al , Indian Journal of Radiology and Imaging / November 2011

Consolidation
(transient patchy-91%)



Allergic Bronchopulmonary Aspergillosis (ABPA)- Radiological 
investigation-Plain Chest Radiology

R.Agarwal et al , Indian Journal of Radiology and Imaging / November 2011

Y-shape and Finger-in-glove opacities (Mucoid impaction)

Y-shape Finger in glove-(11-23%)



Allergic Bronchopulmonary Aspergillosis (ABPA)- Radiological 
investigation-Plain Chest Radiology

R.Agarwal et al , Indian Journal of Radiology and Imaging / November 2011, Shah et al, Allergy Asthma Immunology Res 2016

Atelectasis (14-39%)



Allergic Bronchopulmonary Aspergillosis (ABPA)- Radiological 
investigation-Plain Chest Radiology

R.Agarwal et al , Indian Journal of Radiology and Imaging / November 2011

Tram-line shadows (edema of the 
bronchial walls (45-92%)

Parallel lines (65-70%)  - bronchial 
widening = permanent change



Allergic Bronchopulmonary Aspergillosis (ABPA)- Radiological 
investigation-Plain Chest Radiology

R.Agarwal et al , Indian Journal of Radiology and Imaging / November 2011

Bronchiectasis , Fibrosis



Allergic Bronchopulmonary Aspergillosis (ABPA)- Radiological 
investigation - CT scan findings

R.Agarwal et al , Indian Journal of Radiology and Imaging / November 2011



Allergic Bronchopulmonary Aspergillosis (ABPA)- Radiological investigation
- CT scan findings

R.Agarwal et al , Indian Journal of Radiology and Imaging / November 2011

Central Bronchiectasis (CB-ABPA)

 26%–39% are associated with peripheral bronchiectasis
 usually upper lobes
 Cylindrical, varicose, cystic
 Central bronchiectasis (CB) is a sine qua non for the diagnosis of ABPA



Allergic Bronchopulmonary Aspergillosis (ABPA)- Radiological investigation
- CT scan findings

R.Agarwal et al , Indian Journal of Radiology and Imaging / November 2011

Atelectasis and mucoid impaction

 filling of the airways by 

mucoid secretions

 generally hypodense

 may also have high CT 

attenuation values (HAM)-

20%

 pathognomonic of ABPA

specificity of 100%

sensitivity 19-32%

should be considered as a 

radiological criteria separate 

from other findings.

HAM (High Attenuation Mucus): denser 
than the paraspinal skeletal muscle



Allergic Bronchopulmonary Aspergillosis (ABPA)- Radiological investigation
- CT scan findings

R.Agarwal et al , Indian Journal of Radiology and Imaging / November 2011

Atelectasis and mucoid impaction

A. Subsegmental atelectasis.

B. Hyperattenuated mucus 

(arrow) with segmental 

collapse (arrowhead).

C. High attenuation mucus 

(arrow) within a collapsed 

left upper lobe and lingual 

(arrowhead). 

D. E. left lung collapse which 

is due to hyperdense

mucus (arrow) within the 

collapsed lung



Allergic Bronchopulmonary Aspergillosis (ABPA)- Radiological investigation
- CT scan findings

R.Agarwal et al , Indian Journal of Radiology and Imaging / November 2011

Centrilobular nodules- tree-in-bud –mosaic pattern



Allergic Bronchopulmonary Aspergillosis (ABPA)- Radiological investigation
- CT scan findings

R.Agarwal et al , Indian Journal of Radiology and Imaging / November 2011

Spontaneous pneumothorax, Fibrocavitary disease



Allergic Bronchopulmonary Aspergillosis (ABPA)- Diagnosis and diagnostic 
criteria

Peterson Proc Am Thorac Soc Vol 7. pp 237–244, 2010, Agarwal Chest 2009

1986
Greenberger
1991-2002 2013 1999

>1000IU/ml



Allergic Bronchopulmonary Aspergillosis (ABPA)- Proposed diagnostic 
criteria- criteria-ISHAM working group 2013

R.Agarwal et al Clinical and Experimental Allergy 2013



Allergic Bronchopulmonary Aspergillosis (ABPA)- Proposed diagnostic 
criteria-ISHAM working group 2016

R.Agarwal Expert Review of Respiratory Medicine 2016

A. Predisposing conditions

Bronchial asthma, cystic fibrosis, COPD, post-tuberculous fibrocavitary disease

B. Essential criteria (both must be met)

i. Serum Aspergillus fumigatus-specific IgE levels >0.35 KUA/L ‡

ii. Elevated serum total IgE levels >1000 IU/mL*

Additional criteria (at least two of three)

i. Serum Aspergillus fumigatus-specific IgG levels >27 mgA/L

ii. Thoracic imaging findings consistent with ABPA†

iii. Peripheral blood eosinophil count >500 cells/μL (may be historical)

*An IgE value <1000 IU/mL may be acceptable, if all other criteria are met (especially if the serum Aspergillus fumigatus-
specific IgG levels >27 mgA/L)
†Features on HRCT chest and/or chest radiograph consistent with ABPA include transient abnormalities (i.e. nodules, 
consolidation, mucoid impaction, hyperattenuating mucus, fleeting opacities, toothpaste/gloved finger opacities, tram-
track opacities) or permanent (i.e. parallel lines, ring shadows, bronchiectasis and pleuropulmonary fibrosis).
‡A positive type I Aspergillus skin test may be considered as a criterion in the place of serum Aspergillus fumigatus-specific 
IgE levels only if the latter test is not available



Allergic Bronchopulmonary Aspergillosis (ABPA)- Proposed Diagnostic 
algorithm – ISHAM working group 2016

τροποποίηση από R.Agarwal Expert Review of Respiratory Medicine 2016

Bronchial Asthma

A. fumigatus-specific IgE level > 0.35 kUA/L 

(100% sensitivity=screening test) 

Total IgE>500 IU/ml

EOS>500cells/μL

Af IgG>27mgA/L 

(100% specificity=“rule in” test)

HRCT chest

High -attenuation 
mucus

ABPA-HAM

Bronchiectasis

ABPA-B

Normal

ABPA-S

Total IgE<500IU/ml

Uncontrolled asthma

SAFS

A. fumigatus-specific IgE 
level < 0.35 kUA/L

Consider T.IgE if 
uncontrolled asthma 

or pulmonary 
opacities

Sensitization to 
other fungi 

ABPM



Allergic Bronchopulmonary Aspergillosis (ABPA)- Proposed Clinical 
Staging/Course - ISHAM working group 2016

R.Agarwal Expert Review of Respiratory Medicine 2016

Clinical staging of allergic bronchopulmonary aspergillosis (ABPA) in patients with asthma

Stage Definition Features

0 Asymptomatic • No previous diagnosis of ABPA
• Controlled asthma (according to GINA/EPR-3 guidelines)
• Fulfilling the diagnostic criteria of ABPA

1 Acute • No previous diagnosis of ABPA
• Uncontrolled asthma/symptoms consistent with ABPA
• Meeting the diagnostic criteria of ABPA

1a With mucoid impaction Mucoid impaction observed on chest imaging or bronchoscopy

1b Without mucoid impaction Absence of mucoid impaction on chest imaging or bronchoscopy

2 Response • Clinical and/or radiological improvement AND
• Decline in IgE by ≥25% of baseline at 8 weeks

3 Exacerbation • Clinical and/or radiological worsening AND
• Increase in IgE by ≥50% from the baseline established during response/remission

4 Remission • Sustained clinico-radiological improvement AND
• IgE levels persisting at or below baseline (or increase by <50%) for≥6 months off treatment

5a Treatment-dependent
ABPA

• ≥2 exacerbations within 6 months of stopping therapy OR
• Worsening of clinical and/or radiological condition, along with immunological worsening (rise in IgE levels) on tapering 

oral steroids/azoles

5b Glucocorticoid -dependent 
asthma

Systemic glucocorticoids required for control of asthma while the ABPA activity is controlled (as indicated by IgE levels and
thoracic imaging

6 Advanced ABPA • Extensive bronchiectasis due to ABPA on chest imaging AND
• Complications (cor pulmonale and/or chronic type II respiratory failure)



Allergic Bronchopulmonary Aspergillosis (ABPA)- Proposed Radiological 
staging ISHAM

Agarwal et al Clinical and Experimental Allergy 2013



Allergic Bronchopulmonary Aspergillosis (ABPA)- Proposed Scoring 
System- ISHAM 2016

R.Agarwal Expert Review of Respiratory Medicine 2016



Allergic Bronchopulmonary Aspergillosis (ABPA)- Treatment of ABPA 
ISHAM

R.Agarwal Expert Review of Respiratory Medicine 2016

1. Glucocorticoids

A) Oral corticosteroids 

• Treatment of choice for ABPA 

• 13% may not respond and may require escalation of steroid dose or other therapies

• 50% of patients relapse when they are tapered 

• 20–45% glucocorticoid dependent (stage 5b)

• After discontinuation of prednisolone –monitoring every 6-8 weeks to ensure remission is maintained

Regimen 1 (low dose)
Prednisolone 0.5 mg/kg/day for one to two weeks, 
then on alternate days for six to eight weeks
Then taper by 5–10 mg every 2 weeks and discontinue

Regimen 2 (medium dose)
Prednisolone, 0.75 mg/kg for 6 weeks, 0.5 mg/kg for 6 weeks,
then tapered by 5 mg every 6 weeks to continue for a total
duration of at least 6–12 months



Allergic Bronchopulmonary Aspergillosis (ABPA)- Treatment of ABPA 
ISHAM

1. Glucocorticoids

Low-dose oral glucocorticoids are as effective and safer 

than medium-dose in treatment of ABPA.
Agarwal et al ERJ 2016

A) Oral corticosteroids 



Allergic Bronchopulmonary Aspergillosis (ABPA)- Treatment of ABPA 
ISHAM

1. Glucocorticoids

Tracy et al, J.Fungi 2016, R.Agarwal Expert Review of Respiratory Medicine 2016

• High doses of ICS alone have a little role in the management of ABPA
• They can be used for asthma control

C) Intravenous pulse doses of glucocorticoids

• 15mg/kg methylprednisolone- max=1gr intravenously for 3 consecutive days
• Pediatric patients (steroid-sparing modality)
• Refractory asthma exacerbations

B) Inhaled clucocorticoids



Allergic Bronchopulmonary Aspergillosis (ABPA)- Treatment of ABPA 
ISHAM

R.Agarwal Expert Review of Respiratory Medicine 2016

2. Antifungal agents • steroid-sparing agents

A) Itraconazole
• The most widely used 
• Poor bioavailability, interactions with several drugs (+glucocorticoids)
• 200 mg twice a day, with therapeutic drug monitoring for at least 16 weeks. 
• Response often takes longer than 16 weeks
• Tapered after  4-6 months (over 4 to 6 months)

B) Nebulized amphotericin B
• No systemic absorption - adverse events
• Limited efficacy 
• Use when alternative options have been exhausted
• May prevent ABPA exacerbations



Allergic Bronchopulmonary Aspergillosis (ABPA)- Treatment of ABPA 
ISHAM

R.Agarwal Expert Review of Respiratory Medicine 2016, Tracy et al, J.Fungi 2016
voriconazole and posaconazole can be alternative antifungal therapy in patients with ABPA

2. Antifungal agents
C) Newer Azoles (Voriconazole, Posaconazole)
• Few studies
• Clinical improvement in 70-75%
• Better bioavailibity, less adverse reactions
• Reduction in OCS, improvement in asthma control, decline in IgE
• Symptomatic patients despite treatment, adverse effects to itraconazole



Allergic Bronchopulmonary Aspergillosis (ABPA)- Treatment of ABPA 
ISHAM

2. Antifungal agents

 Prednisolone more effective in inducing response
 No difference in Serum IgE / exacerbations
 Iitraconazole less AR

Agarwal et al Chest 2018



Allergic Bronchopulmonary Aspergillosis (ABPA)- Treatment of ABPA 
ISHAM

Jian-Xiong Li et al, Respiratory Medicine 2017

3. Other agents
A. Omalizumab (375mg sc /2w) 102 ABPA patients

1091 IU/ml mean ΙgE
99% treatment failure to steroids/itraconazole
83% intravenous/16,67% sc Omalizumab
Dose: 225 mg to 750 mg, most commonly used dose was 375 mg every 
two weeks

86% decrease in exacerbations
30% discontinuation of steroids
70% reduction of steroids to <90% initial dose



Allergic Bronchopulmonary Aspergillosis (ABPA)- Treatment of ABPA 
ISHAM

Jian-Xiong Li et al, Respiratory Medicine 2017

3. Other agents
B. Mepolizumab

C. Therapeutic Bronchoscopy:   When atelectasis persists after 4 weeks of OCS treatment

D. Enviromental Control:  avoidance of gardening, farm related activities, renovations, compost, use of a 

mask



Allergic Bronchopulmonary Aspergillosis (ABPA)- Practical approach to 
treatment - ISHAM

R.Agarwal Expert Review of Respiratory Medicine 2016

 Well controlled asthma, no radiographic 
abnormalities (stage 0)-- follow up- no 
treatment

 Monitor clinical symptoms, chest 
radiograph and total IgE levels, every eight 
weeks

 Response (stage 2) = clinical and/or 
radiological improvement with at least 
25% decline in IgE levels

 Monitor IgE frequently to establish the 
‘new’ baseline level for an individual 
patient

 Exacerbation (Stage 3)= • Clinical and/or 
radiological worsening along with 50% 
increase in IgE



Allergic Bronchopulmonary Mucosis (ABPM)

A. Chowdhary et al., Crit Rev Microbiol, Early 2013

• ABPA-like syndrome caused by fungi other than 
fumigatus (Candida albicans most often)

• Less than 150 cases reported globally
• Diagnostic criteria similar to ABPA (sensitization to the 

specific fungi)
• Clinical and lab findings similar to ABPA
Treatment similar to ABPA (antifungals according to their
efficacy against a particular etiologic agent)

Prevalence of fungi in ABPM

(n=159).



Allergic Bronchopulmonary Aspergillosis (ABPA)- CF

Stevens et al, Clinical Infectious Diseases 2003;

 Prevalence 2-15% in CF
 Prompt recognition is essential due to 

profound  deterioration of lung 
function

 Wheezing, fleeting opacities, 
bronchiectasis, mucus plugging 

 Similar treatment



Allergic Bronchopulmonary Aspergillosis (ABPA)- Conclusions

ABPA is a controllable, albeit chronic illness 

All asthmatic patients (regardless severity) should be routinely investigated for ABPA 
with A.Fumigatus specific IgE 

It is important to treat the disease aggressively during the early stages

Glucocorticoids should be used as the first-line of therapy in ABPA, and itraconazole
reserved in those with exacerbations and glucocorticoid-dependent disease.

Newer therapies may be tried in those with recurrent exacerbations, glucocorticoid-
dependent ABPA or in patients who develop treatment-related adverse reactions.

ABPA without asthma. Dx: bronchogenic carcinoma, TB



The End
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