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a b s t r a c t

Background: Chronic pulmonary aspergillosis (CPA) is an occasional complication of allergic broncho-
pulmonaryaspergillosis (ABPA) but the transition is poorly understood.
Methods: All patients referred to the UK's National Aspergillosis Centre with CPA between May 2009 and
June 2012 were screened with serum total IgE and anti-Aspergillus IgE for a dual diagnosis of ABPA and
CPA. Those patients suspected of having both conditions were re-evaluated and their imaging reviewed.
Results: Of 407 referred patients, 42 screened positive and 22 were confirmed as having both ABPA and
CPA. Asthma was present from early childhood in 19 (86%), the median interval between ABPA and onset
of CPA was 7.5 years; one patient developed ABPA and CPA simultaneously. Aspergillus IgG levels varied
from 23 to 771 mg/L, median 82 mg/L. All 22 patients had bronchiectasis. In patients with ABPA, CT
typically demonstrated varicose or cystic bronchiectasis primarily affecting segmental and proximal
subsegmental upper lobe bronchi. Other findings included mucoid impaction and centrilobular nodules.
Radiological changes associated with CPA included pleural thickening which was often bilateral and
accentuated by adjacent hypertrophied extrapleural fat, upper lobe volume loss, thick walled apical
cavities, some of which contained aspergillomas, and cavitating pulmonary nodules. CPA secondary to
ABPA has more subtle radiological appearances than when due to other underlying diseases.
Conclusions: CPA may complicate ABPA and have distinct radiology features, in addition to bronchiec-
tasis. A novel biomarker is required to anticipate this serious complication, as current serology is not
specific enough.

© 2015 Elsevier Ltd. All rights reserved.

1. Introduction

Allergic bronchopulmonaryaspergillosis (ABPA) is an uncom-
mon complication of asthma and cystic fibrosis occurring in
0.7e4.1% of asthmatics seen in secondary care [1e3]. Assuming a
frequency of ABPA of 2.5% in adult asthmatics, there are an esti-
mated 4,800,000 ABPA patients worldwide [4]. There are probably
significant regional differences in prevalence of ABPA, with a lower
figure likely in the USA and higher figure likely in India [5e9].

ABPA is characterised by worsening of asthma symptoms not
relieved by escalation in treatments, usually with mucus plugging

of the airways. Diagnosis of ABPA relies on a collection of nonspe-
cific parameters including a history of asthma, peripheral eosino-
philia, immediate skin test reactivity to Aspergillus antigen and/or
elevated anti-Aspergillus IgE, elevated total serum IgE of greater
than 1000 IU/L, and, in older series, central bronchiectasis [10].

The most well recognized complication of ABPA is bronchiec-
tasis, the frequency of which is difficult to estimate as it was pre-
viously central to diagnosis. Other complications of ABPA are lobar
shrinkage, persistent cavitation (>3 months), and pleural fibrosis,
which are features of types of chronic pulmonary aspergillosis
(CPA) [11,12], specifically chronic cavitary pulmonary aspergillosis
(CCPA), which can progress to chronic fibrosing pulmonary asper-
gillosis. Other patients with ABPA develop aspergilloma, which is
definitive evidence of either CCPA (if further cavitation also pre-
sent) or simple aspergilloma. Other types of CPA not reported in
ABPA are aspergillus nodule disease [13], and chronic necrotizing
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pulmonary aspergillosis. CPA has a reported 5-year survival of
17.5%e60% if not amenable to surgical resection; work undergoing
at the National Aspergillosis Centre (NAC) has found a 5-year sur-
vival of 62% [14e19].

The frequency of non-bronchiectasis features in ABPA has been
reviewed and overall is present in approximately 10% of cases [20].
With one exception, all studies were earlier than 1985, and the
epidemiology of asthma, some aspects of clinical management and
referral patterns have changed since then [21e26]. The more
recent study was a small radiology series from India [27]. Coming
at the issue from the other direction, a review of underlying dis-
ease at the NAC found that 14.3% of cases of CPA had a coexisting
diagnosis of ABPA [28]. Whilst this transition is a recognised
phenomenon, neither the temporal sequence nor the aetiology of
the transition have been described. A better understanding of this
complication of ABPA would provide clinicians with more confi-
dence to escalate antifungal therapy in patients with ABPA who
are developing CPA, and potentially reduce the morbidity and
mortality in this group of patients. The aim of this project was to
describe the temporal sequence from asthma through ABPA to CPA
and to document the clinical, serological and the radiological
findings over time.

2. Patients and methods

This retrospective study reviewed patients referred to the UK's
NAC, based at the University Hospital of South Manchester (UHSM).
This national centre cares for the majority of problematic CPA pa-
tients in the UK. Patients referred from May 1st 2009 to June 1st
2012 were included. This audit was registered with the audit
department at UHSM.

We screened all patients referred to the centre with CPA for dual
diagnosis of CAP and ABPA using serum total IgE and anti-Asper-
gillus IgE. The full medical records and thoracic CT imaging of pa-
tients highlighted in the screening process were reviewed to
confirm and establish the timing of the diagnosis of asthma, ABPA
and CPA. Specialists in infectious diseases, respiratorymedicine and
radiology reviewed each patient's data separately and collectively.
Only data available in written and electronic medical records was
collected.

Asthma was defined as the presence of symptoms (more than
one of wheeze, breathlessness, chest tightness, cough) plus
reversible airflow obstruction as shown by an increase in FEV1 of
>12% (and 200 mls) after bronchodilator (PBD). Patients with
symptoms suggestive of asthma but with no evidence of PBD
reversibility features of asthma (provided no fixed airflow
obstruction) underwent airway hyper-responsiveness testing using
methacholine challenge test (MCT). A diagnosis of asthma was
considered when there was a significant bronchial responsiveness
demonstrated by � 20% fall in the FEV1 with methacholine chal-
lenge (PC20 or PD20 FEV1) on a 5-breath dosimeter protocol.

ABPA was defined as the highest serum total IgE of greater
than 1000 IU/L, raised serum anti-Aspergillus IgE (or positive
Aspergillus skin prick test), a history of asthma, with compatible
symptoms of ABPA (expectoration of mucus plugs and difficult to
control asthma). Central bronchiectasis was not required to make
a diagnosis of ABPA. We also accepted as ABPA, patients with
classical presentations of ABPA the combination of challenging
asthma and mucous plugs requiring bronchoscopy or surgical
resection years before, without current documentation of an IgE
over 1,000 IU/L, if they had an total IgE over 500 IU/L and
markedly elevated Aspergillus specific IgE (n ¼ 2, Aspergillus IgE
from 15.5 to 34kUa/L (normal <0.4)). When symptoms or radio-
logical features were consistent with a diagnosis of ABPA or CPA,
but the diagnosis was not confirmed, the term ‘probable ABPA/

CPA’ was used. St George's Respiratory Questionnaire (SGRQ)
score was collected on most patients and computed as described
previously (scores range from 1 to 100, lower being better)
[29e32].

For the purpose of this study, CPA was diagnosed with positive
anti-Aspergillus IgG serology or microbiological or histological ev-
idence of CPA with compatible radiological findings. The minimum
radiological criteria for assigning the term CPA to cases were cavi-
tation, marked pleural thickening and/or nodules [13,33e35]. The
date of the onset of relevant CPA-related symptoms and/or radio-
logical features (which came first) was recorded as ‘probable onset
of disease’. The first diagnostic evidence of chronic pulmonary
aspergillosis (radiological, immunological, histological or microbi-
ological) was recorded as ‘confirmed chronic pulmonary
aspergillosis’.

CT scans and chest radiographs were viewed using General
Electric Centricity PACS software. Aspergillus antibody testing un-
dertaken at the NAC utilised the Phadia ImmunoCAP tests, sup-
ported by Aspergillus precipitins assays, operated as per
manufacturer's instructions. Data were stored and analysed using
Microsoft Excel 2010 and SPS Statistics Version 20 IBM USA.

3. Results and analysis

Initial screening revealed 42 patients with a dual diagnosis of
ABPA and CPA. On further review of these patients, 20 (patients 1
to 20) had all criteria required for diagnosis of asthma, ABPA and
CPA. Patients 1 to 18 had asthma, ABPA and CCPA, whilst patients
19 and 20 had asthma, ABPA and Aspergillus nodule disease. A
further two patients [21,22] had asthma, ABPA and the radiological
appearances of CCPA but did not have positive anti-Aspergillus IgG
serology. Of the remaining 20 patients, 5 did not meet the radio-
logical criteria for CPA, five did not have ABPA but instead a strong
Th-2 cytokine reaction to CPA leading to high IgE levels. Six pa-
tients were considered to have developed CPA related to causes
other than ABPA (two non-tuberculous Mycobacterium disease,
three pulmonary TB and one previous thoracic surgery). The
remaining four patients had too much missing data in the medical
records to allow timing and diagnostic judgements to be made.
Fig. 1 shows the ages at which patients 1 to 22 developed asthma,
ABPA and CPA; periods of long-term asthma remission are
included.

Nineteen patients had childhood asthma, four of whom
described their asthma being present from birth. The asthma
remitted in adolescence of six of the patients. Of the three patients
without childhood asthma, two developed asthma in their teenage
years, whilst one (patient 18) did not develop asthma until age 64.
Fig. 2 shows the time of ABPA prior to CPA. The median duration of
ABPA prior to onset of CPA was 7.5 years (range 0e36 years). One
patient (patient 11) developed ABPA and CPA simultaneously.

Patients weighed from 56.1 to 90.2 Kg (n ¼ 18) and BMI was
from 18.6 to 29.2 (median 21.9) (n ¼ 15 patients). Total and activity
SRGQ scores (n ¼ 18) varied from 7.9 to 80.4 (median 57) and from
0 to 92.5 (median 69.3) respectively.

After the diagnosis of CPA, Aspergillus specific IgE was positive
in all patients, with levels varying from 1.0 (patient number 7) to
87.4 with a median of 20.8 (normal <0.04 IUA/L). Aspergillus IgG
levels varied from 23 to 771 in 19 patients with a median of
82 mg/L with 4 patients having a level <40 mg/L, the recom-
mended cutoff. Three patients recruited earlier had positive
Aspergillus precipitins at titres of >1:2. Mannose binding lectin
serum levels were done in 20 patients and were <1.0 in 7 (35%)
and undetectable in 4 (20%).

All 22 patients had bronchiectasis. There is some overlap in the
radiological appearances of ABPA and CPA, and we found the
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radiological appearances of CPA secondary to ABPA more subtle
than when it occurs due to other underlying conditions. We found
the following changes associated with CPA in ABPA: lobar volume
loss with indrawing and hypertrophy of the adjacent extra-pleural
fat, small cavitary disease formed directly within presumed
Aspergillus nodules, such as the 20 mm by 14 mm nodule in patient
21, nodules of ground glass opacity (ie 13.4 mm diameter in patient
18), aspergillomas forming in bronchiectatic cavities, and pleural

thickening with apical cavity formation, with or without aspergil-
loma. Often the pleural thickening seen was bilateral and not
limited to the upper zones. These changes are demonstrated in
Figs. 3e8. Fig. 9 demonstrates the early changes seen in the tran-
sition from ABPA to CPA, in this case arrested by substitution of
itraconazole with voriconazole therapy. The course of radiological

Fig. 2. Years of ABPA prior to onset of CPA.

Fig. 3. Patient 1 age 51. a: Apical subpleural fibrosis/pleural thickening with hyper-
trophy of extra pleural fat. b: Bilateral central varicose bronchiectasis typical of ABPA. A
mass of presumed fibrotic soft tissue surrounds left lower lobe bronchi at the hilum.

Fig. 1. Ages at which patients 1 to 22 developed asthma, ABPA and CPA, and periods of long-term asthma remission.
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changes from 1966 to 2014 in patient 2 are available to view at
www.aspergillus.org.uk (case 44).

4. Discussion

Persistent cavitation over at least 3 months is highly charac-
teristic of CPA and such cavities may or may not contain a fungal
ball (aspergilloma). ABPA is a key underlying disorder in 12e14% of
CPA cases in the UK [28]. Pulmonary cavitation has been described
in ABPA in many older series at rates of 3e21% and occasionally to
resolve later [21e23,27,36]. These patients should not be described
as having CPA, in our view, unless they persist despite antimicrobial
therapy for >3 months e we described one recently [37]. Asper-
gillomas are seen in 0e7% of ABPA patients yet are a definitive
feature of CPA [21,22,26,36]. Several case reports of aspergilloma
and ABPA have been reviewed by Agarwal and colleagues [3].
Aspergilloma formation is a late feature of chronic cavitary pul-
monary aspergillosis, and it would be desirable to identify patients
earlier than this [38]. Some ABPA patients develop upper lobe
volume loss occasionally associated with pleural thickening which
could be amanifestation of CPA [21,23]. Upper lobe volume loss and
contraction was described as occurring in 36% and 40% of patients
respectively in two UK series from the same London institution but
has not been mentioned by other authors [21,23].

Pleural disease was described at a rate of 18% in London based
on chest radiographs and 43% in India based on CT scan [23,27].
Pleural thickening is a common, but not universal manifestation of
CCPA e some patients have thin walled cavities, and minimal
pleural thickening. In contrast, there are several well recognised
radiological manifestations of ABPA which are not typical of CPA,
including bronchiectasis, mucus impaction, fleeting patchy
consolidation and transient segmental or lobar collapse. None of
these suggest CPA.

Therefore we contend that the development of persistent cavi-
tation and/or pleural thickening and/or volume loss are highly
suggestive of CPA complicating ABPA. Defining the minimum and
early criterion is currently difficult, without alternative specific
tests. Development of an aspergilloma is definitive, but late in the
course. Prospective study with frequent imaging in a population
not treated with antifungals will be required to propose criteria for
the early diagnosis of CCPA. Aspergillus nodule disease appears to be
much less frequent.

Elevated Aspergillus immunoglobulin G (IgG) serology is almost

universal in CPA but is also found in ABPA [3], and Aspergillus
bronchitis [2,39,40]. Therefore detection of raised Aspergillus IgG is
not specific for CPA in this context, and requires radiological or
other criteria for diagnosis. Likewise detection of Aspergillus spp. by
culture, antigen or molecular testing is not specific for CPA, but
commonly found in both conditions.

The long term presence of Aspergillus in the airways may
contribute to bronchiectasis development [41,42]. Aspergillus
sensitisation is associated with reduced FEV1 in patients with
asthma, cystic fibrosis, COPD and in those with post-tuberculous

Fig. 5. Patient 18 age 85. a: Bronchial wall thickening with mild cylindrical bronchi-
ectasis in the lower lobes where there is minor mucus plugging. b: Thick walled
cavitating lesion in the apical segment of the left lower lobe. c: Complex, thin walled
cavitating nodule in the right upper lobe with additional smaller nodules and pleural
thickening on the left.

Fig. 4. Patient 2 age 65. CT at the level of the upper arch demonstrates central upper
lobe bronchiectasis and volume loss with a 2 cm nodule anteriorly on the left. A small
peripheral cavitating region can be seen on the right associated with volume loss,
architectural distortion and indrawing of adjacent extrapleural fat.
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fibrocavitary changes [2,41,43e45]. All patients with ABPA have
airways colonised by Aspergillus to which they are sensitised and
many have very high serum IgE. It is unclear why some develop
complicating pulmonary nodules, cavitation and pleural thickening

whilst the majority do not.
One possibility is the intensity of corticosteroid therapy given. It

is possible that those treated with more corticosteroid have more
abrogation of their immune response and direct promotion of
growth of Aspergillus [46,47]. On the other hand, some data are
consistent with prevention or amelioration of pulmonary fibrosis
by corticosteroid [48,49], and the use of corticosteroid in frequently
relapsing ABPA patients with aspergilloma seemed to improve
clinical status [26]. Corticosteroids have little impact on the IL17
pathway, which appears to be important in pulmonary fungal
disease pathogenesis [50]. Nodule development may be associated
with corticosteroid therapy. Multiple aspergillomas in the lung
appear to be uncommon, probably develop from nodules and
appear to be associated with frequent high dose steroid therapy in
some patients, including one with ABPA [51].

The generally long but highly variable intervals between the
development of ABPA and CPA could reflect in part difficulty in
defining the earliest point at which CPA develops. As the radio-
logical features are not specific in the early phase of CPA develop-
ment (see Fig. 9), it is currently impossible to pinpoint with any
accuracy the precise point of transition. Nonetheless there is
remarkable variability in timing during life, suggesting that non-
genetic factors are in part responsible; possibly exposure, possibly
intercurrent infections or possibly epigenetic events.

A family history of ABPA is found in about 5% of patients [52].
Various genetic links have been described including several HLA
associations, single nucleotide polymorphisms (SNPs) in the sur-
factant protein A2, IL4 receptor, IL13, IL6, tissue growth factor beta,
TLR3, TLR9, andheterozygozity in the cysticfibrosis transmembrane
conductance regulator (CTFR) [3,53,54]. The genetic links with CPA
are different, and the development of CPA appears to require defect
in both poor defence against aspergillosis and impaired resolution
of inflammation. Three of the immunological deficits associated
with CPA are low gamma interferon (gIFN), low IL12 and low IL17A
production in many patients [50]. Several SNPs in TLR1, Dectin-1,
IL1B, IL1RN and IL15, PLAT, VEGFA and DENND1B are described
[54,55]. Aberrations in IL1 and IL15 pathways, poor pathogen
recognition as well as plasminogen activation and angiogenesis
appear to be important. A common deficit with ABPA is inadequate
initial clearance of Aspergillus. Once the full panoply of defects is
understood in each condition, genetic analysis of both conditions
found separately and together should confirm these findings.

A surprising finding was that in 6 patients (Fig. 1), asthma went
into remission for long periods. Long periods of remission in
asthma and ABPA are well recognised [56,57]. We have not

Fig. 6. Patient 7 age 42. a: Fibrocavitary disease of both upper lobes with a small
aspergilloma within a cavity in the left apex. b: Severe central bronchiectasis, typical of
severe ABPA.

Fig. 7. Patient 7 age 50. Severe bronchiectasis with apical pleural thickening, fibrosis
and cystic destruction of the lung. Indwelling intravenous device in situ on the right
side.

Fig. 8. Patient 22. Bilateral upper lobe bronchiectasis with associated volume loss and
patchy rather nodular fibrosis. There is associated indrawing of extrapleural fat
posteromedially.
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attempted to track ABPA remission and relapse, but in this group of
patients the progressive nature of the radiologic features indicating
CPA is not consistent with remission.

Longitudinal studies of cohorts of ABPA patients integrating
radiographic, clinical and serological changes over time are
required [58]. The positive and/or negative impact of corticoste-
roids (inhaled and oral), and other newer immunomodulators need
study in this context, preferably with early endpoints. Our experi-
ence suggests that oral antifungal therapy with triazoles reduces
symptoms and prevents progression of CPA, but larger prospective
cohorts selected by genetic or other risk factors are required to
clarify this.

5. Limitations

The main limitation to our study is its retrospective nature and
the small sample size.

6. Conclusions

Our findings suggest that CPA complicating ABPA may have
distinct radiology features. Bronchiectasis and distinctive radio-
logical findings with nodules, somewith cavitation, lobar shrinkage
with indrawing of extrapleural fat, aspergillomas, and bilateral
pleural thickening are characteristic. Prevention of further fibrosis
probably requires antifungal therapy and minimization of cortico-
steroid use. Larger studies are needed to confirm these findings.
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