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Summary Allergic bronchopulmonary aspergillosis (ABPA) is a severe complication in
children, adolescents and adults with cystic fibrosis (CF), the prevalence of which ranges
from 6–25%. The disease is the result of the colonisation of the respiratory tract by fungi of
the genus Aspergillus, commonly Aspergillus fumigatus, and subsequent host sensitisation to
fungal antigens, accompanied by a Th2 CD4 type response mediated by the production of
specific IgE. The consequent inflammatory and obstructive bronchopulmonary injury can
progress to fibrosis. The diagnosis should be considered early in patients with CF who show
wheezing, transient pulmonary infiltrates and reduced lung function. The objective diagnosis
is not straightforward because of overlapping clinical and radiological signs, particularly the
progression of bronchiectasis. Specific criteria are needed for the diagnosis of ABPA in
patients with CF, such as those proposed by the Cystic Fibrosis Foundation. The study of
specific IgE against recombinant antigens of A. fumigatus has contributed to the early
diagnosis of ABPA with high sensitivity and specificity. The technique has also shown
promise in the follow-up of patients after steroid therapy and the early detection of
recurrences. Treatment consists of long-term systemic corticosteroid usage, the monitoring
of their adverse effects, and of the measurement of total serum IgE levels. The concomitant
use of oral itraconazole seems to promote a better control of the disease and to reduce the
duration of systemic steroid therapy but its use continues to be controversial. Controlled
studies involving larger numbers of patients are necessary if we are to better understand the
management of ABPA.
� 2005 Elsevier Ltd. All rights reserved.
FUNGUS- AND PATHOGENESIS-
RELATED ASPECTS

Aspergillus species are ubiquitous fungi in nature and
are commonly found as saprophytes in soil, plants and
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Carvalho Aguiar 647, 05403 9000 São Paulo, Brazil.
Tel.: +55 11 30698566; fax: +55 11 30698566.

E-mail address: jocarod@uol.com.br (J.C. Rodrigues).

1526-0542/$ – see front matter � 2005 Elsevier Ltd. All rights reserved.

doi:10.1016/j.prrv.2005.09.003
decomposing organic matter. Its spores measure 2–3.5 mm
in diameter and are therefore able to reach the terminal
airways and alveoli where they can grow at human body
temperature.1

Aspergillus species are typical opportunistic agents2–4

with 80% of clinical infections caused by the Aspergillus
fumigatus. Aspergillus flavus, Aspergillus niger and Aspergillus
terreus are also pathogenic but are less frequently found in
the environment and less frequently in infections.3,5
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Pulmonary aspergillosis manifests as aspergilloma or as
allergic or invasive disease. Aspergillomas occur in patients
with pre-existing lung cavities. Invasive aspergillosis affects
immunocompromised individuals, especially cancer or
transplant patients. In atopic individuals, the development
of allergies to Aspergillus will depend on the type and
frequency of exposure to its antigens present in spores
and hyphae. This sensitisation generally occurs associated
with other aeroallergens, accompanied by the production
of specific IgE.6 In contrast, allergic bronchopulmonary
aspergillosis (ABPA) results from a hypersensitivity reaction
to the fungus, and mainly affects asthmatic individuals and
patients with cystic fibrosis (CF).7 ABPA is the most severe
allergic complication among those caused by Aspergillus and
is relatively uncommon during childhood.8

The allergic and inflammatory response of patients with
ABPA is quantitatively greater than that of patients only
sensitised to the fungus. The model proposed for the
immunopathogenesis of ABPA suggests the inhalation of
spores that are trapped in the mucus present in the
bronchial tree, followed by their germination and forma-
tion of mycelia. These mycelia start to release allergens and
mycotoxins that are presented to T lymphocytes by HLA-
DR type antigen-presenting cells within the bronchoal-
veolar lymphoid tissue.9 The host reaction is characterised
by the appearance of fungus-specific antibodies (IgG and
IgE), as well as by an increase in total IgE and then by
eosinophilic infiltration of the airways causing tissue
damage.10 The presence of the fungus above and between
epithelial cells probably plays an important role in the
modulation of the immune response in favour of a T-
helper 2 (H2) pattern.11 A. fumigatus releases substances
that have been shown in vitro to cause detachment of
epithelial cells and to trigger the production of pro-inflam-
matory cytokines such as interleukin (IL)-8, IL-6 and MCP-
1. In addition, some fungal toxins inhibit ciliary beating,12

proteases are probably responsible for a decrease in
phagocytic activity13,14 and elastases and collagenases
secreted by the fungus are factors that increase and
perpetuate airway damage.15

Some factors such as the prevalence of atopy, the
increased production of bronchial secretion and a certain
inability to remove micro-organisms from the respiratory
tree facilitate sensitisation to the fungus in CF patients.16,17

Interestingly, patients with ABPA without CF show a higher
frequency of mutations in the CFTR protein gene.18 The
presence of HLA-DR2 or DR5 and possibly of DR4 or
DR7, renders the individual more susceptible, whereas
HLA-DQ2 plays a protective role.19 ABPA is more fre-
quent in CF patients over 6 years of age20 but early
colonisation of the airways with Pseudomonas aeruginosa
(PA) seems to be associated with the development of
ABPA in younger patients.21 There is discussion whether
aggressive treatment of PA may facilitate endobronchial
colonisation with Aspergillus as the growth of the latter is
normally inhibited in the presence of exoproducts of PA.22
Conversely, PA by inhibiting the growth of Aspergillus
hyphae may cause the release of fungal antigens, thus
intensifying the immunological response.23

The occurrence of ABPA in CF patients may further
impair pulmonary function24,25 and the additional lung
injury caused by ABPA in patients with already compro-
mised pulmonary function may result in an unfavourable
clinical picture. Therefore, early diagnosis of ABPA and
rapid treatment are essential.26
PREVALENCE OF ABPA IN
PATIENTS WITH CF

ABPA is seen in 1–25% of asthmatic patients; in CF the
prevalence ranges from 6–25%.2,17,27–31 North American
statistics indicate its presence in 7–14% of corticosteroid-
dependent asthmatics and in about 7% of patients with CF.32

Data obtained from European multicentre studies involving
12 447 CF patients show an ABPA prevalence of 7.8% (2.1–
13.6%).20 Geller et al.23 reporting the results of the Epide-
miological Study of Cystic Fibrosis (ESCF) in North American
and Canadian centers, found a very low prevalence of ABPA
of 2% in patients older than 5 years. The variations in ABPA
prevalence areprobably related to the lack of uniformcriteria
for the diagnosis of the disease, variations in laboratory
techniques, as well as the lack of clinical recognition by
medical teams.33–35 In addition, the prevalence of ABPA
increases with patient age.23

Growth of Aspergillus from respiratory secretions in CF
patients is relatively frequent (9–57%). The wide variability
in the prevalence of bronchial colonisation by the fungus is
related to the degree of exposure to its spores. Patients
living in rural areas show higher rates of colonisation as do
those living in inadequately ventilated houses or houses
containing moulds.23,36 However, the simple presence of
the fungus is not associated with a worsening of lung
function.37
CLINICAL ASPECTS OF ABPA

The classical clinical and laboratory manifestations of ABPA
include episodes of wheezing, transient pulmonary infil-
trates, an immediate positive A. fumigatus skin test, elevated
total serum IgE, elevated levels of Aspergillus-specific IgE and
IgG, eosinophilia, positive precipitins and central bronch-
iectasis.38,39

The system proposed by Patterson et al. in 1986
classifies ABPA into five stages.40 This classification corre-
sponds to the findings obtained in asthmatic patients but
does not often apply to CF patients.13 In the acute phase
(stage 1), the classical signs are present and corticosteroid
therapy permits improvement of non-fibrotic pulmonary
lesions, a decrease in serum IgE, control of symptoms and a
decline in eosinophilia. The effect of steroid therapy on the
levels of specific IgE and IgG is variable but nevertheless the
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Table 2 Modified criteria for the diagnosis of allergic
bronchopulmonary aspergillosis.39

MAJOR
Obstructive pulmonary disease
Eosinophilia >1000/mm3

Positive skin test to Aspergillus fumigatus
Positive precipitins against A. fumigatus
Elevated IgE
Fixed or transient pulmonary infiltrates
Central bronchiectasis in the superior lobes
Elevated A. fumigatus-specific IgE

MINOR
A. fumigatus-positive sputum culture
symptoms tend to remit. Remission (stage 2) occurs after
treatment of the acute phase, accompanied by clearance of
pulmonary lesions (improved chest X-ray) and a fall in
serum IgE. After remission, the patient may again show
symptoms as during the acute phase (stage 3) and may
require regular bronchodilator treatment. This exacerba-
tion phase can be clinically asymptomatic, showing only
laboratory changes such as raised serum IgE and the
presence of infiltrates on chest X-rays. A subgroup of
patients is unable to discontinue corticotherapy without
the occurrence of severe crises (stage 4). Long-term ABPA
may result in severe and permanent changes consistent
with pulmonary fibrosis (stage 5).
Brownish sputum
Late-phase positive skin test
Decrease in IgE levels after steroid therapy

Table 3 Adaptation of the diagnostic criteria of allergic
bronchopulmonary aspergillosis to patients with cystic fibrosis.23

Two of the following criteria
Positive skin test for Aspergillus
Positive precipitins against A. fumigatus
Serum IgE higher than 1000 IU/ml

At least two of the following criteria
Bronchoconstriction
Eosinophilia higher than 1000/mm3

History of pulmonary infiltrates
A. fumigatus-positive sputum culture
Brownish sputum
Response to steroid therapy
CLINICAL AND LABORATORY
CRITERIA FOR THE DIAGNOSIS
OF ABPA

The diagnosis of ABPA is time-consuming and requires the
assessment of both clinical and laboratory data.27 The
clinical presentation of ABPA with its exacerbations and
remissions, may cause diagnostic confusion.41,42 Paediatric
patients with CF present in many different ways but do
respond to treatment.8,43

At least four criteria for the diagnosis of ABPA have
been suggested, including those described by Rosenberg
et al.38 (Table 1) and modified by Patterson et al.39

(Table 2). Many of these clinical and laboratory findings
are observed in CF patients in the absence of ABPA.17,26

Due to the overlapping signs and symptoms of CF and
ABPA, which confuse the clinical situation,17 the criteria
have been adapted for patients with CF23 (Table 3). It has
been suggested that for a definitive diagnosis, clinical
improvement and a 50% fall in serum IgE levels after
systemic corticosteroid treatment are necessary.44 In
2001, the Cystic Fibrosis Foundation agreed a consensus
on the diagnosis of ABPA in CF patients13 and added a
proposal of annual screening, emphasising the importance
Table 1 Classical criteria for the diagnosis of allergic bronch-
opulmonary aspergillosis.38

MAJOR
Episodes of bronchial obstruction
Eosinophilia
Positive skin test to Aspergillus fumigatus
Positive precipitins against Aspergillus antigens
Elevated IgE
Fixed or transient pulmonary infiltrates
Central bronchiectasis

MINOR
Presence of A. fumigatus in sputum (culture or
bacterioscopy)
Brownish sputum
Late-phase positive skin test
of early diagnosis and adequate treatment to prevent
irreversible sequelae (Table 4).45,46

As no gold standard for the diagnosis of ABPA in CF
exists, the comparison of prevalence, diagnosis and
response to treatment between different CF centres is
Table 4 Consensus of the Cystic Fibrosis Foundation for the
diagnosis of allergic bronchopulmonary aspergillosis.13

Classical criteria
Clinical deterioration
Immediate positive skin test or positive RAST
IgE > 1000 kU/l (>2398 ng/ml)
A. fumigatus-positive precipitins or presence of
anti-A. fumigatus IgG
Altered chest X-ray

Suggestion for annual screening
Persistence of a clinical suspicion:
Serum IgE >500 kU/l, perform immediate skin test or RAST
Serum IgE <500 kU/l, repeat if the clinical suspicion
was important
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difficult. Cunningham et al.47 performed a survey of criteria
used to diagnose ABPA in specialised CF clinics in the UK.
Measurements of precipitins, specific IgE, A. fumigatus skin
tests, eosinophil counts in peripheral blood, total IgE and
chest X-rays were performed frequently and on average
four of the six tests were carried out annually at the centres.
However, a wide variation in the value attributed to these
tests to confirm the diagnosis and initiate treatment was
found.

The recent isolation of A. fumigatus antigens using
molecular biology techniques has improved the serological
diagnosis of ABPA.48 The identification and reproducibility
of A. fumigatus antigen fractions has permitted the detec-
tion of specific antibodies against each fraction. The recom-
binant allergens Asp f1, Asp f2, Asp f3, Asp f4 and Asp f6
have been evaluated in the diagnosis of ABPA in patients
with asthma49–53 and CF.48,54–56 These studies have
demonstrated that the presence of IgE antibodies against
rAsp f1 and f3 characterised a serological profile of sensi-
tised individuals with 100% specificity and 88% sensitiv-
ity.48,50 In contrast, specific IgE against the recombinant
allergens Asp f4 and/or f6 was exclusively detected in the
serum of individuals with ABPA,7,48,50,51 with 80% of the
patients showing specific IgE against rAsp f4, 55% against
rAsp f6, and 90% responding to at least one of these
recombinant antigens.48 These tests were simultaneously
carried out in a blind fashion in two laboratories, one in the
United States and the other in Switzerland. The response
to rAsp f1 and f3 did not discriminate sensitised patients
from those with ABPA, whereas the positive response to
any of the recombinant antigens Asp f2, f4 and f6 showed
100% sensitivity and specificity in the diagnosis of ABPA.49

The consensus of the Cystic Fibrosis Foundation con-
firms that the detection of antibodies against recombinant
allergens can improve and substantially refine the diagnosis
of allergic complications associated with A. fumigatus,
including ABPA. The technique has the advantage that it
employs standard extracts and the CAP system, permits
quantitative and fully automated testing.13

Few studies using this technique in the clinical manage-
ment of patients with CF and asthma are available so far. In
Brazil, a systematic investigation of ABPA patients with CF
has been conducted.57 In a group of 52 paediatric patients
with CF classified as being at high risk of ABPA, the
technique permitted the identification of four patients with
a serologic profile of ABPA. However, agreement with the
diagnosis of ABPA based on the criteria of the Cystic
Fibrosis Foundation was obtained in only two. In one of
the patients where the diagnosis was in doubt, the patient
showed low levels of IgE against rAsp f2 and f6 (classes II
and I, respectively), and the clinical manifestations were
weak. As no cut-off for a positive response has been
clarified and the detection of antibodies might precede
clinical manifestations, the patient was only observed and
not treated. The other patient showing a serological profile
compatible with ABPA which did not fulfil the clinical and
laboratory criteria of the Cystic Fibrosis Foundation was a
patient previously treated for ABPA. The evolving beha-
viour of these serological profiles is still unknown. The only
study dealing with this aspect has suggested that rAsp f3-
specific IgE levels may discern the phase of the disease and
remain elevated during remission.58
TREATMENT

The treatment of choice for ABPA consists of the use of
systemic corticosteroids to reduce the inflammatory
response induced by the fungus. This treatment is able
to control exacerbations and reduce pulmonary infiltrates
but recurrences during the course of treatment have been
reported.59,60 The use of systemic corticosteroids is pro-
blematic in patients with CF who are already predisposed
to diabetes, osteopaenia and growth retardation. In addi-
tion, the pharmacology of many drugs has been shown to
be altered in CF patients.13 Various dosage schemes have
been proposed but the best option has yet to be defined.
Initial daily doses of 1–2 mg/kg prednisolone have been
shown to be adequate and should be followed by a slow
and gradual reduction according to the remission of symp-
toms and of the pulmonary infiltrates, with a minimum
duration of treatment of at least 3 months. Monitoring of
serum total IgE levels is useful as a parameter of disease
control. A reduction of 30–50% is expected with the
commencement of therapy. In patients in whom treatment
cannot be discontinued without recurrence, prophylaxis for
Pneumocystis carinii and maintenance treatment for bone
mineralisation should be considered, in addition to moni-
toring other adverse effects of prolonged steroid therapy.61

The follow-up of patients intermittently checking IgE levels
is recommended as recurrences might be detectable early
based on a rise in serum levels of this immunoglobulin.13

Itraconazole is a systemic antifungal agent that can be
administered orally and has shown beneficial effects in the
treatment of ABPA. There are reports showing a lower
frequency and adequate control of exacerbations,25,62 and
a possible reduction and even discontinuation of systemic
steroid therapy.63,64 A randomised, double-blind, placebo-
controlled study involving 55 patients with ABPA without
associated CF has demonstrated beneficial effects of itra-
conazole in corticosteroid-dependent patients.32 However,
based on available data, there is limited evidence (grade III)
that itraconazole is useful in the control of ABPA exacer-
bations in CF patients or that it reduces the need for steroid
therapy.13
FINAL CONSIDERATIONS

ABPA is a disease of variable prevalence, a fact due in part
to the lack of a diagnostic gold standard. Future perspec-
tives include the application of the detection of specific
immunity against recombinant Aspergillus antigens as a
useful and standard diagnostic tool. CF centres should
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regularly check patients for the presence of ABPA because
of the impact ABPA has on CF with its associated dete-
rioration in lung function.

The diagnosis and treatment of ABPA still represents a
challenge in clinical practice, particularly in patients with CF,
as many controversies exist regarding diagnostic criteria.
Data concerning the best treatment for ABPA and for
patient follow-up remain scarce.
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