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Cystic fibrosis and allergic bronchopulmonary
aspergillosis

E J Simmonds, J M Littlewood, E G V Evans

Abstract
We have prospectively screened our patients
with cystic fibrosis for allergic bronchopul-
monary aspergillosis. Over a three year period
eight patients were identified, an incidence of
5-8%. Patients were clinically weli at the time
of diagnosis (Shwachman scores 70-90,
Chrispin-Norman chest x ray scores 2-15) and
they responded rapidly to treatment with oral
prednisolone. There has been little deteriora-
tion in their respiratory function and nutrition
over the study period.
We conclude that aliergic bronchopulmon-

ary aspergiliosis is not uncommon in patients
with cystic fibrosis. It is a potential cause of
lung damage and prospective screening could
lead to earlier detection and treatment.
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There have been several reports of the associa-
tion between allergic bronchopulmonary asper-
gillosis and cystic fibrosis.`i3 The diagnosis of
allergic bronchopulmonary aspergillosis is
based on a combination of clinical and labora-
tory findings; asthma, immediate cutaneous
reactivity to Aspergillus fumigatus antigenic
extracts, precipitating antibodies to A fumiga-
tus, raised total serum IgE concentrations,
peripheral blood eosinophilia, pulmonary infil-
trates on chest radiography, raised serum IgE
and IgG antibodies toA fumigatus, and proximal
bronchiectasis.' Other features include growth
of the fungus from sputum, brown plugs in
sputum, and a late (Arthus type) skin reaction
toA fumigatus. The diagnosis may be difficult to
make in patients with cystic fibrosis as some of
these features are common to both conditions.

Several workers have screened patients
attending their cystic fibrosis clinics for the
diagnostic features of allergic bronchopul-
monary aspergillosis, and the reported inci-
dence has varied from 0-6% to 11%.5-7 As a
result of these reports we now screen all patients
with cystic fibrosis who require intravenous
treatment with antibiotics. We present our find-
ings over the last three years.

Patients and methods
The case notes and radiographs of the 137
patients who were attending the Leeds regional
cystic fibrosis unit for regular follow up at the
end of 1988 were analysed for the three year
period January 1986 to December 1988. During
this time patients had been seen at least every
two months for outpatient follow up, or

between clinic visits if they were unwell. Chest
radiographs were taken if they had increased

respiratory symptoms, but if the patients
remained well, they were done every six
months.

Courses of intravenous treatment with anti-
biotics were started if there was clinical
deterioration or if there were significant new
radiographic changes. The antibiotics given
were determined by the sensitivities in vitro of
the pathogens most recently isolated from the
sputum. Before treatment, blood was taken to
estimate immunological measures of reaction to
A fumigatus and sputum was cultured for fungal
growth.

Patients were reviewed periodically during
the course of treatment to confirm that progress
was satisfactory. Those who had evidence of a
new pulmonary infiltrate at the beginning of
treatment had repeat radiographs taken after a
week. If the infiltrate persisted, and laboratory
results supported the diagnosis, allergic bron-
chopulmonary aspergillosis was considered
likely. Skin testing to A fumigatus antigen, if it
had not been done recently, was carried out. A
trial of high dose steroids was given (1-2 mg/kg!
day prednisolone). The diagnosis was con-
firmed when clearing of the pulmonary infil-
trates was associated with an improvement in
the patient's condition. Steroids were then
given on alternate days and the course was
tapered off during the next six months.
The mean age of the 137 patients was 12-8

years (range 0W8-32-0). Seventy one (52%) had
evidence of obstructive airways disease, either
because of a history of wheezing or because
their respiratory function improved (a rise in
forced expiratory volume in one second of 10%)
on testing with a bronchodilator. These 71
patients were treated with inhaled bronchodila-
tors. Twenty five of these (35%) were also hav-
ing inhaled steroids, and two patients inhaled
sodium cromoglycate.

SKIN TESTING
Aspergillus antigen (Bencard) prick testing was
carried out on the forearm. A control solution
was used on the opposite arm and the reactions
compared 15 minutes later. A reaction was con-
sidered positive if the weal was at least 3 mm
diameter more than that of the control, and the
flare 5 mm more than that of the control.

SERUM IgE
Total serum IgE was measured with a competi-
tive radioimmunoassay kit (Pharmacia Ltd).
Specific IgE to A fumigatus was measured by
radioallergosorbent test (RAST) (Pharmacia
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Ltd). Positive responses were compared with
standards and graded 0-4.

PRECIPITINS TO A FFUMIGATUS
Precipitins were detected by counterimmune
electrophoresis of serum dilutions against soma-
tic and culture filtrate antigens of A fumigatus
(Mercia Diagnostics Ltd) as described
previously.8

EOSINOPHILIA
Differential white cell counts were measured by
image analysis using standard laboratory equip-
ment (Hematrak 590). A value >0 4x 109/1 was
regarded as supporting the diagnosis of allergic
bronchopulmonary aspergillosis.

SPUTUM CULTURE FOR A FUMIGATUS
Sputum was mixed with an equal volume of
dithiothreitol (Sputasol, Oxoid) and incubated
at 370C to digest it. A 10 ,tl aliquot was plated
out on Sabouraud's medium containing colomy-
cin at a strength of 13 mg/l. The plates were
incubated at 37°C and inspected daily for fungal
growth.

PULMONARY INFILTRATE
This was defined as a confluent opacity on chest
radiograph measuring more than 1 cm in two
separate diameters. Areas of segmental or lobar
collapse were also included in this definition.

CLINICAL SCORES
The Shwachman score grades the clinical state
of patients with cystic fibrosis.9 Points are allo-
cated for general activity, physical examination,
nutrition, and radiographic findings. A total of
100 points are possible; a higher score indicates
a better clinical condition.

The Chrispin-Norman score grades the sever-
ity of changes seen on chest radiographs in
patients with cystic fibrosis.'0 A total of 38
points may be allocated; higher scores are given
for more severe disease.

Results
Ninety nine (72%) of the 137 patients required
intravenous treatment with antibiotics during
the three years of the study period. A total of
339 courses were given to these patients of
which 54 (16%) were associated with new pul-
monary infiltrates. Eleven (20%) of these epi-
sodes were subsequently diagnosed as allergic
bronchopulmonary aspergillosis and they occur-
red in eight (6%) of the patients.
At the time of diagnosis six of the eight

patients had increased respiratory symptoms.
The remaining two were stable with minimal
symptoms and were detected from their routine
six monthly radiographs. As a group these
patients represented 11% of the patients with
airways obstruction, although they had little
other evidence of atopy. One patient had nasal
polyps with perennial rhinitis, and another had
allergic rhinitis. No patient had a history of
eczema or food allergy.
The ages of the patients with allergic bron-

chopulmonary aspergillosis ranged from 6-20
years at the time that it was first diagnosed.
They were all in good condition (Shwachman
scores 70-90) with mild or moderate radiologi-
cal evidence of cystic fibrosis (Chrispin-Norman
scores 2-15). Only three patients were chroni-
cally infected with Pseudomonas aeruginosa
(table 1).
As well as new pulmonary infiltrates all

patients had immediate skin sensitivity to
A fumigatus, an appreciable degree of reversible
airways disease, A fumigatus precipitins (one
patient was not tested), and positiveA fumigatus
specific IgE. Six of the patients had eosinophi-
lia, seven had raised total serum IgE concentra-
tions, and seven grew A fumigatus in their

Table I Clinical condition at time of diagnosis of allergic bronchopulmonary aspergillosis

Case No Date of Age Shwachman Chrispin-Norman Normal bacterial pathogen
diagnosis (years) score score

1 May 1986 6 75 5 Pseudomonas aeruginosa
2 July 1986 12 90 5 Staphylococcus aureus and Haemophilus influenzae
3 June 1987 15 90 6 No growth
4 August 1987 20 75 12 Pseudomonas aeruginosa
5 September 1987 12 5 85 8 Haemophilus influenzae and Staphylococcus aureus
6 October 1987 10 70 12 Staphylococcus aureus and Haemophilus influenzae
7 November 1987 11 75 15 Pseudomonas aeruginosa
8 September 1988 8 95 2 No growth

Table 2 Diagnostic features of allergic bronchopulmonary aspergillosis
Case Appearance on chest radiograph IgE RAST to Precipitins Eosinophils A fumigatus
No (pg/l) A fumigatus (serum dilutions) (x 09/l) in sputum

(grade)

1 Left upper lobe collapse/consolidation 864 2 Not available 1-260 Positive
2 Right lower lobe consolidation 3600 3 1/16 0-428 Negative
3 Left upper lobe consolidation 5040 2 1/1 0-686 Positive
4 Left upper lobe linear atelectasis 7560 1 1/8 1-050 Positive
5 Right upper lobe consolidation 1200 2 1/4 0-252 Positive
6 Right middle lobe collapse/consolidation 504 2 1/32 2-074 Positive
7 Right mid lobe and left upper lobe

consolidation 5400 2 1/8 0-112 Positive
8 Left upper lobe collapse/consolidation 115 1 1/8 0-661 Positive
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sputum (table 2). All patients responded to
courses of oral steroids.
The patients with allergic bronchopulmonary

aspergillosis have been followed up for one to
three years, and there has been little overall
change in their respiratory function and nutri-
tion during this period. Case 2 had a pro-
nounced improvement in his respiratory func-
tion, which could be accounted for by more
vigorous treatment of P aeruginosa infection
after transfer to our unit. Two patients have had
relapses since their original diagnosis and treat-
ment.
The following two case reports illustrate some

of the problems of management.

CASE 8
This patient was referred at the beginning of
1987 aged 6-8 years in good clinical condition.
Eighteen months after her referral she develo-
ped symptoms of asthma with a troublesome
cough at night and occasional wheezing. A chest
radiograph at this time showed only mild hyper-
inflation.

She improved temporarily when treated with
an inhaled 2 agonist and inhaled steroids, but
after renewed symptoms, loss of 1 kg in weight,
and a sputum culture that grewP aeruginosa she
was admitted for an intravenous course of piper-
acilin and tobramycin.
There was no improvement after one week's

treatment. A chest radiograph showed left
upper lobe collapse and consolidation, and
sputum was reported as growing A fumigatus
only. The results of blood tests did not confirm
the diagnosis (table 1) but treatment with oral

prednisolone (1 mg/kg/day) resulted in some
improvement on the chest radiograph one week
later, and full resolution of previously noted
acute changes after one month's treatment with
steroids. Her symptoms completely resolved
and she regained weight. Four months after her
original illness she was well on maintenance
treatment with inhaled beclomethasone.

CASE 5
This patient was transferred to our unit at the
age of 11 years. She was in good clinical condi-
tion with evidence of reversible airways disease
on testing. Regular treatment with a broncho-
dilator was advised.
One year later she developed a persistent

cough that did not respond to oral treatment
with flucloxacillin and amoxycillin. A chest
radiograph showed right upper lobe consolida-
tion (figs 1 and 2). A diagnosis of allergic bron-
chopulmonary aspergillosis seemed likely as she
fulfilled most of the established criteria (table 2)
and a course of oral steroids was prescribed; the
medication was not given, however, because of
her parents' anxieties about the potential side
effects. Her symptoms persisted despite
inpatient intravenous treatment with piperacil-
lin, lincomycin, and cloxacillin. Acute changes
on the chest radiograph were unchanged, and
results of immunological investigations con-
tinued to support the diagnosis of allergic bron-
chopulmonary aspergillosis. Her parents
remained reluctant for her to be given steroids.
Her symptoms settled over the next two months
with spontaneous resolution of radiographic
changes, but with evidence of residual right
upper lobe contraction.
One year later the routine radiograph showed

right upper lobe consolidation; the diagnosis of
allergic bronchopulmonary aspergillosis again
seemed likely. After a 14 day course of enteric
coated prednisolone prescribed by her general
practitioner there were no changes on the radio-
graph. The consolidation cleared, however,
after treatment with a non-enteric coated prepa-
ration. Residual right upper lobe contraction
remained as before. Five months later she
remained well, taking 10 mg prednisolone on
alternate days.

Discussion
The importance ofA fumigatus in patients with
cystic fibrosis remains controversial. Many
patients have evidence of sensitisation to the
fungus, 11-13 and there is a smaller number who
fulfil the diagnostic criteria for allergic broncho-
pulmonary aspergillosis.6 7 Progressive destruc-
tion of the lungs leading to end stage fibrotic
lung disease and respiratory failure has been
described in asthmatic patients with the
disease.'4 As sensitisation to A fumigatus in
patients with cystic fibrosis is associated with
decreased lung function and poorer clinical
condition,'` it has been postulated that it
might contribute to lung damage. '5

Figure I Case 5: consolidation/collapse ofanterior segment
ofright upper lobe; posterior-anterior view.
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Figure 2 Case 5: consolidationlcollapse ofanterior segmnent of right upper lobe;
lateral view.

Other workers have either not found allergic
bronchopulmonary aspergillosis in their
patients,16 or have been unable to confirm that
the immunological sensitisation is associated
with poorer clinical condition.7 16 It has been
suggested that bacterial infection, particularly
chronic P aeruginosa infection, is. the most
important factor contributing to lung damage,
and that allergy does not have an appreciable
effect. 17
Over the three year study period of our

patients with cystic fibrosis eight (5-8%) devel-
oped allergic bronchopulmonary aspergillosis;
further episodes occurred in two patients during
the same time (a total of 11 episodes). In our
cases the diagnosis was confirmed by radiologi-
cal and clinical improvement after treatment
with steroids, when there had been no improve-
ment with standard antibacterial treatment-a
criteria rarely mentioned in previous reports.
This is important, because pulmonary infil-
trates in cystic fibrosis may have other causes,
particularly bacterial infections.

This may be an underestimate of the true
incidence of the disease. Allergic bronchopul-
monary aspergillosis often resolves sponta-
neously (case 5) and thus has the potential for
being missed in patients who are otherwise well.
We feel that the regularity of follow up and
radiological examination in our clinic makes this
unlikely.

Allergic bronchopulmonary aspergillosis has
been described in patients with normal
radiographs"8 and this is another reason for it to
be missed. The diagnosis was confirmed by the
finding of proximal bronchiectasis on bron-
chography, a procedure likely to be hazardous
in patients with cystic fibrosis. Moreover,
proximal bronchiectasis is common to bQth
conditions.

Prednisolone given orally is now well estab-
lished as the treatment of choice for allergic
bronchopulmonary aspergillosis. The dose of
steroids that we used is higher than that
normally recommended,'9 but this is based on
anecdotal experience of poor response to con-
ventional regimens.

It is important to ensure that non-enteric
coated preparations are given, as enteric coated
steroids may not be satisfactorily absorbed in
patients with cystic fibrosis (case 5).20 Treat-
ment with high doses of steroids can provoke
diabetes mellitus in these patients (case 7) and
this complication must be regularly sought.
Long term treatment may result in stunting of
growth and osteoporosis. We hope that new oral
antifungal agents will provide an alternative,
both for treatment of acute episodes of allergic
bronchopulmonary aspergillosis and for
prophylaxis against future attacks.2'
Modern management of cystic fibrosis has led

to an increase in life expectancy of patients
within the United Kingdom.22 This has been
achieved as a result of more intensive treatment
for improving nutrition and controlling respira-
tory infection. Many young patients have mini-
mal symptoms, mild radiographic changes, and
well preserved respiratory function. It is within
this group of patients that allergic bronchopul-
monary aspergillosis has presented a problem.
We conclude that allergic bronchopulmonary

aspergillosis is not uncommon in patients with
cystic fibrosis and should be considered in all
patients in whom new pulmonary infiltrates are
seen on chest radiography. We suggest that
prospective screening of patients with regular
assessment of both radiographs and immuno-
logical reactions toA fumigatus may detect cases
early. This is important, because prompt treat-
ment may prevent lung damage that is not
caused by bacteria.

We thank the Cystic Fibrosis Research Trust for funding Dr
E J Simmonds.
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