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SUMMARY

A reduced prevalence of pigeon fanciers’ lung has been reported in pigeon breeders who smoke
cigarettes. Serum and salivary antibodies to pigeon intestinal mucin and pigeon serum proteins were
investigated in 227 pigeon fanciers, subdivided according to smoking habit and clinical status. Smokers
had a lower incidence of precipitating antibodies to pigeon antigens and lower titres of serum IgG
and IgA antibodies to mucin and to pigeon serum proteins in ELISA compared with non-smokers and
ex-smokers. In contrast, IgG antibody titres to tetanus toxoid were similar in smoking and non-smoking
groups. In contrast to serum antibodies, salivary IgA antibody titres to pigeon antigens were similar in
smokers and non- or ex-smokers. Approximately one third of the smokers reported symptoms consistent
with pigeon fanciers’ lung but did not have precipitating antibodies. Only some individuals with
precipitating antibodies had disease symptoms, and IgG antibody titres in these individuals were not
significantly higher than in many asymptomatic individuals. Salivary IgA titres against pigeon mucin
were significantly higher in asymptomatic individuals, consistent with a protective role for these
antibodies. The results confirm that smoking is associated with a decreased serum antibody response to
inhaled pigeon antigens, affecting IgG1, IgG2 and IgA responses, but this impairment does not extend to
salivary IgA or to antibody responses to a parenterally administered protein antigen. The fact that
responses to pigeon serum proteins and to pigeon intestinal mucin were similarly affected suggests that
cigarette smoking depresses both T-independent and T-dependent responses to inhaled antigens.

Keywords pigeon fanciers’ lung extrinsic allergic alveolitis smoking antibody
response salivary IgA

INTRODUCTION

Pigeon fanciers’ lung (PFL) is a form of extrinsic allergic alveolitis
(EAA) caused by hypersensitivity reactions to inhaled pigeon
antigens in the lung of a sensitized host. The disease is associated
with both respiratory and systemic symptoms, occurring some
hours after exposure to antigen. The delay between exposure and
the onset of symptoms, together with the presence of antibodies to
pigeon antigens in symptomatic pigeon breeders [1–5], suggests a
role for immune complex (type III) reactions. The finding of large
numbers of infiltrating T lymphocytes in the lesions and granuloma
formation suggests cell-mediated hypersensitivity may also be
important [6].

There is a large variation in both the clinical and immune
responses of individuals exposed to the antigens associated with

PFL [7,8], and it is unclear why only a proportion of exposed
individuals develop the disease. Cigarette smokers show a reduced
prevalence of PFL [9,10], and this is also true for other forms of
EAA [11–14]. This appears to be related to reduced humoral
immune responses: smokers produce lower concentrations of
specific serum and bronchial lavage fluid IgG to inhaled pigeon
antigens [15–17] and are less likely to produce antibodies asso-
ciated with farmers’ lung, another form of EAA [18].

Antibodies against a range of pigeon antigens can be demon-
strated in both symptomatic and healthy exposed individuals. In
recent years attention has focused on IgA as the major antigenic
component in pigeon secretory materials. More recently we have
identified antibodies to another, unrelated antigen, pigeon intest-
inal mucin [19,20]. Mucin is abundantly present in extracts of
pigeon droppings and bloom [21], and the presence of high IgG1
titres to this antigen correlates with the development of disease [8].

In this study we investigate the antibody responses to pigeon
mucin and pigeon serum proteins in a large group of clinically
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characterized pigeon breeders. Serum IgG, IgG subclasses and IgA
are compared between smokers, ex-smokers and non-smokers.

Salivary IgA antibodies are also measured, to elucidate further
the pattern of humoral immune responses in these groups.

SUBJECTS AND METHODS

Subjects and clinical status
During two conventions of pigeon breeders, in Peterlee and Black-
pool (UK) in 1995/1996, and two visits to marking stations in
1995, a self-administered questionnaire was completed by 227
individuals. Clinical information relating to the nature, frequency
and severity of late (4–8 h) respiratory and systemic symptoms
related to pigeon contact was obtained as well as further relevant
background details such as degree of pigeon contact, smoking
history and other respiratory symptoms in accordance with the
Medical Research Council (MRC) questionnaire on chronic bron-
chitis. A clinical diagnosis of symptoms related to PFL was based
on the presence of at least one classic respiratory symptom, such as
shortness of breath or persistent dry cough, and at least one classic
systemic symptom, such as fever with shivering or aching muscles,
occurring on at least three separate occasions 4–8 h after pigeon
contact.

Each individual donated a blood sample from which the plasma
was taken to study various immunological parameters. Samples of
saliva were also collected from each person. All samples were
stored as aliquots at¹808C.

Precipitating antibodies to pigeon faeces and pigeon serum
were detected by counter current immunoelectrophoresis (CIE)
[22] using antigen and positive control sera obtained from Micro-
gen Ltd (Penarth, UK). Only those sera that demonstrated pre-
cipitins to both pigeon faeces and pigeon serum were considered to
be precipitating antibody-positive.

With the clinical and precipitating antibody information each
individual was classified as being in one of four groups depending
on the presence or absence of symptoms and the presence or
absence of precipitating antibody:

Group A, symptomatic with precipitating antibodies
Group B, asymptomatic with precipitating antibodies
Group C, symptomatic without precipitating antibodies
Group D, asymptomatic without precipitating antibodies

Only those individuals in Group A were considered to have classic
PFL.

Current and ex-smokers were asked how long they had been
smoking and to estimate the average number of cigarettes smoked
per day. The number of pack years smoked was calculated from
this (pack/years¼ average daily consumption×number of years
smoking/20) and this was used as a measure of exposure to
cigarette smoke. The participants in this study were volunteers,
and previous studies measuring the end expired carbon monoxide
as a marker of smoking levels of pigeon fanciers suggest that the
smoking histories given by this group are accurate [23].

Antigens
Three racing pigeons were exsanguinated. Sera were collected and
stored as aliquots at –808C. Tetanus vaccine BP in simple solution
(Tet/Vac/Ft; The Wellcome Foundation, Beckenham, UK) was
used as antigen when measuring anti-tetanus immune responses.
One millilitre vaccine contained 28 Lf toxoid ofClostridium tetani

exotoxin. Mucin was prepared from the intestines of freshly killed
pigeons, as previously described [8].

Assays for total immunoglobulins
Total plasma IgG, IgA and IgM (mg/ml) were quantified by
automated rate nephelometry using a Beckman (High Wycombe,
UK) array protein system. Total IgE (U/ml) was measured by
ELISA, as previously described [8].

Assays for specific antibodies
IgG and IgG subclass antibodies to pigeon serum and pigeon
intestinal mucin were quantified by ELISA, as previously
described [8]. IgA (serum and salivary) antibodies were measured
using an assay identical to the IgG ELISA except for the antibody
conjugate, which was horseradish peroxidase (HRP)–goat anti-
human IgA (Sigma Immuno-Chemicals, Poole, UK). Secretory
antibodies were measured using the same assay but with a secretory
component-specific conjugate (HRP–sheep anti-human secretory
component; The Binding Site, Birmingham, UK).

The assay for IgG anti-tetanus toxoid was essentially the same
as that described for IgG antibodies to pigeon serum, with the
following minor modifications. Plates were coated overnight at 48C
with tetanus vaccine (1/100 in borate-buffered saline, pH 8·5).
After washing in PBS–Tween (PBS–T) the plates were blocked
with PBS–T containing 0·5% bovine serum albumin (BSA) for
45 min. The plates were washed three times in PBS–T and then the
samples were added, as previously, diluted in PBS–T–0·5% BSA.
The plates were incubated for 2 h at 378C, washed three times in
PBS–T and then incubated with HRP-conjugated rabbit anti-
human IgG for 1 h at 378C.

For all assays absorbance was plotted against serum dilution,
and the titre was calculated for each serum as the reciprocal of the
dilution giving an optical density (OD) of 0·2.

Statistical analysis
Statistical analysis was performed using Student’st-test where the
data were normally distributed and the Mann–WhitneyU-test
where the data were non-parametric. The significance of contin-
gency tables was assessed either byx2 analysis or Fisher’s exact
test. All statistical calculations were carried out using a computer-
based, commercially available statistics package (Minitab data
analysis software).P< 0·05 was considered significant.

RESULTS

Smoking and clinical status
All 227 individuals reported in this communication were male. Of
these, 56 smoked cigarettes, 70 were ex-smokers and 101 had
never smoked. Within each group details of age, degree of pigeon
exposure, and clinical status are given in Table 1.

The mean age of all three groups was similar, although smokers
were significantly younger than ex-smokers but not non-smokers.
All three groups were similar in terms of their level of exposure to
pigeons, and both smokers and ex-smokers were similar in terms of
pack/years of cigarettes smoked.

Of the 227 individuals, 115 had precipitating antibodies to
pigeon antigens. Of these 46 were in Group A, fulfilling our criteria
for the diagnosis of PFL, and 69 had precipitating antibody with no
apparent symptoms (Group B). Of the 112 individuals who did not
have precipitating antibodies, 38 reported avian-related symptoms
(Group C) and 74 were asymptomatic (Group D). Smokers
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Table 1. Background details of pigeon fanciers in study

Smokers Ex-smokers Non-smokers

Number of subjects
Total 56 70 101
Group A 1* 21 24
Group B 8 23 38
Group C 17 13 8
Group D 30 13 31
Mean age in years 45 (12)† 52 (10) 46 (14)
Smoking history (median pack/years) 19 19 0
Chronic bronchitis 22 34 38

Exposure to pigeons (median values)
Number of pigeons kept 73 70 70
Hours in loft‡ 25 23 21
Years§ 18 29 27

Serum immunoglobulins (median concentration)
IgG (mg/ml) 9.8* 12.65 11.7
IgA (mg/ml) 2.1* 3.0 2.5
IgM (mg/ml) 1.1 1.1 1.2
IgE (U/ml) 57.5 32.0 44.0

† Figures in parenthess are standard deviations.
‡ Hours/week spent in pigeon loft.
§ Number of years pigeons kept.
* Statistically significant difference between smokers and non-/ex-smokers (see text).
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Fig. 1. Serum antibody titres of pigeon fanciers against pigeon mucin and pigeon serum: S, Smokers; N, non-smokers; E, ex-smokers. Each
point represents one individual.



were significantly less likely to have precipitating antibody than
ex-smokers or non-smokers (Fisher’s exact testP¼ 0·0001 and
P¼ 0·0009, respectively), whilst there was no significant differ-
ence between ex-smokers or non-smokers. The incidence of
PFL (Group A) was significantly higher in the non-smoking and
ex-smoker groups (between non-smokers and current smokers
x2¼ 14·647,P< 0·01; between ex-smokers and current smokers
x2¼ 16·507,P< 0·01), whilst there was no difference in preva-
lence of disease between the non-smokers and ex-smokers (x2¼

1·754,P> 0·1).
Chronic bronchitis has been suggested to form part of the

clinical spectrum in PFL. In this study 94 individuals had symp-
toms in keeping with chronic bronchitis, and there was no sig-
nificant difference between smoking and non-smoking groups.
This probably reflects the conflicting influences of PFL and
cigarette smoking, since the latter is the major risk factor for
development of chronic bronchitis in the general population.

Smoking and total serum immunoglobulin
The median total serum IgG, IgA, IgM and IgE levels, within each
group, are shown in Table 1. Smokers had significantly less IgG
and IgA than non-smokers and ex-smokers (P<0·01 in all cases).
There were no significant differences between groups for serum
IgM or IgE, and no difference between ex-smokers and non-
smokers for IgG and IgA.

Smoking and specific antibodies
Serum antibody titres to pigeon mucin and pigeon serum were
measured in each individual (Fig. 1 and Tables 2 and 3). Smokers
had much lower titres of IgG against both antigens than either non-
smokers or ex-smokers (P<0·02). Ex-smokers had somewhat
higher titres of IgG against both antigens than non-smokers, but
this difference was only significant for pigeon serum.

The IgG subclass titres are shown in Table 3. Subclass profiles
differed between the two antigens, in that the anti-pigeon serum
antibodies were dominated by IgG1, whereas antibodies to mucin
also had a major IgG2 component. All subclasses were found to
be reduced in smokers compared with ex- and non-smokers
(Table 3). This difference was significant for both antigens and
all four subclasses. No significant differences were seen between
ex-smokers and non-smokers, except in IgG4, where ex-smokers
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Table 2. Effect of smoking on IgG and IgA antibodies†

Salivary Salivary
Serum IgG Serum IgA IgA S-Ig‡

Pigeon serum
Smokers 810* 5* 5 ND
Ex-smokers 27 000 115 10 ND
Non-smokers 17 000 40 5 ND

Pigeon mucin
Smokers 1450* 5* 85 60
Ex-smokers 122 000 40 115 135
Non-smokers 75 500 10 90 70

Tetanus toxoid
Smokers 6700 ND ND ND
Ex-smokers 2200 ND ND ND
Non-smokers 4050 ND ND ND

† Results are median titres for each group.
‡ Secretory antibody in saliva, detected by anti-secretory component.
* Significant difference between smokers and non-/ex-smokers (see

text).

Table 3. Effect of smoking on IgG subclass antibodies†
a. Anti–pigeon mucin

IgG1 IgG2 IgG3 IgG4

Smokers 1100* 1800* <5* <5*
Ex-smokers 79 000 208 000 690 100
Non-smokers 45 300 119 000 190 20

b. Anti-pigeon serum

Smokers 370* 70* <5* <5*
Ex-smokers 19 500 4000 40 40
Non-smokers 15 800 1900 20 20

† Results are median titres for each group.
* Significant difference between smokers and non-/ex-smokers (see

text).
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fanciers subdivided by clinical group. Median values shown for each group.
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had significantly higher titres against both antigens. However,
IgG4 titres were extremely low in all groups.

Serum IgA antibody titres to both antigens were 2–4 orders
lower than IgG titres, but showed a similar pattern in being
significantly lower in smokers than in non- or ex-smokers
(P< 0·02) (Fig. 1 and Table 2). Again, titres were somewhat
higher in ex-smokers than in non-smokers, and this difference
was significant for both antigens (P< 0·05).

In contrast to the serum antibody titres, salivary IgA antibodies
against pigeon mucin were not significantly reduced in smokers
compared with ex- or non-smokers (Table 2). Salivary IgA anti-
bodies against pigeon serum tended to be very low (undetectable in
most individuals), and no significant differences were seen
between the groups. To confirm that the salivary anti-mucin IgA
antibodies did indeed reflect a mucosal immune response the
assays were repeated using anti-secretory component instead of
anti-IgA: the titres were very similar and, again, smokers were not
significantly different from non- and ex-smokers.

For comparison, IgG antibodies to tetanus toxoid, a parenter-
ally administered protein antigen, were also measured. Smokers
showed no impairment of response to this antigen, in fact titres
were somewhat higher than in non-smokers and ex-smokers
(Table 2).

Specific antibodies and clinical status
A comparison of the IgG and IgA antibody titres to pigeon serum
and pigeon mucin in sera from each clinical group is shown in
Fig. 2. Serum IgG and IgA antibodies showed a similar pattern:
titres were much higher in people with precipitating antibodies,
whether symptomatic (Group A) or asymptomatic (Group B).
Salivary IgA antibodies to pigeon intestinal mucin showed a
completely different pattern: titres were significantly higher in
asymptomatic (Groups B and D) than in symptomatic individuals
(Groups A and C:P<0·01). All four groups showed similar, very
low or undetectable levels of salivary IgA against pigeon serum.

DISCUSSION

This study demonstrates that pigeon fanciers who smoke show
depressed antibody responses to pigeon antigens compared with
non-smokers. Both the incidence of precipitating antibodies, as
measured by CIE, and the antibody titre in ELISA to both pigeon
serum proteins and the recently described novel antigen, pigeon
intestinal mucin, were reduced in smokers. The effect was not
isotype-specific, since both IgG and IgA titres were significantly
lower in smokers, and all four IgG subclasses were affected. In
contrast to the systemic antibody response, local salivary IgA
responses were not depressed in smokers.

A decreased incidence of disease associated with reduced
antibody responses in smokers has been observed in EAA caused
by Trichosporon cutaneum[14] and farmers’ lung [13,18], but the
mechanism is unclear. Effects of smoking on the airways might
result in altered exposure of the mucosal associated lymphoid
tissues to pigeon antigens. Alternatively or additionally, smoking
may directly affect cells involved in the production of an antibody
response. Exposure to cigarette smoke has been reported to depress
antibody responses to sheep erythrocytes administered intratrache-
ally in mice [24]. The mechanisms involved in this phenomenon
are unclear. Direct effects on lymphocytes might be involved, and
nicotine has been shown to impair antigen receptor-mediated

signal transduction in rat lymphocytes [25]. Effects on antigen-
presenting or other accessory cells might also be important. Alveo-
lar macrophages from smokers, compared with non-smokers, show
decreased accessory cell function in mitogen responses, express
fewer HLA-DR antigens and show decreased production of certain
cytokines including IL-1 and IL-6 [26–29].

Antibody titres against tetanus toxoid, a parenterally adminis-
tered antigen, were not decreased in smokers compared with non-
smokers, suggesting that the effects of smoking mainly operate on
responses to inhaled antigens. However, in other studies a negative
influence of cigarette smoking was reported in subjects immunized
intramuscularly with hepatitis B vaccine [30,31]. In our study the
total serum levels of IgG and IgA were lower in the smokers,
possibly reflecting a general suppression of humoral immunity.

In contrast to the negative effects on IgG antibody responses
observed in this and other studies, cigarette smoking has been
associated with increased serum IgE levels [32–34]. Smokers tend
to produce IgE antibodies in response to inhaled prawn antigens in
seafood factory workers [35] and in response to inhaled antigens
from a contaminated humidifier [36], whilst IgG was the predo-
minant isotype in non-smokers. Moreover, peripheral blood lym-
phocytes from smokers tend to secrete greater quantities of the Th2
cytokine IL-4, which is known to be important in regulating IgE
production [37]. Thus the effect of smoking, rather than simply
being immunosuppressive, may be to modulate the qualitative
nature of an immune response and favour Th2 activation. Th2
cytokines have been implicated not only in IgE production, but also
in the production of IgA and IgG4. However, in this study serum
IgA antibodies against pigeon antigens were depressed in smokers,
and IgG4, although a minor subclass, was similarly affected. It
will, however, be of interest to investigate T cell responses to
pigeon antigens in these groups to determine whether differences
in cytokine production might be related to the decreased antibody
production in smokers.

Antibodies to pigeon mucin and to pigeon serum proteins differ
with respect to their isotype composition [8]. The high IgG2 titres
against serum mucin suggest that this response is at least partly
T-independent, consistent with the highly glycosylated nature of
the molecule. In contrast, the high IgG1 titres against pigeon serum
proteins are more typical of a T-dependent antigen. It seems likely
therefore that whatever the mechanism by which smoking down-
regulates antibody production to inhaled antigens, T-independent
and T-dependent responses are similarly affected. Also of note
were the higher serum IgA antibody titres against pigeon serum
proteins compared with mucin: interestingly, however, this pattern
was reversed in the salivary IgA antibodies where titres against
mucin were much higher than those against pigeon serum proteins.
In another study salivary IgA antibodies to pigeon serum proteins
were observed in patients with PFL, but also in healthy, unexposed
control subjects [38]. In contrast, salivary IgG values were
increased in subjects with PFL relative to controls. This finding
accords with our own unpublished observations that serum and
salivary IgG antibody titres show a strong positive correlation, and
is consistent with the salivary IgG reflecting the systemic immune
response, perhaps being passively exuded from serum.

In contrast to the serum IgA antibodies, titres of salivary IgA
against pigeon antigens showed no significant difference between
smokers and non-smokers. This confirms the independence of the
mucosal and systemic IgA responses to these antigens.

The finding that serum antibody titres are similar in ex- and
non-smokers indicates that the suppressive effect of smoking is
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reversible. This may be of clinical relevance for pigeon fanciers
who stop smoking: these individuals are consequently likely to
develop high levels of antibodies against pigeon antigens, and
should perhaps be advised to take particular care to avoid sensi-
tization.

Diagnosis of PFL can be problematic. In this study we relied
upon the presence of both local and systemic reactions, occurring
4–8 h after exposure, together with precipitating antibodies to
pigeon antigens. It was of note, however, that half of the indivi-
duals in this study who reported pigeon-related symptoms did not
have precipitating antibodies to pigeon antigens and had only low
titres of antibody in ELISA (Group C). Moreover, one third of the
smokers fell into this category, whilst only 17/125 (< 1 in 7) non-
or ex-smokers were in this group. Because smokers may experi-
ence respiratory problems as a direct result of their smoking, it
would be of interest to investigate whether these individuals
respond to avian antigens after inhalation challenge. It is possible
that this group may represent a form of PFL less dependent on
large quantities of serum antibody, and studies of T cell responses
to pigeon antigens in these individuals may further clarify the
situation. Interestingly, when individuals were grouped purely on
the basis of whether or not they had avian-related symptoms,
asymptomatic pigeon fanciers had significantly higher titres of
salivary IgA than symptomatics. The significance of this finding is
not clear, but would be consistent with a protective effect of a local
immune response against systemic sensitization.
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