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ABSTRACT We studied the risk of hypersensitivity pneumonitis and other interstitial lung diseases
(ILDs) among pigeon breeders.

This is a retrospective follow-up study from 1980 to 2013 of 6920 pigeon breeders identified in the
records of the Danish Racing Pigeon Association. They were compared with 276800 individually matched
referents randomly drawn from the Danish population. Hospital based diagnoses of hypersensitivity
pneumonitis and other ILDs were identified in the National Patient Registry 1977-2013. Stratified Cox
regression analyses estimated the hazard ratios (HR) of hypersensitivity pneumonitis and other ILDs
adjusted for occupation, residence and redeemed prescription of medication with ILDs as a possible side-
effect. Subjects were censored at death, emigration or a diagnosis of connective tissue disease.

The overall incidence rate of ILD was 77.4 per 100000 person-years among the pigeon breeders and
50.0 among the referents. This difference corresponded to an adjusted HR of 1.56 (95% CI 1.26-1.94). The
adjusted HRs of hypersensitivity pneumonitis and other ILDs for pigeon breeders were 14.36 (95% CI
8.10-25.44) and 1.33 (95% CI 1.05-1.69), respectively.

This study shows an increased risk of ILD among pigeon breeders compared with the referent
population. Protective measures are recommended even though ILD leading to hospital contact remains
rare among pigeon breeders.
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Introduction

50 years ago, Reed et al. [1] reported three patients with chills, fever, cough, myalgia and dyspnoea when
handling pigeons. They considered these patients to be cases of acute interstitial pneumonitis of allergic
origin. They named the condition pigeon breeders’ lung, in keeping with the tradition of naming other
forms of hypersensitivity pneumonitis, such as farmers’ lung and mushroom-pickers’ disease [1, 2].
During the passing years, numerous similar reports have confirmed these early observations [3-14].

Like other forms of hypersensitivity pneumonitis, pigeon breeders’ lung may have acute, subacute and
chronic clinical presentations [15-18]. Acute and subacute cases present flu-like symptoms concurrent with
exposure to pigeons and full recovery upon cessation of exposure [19, 20]. Chronic cases occur insidiously
without acute symptoms or with recurrent acute episodes superimposed on a background of chronic
symptoms of dyspnoea and cough [2, 21]. Contrary to the acute and subacute forms [22], chronic
hypersensitivity pneumonitis shows no or limited remission after cessation of exposure and the prognosis is
poor with a 5-year survival of 71-82% [23, 24]. Hypersensitivity pneumonitis can have a distinctive
histological appearance of bronchiolitis, interstitial pneumonia, granulomas and fibrotic remodelling
presumably reflecting chronicity [25]. Little is known about the histopathology of acute hypersensitivity
pneumonitis and the classification of hypersensitivity pneumonitis into acute, subacute and chronic forms
has been challenged [25, 26]. Chronic hypersensitivity pneumonitis shares clinical features with other
chronic interstitial lung diseases (ILDs) and may not be differentiated from idiopathic pulmonary fibrosis
and nonspecific interstitial pneumonitis [15, 19, 27-30].

Pigeons are kept as pets and bred for eating, racing or exhibition [23]. Exposure to antigens in pigeon
droppings and bloom can initiate a type-III immune complex-mediated hypersensitivity reaction as well as
activation of alveolar macrophages and T-lymphocytes. This leads to an inflammatory response and is
probably the causal mechanism in hypersensitivity pneumonitis [31]. The pigeon loft can be a source of
extensive exposure, depending on the number of pigeons and the type of loft [32]. Intermittent high
exposure seems to favour recurrent chronic hypersensitivity pneumonitis [2, 12, 21, 33], but besides this,
little is known about the exposure-response relationship.

In cross-sectional surveys of pigeon breeders, the prevalence of symptoms consistent with acute or subacute
hypersensitivity pneumonitis is reported to vary between 0 and 44% [3-14]. In hypersensitivity
pneumonitis patient series, pigeons or other birds have been identified as the causative exposure in 34-81%
of cases [25, 34, 35]. To our knowledge, the incidence of hypersensitivity pneumonitis and other ILDs
among subjects exposed to pigeons is not known. The objective of this study is to analyse the incidence of
hypersensitivity pneumonitis, and other ILDs among pigeon breeders, and compare it to that of a
comparable, but unexposed population.

Methods and materials

Population

From the Danish Racing Pigeon Association, we obtained all available records of pigeon breeding
members (1957-2014) with information on name, address, date of birth and earliest year of recorded
membership. For those first enrolled in 2001 or later, we also obtained information on date of enrolment
and possible resignation.

A data set of 9712 records with an unknown number of duplicates was generated after all institutional
members or members residing outside Denmark were excluded. From name and birthday, the 10-digit
personal identification number, which all residents have been assigned at birth or upon later residence in
Denmark since 1968, were identified by Statistics Denmark from a national database of all citizens. 7577
subjects with a unique match for name and date of birth were identified.

For each of these we defined start of follow-up as January 1, 1980, since this was the first year with valid
data on residence, or the earliest year of a recorded membership in the Danish Racing Pigeon Association
if later. The pigeon breeder was required to be alive, resident in Denmark and have no prior diagnosis of
ILD or connective tissue disease at start of follow-up. A total of 6920 pigeon breeders met these criteria,
and were included in the current study. A reference group of 40 subjects per pigeon breeder, with the
same sex and year of birth and fulfilling the same requirements as the pigeon breeders at start of
follow-up, was randomly sampled from the general population in Denmark. As referents were randomly
sampled, it was possible for an individual to be sampled more than once, which was the case for 15478
(12%) referents.

The identity of the subjects constituting the final study population was unknown to us and no contact was
made with the individual participants. The Danish Data Protection Agency approved the study
(2014-41-3367). In Denmark, registry studies do not need to be approved by the Danish Health Research
Ethics Committee system.
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A total of 807 pigeon breeders were enrolled for the first time in the Danish Racing Pigeon Association in
2001 or later. For these members we had access to information on the date of enrolment, and thus a
complete history of their pigeon breeding. They constituted the inception population together with their
32280 matched referents.

Hypersensitivity pneumonitis and other ILDs

We identified all diagnoses for all patients treated at public hospitals (inpatients 1977-2013 and
outpatients 1994-2013) and private hospitals (inpatients and outpatients 2003-2013) by record linkage
with the Danish National Patient Register, which also contained information of the dates on which a
diagnosis was given. Diagnoses were coded according to the International Classification of Diseases (ICD)
8th (1977-1993) and 10th (1994-2013) revisions. We defined hypersensitivity pneumonitis in ICD-8 as
516.1 and in ICD-10 as J66 and J67. Other ILDs were defined according to ICD-8 as 515, 516.0, 516.2,
517 and 519.2 and in ICD-10 as J60-J65, J68, J70, J80, J82 and J84. If a diagnosis of hypersensitivity
pneumonitis was given on the same date as a diagnosis of other ILD, hypersensitivity pneumonitis was
prioritised.

Censoring

Information on date of death 1970-2013 and emigration 1969-2013 was provided by Statistics Denmark.
Connective tissue diseases often show involvement of interstitial lung tissue consistent with ILD and we
therefore identified a connective tissue disease diagnosis as a separate reason for censoring [36]. We
considered the following connective tissue diseases: arthritis rheumatica (ICD-8: 712; ICD-10: M05, MO06,
M08 and MO09), polyarteritis nodosa (ICD-8: 446; ICD-10: M30), other necrotising vasculopathies
(ICD-10: M31), systemic lupus erythematosus (ICD-10: M35), systemic sclerosis (ICD-10: M34),
dermatopolymyositis (ICD-8: 716; ICD-10: 33) and other connective tissue diseases (ICD-8: 734; ICD-10:
M35, M36 and J99), as recorded in the National Patient Registry 1977-2013.

Covariates

Medication

Data on redeemed medical prescriptions was obtained from the Danish National Health Service
Prescription Database 1995-2013. Medication was classified according to the Anatomical Therapeutic
Chemical (ATC) classification system. Nitrofurantoin derivatives (ATC code JO1XE), amiodarone (ATC
code COIBDO1) and all antineoplastic and immunomodulating medication (ATC codes starting with “L”)
have ILD as a possible side-effect and were identified for the analyses.

Occupation

Occupation at start of follow-up defined by the Danish version of the International Standard Classification
of Occupations (ISCO-88) was provided by Statistics Denmark. Occupation was classified into white-collar
worker, blue-collar worker, pensioner and student. Individuals without data on occupation at any point in
time were categorised and included as unclassified worker.

Residence

Statistics Denmark provided information on municipality of residence at start of follow-up for each
individual which was classified into urbanisation categories: city, urban, rural and isolated [37]. Individuals
without data on residence at any point in time were categorised as a distinct group of unknown.

Statistical methods

The study population was followed from start of follow-up until first diagnosis of connective tissue disease,
first diagnosis of hypersensitivity pneumonitis or other ILD, emigration, death or the end of study by
December 31, 2013, whichever came first. Hazard ratios (HR) and 95% confidence intervals were
estimated using stratified Cox regression analyses, with time since start of follow-up as the time scale. The
strata were defined by each pigeon breeder, and as the referents matched on sex and year of birth,
accounting for age and calendar year, no additional adjustment for these factors were performed. Analyses
were adjusted for occupation (five categories) and residence (five categories) at start of follow-up. We
adjusted for medication with ILD as a possible side-effect from the date of first redemption.

Analyses of hypersensitivity pneumonitis, other ILD and all analyses of the inception population were not
adjusted for occupation and residence, due to a limited number of cases.

Estimates are referred to as statistically significant when p<0.05. All analyses and data management were
performed in Stata (version 14.1; StataCorp, College Station, TX, USA).
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Results

The main characteristics of the study population are provided in table 1. Participants were 94% male and
41% were censored during follow-up (died, emigrated or were diagnosed with a connective tissue disease)
(table 1). The distribution of sex, age and start of follow-up was identical for pigeon breeders and referents
due to the matched design. The pigeon breeders were more often blue-collar workers and more often
resided in rural areas compared with their referents. Redeemed prescriptions of medication with ILD as
possible side-effect occurred with similar frequency in pigeon breeders and referents.

Pigeon breeders contributed 114936 person-years and referents 4566259 person-years and the median
observation period was 14 years (range <1-34 years) for both pigeon breeders and referents.

The observed incidence rate (per 100000 person-years) of all ILDs was 77.4 among the pigeon breeders
and 50.0 among the referents, corresponding to an incidence rate difference of 27.5 (95% CI 11.3-43.7)
(table 2). The crude (adjusted for the matching variables) HR was 1.61 (95% CI 1.30-1.99). Additional
adjustment for occupation, residence and medications with ILD as possible side-effect changed the HR
only slightly (1.56 (95% CI 1.26-1.94)).

The excess risk of all ILD among the pigeon breeders predominantly stemmed from a significantly increased
risk of hypersensitivity pneumonitis. The observed incidence rate (per 100000 person-years) of
hypersensitivity pneumonitis was 14.8 among the pigeon breeders and 1.0 among the referents, corresponding

TABLE 1 Demographic characteristics of 6920 pigeon breeders and their 276800 individually
matched referents 1980-2013

Pigeon breeders Referents

Sex

Female 451 (6.5) 18040 (6.5)

Male 6469 (93.5) 258760 (93.5)
Year of birth

<1930 1881 (27.2) 75240 (27.2)

1930-1949 2578 (37.2) 103 120 (37.2)

1950-1969 1466 (21.2) 58640 (21.2)

1970-1989 680 (9.8) 27200 (9.8)

>1989 315 (4.6) 12600 (4.6)
Start of follow-up

1980-1989 3282 (47.4) 131280 (47.4)

1990-1999 150 (2.2) 6000 (2.2)

2000-2009 3301 (47.7) 132040 (47.7)

>2009 187 (2.7) 7480 (2.7)
Censoring during follow-up

Connective tissue disease 144 (2.1) 5416 (2.0)

Emigration 110 (1.6) 9518 (3.4)

Death 2535 (36.6) 98529 (35.6)

Not censored 4131 (59.7) 163337 (59.0)
Occupation at start of follow-up

White-collar worker 1780 (25.7) 102059 (36.9)

Blue-collar worker 3942 (57.0) 127091 (45.9)

Pensioner 660 (9.5) 25925 (9.4)

Student 278 (4.0) 10610 (3.8)

Unclassified worker 260 (3.8) 11115 (4.0)
Residence at start of follow-up

City 2269 (32.8) 119 246 (43.1)

Urban 1084 (15.7) 40836 (14.8)

Rural 2385 (34.4) 76223 (27.5)

Isolated 803 (11.6) 25996 (9.4)

Unknown 379 (5.5) 14499 (5.2)
Redeemed prescription of medication with ILD as

possible side-effect before or during follow-up

Yes 475 (6.9) 18740 (6.8)

No 6445 (93.1) 258060 (93.2)
Total 6920 (100.0) 276800 (100.0)

Data are presented as n (%). ILD: interstitial lung disease.
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TABLE 2 Hazard ratios of all interstitial lung diseases (ILDs), hypersensitivity pneumonitis and other interstitial lung diseases
among pigeon breeders and referents individually matched on sex and year of birth

Participants Person-years Cases Incidence rate® Hazard ratio (95% Cl)
(95% CI)
Crude' Adjusted™ &
Total population
All ILDs
Pigeon breeders 6920 114936 89 77.4 (62.9-95.3) 1.61 (1.30-1.99) 1.56 (1.26-1.94)
Referents 276800 4566259 2281 50.0 (47.9-52.0) 1 1
Hypersensitivity pneumonitis
Pigeon breeders 6920 114936 17 14.8 (9.2-23.8) 14.53 (8.21-25.70) 14.36 (8.10-25.44)
Referents 276800 4566259 47 1.0 (0.8-1.4) 1 1
Other ILDs
Pigeon breeders 6920 114936 72 62.6 (49.7-78.9) 1.33 (1.05-1.68) 1.33 (1.05-1.69)
Referents 276800 4566259 2234 48.9 (46.9-51.0) 1 1
Inception population
All ILDs
Pigeon breeders 807 5694 7 122.9 4.61(2.10-10.15) 4.68 (2.12-10.30)
Referents 32280 226587 58 25.6 1 1

Data are presented as n, unless otherwise stated. Results from the total study population and the inception population are presented.
The analyses of hypersensitivity pneumonitis and other ILDs, as well as the analyses for the incident members etc. are only adjusted for
prescription of medication with ILD as possible side-effect. #: per 100000 person-years; : adjusted for the matching variables by stratification;
8. adjusted for residence, occupation and prescription of drugs with pulmonary fibrosis as possible side-effect.
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to an incidence rate difference of 13.8 (95% CI 6.7-20.8). The adjusted HR of hypersensitivity pneumonitis
was 14.36 (95% CI 8.10-25.44). The adjusted HR of other ILDs was 1.33 (95% CI 1.05-1.69).

The 807 pigeon breeders in the inception population contributed 5694 person-years and their referents
226587 person-years, with a median follow-up period of 7 years (range <1-13 years) for both pigeon
breeders and referents. The observed incidence rate of all ILDs was 122.9 per 100000 person-years among
the pigeon breeders and 25.6 per 100000 person-years among the referents, corresponding to a HR of 4.68
(95% CI 2.12-10.30) when adjusting for medications with ILD as a possible side-effect. The adjusted HR
of hypersensitivity pneumonitis was 113.11 (95% CI 22.82-560.66). The HR of other ILD was 0.69 (95%
CI 0.10-4.99) (number of observations were few and not reported in concordance with the data protection
policy of Statistics Denmark). The mean time from enrolment into the Danish Racing Pigeon Association
to first diagnosis of ILD was 38.6 months (95% CI 8.0-69.2 months). Time of enrolment corresponded
with start of follow-up, and among the referents time from start of follow-up to first diagnosis of ILD was
67.0 months (95% CI 56.5-77.4 months). Only seven cases of ILD occurred in the inception population,
and for all estimates the confidence intervals were wide.

ILD cases had a mean 7.7 hospital contacts during follow-up. This figure was 12.8 for hypersensitivity
pneumonitis and 7.5 for other ILD (data not shown). A specific ICD-10 diagnosis of bird fanciers’ lung
was only listed for fewer than five of the hypersensitivity pneumonitis cases (numbers not reported in
concordance with the data protection policy of Statistics Denmark).

Discussion

The present study showed a 56% (95% CI 26-94%) increased risk of all ILD and a 33% (95% CI 5-69%)
increased risk for ILD other than hypersensitivity pneumonitis among pigeon breeders compared with the
referent population. The risk of hypersensitivity pneumonitis was 14 (95% CI 8-25) times that of the
referent population. When analyses were restricted to the 807 pigeon breeders who could be followed from
first enrolment into the Danish Racing Pigeon Association, the inception population, we observed much
higher estimates for all ILDs and hypersensitivity pneumonitis and no increased risk of other ILD, but the
latter analysis included only a few observations.

Most previous studies have reported a prevalence of pigeon breeders’ lung >10% [3, 5-7, 9, 11], while we
observed a 1-year incidence of hypersensitivity pneumonitis among pigeon breeders of ~0.1%. This
discrepancy probably partly reflects that previous studies defined hypersensitivity pneumonitis by acute
symptoms at exposure to pigeons, while we only included patients diagnosed at a hospital, expected to
comprise mainly severe or chronic cases. This is supported by the high number of hospital contacts
among the cases and indicates that although many pigeon breeders experience acute symptoms of
hypersensitivity pneumonitis, few develop chronic or severe disease.
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The risk of hypersensitivity pneumonitis or other ILD among pigeon breeders is expected to be affected by
exposure to avian antigens as well as individual susceptibility [38]. Susceptible subjects will tend to
become ill earlier and resign from the Danish Racing Pigeon Association, and prevalent members are thus
expected to include a higher proportion of less susceptible subjects. The acquisition of data on members
prior to 2001 implies that breeders with a longer period of membership are more prone to be included in
our records and in the study. We therefore analysed the risk of hypersensitivity pneumonitis and ILD
among the incident members of the inception population. This analysis showed a much higher risk of
hypersensitivity pneumonitis among the pigeon breeders and supports a strong health-dependent selection
out of the Danish Racing Pigeon Association. The risk estimates obtained for the inception population all
have wide confidence intervals due to few cases and should therefore be interpreted with some caution.

We considered all ILDs, not only cases defined as pigeon breeders’ lung or hypersensitivity pneumonitis as
the clinical findings may be indistinguishable from other ILD [28]. Furthermore, inhalation of avian or
other antigens is part of the definition of hypersensitivity pneumonitis [15]. Defining a disease by a causal
exposure blocks meaningful empirical estimation of the association with this exposure, which was the aim
of this study.

The high hazard ratios observed for hypersensitivity pneumonitis are therefore expected, at least partly, to
reflect the diagnosing physicians’ adherence to the definition of hypersensitivity pneumonitis, and not only
an effect of pigeon exposure. This is probably true even if a diagnosis of bird fanciers’ lung was listed for a
few of the participants only, as it may be unclear to the physician how to classify pigeon breeders’ lung:
e.g. as bird fanciers” lung (ICD-10 J67.2) or hypersensitivity pneumonitis due to organic dust (ICD-10 J67.8).

The observed increased risk of ILD other than hypersensitivity pneumonitis suggests that antigen exposure
may be associated with a group of diseases, for which we know little about environmental risk factors [33, 39].
However, this result could also be generated by physicians who are not aware of the patients’ exposure
histories and thus do not classify cases as hypersensitivity pneumonitis but as another ILD with comparable
clinical features, such as idiopathic pulmonary fibrosis and nonspecific interstitial pneumonitis [15, 19, 27-30].
Therefore, we regard the overall increased risk of ILD, and not the findings for hypersensitivity pneumonitis
and other ILD, the main finding of this study.

Strengths

This is the first study to analyse the incidence of hypersensitivity pneumonitis and other ILDs among
pigeon breeders. The study population was obtained from a register of pigeon breeders and did not
depend on individual participation, which may have biased earlier results [3]. The study population is,
furthermore, by far the largest compared to previous studies, thereby allowing us to study the occurrence
of rare diseases such as ILD and hypersensitivity pneumonitis.

Our hospital-based diagnoses in most cases reflect an extensive examination programme, as illustrated by
the high number of hospital contacts recorded for the cases. Thus, we expect diagnoses of high specificity,
at least compared with previous survey data.

In Denmark, pigeon exposure is solely associated with recreational breeding for racing or exhibition. This
is an infrequent hobby in Denmark; it is likely that there are few pigeon breeders among the referents, and
misclassification of exposure should not be an issue.

Due to continuously updated national population registers of hospital contacts, emigration and death,
follow-up was complete except for the few subjects who were lost to follow-up for unknown reasons.
However, this is expected to have affected <2 per 1000, and only influenced findings marginally.

Limitations
Study participants with acute or mild symptoms are rarely referred to a hospital and will not appear in the
registers that defined our outcomes.

We used membership in a racing pigeon association as our exposure metric, which is a crude, but
probably very specific, measure of exposure.

Pigeon breeders are considered to be very dedicated to their sport. They may therefore refrain more often
than the general population from seeking medical assistance and this may have underestimated the effect of
pigeon exposure in this study [3]. Conversely, they may also be aware of the association between their hobby
and lung disease and seek medical assistance earlier than others, and this may have the opposite effect.

It is widely recognised that smoking has a preventive effect on hypersensitivity pneumonitis [9, 29]. The
lack of information on smoking habits inhibited us from assessing possible confounding or effect
modification from smoking. However, smoking habits are associated with occupation and residence, and

DOI: 10.1183/13993003.00376-2016



DOI: 10.1183/13993003.00376-2016

INTERSTITIAL LUNG DISEASES | C. CRAMER ET AL.

adjusting for these factors may have accounted for a possible smoking effect and other factors related to
socioeconomic status [40].

The analyses presuppose that incidence rates and hazard ratios are constant over time. Since our study
spans >30 years, this is probably not the case, as diagnostic trends, smoking habits and pigeon breeding
methods, among other things have changed over time. However, this does not affect the relative measures.

To conclude, this study shows an increased risk of ILD among pigeon breeders compared with unexposed
referents. Protective measures such as respiratory protective equipment are recommended, even though
ILD that leads to hospital contact remains rare among pigeon breeders.
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