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IgG antibodies to Aspergillus fumigatus in cystic
fibrosis: a laboratory correlate of disease activity
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SUMMARY Serum was collected from 50 patients with cystic fibrosis, and IgG antibodies to
Aspergillus fumigatus were measured by enzyme linked immunosorbent assay (ELISA). In
addition, total IgE and Aspergillus specific IgE antibodies were measured in 41 of the 50. A close
association was found between pulmonary function and clinical state, and IgG antibodies to
Aspergillus. There was no association between pulmonary function or clinical state and IgE
antibodies.

It is postulated that in patients with cystic fibrosis, Aspergillus fumigatus may contribute to
deterioration in pulmonary function by local pathogenicity, or by hypersensitivity mechanisms
mediated by IgG.

Pulmonary disease is the major cause of morbidity
and mortality among patients with cystic fibrosis.
Little is known about pulmonary mucosal defence
mechanisms, even in the healthy adult. IgG is
known to be the predominant pulmonary immuno-
globulin in both adults' and children,2 and IgA is
more important in the upper airway. IgG is an
efficient fixer of complement, so there is the
potential in the lower respiratory tract for IgG
hypersensitivity mechanisms to occur if there is
immune dysregulation. The most important cause of
progressive pulmonary disease in cystic fibrosis is
likely to be chronic infection with Pseudomonas
aeruginosa.3 Two studies, however, have shown that
children with cystic fibrosis and low concentrations
of serum IgG had better lung function and general
health than age matched children with cystic fibrosis
and normal IgG concentrations.i5 Overall, patients
with cystic fibrosis have higher serum IgG and IgM
concentrations than control subjects.6 It has also
been shown that high titres of precipitating anti-
bodies to P aeruginosa in patients with cystic
fibrosis may be harmful rather than protective.7-8
Circulating immune complexes are common in cystic
fibrosis, and are associated with acute respiratory
exacerbations and deteriorating pulmonary func-
tion.9 These features suggest that hypersensitivity
mechanisms and increased inflammatory activity
may participate in the pulmonary damage. Indeed
the results of a trial of prednisolone given on

alternate days to patients with cystic fibrosis sug-
gested that there was an appreciable delay in
deterioration of lung function tests and fewer
hospital admissions in the group treated with
prednisolone.
The frequency with which Aspergillus precipitins

are detected in patients with cystic fibrosis varies
from 30% to 60%,1112 and their number often
parallels the severity of pulmonary disease.13
A fumigatus is a ubiquitous fungus, and all lungs are
constantly exposed to it. Allergic aspergillosis has
been reported in up to 11% of patients with cystic
fibrosis, 4 but is rare in normal subjects. This
suggests that patients with cystic fibrosis have an
abnormal response to Aspergillus, and that there
may be important abnormalities in mucosal regula-
tion and defence in patients with cystic fibrosis.
Unfortunately precipitation in gels is an insensitive,
albeit specific, method for the detection of circu-
lating Aspergillus antibody. In addition, it is quali-
tative, not quantitative.
Our aim was to characterise more fully the

response to Aspergillus in patients with cystic
fibrosis, and to relate the findings to their general
health and pulmonary function. An ELISA for the
detection of serum IgG antibodies to A fumigatus
that had been developed in our laboratory was
therefore applied to the serum of patients with cystic
fibrosis. This ELISA gives quantitative results with
high sensitivity.
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Patients and methods

Serum for assay of IgG antibody to A fumigatus was
collected from 50 patients with cystic fibrosis as part
of their routine annual blood monitoring. A few of
the patients had serum collected during an admis-
sion to hospital because of exacerbation of their
pulmonary disease. Their ages ranged from 2-5 to 29
years. Forty one patients also had total IgE and
Aspergillus specific IgE measured. As sputum cul-
ture for Aspergillus is somewhat unreliable, it was
not performed. Serum was also collected from 40
age matched patients with mild, episodic asthma to
serve as controls. There were insufficient age
matched patients with bronchiectasis who did not
have cystic fibrosis to act as controls.
For the Aspergillus IgG ELISA, the Aspergillus

antigen was prepared from a commercially available
supply (Aspergillus somatic antigen, Mercia Bro-
cades). The Aspergillus antigen was diluted to
25 [sg/ml in sodium carbonate buffer, pH 9-6. Fifty
microlitres of the diluted antigen was added to a 96
well, round bottomed, polystyrene, microtitre plate
and left at 4°C overnight. There were eight dilutions
of each serum starting at 1/15 and diluting three fold
from then on-that is, 1/45, 1/135, 1/405, and so on.
These dilutions were performed in triplicate in
phosphate buffered saline (PBS) containing 0-05%
Tween 20 and 0-25% bovine serum albumin (PBS-
T-BSA). This was added to the antigen coated
plates and incubated for one hour at 37°C, followed
by two hours at 4°C. Plates were then washed five
times with PBS-T, and 100 tl of alkaline phospha-
tase labelled antihuman IgG (DAKO) added to
each well and incubated for 16 hours at 4°C. Plates
were washed five times in PBS-T and 100 ,ul of a
1 mg/ml solution of p-nitrophenyl phosphate in
diethanolamine buffer, pH 9-8, added to each well.
After 30 minutes at 37°C the reaction was stopped
by adding edetic acid to a final concentration of 40
mM. Absorbance was measured at 405 nm on an
automatic ELISA plate reader (Dynatech MR600),
and graphs were drawn for each serum. The serum
titre was calculated by interpolation of the graphs,
and expressed as the serum dilution yielding an
optical density of 0-4. ELISA units were calculated
by reference to a known positive reference included
in each run. This consisted of a pool of seven high
titre serum samples in aliquots stored at -80°C. One
aliquot was removed and run with each test.
Using the result from the reference aliquot, an

ELISA value was given for each sample using the
following formula: titre of test serum x 1000/titre of
reference serum=ELISA units. The reference
samples were arbitrarily assigned a value of 1000
units, and each test sample was compared with this

value. The interassay coefficient of variation for this
ELISA is 23%, and the intra-assay variation 10-4%.
Total serum 1gE was measured with the Phadezym
IgE PRIST, and Aspergillus specific IgE antibodies
were measured with Phadezym RAST 60
(Pharmacia Diagnostics AB).
Except for seven patients who were too young, all

had pulmonary function tests performed; these were
done with the patient standing. Maximum expira-
tory flow volume curves were obtained with an
OHIO 842 spirometer and the curves were displayed
on a Hewlett-Packard 7041 A X-Y recorder. Forced
vital capacity (FVC), forced expiratory volume in
one second (FEV1), and forced expiratory flow
measured between 25% and 75% of the expired
vital capacity (FEF25 75), were derived from the
curve. At least three curves were performed for
each subject. The results were expressed as a
percentage of expected value for height.
The general health of the patients was assessed

using the Shwachman score, a four way appraisal of
health covering general activity, physical examina-
tion, nutrition, and chest radiograph.'5

Pearson correlation coefficients were computed
from linear regression analyses. Significance was
assessed by reference to standard tables.

Results

All control subjects had undetectable IgG specific
antibodies to A fumigatus.

Overall, 70% of the patients with cystic fibrosis
had measureable IgG antibodies to Aspergillus. All
patients older than 12 years had measurable IgG
antibodies (fig. 1). No patient younger than 4 years
had detectable antibodies. There was a progressive
rise in antibody titres with increasing age (r=0-57,
p<0-001). The three patients who died from their

Age (years)
Fig 1 IgG antibodies to Aspergillus (ELISA units) and
age; r=0-57p<0-001. Some values are concentric.
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disease during the study had IgG antibody titres of
250, 978, and 1198 units.
There was a close correlation between the Asper-

gillus IgG value and the Shwachman score (fig 2).
As the Shwachman score deteriorated the Aspergil-
lus IgG value increased (r=-0.79, p<0-001). All
patients with Shwachman scores of less than 70 had
detectable antibodies. There was also a close cor-
relation between increasing Aspergillus IgG values
and deteriorating pulmonary function (figs 3-5).
FEVy and FEF2575 as % of predicted values showed
similar results (r= -0.67 and -0-68, p<0-001). With
increasing Aspergillus IgG values there was a fall in
FVC (r=-0.61, p<0-001). All patients with
FEF2%,75 less than 68%, FEV1 less than 75%, FVC
less than 60% of predicted values, had detectable
Aspergillus IgG antibodies.

Shwachman score

Fig 2 IgG antibodies to Aspergillus (ELISA units) and
Shwachman score; r= -0-79, p<0-001. Some values are
concentric.
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Fig 3 IgG antibodies to Aspergillus (ELISA units) and
FEV,; r= -0-68, p<0-001. Some values are concentric.
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Fig 4 IgG antibodies to Aspergillus (ELISA units) and
FEF25-75. r= -0-67, p<0-001. Some values are

concentric.
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Fig 5 IgG antibodies to Aspergillus (ELISA units) and
FVC. r= -0-61, p<0-001. Some values are concentric.

There was no correlation between Aspergillus IgG
antibody titres and either Aspergillus IgE titres or
total IgE. Nine of 47 patients tested (19%) had
detectable IgE antibodies to Aspergillus, and 10 of
41 (24%) had raised total IgE concentrations.

Discussion

A fumigatus is present in air, soil, animals, plants,
and water. It has even been reported in 90% of
commercial packages of macaroni, spaghetti, and
similar pasta products. 16 The isolation of Aspergillus
in sputum is therefore difficult to interpret. Air-
borne Aspergillus can lodge on sputum as it is
expectorated or during culture making the assess-
ment of colonisation or infection difficult. Hence,
serological evidence of Aspergillus is more specific.
This fungus can, after inhalation, produce different
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patterns of respiratory tract infection: saprophytic
bronchopulmonary aspergillosis (colonisation),
aspergilloma (mycetoma or fungus ball), hypersensi-
tivity induced aspergillosis, and invasive pulmonary
aspergillosis. 17
Our finding of IgG antibodies to Aspergillus in

70% of patients with cystic fibrosis is the highest
reported. That the antibody titre rises with increas-
ing age, falling Shwachman score, and falling
respiratory function values, indicates the import-
ance of the fungus in patients with cystic fibrosis.
Rising Aspergillus IgG values with age indicate
progressively more exposure to the fungus, or a
progressively aberrant immune reponse. The high
serum IgG values in those patients in a poor clinical
state (low Shwachman score) presumably reflects a
high antigen load presented to the systemic immune
system, possibly because of inefficient removal of
antigen from diseased, bronchiectatic lungs. That no
child younger than 4 years had detectable antibodies
might suggest that appreciable anatomical or im-
munological airway disease becomes established
after that age.
The closest correlation with the Aspergillus IgG

value was the Shwachman score, a measurement of
general health. If the severity of lung disease was the
measurement most influencing the development of
IgG antibodies, we might have expected the correla-
tion between the antibody titre and respiratory
function results to have been closer than that
between antibody titre and Shwachman score.
Limitations in the ELISA or the respiratory function
testing, or the influence of other aspects of pulmon-
ary disease may have influenced this result. In
addition, the degree of bronchiectasis, mucus
plugging, and narrowing of small airways is variable
in those dying from cystic fibrosis.18
There is evidence that high precipitating anti-

bodies against P aeruginosa may be important in
exacerbating pulmonary disease through inflamma-
tory mechanisms.'` We found high titres of IgG
antibodies to Aspergillus, particularly in those with
more severe disease. Raised IgG antibody titres in
those with more severe disease may simply be due to
colonisation of damaged lung. Another possibility is
that the high antibody titres might lead to an
increase in the amount of inflammation in diseased
lungs-for example, through immune complexes
and complement activation-contributing to further
damage.9

Invasive aspergillosis is lethal and requires speci-
fic antifungal chemotherapy. Pulmonary invasion is
said to occur because of decreased host defences,
particularly in neutropenia and leukaemia, with
colonisation only occurring in the presence of
chronic lung disease.'9 There is some evidence of

decreased systemic immunity in cystic fibrosis,2" and
little is known about respiratory mucosal defence. In
addition, invasive pulmonary aspergillosis has been
reported recently in patients who were neither
immunocompromised nor neutropenic.2' We have
established that there is a vigorous response to
Aspergillus, particularly in those with more severe
disease. It s important therefore to ensure that some
degree of localised pulmonary invasion by Aspergil-
lus is not occurring late in the course of their
disease.

Hypersensitivity induced aspergillosis has been
reported in 11% of patients with cystic fibrosis.'4
That 19% of our patients had positive RAST scores
to Aspergillus suggests that a sizeable subgroup of
patients with cystic fibrosis may have abnormal
immune regulation to this fungus, particularly at the
respiratory mucosal surface. As there was no
correlation between pulmonary function and Asper-
gillus specific IgE antibodies, however, it is unlikely
that mechanisms mediated by IgE are important in
most of these patients. Further studies on respira-
tory mucosal defence and the influence of Aspergil-
lus on lung disease in patients with cystic fibrosis are
needed. In particular, pharmacological measures
aimed at reducing colonisation by A fumigatus and
hypersensitivity mechanisms, allied to respiratory
function testing, might be considered.

In summary, we have described a sensitive
method for the detection of IgG antibodies to
Aspergillus. Patients with cystic fibrosis have high
IgG antibody titres to Aspergillus that parallel
progression of the disease. What contribution if any
the fungus makes to pulmonary disease, and what
contribution the high IgG antibodies and inflam-
matory mechanisms make, remain to be established.
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