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Pathogenesis and management of aspergillosis in cystic fibrosis

Aspergillus is a common genus of mould that grows on
decaying vegetable matter, liberating its spores into the air
all the year round but especially in the winter months. The
spores are only about 3 microns diameter and can easily
penetrate the bronchial tree. Where there is obstructive air-
ways disease and impaired clearance mechanisms, as in
cystic fibrosis, the fungus can proliferate and may be cul-
tured from the sputum occasionally. In many patients this
does not appear to cause any symptoms but in some it may
lead to significant lung disease. The main species causing
problems is Aspergillus fumigatus. It may colonise pre-
existing lung cavities, especially those due to old tuberculo-
sis, producing an aspergilloma. This leads to chronic cough
and haemoptyses and radiographically presents as a mass
surrounded by a crescent of air in a thick walled cavity. The
fungus can spread rapidly in immunocompromised patients
leading to an invasive aspergillosis which may prove rapidly
fatal. Both these forms of infection have been described in
patients with cystic fibrosis but are very unusual. The major
problem in cystic fibrosis is allergic bronchopulmonary
aspergillosis in which tissue damage is due to the immune
reaction of the host.

Allergic bronchopulmonary aspergillosis
The first patients described were adults with asthma who
developed recurrent episodes of pulmonary infiltrates and
segmental or lobar collapse, associated with eosinophilia and
the production of brown sputum 'plugs' containing
A fumigatus. ' These episodes appeared to be followed by the
development of proximal bronchiectasis at the site of the
infiltrates.2 There is evidence of both type I and type III
immune responses with the production of IgE and IgG
antibodies.3 The pathology is that of bronchiectasis with
inspissated mucus containing fungal hyphae, eosinophils,

Criteria for the diagnosis of allergic bronchopulmonary aspergillosis

Major
Reversible bronchoconstriction
Blood eosinophilia
Pulmonary infiltrate(s)
Positive immediate skin test reaction to A fumigalus extract
Raised serum IgE concentration
Specific IgE to A fumigatus by radioallergosorbent test (RAST)
Positive serum precipitins to A fumigatus
Central bronchiectasis

Minor
Positive sputum culture for A fumigatus
Brown plugs in sputum
Late skin test reaction

and mononuclear cells in the bronchi-the condition called
mucoid impaction. The hyphae do not invade the tissue but
may be surrounded by necrosis or chronic inflammation and
areas of eosinophilic pneumonia.4 Lung biopsy is not
needed to make the diagnosis, which can be established by
demonstrating six of the criteria shown in the table.5

Diagnosis of aliergic bronchopulmonary aspergilHosis in
cystic fibrosis
Allergic bronchopulmonary aspergillosis was first described
in two children with cystic fibrosis in 1965.6 Since then it
has become a well recognised complication of cystic fibrosis
with an estimated incidence of up to 11%.7 8 Allergic bron-
chopulmonary aspergillosis is possibly underdiagnosed as
the underlying disease itself may be associated with exacer-
bations of cough and wheeze and there may be infiltrates on
the chest radiograph. In practice, it is often diagnosed in
patients with cystic fibrosis when an infiltrate fails to clear
with antibiotic treatment appropriate to bacteria cultured
from the sputum, and it should always be considered in this
situation. The associated bronchial obstruction may lead to
massive collapse of a lobe or whole lung.7 The radiographic
findings may be of single or multiple infiltrates, often in the
upper lobes. The lesions appear solid but computed tomo-
graphy may show cavitation. They can occur in patients
with any severity of cystic fibrosis including those with mild
disease. Some patients have few, if any, symptoms-a
recent child seen personally was found to have a large unsus-
pected opacity when a radiograph was taken for trauma. It is
interesting to speculate how often such lesions may occur
and resolve undiagnosed and what part they may play in the
development of bronchiectasis.

Atopy and cystic fibrosis
Further problems arise in the diagnosis of allergic broncho-
pulmonary aspergillosis in cystic fibrosis, as in asthma,
because of the known tendency of these patients to show
some immunological response to A fumigatus. Several cross
sectional studies of groups of patients with cystic fibrosis
have shown that about one third have circulating precipi-
tins,9 and a similar number have positive skin tests to A
fumigatus, the incidence tending to be higher in older
children and those with more severe disease.'o " The asso-
ciation of wheezing and of other atopic conditions such as
hay fever and eczema is variable, as is a family history of
atopy. Many patients with cystic fibrosis do wheeze,
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especially with infections, but often have a poor broncho-
dilator response and lack the classical bronchoconstriction
after exercise that is seen in children with asthma." Bron-
chial provocation tests with A fumigatus extract in a small
number of patients with cystic fibrosis and with positive
skin tests, however, gave a positive immediate result in four
patients, two of whom had a dual reaction and had trouble-
some cough and wheeze for some days after the test.'2 This
suggests that A fumigatus may be causing appreciable symp-
toms in some patients with cystic fibrosis without producing
the complete picture of allergic bronchopulmonary asper-
gillosis, which may parallel the seropositive phase, without
radiographic evidence of lung damage, that is described
in asthma.'

Management and outcome
Allergic bronchopulmonary aspergillosis that has been
proved should be treated with oral steroids. Prednisolone
05-1 mg/kg/day leads to rapid resolution of symptoms and
of the opacity and a fall in the total and specific IgE concen-
trations within weeks.' Some authors recommend
continuing treatment at a lower dose for a month, six
months, or longer until the IgE concentration plateaus, but
there are no controlled trials or long term studies comparing
different regimes in cystic fibrosis. Inhaled steroids or
sodium cromoglycate may improve symptoms but do not
prevent recurrent infiltrates,'4 which are very variable in
frequency and severity. There are no long term follow up
studies of patients with cystic fibrosis and allergic broncho-
pulmonary aspergillosis, but in a group of 12 children who
had it with asthma there were seven exacerbations detected
in three patients over six years." Personal experience of a
few patients and anecdotal reports from others suggest that
some patients with cystic fibrosis have recurrences of aller-
gic bronchopuhnonary aspergillosis over two or three years
but tend to settle after that time and do well in the long
term-or, at least, no worse than other patients with cystic
fibrosis. Bronchiectasis, often with the 'fingerglove'
appearance of mucoid impaction, is usually apparent radio-
graphically when the opacity clears but in time becomes
much less prominent and tends to merge into the back-
ground lung disease so that it is difficult to know how much
it has contributed. Severe pulmonary damage has been
described in adults with asthma,'6 however, and there is
clearly a risk that this may occur in cystic fibrosis, leading to
an increased rate of loss of lung function.

There is sometimes reluctance to use steroids in cystic
fibrosis because of the presence of bacterial infection, but in
practice it does not seem to lead to spread of infection and
there is some evidence that it may actually be helpful by
suppressing damaging immune reactions. '7 Long term
steroid treatment, however, has well known complications
and posterior subcapsular cataracts have recently been
described in patients with cystic fibrosis on prednisone for
allergic bronchopulmonary aspergillosis, which appeared
unrelated to the dose or duration of treatment.18

Antifungal drugs have not been used in the past because
inhaled treatment, such as dyes and natamycin, seemed
ineffective and allergic bronchopulmonary aspergillosis was
not thought to warrant the side effects of amphotericin.
With the introduction of oral drugs such as ketoconazole
and itraconazole, interest in this form of treatment revived
and there have been occasional reports of benefit in indi-

vidual patients. A small controlled trial of ketoconazole in
patients without cystic fibrosis but with allergic broncho-
pulmonary aspergillosis showed an improvement in symp-
toms and fall in specific IgG during treatment compared
with placebo.'9 No side effects were seen, but the trial was
abandoned when reports of serious liver damage due to
ketoconazole were published.20 Very little information is
available yet about itraconazole. For the present the use of
antifungal drugs does not seem to be warranted as a rule but
might be considered in a patient who has significant steroid
side effects or uncontrolled symptoms.

Avoidance ofA fumigatus does not seem feasible though it
is wise to make sure that nebulisers and other equipment are
kept clean and dry to prevent fungal contamination. Of five
children with allergic bronchopulmonary aspergillosis
recently reported from Dublin, however, only one was
using a home nebuliser.8 Its incidence does not seem to
increase significantly in older patients with cystic fibrosis. It
is a condition that needs to be considered regularly, investi-
gated appropriately, and treated promptly with steroids,
both to improve symptoms, if any, and to prevent long term
lung damage.
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