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Abstract

Background: Extrinsic allergic alveolitis belongs among the most often diagnosed interstitial lung diseases. However, little data
concerning the impact of antigen-type, presentation of disease and treatment, on the patient´s prognosis, is available.
Methods: Thirty eight patients were enrolled in a retrospective study. Data collected between January 2007 and December 2010
were analyzed. Patients were divided, at the time of diagnosis, into subacute and chronic extrinsic allergic alveolitis (EAA) groups
according to their clinical presentation. One year after diagnosis, baseline lung function tests and treatment data were evaluated.
Using high resolution computed tomography (HRCT), interstitial and alveolar changes were characterized with the help of a
scoring system.
Results: We found no effects linked to the nature of the inhaled antigen or the treatment modality on lung functions 12 months
after EAA diagnosis. Patients with subacute EAA had significantly better lung function tests after one year than patients with
chronic EAA. Patients with chronic EAA had significantly higher HRCT interstitial scores than the subacute group (1.1 ± 1.2 vs.
2.9 ± 0.9). Correlations between HRCT interstitial scores and changes in lung functions were observed.
Conclusions: Only the clinical pattern of EAA and HRCT interstitial scores correlated with lung functions at the one year follow
up.
Keywords: Extrinsic allergic alveolitis, high resolution computed tomography, inhalation antigen, lung functions, prognosis,
treatment

Introduction

Extrinsic allergic alveolitis (EAA) is an interstitial lung disease
resulting from repeated exposure to various inhaled antigens
in predisposed individuals. EAA following exposure to molds,
bacteria, bird proteins, animal dander and chemical compounds
has been described in the literature [1]. Since there are no
generally accepted diagnostic criteria for EAA, diagnosis
remains a synthesis from careful evaluation of (i) the patient’s
medical and antigen exposure history, (ii) immunological tests,
(iii) bronchoalveolar lavage fluid (BALF), (iv) transbronchial
biopsy findings and (v) high resolution computed tomography
(HRCT) patterns. In dubious cases, surgical lung biopsy can also
be useful [2]. Even though EAA is one of the most commonly
diagnosed interstitial lung diseases (especially compared to
idiopathic pulmonary fibrosis (IPF)), there is currently little
data concerning the nature of the inhalation antigen relative
to disease presentation and prognosis. It is well known, that
clinical presentations can differ depending on the type of
inhaled antigen, duration of antigen exposure and the amount
of inhaled antigen [3-6]. The first objective of this study was to
determine if exposure to different inhaled antigens leads to
different clinical presentations of EAA and different outcomes
one year after diagnosis.
An HRCT of the chest is used in the diagnosis of all interstitial
lung diseases, including EAA. It provides a non-invasive way
to assess the extent of inflammatory changes and/or fibrotic
involvement. The ability of the HRCT scoring system to quantify
changes and make comparisons between patients or serial

comparisons in individual data is a useful tool. Therefore the
second objective of this study was to determine if initial HRCT
changes in EAA patients could predict outcomes after one year
(based on results from lung function tests).
There have been few studies concerning EAA. In some of
studies it has been shown that corticosteroids do not improve
the prognosis, although they have been shown to provide
symptomatic relief and rapid recovery of lung functions
[7,8]. The optimal treatment for EAA patients with dominant
fibrotic involvement remains equivocal. In cases of other
interstitial lung diseases with fibrotic involvement, the addition
of cytotoxic agents to systemic corticosteroids (in cases of
corticosteroids monotherapy failure) has been tried, although
comprehensive studies on efficacy are missing. Preliminary
results of the PANTHER study, concerning IPF treatment, showed
that combined immuno-suppression might not be beneficial
in all cases, considering the side effects of the drugs used [9].
The third and final objective of this study was to determine if
treatment methods affect EAA prognosis at one year.
Summary of objectives: To assess the impact of the type
of inhaled antigen at initial manifestation and on patients
outcomes at a one year follow up. To investigate the usefulness of
HRCT in predicting EAA outcomes at one year and to determine
the impact of treatment regimens on EAA outcomes at one year.

Materials and methods

Patients and design of the study

Thirty eight patients (17 men, 21 women, mean age 56.5 ±
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Table 1. Diagnostic criteria for chronic and subacute EAA used at
Department of Respiratory Diseases, Thomayer Hospital Prague,
Czech Republic.
Subacute

Chronic

History of exposure
to inhalation antigen

+

+/-

Crackles

+/-

+

DLco

↓

↓

BALF lymphocytosis

+

+/-

BALF CD4/CD8

↓

↓/normal/↓

HRCT pattern

Centrilobular nodules
GGO
Mosaic perfusion
Condensations

Centrilobular nodules
GGO
Mosaic perfusion
Condensations
Interstitial septa thickening
Honeycombing

Histology pattern

Granuloma, OP, DIP

Granuloma, OP, DIP, NSIP, UIP

BALF- bronchoalveolar lavage fluid, DLco- lung diffusing
capacity for carbon monoxide, HRCT-high resolution computed
tomography, GGO- ground glass opacities, OP-organising
pneumonia, DIP-desquamative interstitial pneumonia,
NSIP-nonspecific interstitial pneumonia, UIP-usual interstitial
pneumonia.

17.0 years) were enrolled in the study. Data were collected
retrospectively from patients diagnosed with EAA at Thomayer
Hospital, Prague, Czech Republic from January 2007 to
December 2010. Twenty eight of the enrolled subjects were
nonsmokers, 2 were current smokers and 8 were previous
smokers. All participants underwent a complex diagnostic
program. Diagnostic criteria of subacute and chronic form
of EAA used at the Department of Respiratory Diseases are
summarized in (Table 1).
Surgical lung biopsies were performed in 5 patients. The
main tool for identification of the inhaled agent came from
a detailed and repeated history evaluation. Serological
methods are of limited diagnostic value, nevertheless
higher concentrations of serum specific IgG should lead to a
reevaluation of the patient´s history with regard to exposure
to particular antigens [10]. Patients were divided, at the
time of diagnosis, into subacute and chronic EAA groups
(subacute 18 patients, chronic 20 patients). HRCT scores
were quantified at the time of enrollment into the study. One
year after establishing the diagnosis, lung function tests and
treatment data were evaluated.

History assessment

Patients were divided into 5 groups according to exposure
data:
1. unknown antigen exposure (6 patients),
2. exposure to chemical compounds such as isocyanates
(8 patients),
3. mold exposure (12 patients),
4. exposure to bird antigens (6 patients),
5. exposure to mammal epithelia and fur (6 patients).

Treatment data

Patients were divided into two groups based on treatment
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Table 2. HRCT scoring system according to Gay SE et al., [13].
Score

Alveolar

Interstitial

0

No alveolar disease

No interstitial disease

1

GGO < 5%

Septal thickening, no honeycombing

2

GGO < 25%

HC/ septal thickening < 25%

3

GGO 25-49%

HC/septal thickening 25-49%

4

GGO 50-5%

HC/septal thickening 50-75%

5

GGO > 75%

HC/septal thickening > 75%

Scored fields = peak of aortic arch, tracheal bifurcation, most
prominent convexity of the right ventricle, and peak of the right
cupola of diaphragm. Mean interstitial and alveolar scores were
counted.
GGO = ground glass opacity,
HC = honeycombing.

strategy:
1. without pharmacological treatment: avoidance of of
fending antigen was recommended, no pharmacologi
cal treatment was initiated (9 patients).
2. pharmacologically treated:
a) avoidance of offending antigen was recommended +
systemic corticosteroids (21 patients).
b) avoidance of offending antigen was recommended +
systemic corticosteroids + azathioprine (8 patients).

Lung function tests

Forced vital capacity (FVC) and forced expiratory volume in
one second (FEV1) were obtained during initial investigations
and at the one year follow-up using a ZAN 100 Flowhandy II
(Inspire, Oberthulba, Germany). ERS/ATS performance criteria
for the test were followed [11]. The predicted spirometry
values complied with those of the European Coal and Steel
Community [12]. Diffusing capacity for CO (DLco) was obtained
using a ZAN 300 CO-diffusion (Inspire, Oberthulba, Germany)
on the same day as spirometry was performed. The DLco
was measured using the single-breath method. Values were
expressed as a percentage of the predicted value.

High resolution computed tomography (HRCT)

All enrolled subjects underwent a HRCT of the chest during
the initial investigation. HRCT scans were performed using
a LightSpeed VCT XT scanner. HRCT alveolar and interstitial
scores were assessed by a pulmonologist experienced
in radiology and carried out according to Gay SE et al.,
(Table 2) [13].

Statistical methods

Results are expressed as the mean ± standard deviation
(SD). Changes in lung functions at the one year follow-up
were counted and expressed as ΔFVC (FVC at 1 year followup − initial FVC), ΔFEV1 (FEV1 at 1 year follow-up − initial
FEV1), ΔFEV1/FVC (FEV1/FVC at 1 year follow-up − initial
FEV1/FVC), and ΔDLco (DLco at 1 year follow-up − initial
DLco). Differences between two variables were assessed
using the Mann-Whitney U test. The Kruskal-Wallis test was
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For all statistical methods, P values < 0.05 were regarded as
significant.

Data analysis

Figure 1. Negative correlation between HRCT interstitial
score and FVC (% e.v.) HRCT- high resolution computed
tomography, FVC forced vital capacity (% expected value).

Figure 2. Negative correlation between HRCT interstitial
score and FEV1 (% e.v.) HRCT-high resolution computed
tomography, FEV1- forced expired volume in 1 second
(% expected value).

To determine the impact of the type of inhaled antigen on
EAA initial manifestation, FVC, FEV1, FEV1/FVC and Dlco of
patients groups were assessed according to history of antigen
exposure. HRCT scores were also compared among all patients
groups. To reveal the impact of the inhaled antigen on EAA
prognosis at the one year follow up, we compared ΔFVC,
ΔFEV1, ΔFEV1/FVC, and ΔDLco of patients groups assessed
according to history of antigen exposure. The Kruskal-Wallis
test was used for this part of analysis.
The influence of the treatment regimen on EAA patient
outcomes at the one year follow-up was completed by
comparing ΔFVC, ΔFEV1, ΔFEV1/FVC, and ΔDLco of the
previously established groups. The Kruskal-Wallis test was
used for this part of analysis. The Kruskal-Wallis test was also
used to describe and compare initial lung function and HRCT
scores. The Spearman´s test was used to analyze correlations
among HRCT scores and lung functions.

Results

Impact of the antigen-type on EAA presentation and
outcome at the one year follow-up

We found no effect relative to the nature of inhaled antigen on
either lung functions or HRCT scores at the initial presentation
or at the one year follow-up.

Usefulness of HRCT in predicting outcomes at the one
year follow-up

Figure 3. Negative corelation between HRCT interstitial
score and Dlco (% e.v.) HRCT- high resolution computed
tomography, Dlco diffusing capacity for carbon monoxide
(CO).

Table 3. HRCT scores in patients groups with different
treatment regimens.
HRCTa

HRCTi

No treatment

1.4 ± 1.3

1.3 ± 1.0

Corticosteroids

2.4 ± 1.6

2.1 ± 1.4

CS+AZA

2.2 ± 1.3

2.8 ± 1.5*

HRCTa = high resolution computed tomography
alveolar score, HRCTi = high resolution computed tomography interstitial score, CS + AZA =
systemic corticotherapy + azathioprine.
*p < 0.05.

used to compare more than two variables. The Spearman´s
correlation was used to analyze correlations among variables.

No correlations among HRCT alveolar scores or changes in
lung functions at the one year follow-up were documented.
Nevertheless, we observed significant correlations between
HRCT interstitial scores and ΔFVC (p = 0.03), ΔFEV1 (p = 0.05)
and ΔDLco (p = 0.05) (Figures 1,2,3).

Impact of treatment regimens on patient outcomes
at the one year follow-up and the characterization of
groups receiving different treatments

Initial lung functions of pharmacologically treated patients
were lower than lung functions of the group without
pharmacological treatment, the lowest values were observed
in the corticosteroids + azathioprine group, although the
differences did not reach statistical significance. HRCT
scores of the group without pharmacotherapy, the systemic
corticosteroid group and the systemic corticosteroids +
azathioprine group are summarized in (Table 3). We found
no statistically significant differences among HRCT alveolar
scores from the different treatments groups. Patients receiving
corticosteroids + azathioprine had significantly higher HRCT
interstitial scores than untreated patients (p = 0.05).
We found no impact, relative to the initial treatment
modality, on changes in lung function at the one year follow-up.
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Discussion

The results of our study showed no effect related to the
nature of the inhaled antigen and no effect related to
pharmacological treatment relative to lung functions at the
one year follow-up of EAA patients. The extent of fibrotic
involvement, quantified by HRCT interstitial scores, was
negatively correlated with lung functions 12 months after
diagnosis. Although not all statistical differences were
significant, patients receiving no treatment tended to have
less severe HRCT involvement than the pharmacologically
treated groups. Moreover, pharmacologically treated patients
had lower lung functions (FVC, FEV1, DLco) at the time of
diagnosis, the lowest values were observed in the group of
patients receiving corticosteroids + azathioprine. In fact the
more severe lung involvement in these patients influenced
the therapeutic approach.
More data concerning treatment results of patients with
dominant fibrotic involvement are needed. Quantification
of fibrotic involvement at the time of diagnosis could help
predict patient outcomes. Even though corticosteroids may
hasten symptom relief in some patients, their use (either
alone or in combination with immunomodulators) should be
individually discussed with patients having dominant fibrotic
involvement and the risk/benefit ratio should be considered.
We emphasize the need for randomized controlled trials
targeted on EAA treatment, because patients with dominant
fibrotic involvement probably do not benefit from the currently
popular use of systemic corticotherapy.
Most investigations in the literature involving large groups
of patients are concerned with farmer’s lung and bird fancier’s
lung. It is not known, if EAA caused by inhalation of other
agents has the same clinical presentation and outcomes.
A study of hypersensitivity pneumonitis (HP) showed that
exposure to different antigens can lead to different clinical
presentations at the time of diagnosis [3]. Some differences
could also be seen in our patient groups, patients exposed
to molds tended to have better lung functions at the time
of diagnosis, as well as insignificantly lower alveolar and
interstitial HRCT scores compared to others. On the other
hand, patients with an unknown source of exposure exhibited
more inflammation and fibrosis on HRCT scans. It can be
argued, that a large number of patients with an unknown
source of exposure were included in our study. The HP Study
documented only 3 patients with EAA of unknown origin
among 199 included patients [14]. However, in other studies,
the etiological agent remained unknown in up to 21% of
patients [15]. To the best of our knowledge, there are no studies
in the literature concerning the natural course of EAA relative
to antigen exposure. Even though our groups, based on the
inhaled antigen, were small and enrolled patients received
different treatment strategies, we observed insignificant
differences in outcomes for subjects exposed to molds and
subjects with an unknown antigen exposure. Patients with
a mold exposure history tended to show a decline in DLCO
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values at the one year follow up, while patients with an
unknown antigen exposure had insignificant (although still
the highest from all groups) increases in DLco values during
the same period. Mouse model experiments have suggested
a possible link between the type of inhaled antigen and the
development of fibrotic lung impairment [16]. Moreover,
EAA can, in some cases, progress without further antigen
exposure [17]. This could explain the different outcomes after
inhalation of different antigens. More patients and perhaps
serial HRCT scanning would be useful in either confirming
or ruling out this hypothesis.
The extent of fibrotic involvement, quantified using
HRCT interstitial scores, was negatively correlated with lung
functions at the one year follow-up (Figure 1,2,3). This finding
corresponds with the study by Tateishi et al., which found a
higher mortality risk in patients with HRCT honeycombing
[18]. Hanak et al., noted that CT findings of pulmonary fibrosis
were a useful prognostic indicator [19]. Other authors have
also found that fibrosis on HRCT scans was potentially a
sign of irreversible disease [20]. Perhaps a more descriptive
classification based on HRCT patterns could be used for
EAA patients (e.g. EAA with prevalence of nodules, EAA with
dominant fibrotic involvement, etc.), since, as discussed
above, initial HRCT patterns could be a good predictor of
patient prognoses.
Systemic corticosteroids were used in patients with more
severe decreases in lung functions and more inflammation
and fibrosis on HRCT scans, documented by non-significantly
increased HRCT alveolar and interstitial scores (Table 3). The
noted lack of effect of treatment on lung functions at the one
year follow-up was also observed by Kokkarinen et al., They
showed that while EAA patients treated with corticosteroids
exhibited a more marked improvement in DLco after one
month of treatment, at the 5 year follow-up no statistically
significant differences were found between those treated
with corticosteroids and those who were untreated [7].
We found no prospective studies concerning the effect of
combined corticosteroids and cytotoxic agent treatment on
chronic EAA. Azathioprine has been used in the treatment of
patients with collagen vascular diseases involving the lung
interstitium, in sarcoidosis patients and in acute exacerbations
of EAA [21-23]. Historically, the combination of corticosteroids
and azathioprine has been recommended in the treatment
of idiopathic pulmonary fibrosis (IPF). However, recently,
the PANTHER study showed that this combination should
not be used in IPF patients, because of its negative effect
on patient mortality [24]. Our results found no significant
benefits from combination treatment (i.e. corticosteroids and
azathioprine) relative to lung functions in our EAA patients.
Subjects receiving this combination initially had significantly
lower lung functions and significantly higher HRCT interstitial
scores compared to the untreated group. This might suggest
that fibrosis in EAA patients is just as irreversible as in IPF
patients and new therapeutic approaches that can directly
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influence the fibro-proliferative pathogenetic pathway should
be sought. A larger cohort of patients, than used in our study,
would be needed to in order to draw definitive conclusions.
Our study has several limitations: first, the number of
enrolled subjects did not enable us to draw comprehensive
conclusions. Moreover, a longer time period would be needed
to assess real contributions of initial HRCT results, the nature
of the inhaled antigen and treatment strategies relative to
predictions of patient outcomes and mortality.
The outlined limitations of this current study only enhance
the urgent need of more EAA studies concerning the impact of
antigen-type and randomized controlled studies to determine
optimal treatment strategies.

Conclusions

Antigen-type probably did not influence EAA presentation
at the time of diagnosis or at the one year follow-up, which
may show towards uniform immune response of the lung
regardless offending agent. HRCT patterns may be suggestive
in determining prognoses of EAA patients, especially with
regard to the extent of fibrotic changes. Similar observations
were done also by other authors (especially by Hanak et al.,).
EAA patients with dominant lung fibrosis may not profit from
combined immuno-suppressive treatments. Especially this
finding should lead to further evaluation on a larger cohort
of patients.
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