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Abstract: The aim of this study was to reproduce in laboratory conditions hypersensitivity pneumonitis (HP) pathogenesis in a new animal model predictive of the human
response, and to select the microbial antigen associated with organic dust that exerts
the strongest pathogenic effect on the respiratory organ. To achieve this goal, mice of
the strain C57BL/6J prone to fibrosis were exposed for 1 hour daily up to 28 days to
the inhalation of aerosols of each of the 5 microbial components of organic dusts whose
conjunction with the occurrence of HP has been confirmed by numerous authors: Pantoea
agglomerans saline extract (SE), P. agglomerans microvesicle-bound endotoxin, Saccharopolyspora rectivirgula SE, Aspergillus fumigatus SE, saline extract of dust from a grain
sample overgrown with S. rectivirgula and Thermoactinomyces vulgaris, and a saline
solvent (PBS) was used as a control. Exposure of the animals to organic dust components
was conducted using a novel inhalation challenge set. Lung samples were collected from
untreated mice and from mice exposed for 7 and 28 days, and examined by digitalized
histopathology and biochemistry for the presence of inflammatory changes and fibrosis.
P. agglomerans SE appeared to be the sole antigen which evoked a statistically significant
fibrosis and a significant increase of hydroxyproline in the lungs of mice exposed for 28
days to this extract, both compared to the mice untreated and to those exposed to the solvent. P. agglomerans SE also evoked the strongest and statistically significant inflammatory response in the lungs of the mice, both after 7 and 28 days of exposure. After 7 days,
significant inflammatory changes were also found in mice exposed to A. fumigatus SE,
and after 28 days in mice exposed to all antigens. In conclusion, our results allow us to
define a useful animal model of HP which can be a supplement for now commonly used
bleomycin model. This model should comprise: present set of instruments for inhalation,
mice of the line C57BL/6J and the saline extract of P. agglomerans as the antigen. For
a better understanding of the presented results, a detailed study covering immunological
investigations, focused on the mechanism of antigen action, are needed.
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INTRODUCTION
Hypersensitivity pneumonitis (HP), or extrinsic allergic alveolitis, is a granulomatous interstitial disease of the
lungs due to immune reactions following chronic inhalaReceived:
Accepted:

16 March 2011
2 May 2011

tion of finely dispersed organic dusts or chemicals, especially encountered in the occupational environment. Th1 T
lymphocytes and alveolar macrophages play a central role
in the pathogenesis of the disease. Recurrent acute, subacute, and chronic HP may either progress to irreversible
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lung fibrosis or provoke emphysematous changes [13, 31,
32, 38, 60, 62, 66, 74, 76, 82, 84, 85].
HP comprises a number of variants (farmer’s lung,
thresher’s lung, grain handler’s disease, suberosis, wood
chips disease, malt fever, bagassosis, bird fancier’s lung
and many others) which show a similar clinical course, but
are caused by different offending dusts containing a variety
of specific etiological factors, including: thermophilic actinomycetes, fungi, Gram-negative bacteria and bird proteins [1, 5, 6, 8, 20, 21, 29, 36, 43, 45, 48, 57, 61, 64, 72].
The pathogenic agents are mostly glycoproteins produced
by dust-borne fungi and bacteria, less often animal and
plant proteins [28, 44].
To elucidate the pathogenic pathways of HP, numerous
animal experiments have been conducted with the use of
various antigens, exposure techniques and animal species
(guinea pigs, golden hamsters, rabbits, mice, rats) [12, 30,
33, 42, 46, 77]. These studies made a significant progress
in understanding the pathogenesis of HP; however, some
pathways and their genetic backgrounds remain unclear.
Accordingly, the aim of this study was to reproduce HP
in laboratory conditions in a new animal model predictive
of the human response, and to select the microbial antigens associated with organic dust that exert the strongest
pathogenic effect on respiratory organ. To achieve this
goal, mice of the strain C57BL/6J prone to fibrosis [14]
were chronically exposed to finely dispersed aerosols of
each of 5 microbial components of organic dusts, whose
conjunction to the occurrence of HP has been confirmed
by numerous authors, including our group [18, 34, 36, 40,
44, 45, 57, 61].
The components include: 1–2) Two antigens of thermophilic actinomycetes: • saline extract (SE) of the cells of
Saccharopolyspora rectivirgula (synonyms: Faenia rectivirgula, Micropolyspora faeni) and • saline extract (SE) of
the dust from grain sample overgrown with S. rectivirgula
and Thermoactinomyces vulgaris. Both species develop
in moist, overheated hay and other plant materials, and
their etiological role in causing farmer’s lung in subjects
exposed to these materials has been documented by numerous authors [9, 29, 43, 61, 64].
3) One antigen of mould fungi: • saline extract (SE) of
the mycelium of Aspergillus fumigatus. Mould fungi, especially those belonging to the genera Aspergillus and Penicillium, are the frequent cause of HP cases following exposure to mouldy wood, grain and other materials [1, 37, 45,
63, 67]. A. fumigatus was described as a causative agent
in the disease of paper factory workers exposed to mouldy
beech chips [20, 59] and in other forms of HP [44, 45].
4–5) Two antigens of the Gram-negative bacterium Pantoea agglomerans (synonyms: Erwinia herbicola, Enterobacter agglomerans) were used: • saline extract (SE) of the cells
and • microvesicle-bound endotoxin (MV-LPS), occurring
abundantly in organic dusts [25]. P. agglomerans is widely
distributed on plant and plant materials and reveals strong allergenic and endotoxic properties [16, 17, 18, 23, 26, 53, 54,

68, 69, 73]. This bacterium was identified as an important etiological factor of HP among agricultural workers in Poland,
especially those handling grain [21, 41, 49, 51, 57].
MATERIALS AND METHODS
Animals
3-month-old female C57BL/6J mice were purchased
from Charles River Laboratories, GmbH, Germany and
used in the study. The mice were fed a standard diet and
water ad libitum and housed under standard conditions.
The experimental protocol was approved by the Local Bioethics Committee in Lublin, Poland.
Antigens
5 antigens used in the study were prepared as follows:
Saline extract (SE) of the cells of Saccharopolyspora rectivirgula. Standard strain A-94 obtained from the
Rothamsted Experimental Station, UK, was inoculated on
enriched nutrient agar medium (BTL, Łódź, Poland) supplemented with peptides (Proteobak, BTL, Łódź, Poland).
Cultures were incubated in Roux bottles for 72 hrs at 55°C.
The bacterial mass was harvested by washing off with sterile distilled water, homogenized with glass homogenizer
and extracted in saline (0.85% NaCl) in the proportion 1:2
for 48 hrs at 4°C, with intermittent disruption of cells by
10-fold freezing and thawing. Afterwards, the supernatant
was separated by centrifugation at 10,000 rpm at 4°C and
finally lyophilized.
Saline extract (SE) of the dust from grain overgrown
with thermophilic actinomycetes. 420 grams of barley
grain in an Erlenmayer flask was inoculated with the suspensions of the cells of Saccharopolyspora rectivirgula
(strain A-94, as above) and Thermoactinomyces vulgaris
(strain EW-23 isolated from the air of grain store) in 0.85%
NaCl, each in the volume of 25 ml containing 106 cells/ml.
Inoculated grain was incubated for 1 month at 55°C. Afterwards, the concentrations of S. rectivirgula and Th. vulgaris on grain were determined by dilution plating as 7.0
× 106/g and 3.7 × 106/g, respectively. Next, 200 grams of
infected barley was extracted in saline (0.85% NaCl) in the
proportion of 1:10 for 72 hrs at 4°C, with intermittent shaking 7 times per day. Afterwards, the extraction fluid was
filtered through gauze and subjected to 10-fold freezing
and thawing. Then, the supernatant was separated by centrifugation at 10,000 rpm at 4°C, and finally lyophilized.
Saline extract (SE) of the mycelium of Aspergillus fumigatus. Standard strain IG-1 obtained from the Institute
of Tuberculosis and Pulmonary Diseases in Warsaw was
inoculated on nutrient broth (BTL) supplemented with 4%
glucose. Cultures were incubated in Erlenmayer flasks for
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21 days at 30°C. Superficial mycelium was suspended in
culture broth and homogenized with a laboratory mixer.
Next, the cell suspension was extracted in saline (0.85%
NaCl) in the proportion 1:2 for 48 hrs at 4°C, with intermittent disruption of cells by 10-fold freezing and thawing.
Afterwards, the supernatant was separated by centrifugation, dialysed against tap water for 48 hrs, and then against
distilled water for 24 hrs, and finally lyophilized.
Saline extract (SE) of the cells of Pantoea agglomerans. The strain M-10-3 isolated from the air of a grain mill,
and used for over 30 years as a standard strain in the research conducted by the researchers of the Institute of Agricultural Medicine in Lublin [18, 19, 42, 50, 56, 77], was
inoculated on enriched nutrient agar medium (BTL, Łódź,
Poland) supplemented with peptides (Proteobak, BTL,
Łódź, Poland). Cultures were incubated in Roux bottles for
72 hrs at 37°C. Further steps of antigen preparation (harvesting of bacterial cell mass, homogenization, extraction,
disruption by freezing and thawing, separation of supernatant, lyophilisation) were the same as in the preparation of
the extract of Saccharopolyspora rectivirgula.
Endotoxin-containing microvesicles (MV-LPS) of
Pantoea agglomerans. MV-LPS was isolated as described
earlier [24, 27, 81]. Briefly, the strain M-10-3 of P. agglomerans was grown on a enriched nutrient agar (BTL) for
72 hrs at 35ºC, and the cell mass was harvested with phosphate buffered saline (PBS, Biomed). Endotoxin-containing microvesicles were separated from the P. agglomerans
cells by differential sucrose gradients using the Hoefer apparatus (Hoefer Scientific Instruments, San Francisco, CA)
and lyophilized.
Long-term inhalation exposure of mice
Six lots of the C57BL/6J 3-months-old female mice, each
of 16 animals, were examined before treatment (4 animals)
while the remaining 12 animals were exposed for 28 days,
1 hour daily, to finely dispersed aerosols of the following
substances: a) saline extract of the Saccharopolyspora rectivirgula cell mass, b) saline extract of barley grain overgrown
with thermophilic actinomycetes, c) saline extract of Aspergillus fumigatus mycelium, d) saline extract of Pantoea agglomerans cell mass, e) endotoxin-containing microvesicles
of Pantoea agglomerans, f) sterile PBS (Biomed) as a control. For each inhalation experiment, the lyophilized extracts
of agents (a–e) were dissolved in PBS in the concentration
of 1 mg/ml, except for saline extract of the dust from grain
overgrown with thermophilic actinomycetes, which was dissolved in PBS in the concentration of 10 mg/ml.
Animals exposure to organic dust components was conducted using a novel inhalation challenge set constructed
according to own design [35], and consisted of an ultrasonic
aerosol generator, airtight chamber with 15 perforated containers for the mice, and a vacuum pump. This set assured
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a continuous flow of a fine droplet aerosol composed of
particles measuring on the average 1.77 μm, which could
easily penetrate into the deep parts of the lungs, alveoli and
bronchioli. The concentration of the aerosolized extracts
in the chamber, measured by weighing filters mounted at
the outlet of chamber before and after exposure, was in the
range (x ± SD): 35.6 ± 10.7 – 112.8 ± 50.3 μg/m3.
Before treatment and after 7 and 28 days of exposure,
the lung and blood samples were taken from 4, 6, and 6
mice, respectively. Sera were separated from the blood
samples by centrifugation and tested with the antigens used
in the inhalation exposure experiments. The lung incision
samples were kept at room temperature and at -20°C, and
sent, respectively, to the University of Verona, Italy, for
histological examination and to the Université Catholique
de Louvain, Brussels, Belgium for determination of hydroxyproline level.
Agar-gel precipitation test
The agar-gel precipitation test was performed by
Ouchterlony double diffusion method in purified 1.5%
Difco agar (Detroit, MI, USA) supplemented with 0.1%
sodium azide with the antigens (saline extracts) of S. rectivirgula, A. fumigatus, P. agglomerans and grain dust overgrown with thermophilic actinomycetes. Because of the
low yield of blood collected from experimental animals,
the obtained serum samples were pooled before the use in
assay. Serum was placed in the central well and antigens,
dissolved in 0.85% NaCl at the concentration of 30 mg/ml,
in the peripheral wells. The plates were incubated for 6
days at room temperature. Then, preliminary examination
was made for the development of characteristic precipitation lines. After reading, the plates were washed in saline
supplemented with 0.1% sodium azide for 4–5 days, and
then in 5% sodium citrate solution for 90 min (to prevent
false positive reactions). Next, the plates were stained with
azocarmine B and a final reading was made [65, 78, 79].
Histological examination – H&E
and Masson trichrome stainings
The lung tissue was cut into sections 2 × 5 mm thick
and fixed in 4% buffered formalin for 12 hrs, followed by
dehydration in ascending series of alcohol and embedding
in paraffin wax. 5 μm thick sections were obtained from
the paraffin blocks and stained with hematoxylin and eosin
(H&E) or Masson trichrome. Micrographs were evaluated
by light microscopy to assess their general morphology
(H&E staining) and to detect collagen fibres (Masson trichrome staining). The histological examination was performed by a pathologist, who was blinded to the experimental protocol, using an image analysis system (D-Sight
system, Menarini Diagnostics, Florence, Italy).
Lung injury was scored according to the following 4 aspects: centrolobular inflammation, interstitial inflammation,
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Figure 1. Quantification of inflammation in untreated mice (control) and
animals exposed to organic dust components and PBS through 7 or 28
days. Data for histologic scores are given as mean ± SEM of investigated
items. *** at least p<0.001 vs. control; + at least p<0.05 vs. PBS samples; +++
at least p<0.001 vs. PBS samples; one-way ANOVA test; post test: Tukey;
dust = grain dust containing thermophilic actinomycetes (SE), MV-LPS =
endotoxin-containing microvesicles of P. agglomerans.

Figure 2. Quantification of fibrosis in untreated mice (control) and animals exposed to organic dust components and PBS through 7 or 28 days.
Data for histologic scores are given as mean ± SEM of investigated items.
***
at least p<0.001 vs. control; +++ at least p<0.001 vs. PBS samples; oneway ANOVA test; post test: Tukey; dust = grain dust containing thermophilic actinomycetes (SE); MV-LPS = endotoxin-containing microvesicles of P. agglomerans.

peribronchial fibrosis and interstitial fibrosis. These features were graded with 4 point scales: 0 = regular tissue,
1 = mild changes, 2 = moderate changes, 3 = significant
changes. Individual parameters: lung inflammation score
and lung fibrosis score were calculated separately as the
mean of investigated items in every research group.

RESULTS

Biochemical examination – hydroxyproline
level determination
Lavaged lungs were perfused via the right heart ventricle with saline, excised and placed into a Falcon tube
chilled on ice. Two ml of 0.9% saline were added and the
lungs were then homogenized with an Ultra-Turrax T25
homogenizer (Janke and Kunkel, Brussels, Belgium) for
30 seconds and stored at -80°C for later use. Collagen
deposition was estimated by measuring the hydroxyproline
contents of lung homogenates by high-performance liquid
chromatography (HPLC) as previously described [3].
Statistical analyses
Statistical analyses were performed by GraphPad Prism
5. Data obtained from histological examination were presented as the mean value and standard error of the mean
(SEM). Data obtained from hydroxyproline assay were
presented as the median value, 25–75% percentile and
range. In both cases, the experimental groups were compared to saline-exposed mice and untreated animals. For
assessment of histological and biochemical data, statistical analysis was performed using the one way-ANOVA with
Tukey post-hoc test. Significance was accepted at p<0.05.

Effectiveness of inhalation exposure – serological
testing. It was found that only the mice exposed for 28
days to P. agglomerans SE produced specific precipitating
antibodies against inhalation factor. All other results were
negative, including serological response of mice against
homologous antigens after 7 and 28 days, and the response
of mice untreated and treated with saline against all tested
antigens.
Histological examination – H&E and Masson trichrome staining. Statistically significant signs of inflammation were observed after 7 and 28 days of inhalation exposure to saline extracts of P. agglomerans and A. fumigatus (Fig. 1). Observed changes were significant compared
to both untreated and control (treated with solvent without
organic dust) animals. After 7 and 28 days of inhalation exposure to P. agglomerans and A. fumigatus, inflammation
scores for these antigens were, respectively, 1.417/2.917
and 1.167/2.833 (Fig. 1). The exposure of mice to other
organic dust components induced statistically significant
lung tissue damage only after 28 days of exposure. Inflammation changes observed after 28 days of exposure were
significant in mice exposed to all examined organic dust
components, compared to untreated animals and to animals
treated with solvent without organic dust. Inflammation
scores for S. rectivirgula, grain dust and P. agglomerans
MV-LPS were 1.167, 1.0 and 2.5, respectively.
Statistically significant lung fibrosis was observed after
28 days of inhalation exposure to P. agglomerans saline
extract (Fig. 2). Fibrosis score for this harmful agent was
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Figure 3. Histopathology examination of lungs after hematoxylin and eosin staining of mice exposed to PBS (control) (A, B) and organic dust components: S. rectivirgula SE (C, D); P. agglomerans SE (E, F); A. fumigatus SE (G, H). Photographs A, C, E, G present the results after 7 days of animals
exposure to investigated factor. Photographs B, D, F, H present the results after 28 days of exposure. Data shown represent 8 mice from 64 separate
experiments for H&E staining.

1.75 and was significantly greater compared to both untreated and control (treated with solvent without organic
dust) animals (p<0.001). The exposure of mice to other
organic dust components did not provoke statistically significant signs of fibrosis.
The effect of mice exposure to organic dusts components
on lung morphology was assessed using light microscopy
after hematoxylin-eosin staining (Figures: 3A–H, 4I–L).

After mice exposure to saline (PBS) there was no inflammatory response noted (Figures: 3A, 3B). The same effect
was observed after 7 days of mice exposure to S. rectivirgula; although after 28 days of exposure signs of inflammation were increasing (Figures: 3C, 3D). On the contrary,
significant centrolobular and interstitial inflammation with
marked infiltration of lymphocytes were observed after 7
days of exposure to P. agglomerans. Additionally, alveolar
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distortion and thickening of the alveolar walls were observed in this investigated group. After 28 days of exposure, the inflammatory process grew more intense. Respiratory ducts showed almost complete obstruction of lumen
due to lymphocyte and macrophage infiltration (Figures:
3E, 3F). Lung response to A. fumigatus after 7 and 28 days
of exposure gave almost the same picture as observed in
P. agglomerans group (Figures: 3G, 3H). The histological picture of samples obtained from animals exposed to
grain dust containing thermophilic actinomycetes was the
same as observed in the group of animals exposed to saline, but in “time point 28” signs of inflammation increased
(Figures: 4I, 4J). 7 days of mice inhalation exposure to endotoxin-containing microvesicles of P. agglomerans provoked a weak inflammatory response, but after 28 days of
treatment the inflammatory response grew more intense.
Changes observed in this investigated group were similar
in terms of their nature to those observed in samples from
mice exposed to P. agglomerans saline extract, but the effect was not so strong and significant (Figures: 4K, 4L).
To detect collagen fibres, lungs collected from mice exposed to organic dusts components were subjected to Masson trichrome staining. Increased collagen levels were only
detected in mice exposed for 28 days to P. agglomerans. In
all other exposed mice there were no deviations from the
norm. Changes in the group of mice exposed to P. agglomerans are presented in Figures 6B–D.

Hydroxyproline (μg/lobe)
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after 28 days exposure

Figure 5. Concentration of hydroxyproline in lung homogenates received
from untreated mice (control) and animals exposed to organic dust components and PBS through 7 or 28 days. Results are expressed as: median
of hydroxyproline concentration in investigated lobe, 25-75% percentile
and range (0-100% percentile). *** at least p<0.001 vs. control; +++ at least
p<0.001 vs. PBS samples; one-way ANOVA test; post test: Tukey; dust
= grain dust containing thermophilic actinomycetes (SE); MV-LPS =
endotoxin-containing microvesicles of P. agglomerans.

by chronic exposure to organic dusts was determined by
measuring the hydroxyproline level. The values of hydroxyproline concentration in lung homogenates of mice
exposed to organic dust components are presented in Figure
5. After 7 days of exposure, none of assessed agents caused

I

J

K

L

Figure 4. Histopathology examination of lungs after hematoxylin and eosin staining of mice exposed to grain dust SE (I, J); MV-LPS of P. agglomerans
(K, L). Photographs I, K present the results after 7 days of animals exposure to investigated factor. Photographs J, L present the results after 28 days of
exposure. Data shown represent 4 mice from 32 separate experiments for H&E staining.
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Figure 6. Histopathology examination of lungs after Masson trichrome staining from the mice untreated (A) and exposed to P. agglomerans (SE) for 7
days (B) or 28 days (C, D). Data shown represent 4 mice from 32 separate experiments for Masson trichrome staining.

a statistically significant difference in hydroxyproline
concentration compared to untreated samples or saline
samples. After 28 days of exposure, only in the samples
from mice exposed to P. agglomerans (saline extract) a
clear-cut and statistically significant (p<0.001) increase of
hydroxyproline level compared to both untreated and saline samples was detected.
DISCUSSION
An essential step in the development of an animal model
for hypersensitivity pneumonitis (HP) is the standardisation of a reliable exposure system. In recent experimental
studies of murine HP, the intranasal or intratracheal instillation of the pathogenic factors were mostly utilised [12,
75, 83]. These systems allow for exact measurements of
given doses but do not mimic the real exposure existing in
the environment. Aiming to overcome this disadvantage,
we designed and created a new mice inhalation system,
whose operating principle is based on a natural process
of acquiring the harmful agent by breathing a fine aerosol
dispersed in the ambient air. This method assures also the
penetration of allergen into the deep parts of lungs, alveoli
and bronchioli, which is important from the standpoint of
HP disease. Another advantage of our system is the possibility to determine the dose of agent needed for inducing
desired changes [35].
The results of this study show that our model allows the reproduction, in controlled laboratory conditions, of the circumstances in which a HP occurs. The use of the saline extract of
the Gram-negative bacterium Pantoea agglomerans evoked

both acute (short period of exposure amounted to 1 week;
predominant inflammation) and chronic (long period of
exposure amounted to 4 weeks; predominant fibrosis) histopathological changes in the lungs of exposed mice. The
character of these changes was similar to those recorded
by Lantz et al. [46] in hamsters exposed to P. agglomerans endotoxin and to those recorded by Kuś et al. [42] in
guinea pigs exposed to saline extract of P. agglomerans.
In the present study, the saline extract of Pantoea agglomerans caused a significant growth of the inflammation
score, both after 1-week and 4-week exposure (p<0.001,
both versus untreated and PBS-treated controls), which
was the strongest compared to all other antigens (Fig. 2).
Moreover, the P. agglomerans SE was the only one of all
the investigated antigens that caused a significant increase
of fibrosis score after 4-week exposure (p<0.001) (Figures: 3, 6). This growth was supported biochemically by
the significant increase of hydroxyproline level at the same
time interval (p<0.001), that was found only in the mice
exposed to P. agglomerans SE (Fig. 5).
The histopathological changes caused by the environmental, globular endotoxin produced by Pantoea agglomerans (referred to as endotoxin-containing microvesicles,
microvesicle-bound endotoxin or MV-LPS) were much
weaker compared to the saline extract of this bacterium.
After 1-week exposure, the P. agglomerans MV-LPS
caused only a slight increase in the inflammation score
that became distinctly significant after 4-weeks exposure
(p<0.001), although lower than P. agglomerans SE.
The saline extract of Aspergillus fumigatus was the second after P. agglomerans SE with respect to the growth of
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the inflammation score. It caused the significant increase of
this score both after 1-week and 4-weeks exposure (Fig. 1).
However, this antigen did not cause a significant increase
in the fibrosis score and hydroxyproline level, similar to all
the antigens, except P. agglomerans SE.
The saline extracts of Saccharopolyspora rectivirgula
and of grain dust containing thermophilic actinomycetes
caused a significant increase in the inflammation score after 4-weeks exposure. This growth, however, was weaker
compared to P. agglomerans SE, P. agglomerans MV-LPS
and A. fumigatus SE (Fig. 1). These results, together with
the lack of fibrotic changes and of an increased hydroxyproline level, suggest that S. rectivirgula and/or other thermophilic actinomycetes are not useful factors for developing an experimental HP in the mouse model.
Pantoea agglomerans (synonyms: Erwinia herbicola,
Enterobacter agglomerans) is a fermentative, epiphytic
bacterium widely distributed in nature, especially on the
surface of plants. It constitutes the prevailing component
of the microflora of grain, cotton, herbs, flax and many
other plant materials used in industry [10, 11, 16, 22, 70].
P. agglomerans predominates also in inhalable dust from
grain, herbs, and flax, and was identified as a premier cause
of allergy in grain workers, herb workers and flax farmers
[17, 18, 23, 26, 34, 39, 78-80]. It has been documented that
this bacterium is the most important cause of HP in eastern
Poland [21, 41, 49, 51, 57]. Besides allergenic properties,
P. agglomerans is a source of an extremely potent endotoxin [16, 46, 47, 53, 54, 68, 73] that could be a potential cause
of lung inflammation and organic dust toxic syndrome
(ODTS, toxic pneumonitis) in workers exposed to grain
dust or other dusts of plant origin. It has been demonstrated
that environmental endotoxin produced by P. agglomerans
occurs in dust in the form of globular vesicles measuring
30-50 nm (referred to as endotoxin-containing microvesicles, microvesicle-bound endotoxin or MV-LPS) which are
composed of lipopolysaccharides, proteins and phospholipids [24, 25]. In the inhalation experiments conducted on
rabbits, the microvesicle-bound endotoxin showed a potent
biological activity causing significant increase of circulating cytokines, formation of specific precipitins and lymphocyte activation, although its Limulus activity amounts
to only 5% of chemically isolated endotoxin [27]. These
results were confirmed by another study in which MVLPS caused a significant increase in cytokine production
by cultures of human peripheral blood mononuclear cells
[81]. The fact that the dust-borne endotoxin of Pantoea
agglomerans occurs in the form of fine, submicroscopic
microvesicles easily penetrating into alveoli, increases the
potential risk of disorders after exposure to these bacteria.
The results presented in this study indicate that cell
extract of P. agglomerans causes pulmonary changes the
characteristic of HP, which are similar to but stronger compared to those caused by MV-LPS. These results are in line
with those obtained by Burrell and Ye [7] who reported
a significantly greater influx of free cells into the lungs

of hamsters exposed to aerosol of whole cells of P. agglomerans, compared with those exposed to homologous
endotoxin. They conform also to the results obtained by
Rylander [71] who found that the cell-bound endotoxin of
P. agglomerans showed a stronger effect on the increase of
free macrophages and lymphocytes in the lungs of guinea pigs, and a decrease in respiratory function in humans
(drop of FEV1) than isolated endotoxin of this species.
Similarly, in the experimental research conducted by researchers from the Lublin centre, with the use of P. agglomerans saline extract prepared in the same way and from
the same strain as in the present study, this extract showed
a potent biological activity that was stronger or equal to the
activity revealed by P. agglomerans endotoxin obtained by
the Boivin trichloroacetic acid extraction [19, 42, 50, 52,
53, 54, 55, 56, 77]. Milanowski [54] found in the inhalation
experiments on guinea pigs that saline extract of P. agglomerans caused a significantly greater increase in the number of free alveolar cells, of superoxide anion production
by lung cells, and of the breathing rate, than did the homologous endotoxin. Similarly, Dutkiewicz and Kuś [19]
found a potent effect of the saline extract of P. agglomerans on the influx of free cells into the lungs of guinea pigs,
and Kuś et al. [42] demonstrated interstitial inflammatory
lesions and fibrosis of the interalveolar septa in the lungs of
guinea pigs exposed for a long time to this extract.
The reason for the more potent biological activity of
the cell extract of P. agglomerans compared to endotoxin
produced by this species is unknown. Endotoxin by itself
cannot be the main cause of saline extract activity as it
amounts to only 1% of Limulus activity recorded for isolated endotoxin [23]. One of the possibilities is the presence of a strong protein antigen in the cell wall of P. agglomerans, comparable to superantigens in other bacteria,
that could synergize with endotoxin present in this wall
and exert strong biological effects [2, 4]. However, this assumption must be verified by further research. Nevertheless, our results clearly demonstrate that P. agglomerans
commonly occurring in nature, has the ability to provoke
in mice C57BL potent changes typical of hypersensitivity pneumonitis after chronic exposure. These results also
suggest that P. agglomerans is one of the most important
agents in the agricultural environment as far as occupational disease is concerned.
We demonstrated that also other antigens used in this
study, in particular Aspergillus fumigatus, the common
fungus described as a cause of HP, APE (asthma with pulmonary eosinophilia) and occupational aspergillosis of the
lungs [15, 20, 58, 59], after long-lasting exposure could
evoke a significant inflammatory reaction in lungs, but
their effects are much weaker than those caused by P. agglomerans and do not include fibrosis of the lung tissue.
In conclusion, our results allow us to define a useful
animal model of HP which can be a supplement for the
now commonly used bleomycin model. This model should
comprise: present set of instruments for inhalation, mice of

Mouse model of hypersensitivity pneumonitis

the line C57BL/6J, and saline extract of P. agglomerans as
the antigen. Nevertheless, for a better understanding of the
presented results, a detailed study covering immunological investigations, focused on understanding the mechanism of antigen action, are needed. For now, our results are
promising and encourage further research.
Acknowledgements
This work was supported by the European Union FP7 Health Research Grant Number HEALTH-F4-2008-202047 “Resolve Chronic
Inflammation and Achieve Healthy Ageing by Understanding Nonregenerative Repair”.

REFERENCES
1. Ávila R, Lacey J: The role of Penicillium frequentans in suberosis
(respiratory disease in workers in the cork industry). Clin Allergy 1974,
4, 109–117.
2. Bhakdi S: Microbial toxins. Wien Klin Wochenschr 1998, 110,
660–668.
3. Biondi PA, Chiesa LM, Storelli MR, Renon P: A new procedure for
the specific high-performance liquid chromatographic determination of
hydroxyproline. J Chromatogr Sci 1997, 35, 509–512.
4. Blank C, Luz A, Bendigs S, Erdmann A, Wagner H, Heeg K: Superantigen and endotoxin synergize in the induction of lethal shock. Eur J
Immunol 1997, 27, 825–833.
5. Bourke SJ: Longitudinal course of extrinsic allergic alveolitis in
pigeon breeders. Thorax 1989, 44, 415–419.
6. Burrell R: Immunotoxic reactions in the agricultural environment.
Ann Agric Environ Med 1995, 2, 11–20.
7. Burrell R, Ye SH: Toxic risks from inhalation of bacterial endotoxin.
Br J Ind Med 1990, 47, 688–691.
8. Campbell JM: Acute symptoms following work with hay. Brit Med
J 1932, 2, 1143–1147.
9. De Haller R, Suter F (Eds): Aspergillosis and Farmer’s Lung in
Man and Animal. Hans Huber Publishers, Bern 1974.
10. DeLucca AJ II, Godshall MA, Palmgren MS: Gram-negative bacterial endotoxins in grain elevator dusts. Am Ind Hyg Assoc J 1984, 45,
336–339.
11. DeLucca AJ II, Palmgren MS: Mesophilic microorganisms and
endotoxin levels on developing cotton plants. Am Ind Hyg Assoc J 1986,
47, 437–442.
12. Denis M, Cormier Y, Fournier M, Tardif J, Laviolette M: Tumor
necrosis factor plays an essential role in determining hypersensitivity pneumonitis in a mouse model. Am J Respir Cell Mol Biol 1991, 5, 477-483.
13. De Vuyst P, Dalphin JC: Occupational interstitial lung diseases.
Rev Prat 2007, 57, 2266–2276 (in French).
14. Dileto CL, Travis EL: Fibroblast radiosensitivity in vitro and
lung fibrosis in vivo: comparison between a fibrosis-prone and fibrosisresistant mouse strain. Radiat Res 1996, 146(1), 61–67.
15. DiSalvo AF (Ed.): Occupational Mycoses. Lee & Febiger, Philadelphia 1983.
16. Dutkiewicz J: Studies on endotoxins of Erwinia herbicola and
their biological activity. Zbl Bakt Hyg I Abt Orig A 1976, 236, 487–508.
17. Dutkiewicz J: Exposure to dust-borne bacteria in agriculture. I.
Environmental studies. Arch Environ Health 1978, 33, 250–259.
18. Dutkiewicz J: Exposure to dust – borne bacteria in agriculture. II.
Immunological survey. Arch Environ Health 1978, 33, 260–270.
19. Dutkiewicz J, Kuś L: Effect of an inhalation of exogenous bacterial
allergen Erwinia herbicola on number of free cells in lungs. Immunol Pol
1983, 8, 37–45 (in Polish).
20. Dutkiewicz J, Minárik L, Skórska C, Krysińska-Traczyk E,
Votrubová V, Mayer M: Microbiological and clinical analysis of disease
cases after occupational exposure to beech chips in the factory of cellulose. Pneum Pol 1984, 52, 57–69 (in Polish).

167

21. Dutkiewicz J, Kuś L, Dutkiewicz E, Warren CPW: Hypersensitivity pneumonitis in grain farmers due to sensitization to Erwinia herbicola.
Ann Allergy 1985, 54, 65–68.
22. Dutkiewicz J: Microbial hazards in plants processing grain and
herbs. In: Rylander R, Peterson Y, Donham KJ (Eds): Health Effects of
Organic Dusts in the Farm Environment. Proceedings of an International
Workshop held in Skokloster, Sweden, April 23–25, 1985. Am J Ind Med
1986, 10, 300–302.
23. Dutkiewicz J: Bacteria in farming environment. Eur J Respir Dis
1987, 71, 71–88.
24. Dutkiewicz J, Tucker J, Woodfork K, Burrell R: The identification
of extracellular endotoxin molecules by immunoelectron microscopy. In:
Jacobs RR, Wakelyn PJ (Eds): Cotton Dust. Proceedings of the 13th Cotton Dust Research Conference, Nashville, Tennessee, 5–6 January 1989,
111–114. National Cotton Council, Memphis, TN 1989.
25. Dutkiewicz J, Tucker J, Burrell R, Olenchock SA, Schwegler-Berry D, Keller III GE, Ochalska B, Kaczmarski F, Skórska C: Ultrastructure
of the endotoxin produced by Gram-negative bacteria associated with organic dusts. System Appl Microbiol 1992, 15, 474–485.
26. Dutkiewicz J, Krysińska-Traczyk E, Skórska C, Sitkowska J,
Prażmo Z, Urbanowicz B: Exposure of agricultural workers to airborne
microorganisms and endotoxin during handling of various vegetable
products. Aerobiologia 2000, 16, 193–198.
27. Dutkiewicz J, Skórska C, Burrell R, Szuster-Ciesielska A, Sitkowska J: Immunostimulative effects of repeated inhalation exposure to
microvesicle-bound endotoxin of Pantoea agglomerans. Ann Agric Environ Med 2005, 12, 289–294.
28. Edwards JH: The isolation of antigens associated with farmer’s
lung. Clin Exp Immunol 1972, 11, 341–355.
29. Emanuel DA, Wenzel FJ, Bowerman CI, Lawton BR: Farmer’s
lung. Clinical, pathologic and immunologic study of twenty-four patients.
Am J Med 1964, 37, 392–401.
30. Fink JN, Hensley GT, Barboriak JJ: An animal model of a hypersensitivity pneumonitis. J Allergy 1970, 46, 156–161.
31. Fink JN: Hypersensitivity pneumonities. J Allergy Clin Immunol
1984, 74, 1–9.
32. Fink J: Hypersensitivity pneumonitis. In: Merchant JA, Boehlecke
BA, Taylor G, Pickett-Harner M (Eds): Occupational Respiratory Diseases, 481-500. DHHS (NIOSH) Publ no. 86–102, US Department of Health
and Human Services, Washington 1986.
33. Fogelmark B, Sjöstrand M, Rylander R: Pulmonary inflammation
induced by repeated inhalations of β(1,3)-D-glucan and endotoxin. Int J
Exp Path 1994, 75, 85–90.
34. Golec M, Skórska C, Mackiewicz B, Dutkiewicz J: Immunologic
reactivity to work-related airborne allergens in people occupationally exposed to dust from herbs. Ann Agric Environ Med 2004, 11, 121–127.
35. Golec M, Skórska C, Lemieszek M, Dutkiewicz J: A novel inhalation challenge set to study animal model of allergic alveolitis. Ann Agric
Environ Med 2009, 16, 173–175.
36. Góra A, Mackiewicz B, Krawczyk P, Golec M, Skórska C, Sitkowska J, Cholewa G, Larsson L, Jarosz M, Wójcik-Fatla A, Dutkiewicz
J: Occupational exposure to organic dust, microorganisms, endotoxin and
peptidoglycan among plants processing workers in Poland. Ann Agric Environ Med 2009, 16, 143–150.
37. Kirsten D, Nowak D, Kanzow G, Magnussen H: Hypersensitivity
pneumonitis in a gardener: persistent bronchoalveolar lavage lymphocytosis despite antigen avoidance. Ann Agric Environ Med 1994, 1, 77–79.
38. Kryda MJ, Emanuel DA: Farmer’s lung disease and other hypersensitivity pneumonitides. In: Sarosi GA, Davies SF (Eds): Fungal Diseases of the Lung. Grune & Stratton, Inc. New York 1986.
39. Krysińska-Traczyk E, Skórska C, Prażmo Z, Sitkowska J, Cholewa
G, Dutkiewicz J: Exposure to airborne microorganisms, dust and endotoxin
during flax scutching on farms. Ann Agric Environ Med 2004, 11, 309–317.
40. Kuś L, Wójtowicz Z, Brajerski W, Dutkiewicz J, Umiński J, Dutkiewicz E, Szukiewicz Z: Farmer’s lung (description of clinical cases).
Gruźlica 1973, 41, 881–888 (in Polish).
41. Kuś L: Allergic alveolitis after exposure to antigens occurring in
grain dust in the light of the own clinical and experimental studies. Med
Wiejska 1980, 15, 73–80 (in Polish).

168

Lemieszek M, Chilosi M, Golec M, Skórska C, Huaux F, Yakoub Y, Pastena C, Daniele I, Cholewa G, Sitkowska J,
Lisowska W, Zwoliński J, Milanowski J, Mackiewicz B, Góra A, Dutkiewicz J

42. Kuś L, Chibowski D, Siezieniewska Z, Dutkiewicz J, Stępień A:
Histological and ultrastructural changes in the lungs of guinea pigs exposed to the extract of Erwinia herbicola. Ann Univ Mariae Curie Sklodowska Med 1984, 39(42), 325–336.
43. Lacey J: Airborne actinomycete spores as respiratory allergens. Zbl
Bakt Hyg I Abt 1981, Suppl 11, 243-250.
44. Lacey J, Crook B: Review: Fungal and actinomycete spores as
pollutants of the workplace and occupational allergens. Ann Occup Hyg
1988, 32, 515–533.
45. Lacey J: Airborne microorganisms in the work environment. Occup Health Rev 1989, February/March, 20–22.
46. Lantz RC, Birch K, Hinton DE, Burrell R: Morphometric changes
of the lung induced by inhaled bacterial endotoxin. Exp Molec Pathol
1985, 43, 305–320.
47. Lewis DM: Stimulation of interleukin 1 production by alveolar
macrophages by endotoxin from various bacterial species. In: Wakelyn
PJ, Jacobs RR (Eds): Proceedings of the 9th Cotton Dust Research Conference, 1985, 157–159. National Cotton Council, Memphis, TN, 1985.
48. Ławniczek-Wałczyk A, Górny RL: Endotoxins and β-glucans as
markers of microbiological contamination – characteristics, detection and
environmental exposure. Ann Agric Environ Med 2010, 17, 193–208.
49. Mackiewicz B, Skórska C, Dutkiewicz J, Michnar M, Milanowski J, Prażmo Z, Krysińska-Traczyk E, Cisak E: Allergic alveolitis due to
herb dust exposure. Ann Agric Environ Med 1999, 6, 167–170.
50. Milanowski J, Dutkiewicz J: Increased superoxide anion generation by alveolar macrophages stimulated with antigens associated with
organic dusts. Allergol Immunopathol 1990, 18, 211–215.
51. Milanowski J: Immunological investigations in Polish farm workers with extrinsic allergic alveolitis. Ann Allergy 1992, 68, 89.
52. Milanowski J, Dutkiewicz J: Effect of organic dust-derived microbial agents on the function of alveolar macrophages in vitro. Polish J
Immunol 1992, 17, 353–366.
53. Milanowski J: Effects of Pantoea agglomerans on the respiratory
system. Part I. Studies in vitro. Ann Agric Environ Med 1994, 1, 44–51.
54. Milanowski J: Effects of Pantoea agglomerans on the respiratory
system. Part II. Studies in vivo. Ann Agric Environ Med 1994, 1, 52–56.
55. Milanowski J, Sorenson WG, Lewis DM, Dutkiewicz J: Stimulation of alveolar macrophage interleukin-1 production by organic dustderived products. In: McDuffie HH, Dosman JA, Semchuk KM, Olenchock SA, Senthilselvan A (Eds): Supplement to Agricultural Health and
Safety: Workplace, Environment, Sustainability, pp. 67–74. University of
Saskatchewan, Saskatoon, SK, 1994.
56. Milanowski J, Sorenson WG, Lewis DM, Dutkiewicz J: Chemotaxis of alveolar macrophages and neutrophils in response to microbial
products derived from organic dust. J Invest Allergol Clin Immunol 1995,
5, 221–227.
57. Milanowski J, Dutkiewicz J, Potoczna H, Kuś, L, Urbanowicz B:
Allergic alveolitis among agricultural workers in eastern Poland: A study
of twenty cases. Ann Agric Environ Med 1998, 5, 31–43.
58. Minárik L, Skalský T, Heyná A, Šteklačova E: Pulmonary aspergilloses of occupational origin. Rozhl Tuberk 1969, 29, 169–173 (in Slovak).
59. Minárik L, Mayer M, Votrubová V, Ürgeová N, Dutkiewicz J: Extrinsic allergic alveolitis caused by sensitization to mouldy beech chips.
Description of two cases. Stud Pneumol Phtiseol Cechoslov 1983, 43,
38–45 (in Slovak).
60. Mohr LC: Hypersensitivity pneumonitis. Curr Opin Pulm Med
2004, 10, 401–411.
61. Molina C, Aiache JM, Brun J, Cheminat JC: Pneumopathies and
precipitins. Rev Fr Allergol 1971, 11, 141–147 (in French).
62. Navarro C, Mejia M, Gaxiola M, Mendoza F, Carrillo G, Selman
M: Hypersensitivity pneumonitis: a broader perspective. Treat Respir
Med 2006, 5, 167–179.
63. Patterson R, Sommers H, Fink JV: Farmer’s lung following inhalation
of Aspergillus flavus growing in mouldy corn. Clin Allergy 1974, 4, 79–86.

64. Pepys J, Jenkins PA, Festenstein GN, Gregory PH, Lacey ME,
Skinner FA: Farmer’s lung: thermophilic actinomycetes as a source of
“farmer’s lung hay” antigen. Lancet 1963, 2, 607–611.
65. Pepys J, Jenkins PA: Precipitin (F.L.H.) test in farmer’s lung. Thorax 1965, 20, 21–35.
66. Reynolds HY: Hypersensitivity pneumonities: correlation of cellular and immunologic changes with clinical phases of disease. Lung 1988,
166, 189–208.
67. Rhudy J, Burrell RG, Morgan WKC: Yet another cause of allergic
alveolitis. Scand J Respir Dis 1971, 52, 177–180.
68. Rylander R, Lundholm M: Bacteria contamination of cotton and
cotton dust and effects on the lung. Br J Ind Med 1978, 35, 204–207.
69. Rylander R: Bacteria as etiological agents in byssinosis and other
lung disease. Eur J Respir Dis 1982, 63, 34–46.
70. Rylander R: The role of endotoxin for reactions after exposure to
cotton dust. Am J Ind Med 1987, 12, 687–697.
71. Rylander R: Toxicity of inhaled isolated and cell bound endotoxin.
In: Jacobs RR, Wakelyn PJ, Rylander R, Burrel R (Eds): Cotton Dust
(Proceedings of the 12th Cotton Dust Research Conference and of the Endotoxin Inhalation Workshop, 28–30 September 1987, Clearwater, FL),
202-203. National Cotton Council, Memphis, TN 1988.
72. Rylander R: Organic dust induced pulmonary disease – the role of
mould derived β-glucan. Ann Agric Environ Med 2010, 17, 9–13.
73. Salkinoja-Salonen MS, Helander I, Rylander R: Toxic bacterial
dusts associated with plants. In: Rhodes-Roberts M, Skinner FA (Eds):
Bacteria and Plants, 219–233. Soc. Appl. Bact. Symp. Ser. No. 10. Academic Press, London 1982.
74. Semenzato G, Agostini C, Zambello R, Trentin L, Chilosi M, Pizzolo G, Marcer G, Cipriani A: Lung T cells in hypersensitivity pneumonitis: phenotypic and functional analyses. J Immunol 1986, 137, 1164–1172.
75. Schuyler M, Gott K, Cherne A: Experimental hypersensitivity
pneumonitis: role of MCP-1. J Lab Clin Med 2003, 142, 187–195.
76. Shellito JE: Hypersensitivity pneumonities. Sem Respir Med 1991,
12, 196–202.
77. Skórska C, Milanowski J, Dutkiewicz J, Fąfrowicz B: Bacterial
endotoxins produced by Alcaligenes faecalis and Erwinia herbicola as
potential occupational hazards for agricultural workers. Pneumonol Alergol Pol 1996, 64(Supl. 1), 9–18 (in Polish).
78. Skórska C, Mackiewicz B, Dutkiewicz J: Effects of exposure to
flax dust in Polish farmers: work-related symptoms and immunologic
response to microbial antigens associated with dust. Ann Agric Environ
Med 2000, 7, 111–118.
79. Skórska C, Golec M, Mackiewicz B, Góra A, Dutkiewicz J: Health
effects of exposure to herb dust in valerian growing farmers. Ann Agric
Environ Med 2005, 12, 247-252.
80. Skórska C, Sitkowska J, Krysińska-Traczyk E, Cholewa G, Dutkiewicz J: Exposure to airborne microorganisms, dust and endotoxin during processing of peppermint and chamomile herbs on farms. Ann Agric
Environ Med 2005, 12, 281–288.
81. Śpiewak R, Dutkiewicz J: In vitro study of pro-inflammatory and
anti-tumor properties of microvesicles from bacterial cell wall of Pantoea
agglomerans. Ann Agric Environ Med 2008, 15, 153–161.
82. Thaon I, Reboux G, Moulonguet S, Dalphin JC: Occupational hypersensitivity pneumonitis. Rev Mal Respir 2006, 23, 705–725.
83. Thorne PS, Adamcakova-Dodd A, Kelly KM, O’Neill ME, Duchaine C: Metalworking fluid with mycobacteria and endotoxin induces
hypersensitivity pneumonitis in mice. Am J Respir Crit Care Med 2006,
173, 759–768.
84. Trentin L, Marcer G, Chilosi M, Zambello R, Agostini C, Masciarelli M, Bizzotto R, Gemignani C, Cipriani A, Di Vittorio G, et al.:
Longitudinal study of alveolitis in hypersensitivity pneumonitis patients:
an immunologic evaluation. J Allergy Clin Immunol 1988, 82, 577–585.
85. Yi ES: Hypersensitivity pneumonitis. Crit Rev Clin Lab Sci 2002,
39, 581–629.

