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Atopy, immunological changes, and respiratory
function in bronchiectasis
MB MURPHY, DJ REEN, MX FITZGERALD

From the Medical Professorial Unit, St Vincent's Hospital; and the Children's Research Centre, Our Lady's
Hospital for Sick Children, Dublin

ABSTRACT Cystic fibrosis has been reported to be associated with an increased prevalence of
atopy and reversible airways obstruction. To determine whether such features can also result
from other chronic suppurative lung infections, we studied 23 patients with proved bronchiectasis,
and 23 age and sex matched normal controls. A personal or family history of atopy was reported with
equal frequency in the two groups. Although the groups displayed a similar prevalence of positive
immediate hypersensitivity skinprick test responses, the positive patients reacted to more anti-
gens (p < 0.05) and had larger weal diameters (p < 0.01) than the positive controls. Other
indices, such as blood eosinophil counts and serum IgE, did not differ significantly. Serum
concentrations of immunoglobulins G, A, and M and of the four IgG subclasses tended to be
higher in patients than controls, but only in the case of IgA (p < 0-01) was this difference
significant. No case of IgG subclass deficiency was noted. The patients displayed significant
airflow obstruction, the mean basal one second forced expiratory volume (FEV,), forced vital
capacity (FVC), and peak expiratory flow rate (PEFR) being 67%, 77%, and 67% of their
predicted values. There was evidence of a significant reversible obstructive component in that
FEV, or PEFR or both increased by 15% or more in nine of the 23 patients after inhalation of
fenoterol, the mean increases in FEV,, FVC, and PEFR for the whole group being 9 5%, 11%,
and 16*9%. These results indicate that while bronchiectasis provokes a hyperimmune response it
differs from cystic fibrosis in that there is no significant increase in the prevalence of atopy. The
finding of reversible airways obstruction, however, suggests that bronchodilators may be useful
adjuncts to treatment.

An increased prevalence of atopy and reversible
airways obstruction has been reported in patients
with cystic fibrosis' -4 but its significance is unclear.
Some authors suggest that atopy is genetically an
intrinsic part of the cystic fibrosis syndrome, while
others propose that it is a consequence of prolonged,
excessive stimulation of the immune system by
chronic infection. To test the hypothesis that chronic
infection per se predisposes to atopy, we studied
patients with bronchiectasis, a condition where pul-
monary pathological changes are in many respects
similar to those of cystic fibrosis.

Previous studies of atopy in bronchiectasis have
been few and have produced contradictory results.
Varpela et al,S in an uncontrolled study, reported an

increased prevalence of atopy; while Hilton and
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Doyle,6 using diseased controls, and Nogrady et al,'
in another uncontrolled study, failed to confirm this.
We have therefore studied a comprehensive range
of atopic indices and the extent of reversible airways
obstruction in 23 patients with bronchiectasis and in
age and sex matched controls. We have measured
total serum IgG, IgA, and IgM, and we have also
measured IgG subclasses, which have not previously
been evaluated in bronchiectasis.

Methods

Twenty-three patients (17 female and six male)
attending the chest clinic at St Vincent's Hospital
volunteered for study. Their mean age was 36 years
(range 14-60). Each had chronic productive cough
and bronchographically proved bronchiectasis.
Patients with cystic fibrosis or allergic bronchopul-
monary aspergillosis were excluded. Twenty-three
age and sex matched normal controls, either hospital
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personnel or volunteer blood donors, were similarly
studied.

All subjects answered a respiratory questionnaire,
documenting family history of chest disease, smok-
ing habits, and current symptoms such as cough,
sputum quality and volume, haemoptysis, and dys-
pnoea. Additionally, in the case of the patients with
bronchiectasis, duration of symptoms, precipitating
illness, concurrent or past illness, and current treat-
ment were recorded. Each subject completed an
atopy questionnaire, recording personal or family
history of asthma, wheeze, eczema, urticaria,
allergic rhinitis, angioneurotic oedema, contact
dermatitis, and drug allergy. A subject was deemed
to have a positive atopic history if one or more of
these features were present. A positive family his-
tory was assumed if any first degree relative had one

or more positive features.
Patients and controls underwent skin hypersen-

sitivity testing by the prick method, using a diluent
control, and 13 commercially available common
allergen extracts: grass pollen, tree pollen, house
dust, Dermatophagoides pteronyssinus, mixed feath-
ers, cat fur, Aspergillus fumigatus, A terreus,
Cladosporium spp, Timothy grass, and three mixed
mould extracts (Bencard M5, M10, and Mll). A
weal of 3 mm or more in diameter, on the volar
surface of the forearm, constituted a positive result.
Peak expiratory flow rate (PEFR), measured with

a Wright peak flow meter; forced expiratory volume
in one second (FEV,); and forced vital capacity
(FVC), measured with a dry spirometer (Vitalo-
graph), were recorded at rest. They were repeated
10 minutes after inhalation of 360 gg of the /2

adrenergic agonist fenoterol. Subjects were studied
at the same time of day to eliminate diurnal varia-
tion, and the best of three attempts at each test was
recorded. Patients using bronchodilators or steroids
withheld their medications, according to the pro-

tocol of Chai et al.8
Serum IgE was measured by radioimmunoassay

and IgG, IgA, and IgM by radial immunodiffusion.
IgG subclasses were measured by the radial
immunodiffusion method of Mancini9 (antisera pro-

vided courtesy of Seward Laboratories and the
Netherlands Blood Transfusion Service, with World
Health Organisation reference controls). Aspergillus
fumigatus precipitins were sought in all cases by the
agar gel diffusion technique of Longbottom and
Pepys.'0 Blood eosinophil counts were made by the
counting chamber method.

Results

CHARACTERISTICS OF GROUPS
The mean duration of respiratory symptoms in the

Murphy, Reen, FitzGerald

23 patients was 21 years (range 2-50), beginning
before the age of 10 in 14 (61%). The main symp-
toms were chronic productive cough, which was pre-
sent in all 23 patients; dyspnoea on exertion, present
in 17 (74%); and haemoptysis, which was reported
in 14 (61%). Lung auscultation identified crepita-
tions in 14 patients (61%) and 11 (48%) had finger
clubbing.

In the patients the mean daily sputum volume at
the time of the study was 60 ml and, although all had
purulent sputum, organisms were cultured in only
10 cases (43%). Haemophilus infiuenzae was the
commonest pathogen, being found in eight of the 10
culture positive patients, while pneumococci were
found in two and Pseudomonas aeruginosa in one.
The extent of the disease on bronchography varied
from a single lobe affected in four patients to all five
lobes in two, the mean being 2-8 diseased lobes per
patient. Eleven patients were taking prophylactic
antibiotics and five, known to have reversible air-
ways obstruction, took inhaled or oral bron-
chodilators. Three of the five were having inhaled
corticosteroid treatment and two with severe
wheeze were taking prednisolone 5 mg daily.

ATOPIC INDICES
There was no significant difference between patients
and controls in the prevalence of atopic symptoms
(12 and 10 respectively) or in the prevalence of fam-
ily atopy (12 and 11). Individual atopic symptoms,
with the exception of wheeze (five patients but no
control), occurred with the same frequency in both
groups (table 1).
Responses to skinprick tests were positive in

seven patients and six controls but patients with
positive results had significantly more reactions
(mean 5-4) than controls with positive results (mean
2.6; p < 0.05). Patients with positive responses also
had a larger mean weal diameter (5.3 mm) than con-
trols with positive responses (3.9 mm) (p < 0-01).
Table 2 illustrates the prevalence of positive reac-
tions in each group. Three patients, but no control,
reacted to non-specific composite mould extracts;
two of these also reacted to A fumigatus. These

Table 1 Atopic symptoms in 23 patients with
bronchiectasis and 23 normal controls

No (%l) of
Symptoms patients controls p *

Wheeze 5 (22) <0 05
Eczema 3 (13) 2 (9) NS
Contact dermatitis 6 (26) 4 (17) NS
Allergic rhinitis 2 (9) 2 (9) NS
Urticaria 4 (17) 4 (17) NS
Drug sensitivity 3 (13) NS

*Fishers exact probability test. NS-not significant.
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Table 2 Results of immediate hypersensitivity skin tests in patients and controls

Patients Controls

Allergen Number Mean Number Mean
positve diameter (mm) positive diameter (mm)

Aspergillus fumigatus 2 9 0 -
Aspergillus terreus 3 5 2 5
House dust 6 4 5 4
Dermatophagoides pteronyssinus 5 6 2 3
Mixed moulds (M5) 2 4 0 -

Mixed moulds (M10) 3 4 0 -

Mixed moulds (Ml1) 1 4 0 -

Pollen (trees) 3 4 0 -

Pollen (grass) 1 7 1 4
Cat fur 5 5 1 4
Mixed feathers 4 4 4 4
Cladosporium spp 1 6 0 -

Timothy grass 2 10 1 5
Control (diluent) 0 - 0 -

Patients Controls
(n= 7) (n= 6)

No of positive reactions 5-4 p < 0-05 2-6
(per"positive" subject) (unpaired t test)
Mean weal diameter 5-3 mm p < 0-01 3-9 mm
(per "positive" subject) (unpaired t test)

three mould positive patients, however, displayed treatment.
no enhancement of other allergic phenomena. For
example, only one had a raised IgE concentration IMMUNOGLOBULIN STUDIES
and all had normal IgG4 concentrations. Similarly, The serum concentrations of immunoglobins tended
positive reactions to moulds were not related to dis- to be higher in the patients (table 3). The serum IgA
ease severity. or duration, as patients with equally concentration was significantly higher in the patients
severe disease, of longer duration, had no positive than in the controls (p < 0.01) and it was
reactions. The sole patient with a documented significantly correlated with sputum volume and the
pseudomonas infection (but a negative result in the number of diseased lobes (r = 07, p < 0-01 for
sweat test) had negative skin test responses. No sub- both). No subject had IgA deficiency. Although
ject had aspergillus precipitins. patients' total IgG (13.08 (4.96) g/l) did not differ
There were no significant differences between the significantly from that of controls (12-61 (2.86) g/l),

groups in blood eosinophil counts (patients' mean three patients but no control had raised concentra-
(SD) count was 226 (212)/mm3 and the control tions. These three patients had the most severe dis-
count was 167 (117)/mm3) or in serum IgE concent- ease, defined bronchographically and by volume of
rations (patients: 44 (61) U/ml; controls: 57 daily sputum. The serum concentrations of IgM and
(61) U/ml). None of the atopic indices correlated the four IgG subclasses were similar in the two
significantly with disease severity or duration, pul- groups. Serum concentrations of the IgG subclasses
monary function, the presence or absence of H showed a wide range of values (fig 1). In none of the
infiuenzae infection, or prophylactic antibiotic subclasses was serum concentration correlated with

Table 3 Serum immunoglobulins in 23 patients with bronchiectasis and 23 normal controls

Immunoglobulins Patients (mean (SD)) Controls (mean (SD)) p*
G (g/l) 13-08 (4'96) 12-61 (2'86) NS
A (gil) 3-38 (1-66) 2-00 (0-48) <0.01
M (g/l) 175 1.01 1-70 (0-53) NS
E (U/ml) 44 (61) 57 (61) NS

Median (range) Median (range)
IgG (g/l) 6-6 (4.3 -19-5) 7 5 (50 -12-1) NS
IgG gil) 34 (2-0 - 8-7) 3-2 (19- 5.7) NS
IgG, g/l) 0-99(0-31- 2.46) 0-74(0-24- 1-5) NS
IgG4 g/l) 0-36(0-1 -3.75) 0-44(0-15-1-32) NS

*Mann Whitney test; p = level of significance. NS = p > 0.05.
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Fig 1 IgG subclass concentrations in 23 patients with
bronchiectasis (0) and 23 normal controls (a). IgG, and
IgG2 are on a linear scale and IgG3 and IgG, on a
logarithmic scale.

disease severity as defined by daily sputum volume,
by number of diseased lobes on bronchography or
by disease duration. Total serum IgG calculated by
the summation of the values for the individual sub-
classes showed good agreement with the estimated
value.
To exclude the possibility that the prevalence of

atopic indices and immunoglobin concentrations in
the group of patients were modified by the use of
steroids in a subgroup, the data on the 18 untreated
patients and their matched controls were reanalysed
separately. Again, there was no significant differ-
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Fig 2 Pulmonary function in bronchiectasis. The upper
panel illustrates the forced expiratory volume in one second
(FEV,), forced vital capacity (FVC), and peak expiratory
flow rate (PEFR) in 23 patents (P) and 23 controls (C)
before (left hand column in each pair) and after (right hand
column) inhalation offenoterol. The lower panel shows
these pulmonary function indices expressed as percentages
ofthe predicted values. Results are expressed as means and
standard errors. ***p < 0-001 for the comparison of
patients and controls before administration of
bronchodilator.

Table 4 Influence offenoterol (360 pg) on pulmonary function in 23 patients with bronchiectasis and 23 normal controls
(values are means with standard deviations in parentheses)

Patients Controls

Before After Before After p*

FEV, 2110 (1070) 2260 (1040) 3270 (640) 3330(640)
% predicted 67 (29) 108 (15) <0001
Mean % change 9-5 (12-2) 2-1 (3-7) <0-01

FVC (ml) 2810 (1210) 3040 (1110) 3720(740) 3740(690)
% predicted 77 (23) 106 (15) <0-001
Mean % change 11-0 (15-1) 0.9 (3-5) <0-001

PEFR (I/min) 297 (129) 335 (125) 449 (90) 460 (93)
% predicted 67 (31) 102 (14) <0001
Mean % change 16-9 (20-1) 2-9 (6-9) <0005

*Unpaired t test.
FVC-forced vital capacity; PEFR-peak expiratory flow rate.
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ence between the groups in any of the atopic indices
and the excess of IgA in patients was confirmed.

PULMONARY FUNCTION
As a group the patients displayed appreciable air-
ways obstruction (table 4). The mean FEV1 of the
patients was below normal and significantly lower
than that of controls. Furthermore, the mean
increase in FEVI after inhalation of fenoterol was
significantly greater in patients than in controls.
Similarly, the mean PEFR of the patients was lower
in patients than in controls and showed a
significantly greater improvement after inhalation of
fenoterol. Finally, the FVC showed significantly
greater improvement in the patients than in the con-
trols. Only five of the nine patients with significant
reversibility of airways obstruction (that is,
improvement of 15% or greater in FEV, or PEFR)
admitted to having asthma or wheeze on the ques-
tionnaire.

Discussion

Several studies in patients with cystic fibrosis have
showed an increased prevalence of atopy.1-3 A
recent report from our own group4 records a greater
prevalence of personal and family history of atopy,
more positive skin test responses, and higher IgE
and IgG4 concentrations in older patients with cystic
fibrosis than in matched controls. The present study
of a group of patients not with cystic fibrosis but with
moderately severe bronchiectasis, of long duration,
suggests that chronic bronchial suppuration per se
does not induce clinically significant atopy. It furth-
ermore shows the existence of considerable airways
obstruction in bronchiectasis and a major reversible
component in a substantial subgroup.
The reported prevalence of atopy in patients with

bronchiectasis varies from 30%6 to 42%.5 The
application of wider diagnostic criteria probably
explains the higher prevalence of personal atopy
(52%) and family atopy (53%) in our patients and
the apparently high prevalence of both phenomena
in our normal controls. Wide variation in diagnostic
criteria has led to confusion in published reports
about atopy in normal and diseased populations,"
and underlines the absolute necessity for inclusion
of normal controls in all studies purporting to show
and interpret differences between groups. Previous
studies of bronchiectasis using no controls57 or dis-
eased controls6 have resulted in inconclusive evi-
dence of enhanced atopy in this condition.
The serum IgE concentrations and blood

eosinophil counts of our patients with bronchiectasis
did not differ from those of the normal controls-in
contrast to the findings of a study of patients with

cystic fibrosis, where both of these indices were ele-
vated.4 Similarly, our bronchiectasis group displayed
no excess of positive reactions to immediate
hypersensitivity skin tests, unlike the patients with
cystic fibrosis previously reported.4 The fact that
those patients with bronchiectasis with a positive
skin test response reacted to more antigens, particu-
larly fungi, and had larger weals than controls sug-
gests that chronic bronchial suppuration may
enhance or exaggerate a pre-existing atopic ten-
dency, rather than promote atopy de novo.
Serum concentrations of IgG4 were similar in

patients with bronchiectasis and controls. This
immunoglobulin subclass has recently been impli-
cated in the pathogenesis of atopic syndromes,'2- 4

including asthma,'5 16 and we have shown that ado-
lescent patients with cystic fibrosis have raised con-
centrations.4 The finding of normal IgG4 concentra-
tions in patients with bronchiectasis adds further
support to the suggestion that this condition does
not induce an atopic state.
The serum immunoglobulin concentrations

tended to be higher in the patients than in controls,
supporting the view that bronchiectasis provokes a
hyperimmune response.6 There is recent evidence
that selective deficiencies of individual IgG subclas-
ses can coexist with normal or even raised total IgG
concentrations.'7 Such selective immune deficiency
may predispose to recurrent infection,'8 and respond
to treatment with hyperimmune globulin. We found
no evidence, however, of a selective subclass deficit
in our bronchiectasis group. Both patients and con-
trols displayed wide ranges in serum concentrations
of all subclasses, similar to those found in previous
normal population studies.'9-22
The discovery of considerable reversible airways

obstruction in nine of the patients confirms the
findings of previous studies. Nogrady7 reported
increases in PEFR (25.8%) and FEV, (16.4%) after
inhaled or intravenous salbutamol in a group of
patients with comparable disease; and Varpela5
demonstrated bronchial hypersensitivity to inhaled
histamine in bronchiectasis. This hyperreactivity
may result from increased access to toxins through
infected mucosa with consequent local histamine
release, local autonomic reflex stimulation, or direct
smooth muscle stimulation.2324 Bronchoconstriction
resulting from these local mechanisms, however,
must not be interpreted as evidence of generalised
atopy. It has been suggested that asthmatics are
more prone to develop bronchiectasis than normal
people but our study was not designed to examine
this. Four of the patients with reversible airway obs-
truction had other atopic features-for example,
eczema, urticaria, and allergic rhinitis-suggesting
that they had extrinsic asthma, but the remaining
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five did not. Nevertheless, the fact that four of the
nine patients with reversible airways obstruction
denied having asthma or wheeze illustrates the need
for a therapeutic trial of bronchodilators in all
patients with bronchiectasis.
There are, of course, differences between patients

with cystic fibrosis and with bronchiectasis. The
mean ages of most reported series of patients with
bronchiectasis are considerably higher than those
for cystic fibrosis. Possibly pathological stimulation
of an immature immune system in childhood, as in
cystic fibrosis, may result in abnormal allergen
responses in later life, such as are seen in older
patients with cystic fibrosis. A more obvious differ-
ence between the two conditions is the nature of the
respiratory flora. Haemophilus inftienzae and
pneumococci predominate in bronchiectasis,625
while P aeruginosa, Staphylococcus aureus, and
fungi are more prevalent in cystic fibrosis.26 Indeed,
it has been suggested, P aeruginosa, especially the
mucoid strain, rarely found in simple bronchiectasis,
may be specifically responsible for the hypersensitiv-
ity to fungal antigens frequently seen in cystic
fibrosis.27

In conclusion, this study has three implications.
Firstly, it suggests that bronchiectasis, unlike cystic
fibrosis, is not associated with clearcut atopy. Sec-
ondly, it shows that selective IgG subclass deficiency
is unlikely to be an important factor in the
pathogenesis of this condition. Finally, it shows the
existence of appreciable reversible airways obstruc-
tion, which should be sought in all cases of bron-
chiectasis and treated appropriately.

We are grateful to the Medical Research Council of
Ireland for their support, to Mr A O'Connor and
Mrs G Lawless for technical assistance, and to
Mrs N Martin for typing the manuscript.
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