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Introduction

Keeping pigeons is an occupation with an ancient and
venerable history [1]. There is an equally long-standing
awareness of associated infections and hypersensitivity
disorders. In this review we consider the different antigens
likely to be encountered and how these might help to
explain the range of disorders and the diversity of symptoms
associated with pigeon exposure.

Antigen exposure in a pigeon loft

The inside of a pigeon loft is a dusty environment. This dust
is derived mainly from pigeons and consists of desiccated
pigeon droppings (guano), feather dust (bloom), and dust
from grain feed. Exposure to these dusts can be considerable;
in surveys we have found that pigeon fanciers will spend on
average 20h per week in their lofts looking after approxi-
mately 60 birds. There are two loft management systems
which have a bearing on dust levels. The ‘deep-litter system’
allows droppings to accumulate, dry out and become a fine
chalk-like powder which then absorbs fresh droppings. This
system can generate substantial dust [2,3] and is the minority
practice. Normally droppings are cleaned out daily as part of
the general husbandry and therefore tend not to constitute a
great source of dust. In these situations the dust produced
copiously from pigeon feathers, known as bloom, is predo-
minant. This has the appearance of talcum powder coating
surfaces of pigeon lofts, and can be transported on hands, hair
and clothing after working with the birds.

There is a seasonal periodicity of antigen exposure related
to the increased time spent training the birds during the
summer racing season, together with the increasing amount
of bloom produced by each bird as it matures into peak
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racing condition. This is followed by increased dust expo-
sure in autumn when pigeons moult and shed feathers.
Corresponding seasonal differences in respirable and non-
respirable dust levels and the airborne antigen concentration
in pigeon lofts have been measured [4]. In this study of 21
pigeon lofts, the number of pigeons correlated significantly
with the respirable dust levels when sampling was done in
undisturbed lofts. However, when there was activity in lofts
the dust levels were significantly higher (medians for
respirable and nonrespirable dusts were 12.11 mg/m® and
1.58 mg/m”>, respectively), but these did not correlate with
the number of pigeons in the loft. The antigen content in the
dust was measured by enzyme immunoassay (median
0.55 pg/mL, [range 0—40]), and this made up, on average,
0.8% of the total dust. The antigen content correlated with
the respirable dust level, and this was significantly higher
during the autumn moult. It is also known that there is an
annual periodicity in the serological response around the
time of this maximum antigen exposure [5]. This informa-
tion confirms that individuals are exposed to considerable
and variable amounts of dust and antigens in pigeon lofts,
with changing levels at different times of the year. The
clinical consequence of these different antigen exposure
patterns is still to be resolved, but expression of symptoms
among pigeon fanciers is most frequent in late Autumn.

Disease spectrum associated with pigeons

The list of diseases associated with pigeon exposure
includes extrinsic allergic alveolitis/hypersensitivity pneu-
monitis (EAA/HP), asthma, ornithosis (microbial infections
of birds which can be transferred to man), and lung
inflammation from inhaling irritant dusts. The disease
most closely associated with avian exposure is EAA/HP,
however, surveys of pigeon breeders usually reveal a rich
heterogeneity of symptoms. One interpretation is that there
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are many sources of antigenic sensitization, infection or
inflammation associated with pigeons giving rise to symp-
toms, some of which are similar to EAA/HP. A proper
epidemiological study may help unravel some of the
symptoms and causes.

Alveolitis is by definition an interstitial inflammatory
disease most evident at the alveolar level, associated with
a restrictive ventilatory defect, reduced lung compliance
and a diffusion abnormality. However the spectrum of
disease reported among pigeon fanciers also includes
bronchiolitis [6,7], bronchitis with obstruction [8,9],
asthma [10,11] and rhinitis [12]. There is therefore evidence
of inflammation throughout the respiratory tract in pigeon
breeders.

Extrinsic allergic alveolitis/hypersensitivity pneumonitis
(EAA/HP)

EAA/HP is a pulmonary hypersensitivity disease caused by
repeated inhalation of immunogenic dusts from a wide
variety of sources mainly fungal, bacterial and animal
(glyco-) proteins. The most commonly studied syndromes
are Pigeon Breeders Disease (bird fancier’s lung) and Farmer’s
Lung. The symptoms in the acute phase include shortness of
breath without wheeze, general malaise and aching discom-
fort in the joints and muscles. There is associated pyrexia
with rigors and sweating and an irritating unproductive
cough. These symptoms are most noticeable shortly (gen-
erally 4-8 h) following exposure to the offending antigenic
material. The symptoms are often described as ‘flu-like’ by
affected subjects, however, unlike an acute viral illness,
these symptoms usually resolve within 24h. The more
insidious forms of the disease may follow prolonged expo-
sure to smaller amounts of antigen or may be a consequence
of prolonged subclinical (subacute) disease [13]. This
chronic form of disease is characterized by a slow progres-
sive increase in shortness of breath and reduction in exercise
tolerance, often with chronic cough and fibrotic changes.

EAA/HP caused by avian exposure

The first description of EAA/HP caused by exposure to
pigeons was documented in 1965 [14]. This clinical report
however, was not the first recognition of the problem
because the pigeon fanciers themselves had long known
about the intolerance of their birds which was different from
ornithosis [15,16] and the typical disease pattern had
already been described in subjects exposed to avian antigens
[17-21]. Long before these reports however, there was a
typical description of the disease in 1897 among the
‘gaveurs de pigeons’. These were agricultural workers
who daily force-fed thousands of pigeons for market in
Paris [22]. Nevertheless, Charles Reed and colleagues [14]

gave the first full clinical and serological report and proved
the association of the disease with pigeons by provoking the
symptoms in one subject after contact with his pigeon in a
controlled environment. The disease was subsequently
reported worldwide [23,24].

The nature of the antigens in EAA/HP

The range of antigens which can cause alveolitis forms
an ever increasing and diverse list [25]. Each of these
different sources of antigen is associated with similar
clinical problems, and these are grouped loosely into a
disease syndrome of EAA/HP. Despite the range of antigens
the clinical presentation of affected subjects is similar. This
suggests that although the initial antigen recognition is
specific for each situation the subsequent hypersensitivity
reactions are common to all, irrespective of the antigen. For
this simple reason it could be argued that there can be no
‘disease-specific’ antigen as such, although there are some
immunologically specific and nonspecific factors common
to all these antigens (a summary of these is listed on
Table 1).

(a) Non-specific factors The airborne particles which can
cause alveolitis are generally of the order of one to three
microns in diameter [26] which is the correct aerodynamic
size to reach and settle in the alveoli [27], and it is at the
alveolar level that the disease process is most evident
[28,29]. Pigeon bloom is of considerable importance in this
regard. It is the fine powder down which is a waterproofing
agent on the flight feathers and is produced in copious
quantities by healthy flying birds. It consists of particles of
approximately this size demonstrated by scanning electron
microscopy (Fig. 1), and this is in accordance with the
estimates of Stettenheim [30]; an ornithologist who
described bloom as being composed of granules of keratin
approximately 1 micron in diameter. Keratin is a highly
hydrophobic protein very resistant to enzyme degradation
and therefore may act as an inflammatory foreign body
causing granuloma in the lung. Therefore in addition to
bloom acting as a vehicle to get the soluble antigens to the
lower airways, it may also act as an irritant or adjuvant.
Among the range of avian species associated with the
development of EAA, the group which comprise ‘fancy’
birds (parakeet [21], pigeon Columba livia [14], budgerigar
Melopsittacus undulatus [31], lovebirds [32], dove [33],
cockateil Nymphicus hollandicus [34]) all produce copious
amounts of bloom, whereas poultry; (duck [18], chicken
[35] and turkey [36]) produce very little bloom. The
disproportionately high prevalence of EAA in breeders of
fancy birds probably reflects the relatively greater amount of
bloom produced by birds that fly and are in peak condition.
This can be compared with the minimal amounts of bloom

© 2000 Blackwell Science Ltd, Clinical and Experimental Allergy, 30, 1221-1229



Antigen diversity among pigeon breeders 1223

Table 1. Summary of pigeon-associated antigens

Pigeon-derived antigens

This is the main source of clean soluble antigens for serological, skin test and inhalational challenge
studies. The major antigens are gamma-globulin proteins (pigeon immunoglobulin, which occurs also
as pigeon IgA and IgA fragments in droppings and bloom). Albumin is also a major antigen, which is
cross-reactive with albumin from other avian species. The other serum proteins seem to be
immunogenic in accordance with their relative abundance.

Inert keratin particles, produced copiously from feathers, which are the correct aerodynamic size to
transport serum proteins to peripheral airways. May act as a local irritant or adjuvant to promote an

Serum
Bloom

immune response to these antigens.
Droppings

A source of excreted serum protein antigens which are difficult to categorize because of enzyme

degradation. IgA is a major protein antigen and intestinal mucin is a major carbohydrate antigen.
Droppings are a source of bacterial endotoxin and teichoic acid, and fungal 3 1 — 4 glucan, both of
which are pro-inflammatory. Extract from droppings are likely to contain many other substances with
nonspecific biological activity as well as microbes, which limit their use in serological, skin and

inhalation challenge testing.
Pigeon-associated organisms

Chlamydia sp., Mycoplasma, M. avium, E. coli, Pasteurella, Strep bovis

Bacteria

Fungi C. albicans, Aspergillus, Mucor, Crypt neoformans
Viruses Adenovirus, Herpesvirus, Influenza

Parasites Trichomonads, Hexamita

Mites Diplaegidia columbae

found in those birds that do not fly and the fact that EAA/HP
is uncommon among poultry workers despite close contact
with large numbers of birds often in confined spaces.

Animal models of EAA/HP have demonstrated that a
simple immunological stimulus is not sufficient to establish
experimental disease [37], and that a vigorous adjuvant [38],
or inflammatory [39] stimulus is also required. For EAA/HP
in man, a similar need for intrinsic immunological adjuvant
activity was postulated by Pepys [40]. In farmer’s lung,
mitogenic and adjuvant activity of spores of M. faeni
have been described [41,42], and the disease process of
EAA in maltworkers may involve the nonspecific alveolitis-
inducing activity of glycoprotein antigens from A. clavatus
[43].

The antigens associated with EAA/HP have been reported
to directly activate complement [44,45]. Activation via the
alternative pathway has been described, although there is
some evidence to suggest that the antigens can act directly at
the level of C4 of the classical pathway [46]. The proteolytic
enzymes from bacteria and fungi and the hydrolytic
enzymes from avian droppings were implicated in the
activation sequence [47]. Bacterial teichoic acid as well
as ‘C-substance like’ carbohydrate material have been
identified in various dust extracts and these can cause
classical pathway activation by binding C-reactive protein,
and also cause calcium ion-dependent false-positive pre-
cipitin reactions with sera of patients under investigation for
EAA [48].

(b) Specific factors  Alveolitis-inducing dusts have soluble
components which are highly immunogenic, and the
specific nature of these antigens relates with disease,
although the nonspecific activities may have some impor-
tance in initiating and determining the extent of this specific
response.

Many sources of antigen have been described. Antigens
have been extracted from pigeon droppings, feathers, serum,
egg yolk and white, crop fluid and gut wall [49-51], and
these are a rich heterogeneous mixture of soluble proteins,
glycoproteins, polysaccharides and protein fragments.
These various antigens were characterized by cross absorp-
tion and found to occur primarily in pigeon droppings, and
this has been described as the ‘complete’ source of antigens
concerned with the disease [50].

In pigeon droppings extract (PDE), the major antigen had
gamma mobility on immuno-electrophoresis and was
detected by precipitin formation using sera from pigeon
breeders. This acidic glycoprotein of molecular weight
200 kDa was identified as pigeon IgA and was quantitatively
the major antigen of PDE, comprising about 24% of the
dry weight. The pigeon IgA antigen in pigeon droppings
cross-reacted with the main serum gamma-globulin antigen
[52-54]. Pigeon IgA and IgG were also shown to be the
major antigenic components of the soluble antigens in
pigeon bloom [55,56]. Recently, a disease-specific 21-kd
protein from PDE was described which caused lymphocyte
transformation only of subjects with EAA/HP [57]. In
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Fig. 1 (a) A racing pigeon (Columba livia) in its cot. These birds
are larger than their more common feral counterparts, with better
muscle definition and a luxuriant bloom coating when in peak
flying condition. (b) A scanning electron micrograph of a small
breast feather showing the barbs for feather ruffling to trap air for
warming, together with the bloom particles. (¢) A micrograph of
bloom particles showing good uniformity of structure and size of
around 1 micron.

addition to these antigens, PDE contains many other less
well defined antigenic substances. We find that using PDE
extracts for testing pathological sera from different diseases
can show false-positive precipitin reactions. We would

recommend that the use of PDE for the routine serological
investigation of EAA/HP be discontinued.

PDE contains two well-defined glycolipid (the P1 blood
group substance) and glycoprotein (pigeon intestinal mucin)
antigens which may provide clues to the immunopatho-
genesis of the disease. These will allow structural analysis
of the immunological interactions at the molecular level.
There is a glycolipid found in PDE which occurs on
pigeon erythrocytes and which shows identity with the
human P1 blood group substance [58,59]. The antigenic
structure of P1 is « galactose (1-4) 3 galactose (1-4) 3 N-
acetylglucosamine (1-3) @ galactose (1-4) glucose cera-
mide. Sensitization to this antigen among pigeon breeders
has been shown to decrease the survival of donated P1 red
blood cells post transfusion. Recently in PDE an important
new glycoprotein antigen, pigeon intestinal mucin, was
described which stimulates high antibody titres [60]. Carbo-
hydrate epitopes on this molecule were identified as ‘dis-
ease-associated’ for pigeon fanciers lung [61]. Antigenic
fragments of these are relatively resistant to biochemical
breakdown, as with IgA, and both are likely to be stable in
dust in the pigeon loft environment.

Working with PDE presents difficulties with standardiza-
tion and with the stability of the preparations, along with
toxic and nonspecific biological activity of some of the
constituent components. As an alternative, pigeon serum has
been recognized as a major source of clinically important
antigens by serological and by inhalation provocation tests
[14,62]. Tt has become the most readily available antigen
source for investigating this condition because it contains the
major antigens and avoids the problems of contamination of
droppings or bloom extracts by microorganisms or other
agents.

Avian serum contained many antigenic proteins detected
by the sera of sensitized pigeon fanciers, and chromato-
graphy of pigeon serum generated many protein fractions of
different molecular sizes. Most of these had complement-
depleting activity when incubated with the serum of pigeon
fanciers [63]. Similarly, most of these antigen fractions also
caused proliferation of lymphocytes from subjects with
pigeon breeders disease [64].

The sera of many avian species have proteins with
antigenic identity [65,66] which could explain the positive
precipitin reactions to pigeon serum in subjects with expo-
sure to other avian species, or in patients with inflammatory
bowel disease e.g. coeliac disease in which serum antibody
against avian antigens is caused by immune responses
to ingested hens’ egg proteins [66]. There were species-
specific serum antigens in the gamma-globulin fraction
[66,67] and therefore pigeon serum gamma-globulin was
considered to be the best specific antigen associated with
pigeon breeders’ disease, and this antigen was further
demonstrated to be highly immunogenic in man, more so
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than serum albumin [68]. A summary of these various
antigens is listed on Table 1.

Is there a disease-specific antigen for EAA/HP?

There is a range of diverse antigens which can cause EAA/
HP [25], and it is unlikely that between them there is a
significant common antigen. It is also unlikely that of the
many antigenic components associated with any one disease
syndrome, there is only one responsible for disease. Some
antigens are however, immuno-dominant. With pigeons,
soluble components from serum, droppings and bloom can
all cause acute symptoms after inhalation challenge [69],
and the major common antigenic component in these is the
gamma-globulin proteins, and the common component is
the immunoglobulin light chain [69].

Pigeon-derived antigens will induce an antibody response
as a consequence of their abundance and immunogenicity.
Moreover, the antibody titre to the major and minor antigens
is generally more abundant among individuals with EAA,
but antibody can also be readily detected in relatively lower
titres among those without symptoms.

There are claims that certain antigens in EAA are ‘disease-
specific’ [61,64,70—73], based on the observation that they
form precipitin reactions only with sera from symptomatic
subjects. It is noteworthy that these are generally minor
antigens which are likely to produce only a relatively
modest or low antibody response. Antibody against these
minor antigens can be detected in those with EAA by virtue
of the fact that these subjects tend to have higher antibody
titres to all antigens, whereas the antibody titres against
these minor antigens would fall below the precipitin detec-
tion threshold in sera from most other subjects who would
have relatively lower titres to all antigens.

We have had the opportunity to demonstrated this. We
found that antibody of low titre in the serum of asympto-
matic pigeon breeders could be detected by using a sensitive
enzyme-immunoassay using a supposedly disease-specific
antigen from droppings extract (a generous donation from
DrNick Calvanico [73]). The fact that precipitating antibody
against this antigen could only be detected in the serum of
EAA/HP patients was simply a reflection of the relative
insensitivity of precipitin tests compared with enzyme-
immunoassay. Furthermore, the relative titres between
symptomatic and asymptomatic pigeon breeders was the
same when using this or any of the other avian antigens (our
unpublished observations).

Asthma and rhinitis

Asthma [9—11] and rhinitis [12] are commonly reported in
surveys and case reports of symptoms amongst pigeon
breeders. Despite this, in our experience, IgE antibody to

avian antigens as measured by positive skin prick tests or by
serological tests is uncommon [69—74]. Other antigens may
be involved. Pigeon feather mites, Diplaegidia columbae,
are abundant in pigeons and can constitute up to 10% of the
weight of the feather. These are antigenically distinct from
other mites and may be clinically important. In one clinical
study, IgE antibody to these allergens was associated with
significant symptoms [75]. A similar investigation of sensi-
tivity to storage dust mites, which could infest grain feed or
litter, may be indicated[ 76].

Inflammatory (irritant) lung disease

Various bacterial and fungal products have been identified
in the dust of pigeon lofts, including bacterial lipopoly-
saccharide [77], teichoic acid and C-substance-like carbo-
hydrate material [48], and fungal beta-glucan [77]. Like
endotoxin-rich dusts and aerosols in other environments
[78,79] these materials can cause a symptom profile which
is similar to EAA, but which is unrelated to specific
sensitization to pigeons. This may be the cause of symptoms
in poultry farms where endotoxin exposure is high but
allergic sensitization is minimal [76].

The husbandry of pigeons requires storage and handling
of substantial amounts of grain feed. Inflammatory reactions
have been described following inhalation of crude organic
grain dust [80,81] which was due to the irritant nature of the
dusts rather than a specific hypersensitivity reaction. We
have found an unusual presentation of chronic bronchitis in
nonsmoking pigeon breeders [9]. This was associated with
sero-positivity to avian antigens [8], but the toxic effects of
grain dust may also contribute to this bronchitis, and this
requires investigation.

There is further potential for confusion when investi-
gating the immuno-pathogenesis of these reactions because
soluble extracts from grain dust can form nonspecific in-
vitro precipitin reactions with serum. Grain may also
harbour Aspergillus and Thermoactinomycetes spores and
these are known pathogen for pigeons and humans, and
sensitivity to these organisms among pigeon breeders
requires investigation.

Cross-infections from pigeons

Human ornithosis following contact with pigeons has been
reported [82], and despite the fact that pigeon breeders
maintain healthy birds, widespread serological sensitization
to Chlamydia psittaci among pigeon breeders has been
demonstrated [83]. It is important not to over-interpret
this sero-positivity to Chlamydia and recognize that symp-
toms of acute EAA/HP can resolve within 24 h, whereas
Chlamydial infection may be more prolonged. This sero-
positivity does suggest that cross infection can occur, but
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what is unclear is whether symptoms result from this.
Similarly, avian species harbour many viruses which are
potentially pathogenic for humans [84] and serological
sensitization to many respiratory virus has been described
[23] but explained as an inflammation-associated anam-
nestic response [23]. Examples of pigeon pathogenic and
commensal organisms are listed on Table 1. Evidence for
other sources of infection or sensitization should be sought
and any association with symptoms investigated.

Controlling antigen exposure

The skill and experience of the pigeon fancier is a result of
extensive investment in time spent in contact with the birds,
breeding and training them in order to develop their remark-
able homing instinct which is central to the sport. This is
part of a considerable social, financial and emotional com-
mitment which exists among pigeon fanciers for their birds.
This is more a way-of-life rather than a hobby, and pigeon
racing is a highly organized and competitive sport, with
considerable financial rewards.

It is not surprising then that many pigeon fanciers with
symptoms are reluctant to seek medical advice because they
do not want to be told to give up their birds. We are trying to
encourage a culture among the pigeon fanciers to come for
advice at an earlier stage of symptoms when a process of
reduction in antigen exposure may be of benefit. This can be
done by several means. Firstly by reducing the time spent
with the birds, secondly by wearing a suitable mask, thirdly
by wearing a dust hat and coat, and lastly by promoting
hygiene and ventilation measures. We have found that this
strategy can work, for example, using a positive pressure
respirator caused a fall in the serum antibody titres reflecting
reduced avian antigen exposure [85]. In a 10-year follow-up
study of 24 patients with EAA, there was a benign course of
disease with clinical improvement in most subjects who used
masks and reduced exposure time [86]. By contrast, in a study of
15 subjects who did not use this protection or exposure
modification there was an accelerated decline in pulmonary
function monitored over 18 years at 3—4 years intervals [87].

Although controlling the antigen exposure in lofts is
crucial, there are other sources of avian antigens which
should be considered. As well as in the pigeon loft, antigenic
dusts from pigeons have been measured within the home
environment. These may be carried into the home from the
loft on overalls and hair of the pigeon breeders which may
sensitize other family members [88], and there may be
additional exposure to avian antigens from bird feathers in
duvets, pillows and soft furnishings [89,90]. This may
explain disease which can affect other family members,
especially children, who are not directly involved with
handling pigeons [91-94]. These antigenic dusts can persist
for up to 18 months in the home environment after removal

of birds [95], and this may explain situations where there
is no resolution of avian-specific serology or if clinical
progress is slow.

Conclusions and future studies

There is considerable diversity of symptoms reported by
pigeon breeders, and the symptom profiles often do not fit
easily into recognizable disease categories. This is likely to
reflect the wide range of dusts and antigens in the pigeon
loft. Many of the dusts, e.g. endotoxin and grain dust can
cause nonspecific acute inhalational fever which may be
indistinguishable from antigen-specific acute EAA.
Obstructive airways disease and chronic bronchitis has
been described as part of the disease spectrum of EAA/HP
specifically related to avian antigen exposure, but these could
also be caused by other allergic materials associated with
pigeons; mainly mites, or may be a nonspecific consequence of
long-term exposure to high levels of respirable irritant dusts.

Several areas for further work can be identified. Air
sampling studies are surprisingly uncommon in this area
despite the clear need to understand the amounts and
dynamics of various dust and antigen exposure. Studies
should include seasonal levels and levels associated with
different loft management strategies. These could be altered
if necessary, and better loft ventilation could be designed as
part of an overall improvement in environmental hygiene.
Epidemiological studies on defined cohorts (selected and
unselected) of pigeon breeders, along with air sampling,
associated serology, lung function and clinical follow-up
would help in the interpretation of some of the clinical
profiles described.

The definition of EAA/HP perhaps should perhaps be
reviewed. This disease syndrome has been defined in early
epidemiological studies [96,97], and again more recently by
committee [98]. However, additional descriptions of asthma
and bronchitis, along with the recognition of the extent of
nonspecific dust exposure has meant that symptoms and
pulmonary function among pigeon fanciers require to be
revisited. Better categorization of disease is required if
progress is to be made in the study of the immuno-patho-
genic mechanisms of pigeon breeders disease. Anomalies exist
in the measurement of various immunological mediators and
this may well be because the disease categories in study groups
are more heterogeneous than we currently appreciate.

Studies of symptom prevalence may be confounded by
symptoms from co-existing infections and therefore the
possibility of ornithosis should be considered. Such infec-
tions or other viral influences may also be of importance in
facilitating or potentiating immunological sensitization,
analogous to that which seems to be necessary for initiating
experimental alveolitis, and the adjuvant activity from avian
mycobacteria should be considered in this respect.
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