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Agenda 

How many patients are there with serious fungal infection and 
aspergillosis? 

Allergic aspergillosis 

Aspergillosis in CF 

Aspergillus bronchitis 

Chronic pulmonary aspergillosis 

Sputum cultures for fungus 
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IA 

AIDS 
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The intersection of  serious fungal diseases with TB, AIDS, 
cancer, asthma and COPD 

 

Tinea  
capitis 

 



The size of the problem 

Over 300 million people affected by serious 

Fungal Infection worldwide 

 

Exclude 75 million women with rVVC 

Exclude 200 million children with tinea capitis 

 

25 million with life-threatening and major 

morbidity 
 

www.fungalresearchtrust.org/HowCommonareFungalDiseases5.pdf 
 



Reality check with TB 

TB (2008) Fungal Infection 

Incident cases 9-10 million >14 million 

Prevalent cases 10-13 million ~11 million 

HIV related deaths ~550,000  ~650,000 

Non-HIV related 

deaths 

~1,500,000  >700,000 



The size of the problem 

Disease 

Most common species 
Location 

Estimated Life-Threatening 

Infections / Year at that 

Locationa 

Mortality Rates 

(% in infected 

populations)a 

Opportunistic Systemic Mycoses 

Aspergillosis 

Aspergillus fumigatus 
worldwide >200,000 30 - 95% 

Candidiasis 

Candida albicans 
worldwide >400,000  46 - 75% 

Cryptococcosis 

Cryptococcus neoformans 
worldwide >1,000,000  20 - 70% 

Mucormycosis 

Rhizopus oryzae 
worldwide >10,000  30 – 90% 

Pneumocystis 

Pneumocystis jirovecii 
worldwide >400,000 20 - 80% 

Endemic Dimorphic Mycoses 

Blastomycosis 

Blastomyces dermatitidis 

Midwestern and 

Atlantic U.S. 
~3,000  <2% - 68% 

Coccidioidomycosis 

Coccidioides immitis 
Southwestern U.S. ~25,000 <1% - 70% 

Histoplasmosis 

Histoplasma capsulatum 
Midwestern U.S. ~25,000 28 – 50% 

Paracoccidioidomycosis 

Paracoccidioides brasiliensis 
Brazil ~4,000  5 – 27% 

Penicilliosis 

Penicillium marneffei 
SouthEast Asia >8,000 2 – 75% 



How common is ABPA in asthma? 

13/500 (2.6%) 
 
 
10/1390 (0.72%)  
 
 
 
9/255 (3.5%)  
 
 
 
6/264 (2.3%) 

Donnelly, Irish J Med Sci 1991;160:288; Eaton, Chest 2000;118:66; Al-Mobeireek, Resp Med 2001;98:341    

+ 5/200 (2.5%) China 



1,170,000 patients (5 year period prevalence) 

375,000 annual incident cases 

~15% annual mortality  



Aspergillosis burden in Europe 

Denning & Kleinkauf, submitted 

Type of 
aspergillosis 

Predominant risk 
groups 

Risk population 
size (000’s) 

Aspergillosis 
rate 

Annual 
aspergillosis 

burden (000’s) 

ABPA 
Asthma  35,474 2.5% 887 (248 – 1,242)  

Cystic fibrosis 29 15% 4.3 
SAFS 

Severe asthmaa  3,547 33% 
1,170 (886 – 

1,774)  
Chronic pulmonary 

aspergillosis  
COPD, TB, 

sarcoidosis, ABPA, 
Pneumothorax 

>13,600 1-10% 240 

Invasive 
aspergillosis  

Myeloid leukaemia,  
Other 

haematological 
HSCT 

44 
11.4  

7%  

3.1 
3.1 

 
0.8 

COPD hospital 
admissions 

3,600 1.2% 34 

Solid organ 
transplantation 

30  0.75% 0.25 

Medical ICU 1,100 ( all ICU) 2% 22 
Total aspergillosis 

annual burden  
All  - - 2,364.55 



Aspergillus allergy 
 

What is normal? 



US cross sectional survey of IgE reactivity – 
NHANES 2005-2006, age 6+; Atopy 42.5% 

Gergen et al, J Allerg Clin Immunol 2009;124:447 



Italian cohort study of adult allergy 
referrals; Atopy 71% 

Scala et al, Clin Exp Allergy 2010;40:411 

Asp f 1 reactivity = 0.5% of all referrals. 



Allergic bronchopulmonary 
aspergillosis 

and 
Severe asthma with fungal 

sensitisation 



ABPA, SAFS and asthma 

All asthmatics 

Mild Moderate Severe 

SAFS 

ABPA 



Asthma and Aspergillus 

Fairs et al, Am J Respir Crit Care Med 2010; July 16 

79 adult asthmatics and 14 controls 
 
Patients sensitised to A. fumigatus compared with non-

sensitised asthmatics had: 
 lower lung function (% pred. FEV1 68% vs 88% p < 0.05),  
 more bronchiectasis (68% versus 35% p < 0.05) and more 

sputum neutrophils (80.9% vs 49.5% p < 0.01). 

 



Severe asthma and aspergillosis in ICU 

57 of 357 (16%) admitted ICU with acute asthma 

Compared with 755 outpatients with asthma 

 

Aspergillus skin prick test used to screen for aspergillus 
hypersensitivity, if positive IgE etc for ABPA checked 

              Aspergillus positive    ABPA    

Asthma in ICU       29/57 (51%)      22/57 (39%)    

Outpatient asthma   90/755 (39%)      155/755 (21%) 

          P value    0.01            0.001 

 
Agarwal et al, Mycoses 2009 Jan 24th 



Aspergillus sensitisation and 
bronchiectasis 

Menzies, Allergy 2011;66: 679;   

Severe asthma service 

133 referrals, 111 with an abnormal high 
resolution CT 

Bronchial wall thickening 41.3% 

Bronchiectasis 35.3% 

Air trapping 20.3% 

Bronchial dilatation 16.5% 

A. fumigatus sensitisation associated with 
bronchietasis - HR 2.01 p=0.005 



Severe asthma with fungal sensitisation 
(SAFS) 

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

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

AND 
• RAST (IgE) positive for any fungus 

OR 
• Skin prick test positive for any fungus 

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



Comparison of ABPA and SAFS serology 

ABPA results     normal range    date 1   date 2 

SAFS results 

Patient 
1 
 
 
 
 

2 



O’Driscoll, unpublished 

Skin prick testing – example of SAFS result 

Cladosporium +ve 



Proof of concept RCT of antifungal Rx in 
SAFS – AQLQ change 

Denning et al, Am J Resp Crit Care Med 2009; 179:11 

P= 0.014 



RCT of anti-IgE (omalizumab) v. placebo, 
moderate and severe asthma – quality of life 

Buhl et al Eur Resp J 2002;20:1088 

Omalizumab mprovement 
in AQLQ = ~0.4 

placebo 

omalizumab 

Steroids improvement in  
AQLQ = ~0.6 



Chishimba et al, J Asthma 2012;49:423 

 Second and third line antifungal 
therapy for ABPA and/or asthma 

• 26 patients, ABPA (n = 21) or SAFS (n = 5). 

• All patients had failed itraconazole (n=14) or developed adverse events 

 (AEs) (n=12) 

• 34 courses of therapy, 25 with voriconazole and 9 with posaconazole.  

 

•  



Impact of voriconazole and 
posaconazole on ABPA and SAFS - 

retrospective 

Chishimba  L J Asthma 2012;49:423 

Response to Therapy

Clinical responseat 3, 6, and 12 monthsof voriconazoleor
posaconazole treatment is summarized in Table 2. Overall
clinical improvement to voriconazole treatment was
observedin17(68%; ABPA¼13,SAFS¼4) of 25patients
at3months,15(75%)of 20at6months,and12(70.6%)of 17
at 12 months, compared with 7 of 9 (78%) at 3, 6, and 12
months for posaconazole(Table2). On thebasisof clinical
parameters,treatment failuretovoriconazolewasobservedin
1 of 20 (5%) patients at 3 months, none of 15 (0%) at 6
months,and2of 15(15%)at12months.Notreatment failure
wasobservedwithposaconazole.

There was a marked reduction in OCS and short-acting
beta-2 agonist (SABA) use, health-care utilization due to
asthma, and improvement in overall health status, as sub-
jectively perceived by individual patients in domains such
as physical well-being, functioning, energy, increased ET,
and reduction in patients’ overall symptoms (see Table 3).
There was a direct correlation between OCS use and other
clinical parameters of clinical response. Although the
dosage of ICS was reportedly modified during antifungal
therapy in some patients, it was difficult to quantify retro-
spectively, and overall wasprobably not markedly reduced.

There were 10 patients who had had frequent hospital
admissions at the start of voriconazole therapy and no
admissions wereobserved in 9 of them (90%) at 3 months.
Thisbenefit wasmaintained at 6 and 12 monthsof therapy.
Voriconazole therapy reduced the frequency of recurrent
chest infectionsor acuteexacerbations in 17of 24 (70%), 9
of 19 (47%), and 9 of 17 (52.9%) patients at 3, 6, and 12
months, respectively (Table 3). Posaconazole therapy
reduced the frequency of chest infections or acute exacer-
bationsin7of 9 (78%) patientsat 3monthsand throughout
the 12-month period (Table 3).

Immunological Response

Patient median total IgE values (kU/mL) over 12 months
with ABPA only are summarized in Figure 1 and
Supplementary Table E1 (http://informahealthcare.com/

doi/suppl/[doinumber]). While modest falls were seen in
some patients at 3 and 6 months, it was only at 9 and 12
months that sustained and statistically significant total IgE
falls were seen. At 12 months, the median IgE decreased
by 27.3% from baseline (median IgE 895, range64–7200)
to a median IgE of 475 kU/L (range 51–3100).

RAST to Aspergillus fell, but wasonly significant at 12
months and beyond from 23.2 kUa/L (range 0.6–294) at
baseline to 17.7 kUa/L at 12 months (range 0.6–57.4;
p ¼ .0056; Supplementary Table E2, Figure 2). We also
observed marked heterogeneity in IgE responses with a
few dramatic falls, most varying erratically through the
course of the therapy and some rising. There was no con-
sistent responsebetween IgEand clinical impact and so the
decision to continue or discontinue therapy was based on
clinical parameters (i.e., response and adverse effects).
Total IgE antibody trend in ABPA by individual patient
at baseline and on therapy at 3, 6, 9, and 12 months is
shown in Supplement Figure E1. None of our patients
received omalizumab (Xolair).

Lung Function

Overall, lung function improved throughout the treatment
period. Of theeight patientswith spirometry valuesat both
baseline and 3 months, there was a nonsignificant
improvement of FEV1 5.5% from median baseline value
of 1.64 (p ¼ .25) and FVC improved by 16.9% from a
medium valueof 2.67 (p¼ .11). Therewereno positive or
negative statistically significant changes or trends wit-
nessed beyond 3 months.

Radiological Response

Of the voriconazole-treated patients who had baseline and
follow-up radiology (n ¼ 11), 5 of 10 (50%), 4 of 11
(36.4%), and 4 of 7 (57.1%) patients showed improvement
in radiological abnormalities including bronchiectasis
(severity and/or distribution, n ¼ 3), fibrosis (n ¼ 2), con-
solidation (n ¼ 4), mucus plugging (n ¼ 5), lobar collapse
(n ¼ 3), pulmonary nodules (n ¼ 7), and/or cavitations

TABLE 2.—Overall clinical response to therapy at different times on treatment by disease groups.

Clinical outcome of courses of therapy (%)

3 months 6 months 12 months

ABPA

Voriconazole Improved 13/20 (65) 11/15 (73) 9/13 (69)

Stable 2/20 (10) 2/15 (13) 2/13 (15)

Failure 1/20 (5) 0/15 2/13 (15)

Discontinued (AEs) 4/20 (20) 2/15 (13) 0/13

Posaconazole Improved 7/9 (78) 7/9 (78) 7/9 (78)

Stable 2/9 (22) 2/9 (22) 0/9

Failure 0/9 0/9 2/9 (22)

Discontinued (AEs) 0/9 0/9 0/9

SAFS

Voriconazole Improved 4/5 (80) 4/5 (80) 3/4 (75)

Stable 1/5 (20) 1/5 (20) 1/5 (20)

Failure 0/5 0/5 0/5

Discontinued (AEs) 0/5 0/5 0/5

Notes: AEs, adverse events; ABPA, allergic bronchopulmonary aspergillosis; SAFS, severe asthma with fungal sensitization. () indicates %.
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Response to Therapy

Clinical responseat 3, 6, and 12 monthsof voriconazoleor
posaconazole treatment is summarized in Table 2. Overall
clinical improvement to voriconazole treatment was
observedin17(68%; ABPA¼13,SAFS¼4) of 25patients
at3months,15(75%)of 20at6months,and12(70.6%)of 17
at 12 months, compared with 7 of 9 (78%) at 3, 6, and 12
months for posaconazole(Table2). On thebasisof clinical
parameters,treatment failuretovoriconazolewasobservedin
1 of 20 (5%) patients at 3 months, none of 15 (0%) at 6
months,and2of 15(15%)at12months.Notreatment failure
wasobservedwithposaconazole.

There was a marked reduction in OCS and short-acting
beta-2 agonist (SABA) use, health-care utilization due to
asthma, and improvement in overall health status, as sub-
jectively perceived by individual patients in domains such
as physical well-being, functioning, energy, increased ET,
and reduction in patients’ overall symptoms (see Table 3).
There was a direct correlation between OCS use and other
clinical parameters of clinical response. Although the
dosage of ICS was reportedly modified during antifungal
therapy in some patients, it was difficult to quantify retro-
spectively, and overall wasprobably not markedly reduced.

There were 10 patients who had had frequent hospital
admissions at the start of voriconazole therapy and no
admissions wereobserved in 9 of them (90%) at 3 months.
Thisbenefit wasmaintained at 6 and 12 monthsof therapy.
Voriconazole therapy reduced the frequency of recurrent
chest infectionsor acuteexacerbations in 17of 24 (70%), 9
of 19 (47%), and 9 of 17 (52.9%) patients at 3, 6, and 12
months, respectively (Table 3). Posaconazole therapy
reduced the frequency of chest infections or acute exacer-
bationsin7of 9 (78%) patientsat 3monthsand throughout
the 12-month period (Table 3).

Immunological Response

Patient median total IgE values (kU/mL) over 12 months
with ABPA only are summarized in Figure 1 and
Supplementary Table E1 (http://informahealthcare.com/

doi/suppl/[doinumber]). While modest falls were seen in
some patients at 3 and 6 months, it was only at 9 and 12
months that sustained and statistically significant total IgE
falls were seen. At 12 months, the median IgE decreased
by 27.3% from baseline (median IgE 895, range64–7200)
to a median IgE of 475 kU/L (range 51–3100).

RAST to Aspergillus fell, but wasonly significant at 12
months and beyond from 23.2 kUa/L (range 0.6–294) at
baseline to 17.7 kUa/L at 12 months (range 0.6–57.4;
p ¼ .0056; Supplementary Table E2, Figure 2). We also
observed marked heterogeneity in IgE responses with a
few dramatic falls, most varying erratically through the
course of the therapy and some rising. There was no con-
sistent responsebetween IgEand clinical impact and so the
decision to continue or discontinue therapy was based on
clinical parameters (i.e., response and adverse effects).
Total IgE antibody trend in ABPA by individual patient
at baseline and on therapy at 3, 6, 9, and 12 months is
shown in Supplement Figure E1. None of our patients
received omalizumab (Xolair).

Lung Function

Overall, lung function improved throughout the treatment
period. Of theeight patientswith spirometry valuesat both
baseline and 3 months, there was a nonsignificant
improvement of FEV1 5.5% from median baseline value
of 1.64 (p ¼ .25) and FVC improved by 16.9% from a
medium valueof 2.67 (p¼ .11). Therewereno positive or
negative statistically significant changes or trends wit-
nessed beyond 3 months.

Radiological Response

Of the voriconazole-treated patients who had baseline and
follow-up radiology (n ¼ 11), 5 of 10 (50%), 4 of 11
(36.4%), and 4 of 7 (57.1%) patients showed improvement
in radiological abnormalities including bronchiectasis
(severity and/or distribution, n ¼ 3), fibrosis (n ¼ 2), con-
solidation (n ¼ 4), mucus plugging (n ¼ 5), lobar collapse
(n ¼ 3), pulmonary nodules (n ¼ 7), and/or cavitations

TABLE 2.—Overall clinical response to therapy at different times on treatment by disease groups.

Clinical outcome of courses of therapy (%)

3 months 6 months 12 months

ABPA

Voriconazole Improved 13/20 (65) 11/15 (73) 9/13 (69)

Stable 2/20 (10) 2/15 (13) 2/13 (15)

Failure 1/20 (5) 0/15 2/13 (15)

Discontinued (AEs) 4/20 (20) 2/15 (13) 0/13

Posaconazole Improved 7/9 (78) 7/9 (78) 7/9 (78)

Stable 2/9 (22) 2/9 (22) 0/9

Failure 0/9 0/9 2/9 (22)

Discontinued (AEs) 0/9 0/9 0/9

SAFS

Voriconazole Improved 4/5 (80) 4/5 (80) 3/4 (75)

Stable 1/5 (20) 1/5 (20) 1/5 (20)

Failure 0/5 0/5 0/5

Discontinued (AEs) 0/5 0/5 0/5

Notes: AEs, adverse events; ABPA, allergic bronchopulmonary aspergillosis; SAFS, severe asthma with fungal sensitization. () indicates %.
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Chishimba et al, J Asthma 2012;49:423 

 Second and third line antifungal 
therapy for ABPA and/or asthma 

• 26 patients, ABPA (n = 21) or SAFS (n = 5). 

• All patients had failed itraconazole (n=14) or developed adverse events 

 (AEs) (n=12) 

• 34 courses of therapy, 25 with voriconazole and 9 with posaconazole.  

 

 

• 18/24 (75%) discontinued oral corticosteroids, 12 of them within 3 

 months  of starting antifungal therapy 

 

• 4 relapsed (57%), 1 at 3 months and 3 at 12 months after 

 discontinuation.  



Itraconazole inhaled steroid interaction 

  
• Itraconazole reduces the metabolism of inhaled 
 steroids 

• Documented for beclomethasone, fluticasone 

• Ciclosenide probably not 

• No interaction with prednisolone, dexamethasone, 
 hydrocortisone 

• Reduces metabolism of methylprednisolone 

• [Voriconazole reduces prednisolone metabolism, but 
probably no interaction with inhaled steroid] 

  



CF and aspergillosis 

• Allergic bronchopulmonary aspergillosis (ABPA) 

• Aspergillus sensitisation 

• Aspergillus colonisation 

• Aspergillus bronchitis 

• Aspergilloma 

• Invasive aspergillosis 



CF and Aspergillus cultures 

Bakare, Mycoses 2003;46:19  



CF and Aspergillus colonisation or 
infection 

Amin, Chest 2010;137:171  



CF and Aspergillus cultures 

Baxter, unpublished  

Pre-sonication 

Post-sonication 



Processing CF sputum for culture and PCR 
- with dithiothreitol at 37ºC for 30 mins and 

sonication 

Baxter, J Microbiol Meth 2011;85:75. 

 

PCR Positive 

 

PCR Negative 

Culture 
Positive 

 

33 

 

0 

 

Culture 
Negative 

 

48 

 

30 

p= < 0.0001 



Aspergillus bronchitis in non-CF 
patients 





Chronic pulmonary aspergillosis 



Chronic cavitary pulmonary aspergillosis – 
CT reconstruction 

Wythenshawe Hospital 



Chronic Cavitary Pulmonary Aspergillosis 

Normal 30 year female smoker 

Patient JA 
Jan 2001 



Chronic Cavitary Pulmonary Aspergillosis 

Patient JA 
Feb 2002 



Chronic Cavitary Pulmonary Aspergillosis 

Patient JA 
April 2003 



Chronic Cavitary Pulmonary Aspergillosis 

Patient JA 
July 2003 



Progression of CCPA 

1992 1994 on no Rx 1997 still on no Rx 



April 2003, untreated 

July 2001, untreated 

Chronic cavitary pulmonary aspergillosis 
transforming to fibrosing aspergillosis 

Patient JP, June 1999 

Denning DW et al, Clin Infect Dis 2003; 37(Suppl 3):S265-80 



Prognosis  
 

CPA + aspergilloma 
UK (1956-80) 

 
 
 

CPA + aspergilloma  
USA (1987) 

 
 
 
 

CPA + subacute IA 
Korea (1995-2007) 

Jewkes, Thorax 1983;38:572;  
Tomlinson, Chest 1987;92:505;  

Nam Int J Infect Dis  2010;14:e479;  



Underlying diseases in patients with CPA (%) 

Smith, Eur Resp J 2011;37:865 

                            Smith      0thers 
Classical tuberculosis             17         31-81 
Atypical tuberculosis             16          ? 
ABPA                        14         12 
COPD/emphysema               33        42-56 
Pneumothorax                  17        12-17 
Lung cancer survivor                     10          ? 
Pneumonia                      22         9-12 
Sarcoidosis (stage II/III)             7        12-17 
Thoracic surgery                14        8-11 
Rheumatoid arthritis              4         2 
Asthma / SAFS                 12       6-12 
Ankylosing spondylitis              4            2-11 
None                          1          15 



Early Aspergillus infection of a pulmonary 
cavity – ‘pre-aspergilloma’ 

Aspergillus growth on 
the surface of a 
pulmonary cavity 

Severo on www.aspergillus.man.ac.uk 

Orderly hyphal growth on 
the inside of the cavity 



‘Multicavity’ 
disease is the 

hallmark of chronic 
cavitary pulmonary 
aspergillosis (CCPA) 

Wythenshawe Hospital 



Chronic pulmonary aspergillosis 

www.aspergillus.org.uk 

Chronic cavitary 
pulmonary 

aspergillosis 
complicating ABPA 

Chronic cavitary pulmonary 
aspergillosis with bilateral 
aspergillomas complicating 

sarcoidosis 



‘Multicavity’ disease is the hallmark of chronic 
cavitary pulmonary aspergillosis (CCPA) 

Smith & Denning. Eur Resp J 2011; 37:865 

+ Aspergillus  
IgG antibodies 

 
Only 25% have a 

fungal ball on CXR 
or CT 



18F-FDG PET positive pulmonary nodules in 
aspergillosis – a differential diagnosis of lung 

cancer 

Baxter, Thorax 2011 

10 patients 

Presentations like 
lung cancer 

 

1 subacute IPA 

1 ABPA 

1 aspergilloma 

7 CPA 

Aspergillus IgG  

28 ->200 mg/L 

All positive on 
histology 



Aspergillus IgG serology 

Baxter, AAA 2010;Abstr 51  



Summary of diagnosis for allergic and 
chronic pulmonary aspergillosis 

 
 



Distinguishing different forms of aspergillosis 

Unpublished 

Disease group 

CCPA ABPA + CCPA ABPA SAFS SAFS 

n 116 16 98 52 52 

Median serum 
IgE level (IQR) 

99.8 (26.4-350) 
(n=107) 

2739 
(1100-7500) 

(n=16) 

2300 
(1100-4550) 

(n=97) 

370 
(140-750) 

(n=52) 

Aspergillus 
specific IgG 

93.6% (103/110) 81.3% (13/16) 65.4% (53/81) 35.9% (14/39) 

Positive fungal 
culture 

25% (29/116) 25.0% (4/16) 23.5% (23/98) 21.2% (11/52) 

Positive 
specific IgE 

Positive SPT 

Mixed mould N/T N/T 88.9% (8/9) 90.9% (20/30) 100% (2/2) 

A. fumigatus 37.7% (40/106) 93.8% (15/16) 96.9% (94/97) 78.8% (41/52) 90.9% (20/30) 

Alternaria 
alternata 

10.0% (1/10) 100% (10/10) 77.5% (55/71) 32.5% (13/40) 47.4% (9/19) 

C. albicans 33.3% (3/9) 90.0% (9/10) 81.4% (57/70) 37.5% (15/25) 52.6% (10/19) 

Cladosporium 
herbarum 

20.0% (2/10) 80.0% (8/10) 70.4% (50/71) 24.4% (10/41) 35.5% (6/17) 

Penicillium 
chrysogenum 

27.3% (3/11) 100% (10/10) 85.3% (58/68) 30.0% (12/40) 43.8% (7/16) 

Trichophyton 
mentagrophyte 

33.3% (2/6) 100% (3/3) 65.2% (30/46) 25.0% (9/36) 23.1% (3/13) 



Distinguishing different forms of aspergillosis 

Unpublished 

Disease group 

CCPA ABPA + CCPA ABPA SAFS SAFS 

n 116 16 98 52 52 

Median serum 
IgE level (IQR) 

99.8 (26.4-350) 
(n=107) 

2739 
(1100-7500) 

(n=16) 

2300 
(1100-4550) 

(n=97) 

370 
(140-750) 

(n=52) 

Aspergillus 
specific IgG 

93.6% (103/110) 81.3% (13/16) 65.4% (53/81) 35.9% (14/39) 

Positive fungal 
culture 

25% (29/116) 25.0% (4/16) 23.5% (23/98) 21.2% (11/52) 

Positive 
specific IgE 

Positive SPT 

Mixed mould N/T N/T 88.9% (8/9) 90.9% (20/30) 100% (2/2) 

A. fumigatus 37.7% (40/106) 93.8% (15/16) 96.9% (94/97) 78.8% (41/52) 90.9% (20/30) 

Alternaria 
alternata 

10.0% (1/10) 100% (10/10) 77.5% (55/71) 32.5% (13/40) 47.4% (9/19) 

C. albicans 33.3% (3/9) 90.0% (9/10) 81.4% (57/70) 37.5% (15/25) 52.6% (10/19) 

Cladosporium 
herbarum 

20.0% (2/10) 80.0% (8/10) 70.4% (50/71) 24.4% (10/41) 35.5% (6/17) 

Penicillium 
chrysogenum 

27.3% (3/11) 100% (10/10) 85.3% (58/68) 30.0% (12/40) 43.8% (7/16) 

Trichophyton 
mentagrophyte 

33.3% (2/6) 100% (3/3) 65.2% (30/46) 25.0% (9/36) 23.1% (3/13) 



Direct detection of resistance 
mutations in clinical specimens, without 

positive cultures 

 Laboratory result ABPA CPA Normals 

 Culture positive for A. fumigatus  0/19 7/42 (16.7%) 0/11 

 qPCR positive for Aspergillus spp 
15/19 

(78.9%) 
30/42 
(71.4%) 

4/11 
(36.4%) 

 A. fumigatus CYP51A mutation   
detected directly from qPCR  
positive sample 6/8 (75%) 12/24 (50%) NT 

Denning, Clin Infect Dis 2011;52:1123 
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