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Characterization of Micropolyspora faen: antigens by
human antibodies and immunoblot analysis
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Extrinsic allergic alveolitis (EAA) or hypersen-

IgG, IgM and IgA antibody responses against Micropolyspora faeni (Mf) antigens were
studied by means of immunoblotting experiments using 70 sera derived from three
groups of farmers, namely patients with extrinsic allergic alveolitis (EAA) due to
thermophilic actinomycetes (n = 25), patients without EAA but with hay exposure
(n = 14), and patients suspected to have EAA (n = 31), and 27 sera from two groups of
control persons (healthy laboratory workers, n = 13; healthy farmers, n = 14). Patients
with EAA showed IgG, IgM and IgA antibody responses mainly against the antigens
with molecular weights (MW) of 11, 12, 25, 35 and 60 kD (“major antigens”), and in
addition, but less often, against six antigens with MW in the range of 15 to 62.5 kD
(“minor antigens”). The other two groups of patients and also the exposed control
persons showed very similar results; however, the antibody response in healthy farmers
was substantially weaker in comparison to the three groups of patients and was almost
limited to the major antigens with MW 11, 25 and 60 kD. Although patients with proven
EAA had higher amounts of antibodies, there was no correlation between this antibody
response and the onset of disease. The results indicate the necessity of including at least
the major antigens with MW of 11, 25 and 60 kD in all extracts used for in vitro diagnosis
of Mf-induced EAA.

Key words: extrinsic allergic alveolitis; farmer’s lung; immunoblotting; major and minor
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CLINICAL ASPECTS

The commercial extracts of Mf which are used for diagnostic tests differ significant-
ly in their antigenic content, so that the patient’s antibody responses in farmer’s
lung appear to be heterogeneous and, therefore, the disease can not be diagnosed
with sufficient certainty in different laboratories. In this study, we characterized
three major antigens of Mf with MW of 11, 25 and 60 kD which seem to play a
significant role in the immune response, so that these antigens must be present in
any extract used for the detection of antibodies in patients suspected of having EAA.

(bacteria, fungi, amoebae), animals and

sitivity pneumonitis is an allergic lung disease
resulting from the inhalation and subsequent
sensitization and repeated to a

variety of dust (7). Sources of antigens are

exposure

numerous and may include microorganisms

plants. Certain thermophilic and mesophilic
actinomycete organisms have been observed to
produce disease in such diverse situations as
contact with avian excrete, contaminated hu-
midifiers, mushroom picking, processing of



sugar cane, etc. at work or at home (7, 11,
22, 23).
The
identified as fungi because of their similar

actinomycetes are often incorrectly
morphology, but they are in fact true bacteria
(Eubacteriales). They grow in decaying biolog-
ical material such as hay or bagasse, or others
at elevated
37°C and 60°C. Actinomycete
grow particularly well in compost with a neu-
tral pH of 7.0. The higher moisture content of

old hay and bagasse (approx. 40 %) supports

temperatures ranging between

organisms

the growth of thermophilic organisms much
better than in fresh hay or bagasse (11). Ther-
mophilic actinomycetes may occur ubiqui-
tously in soil, foods, fresh water, the atmo-
sphere and other natural sources.
Micropolyspora  faeni (Mf), now designated as
Faenia rectivirgula (15), is one of the most im-
portant sources of actinomycete antigens in-
volved in the pathogenesis of farmer’s lung
(FL) (11, 14).

Although there are many studies about the
detection of specific antibodies against Mf to
clarify the pathogenesis of FL, using different
assays such as enzyme-linked immunosorbent
assay (ELISA) or crossed immunoelectropho-
resis (CIE) or double immunodiffusion test (2,
9, 12, 13, 17, 20), there is much controversy
between different authors as to the character-
1zation of Mf antigenic/allergenic components.

Edwards (6) studied the antigenic compo-
nents of AMf, using immunoelectrophoresis.
The author identified eight “major” antigens
and designated those proteins according to
their electrophoretic mobility in major precip-
itation lines, namely major precipitation lines
in regions A, B and C with average molecular
weight (MW) of 44, 77, 85 and 101 kilo
Dalton (kD).

Kurup (14, 16) described purified fractions
of Mf as major antigens of MW 16, 29 and 51
kD; Baur (4) reported on about 15 antigens of
Mf with MW between 16 and 100 kD.

Thus, it is of great importance to establish
and characterize extracts of Mf by means of a
sensitive method in order to study the anti-
body response in a panel of FL patients. In
this study, by testing various commercial ex-
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tracts of Mf, we observed that these extracts
differ markedly in their antigenic content.
Based on these results, we tried to ascertain
which Mf antigens are characteristic for FL
patients and must be present in the Mf extract
being used for FL diagnosis.

MATERIAL AND METHODS

Patients

1) Sera from 25 patients, 19 male, 6 female
(age range 34 to 75 years, median 54.5). FL
was confirmed by case history, clinical symp-
toms, typical lung X-ray, positive double im-
munodiffusion test and positive provocation
test with mouldy hay.

2) Sera from 14 patients, 11 males, 3 fe-
males (age range 38 to 75 years, median
56.5), without FL (negative provocation test)
but with exposure to hay and suffering from
other diseases of the respiratory tract.

3) Sera from 31 patients, 19 males, 12 fe-
males, with suspected FL. These sera from
patients with a typical case history and strong
suspicion of FL. were sent by chest physicians
to the Institute of General and Experimental
Pathology for diagnostic tests. Data about re-
sults of bronchial provocation and final diag-
nosis were not available.

4) Sera from 13 healthy laboratory workers,
9 males, 4 females (age range 23 to 60 years.,
median 41.5), without exposure to hay served
as controls. 11 sera were pooled and used as
negative control serum pool (N).

5) Sera from 14 healthy farmers, 6 males, 8
females (age range 24 to 61 years, median
42.5), with exposure to hay served as second
control group.

Chemical and general reagents

Tris, glycine, acetic acid, methanol, ethanol,
glycerol, ammonium carbonate, sodium azide
(NaN,),
phosphate, natriumdihydrogenephosphate, so-
diummetabisulfit, Coomassie Brilliant Blue G

chloramine-T, dinatriumhydrogene-
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250 and R 250, EDTA (ethylendinitrilotetra
acetic acid dinatriumsalt) and phosphoric acid
were obtained from Merck (Darmstad, W.
Germany). Tween 20 (polyoxyethylenesorbitan
monolaurate), SDS (sodiumdodecylsulfate),
acrylamide and N.N.-methylene-bis-acryla-
mide were purchased from Sigma (Munich,
W. Germany).

Ammoniumpersulfate, 2-mercaptoethanol,
N.N.N.N.-tetramethylethylenediamine (TEMED)
were obtained from Bio Rad Laboratories
(Richmond, CA, USA). Bovine serum albumin
(BAS), normal goat serum (NGS) and gelatine
were obtained from Janssen (Olen, Belgium).
lodine, hyperfilm MP (RPN 6) were obtained
from Amersham International, UK.

Extracts

Four different commercial extracts of Mf which,

according to the manufacturer originate from

the same species, were investigated:

1) Mf. from Hollister-Stier, Spokane, Washing-
ton, USA

2) Mf. from ALK, Copenhagen, Denmark

3) Mf. from Mercia Diagnostics, West Byfleet,
UK

4) Mf. from HAL, Harlem, Holland

Each extract was dialysed against distilled water
for 2-3 days and then lyophilised.

SDS-PAGE

Samples were diluted 3:1 in a Laemmli sample
buffer (0.0625 M Tris, 2.3% (w/v) SDS, 5%
(v/v) mercaptoethanol, 10% (v/v) glycerol,
0.025% bromphenol blue) and boiled for 4
min.

SDS-PAGE was performed on a vertical slab

gel apparatus (Hofer, San Francisco, CA,
USA).
10 to 16% gradient gels, respectively

(160 x 180 x 5 mm) with 5% stacking gels
were used. Electrophoresis was carried out in a
discontinuous buffer system (0.025 M Tris, 0.2
M glycine) containing 0.1% (w/v) SDS. For

immunoblotting experiments a one well comb
was used. Mf extracts were applied in a concen-
tration of 0.3 mg protein (extracts A, B & D)
and 0.7 mg protein (extract C)/cm gel. MW
were judged, using prestained protein standards
(MW 14.3-200 kD) (rainbow markers, Amer-
sham Int., UK), adjusted in comparison to
unstained proteins (cytochrome C, carboanhy-
drase, bovine serum albumin) by use of the
Bio-Rad silver stain kit.

Staining of gels was done either for 2 h with
Coomassie Brilliant Blue G 250 (CBB), 0.25%
(w/v) in 50 % (v/v) methanol, 15% (v/v) acetic
acid, destaining was done in 10 % (v/v) metha-
nol, 15% (v/v) acetic acid and 3 % (v/v) glyce-
rol, or silver stained with Bio-Rad silver stain
kit.

Protein assay

The protein concentration of lyophilised ex-
tracts was determined by the method of Brad-
ford (5).

Immunoblot (Westernblot)
SDS-PAGE  was

above, the separated proteins were transferred

performed as mentioned
to nitrocellulose by use of a Hoefer blotting
apparatus at 200 mA for 3 h from gradient gels
onto nitrocellulose filters (NC) (pore size 0.2
um, Schleicher & Schiill, Dassel, W. Germany)
(26). The transfer was performed in a Tris-
glycine medium (25 mM Tris, 192 mM gly-
cine, 20 % (v/v) methanol, pH: 8.3). NC-sheets
were cut into 4-5 mm strips, which were treat-
ed according to an improved method based on
Moereman’s immunogold staining,
Tween 20 as blocking reagent in the incubation
buffers (3). Per strip, 1 ml incubation buffer
was used.
Buffer A: 50  mM natriumphosphate-buffer,

pH: 7.5

0.5% w/v Tween 20

0.5% w/v BSA

0.05% w/v sodium azide

Buffer B: A + 1% (v/v) normal goat serum

using



Buffer C: A + 20 mM NaN,, 0.4% (w/v) gela-

tine

Strips were processed by saturation during 30
min at room temperature (RT) in buffer A.
Then they were incubated overnight at 4°C
with patient serum (for IgG and IgM detection
diluted 1:20, for IgA detection diluted 1:4 in
buffer B).

For the detection of I1gG, IgM and IgA re-
sponse, a sandwich technique was performed,
using an affinity purified rabbit anti-human
IgG antiserum, Fc-specific, rabbit anti-human
IgA antiserum alpha-chain specific, rabbit anti-
human IgM antiserum, Fc-p fragment-specific
(Jackson, MD, USA), which were diluted in
buffer B (rabbit anti-human IgG and IgM
1:2000, rabbit anti-human IgA 1:1000). The
used dilutions of serum and antiserum were
found by titration using a strongly positive pa-
tient’s serum (as detected by double immuno-
diffusion tests and ELISA) and antiglobulins in
dilutions ranging from 1:4 to 1:128 (patient’s
serum) and 1:500 to 1:3000 (antiglobulins).

Strips were incubated for 1 h at RT, washed
in A for 3 min and incubated for 1 h at RT
with a "*I-goat anti-rabbit antibody (300,000
cpm/ml buffer C) (Kirkegaad & Perry Lab-
oratories, London, GB).

Labelling was performed according to the
method of McConahey (18), using "“’sodium-
iodide (Amersham Int., UK) for a goat anti-
rabbit antibody (Kirkegaad & Perry, London,
GB). Control sera were incubated with an anti-
M antibody raised in sheep (Mercia diagnostic,
UK).

-70°C for 3-4 days, using intensifying screens

Autoradiography was performed at

in Kodak exposure cassettes.

RESULTS

Characterization of extracts by SDS-PAGE

Four different commercial extracts were investi-
gated for their antigenic content by SDS-PAGE
(10-16 %).

Extract A shows several antigens of MW
between 10 and 70 kD, extract B shows just one
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antigen of MW of 60 kD and extract C shows
antigens in molecular ranges at about 21.5 and
80-85 kD. Extract D shows several antigens of
MW between 10 and 90 kD (Fig. 1). The
problem with this extract was that the back-
ground was also intense.

Immunoblot (Westernblot)

Primarily, we tested all four extracts with a
panel of 10 patients’ sera. These tests showed
that in contrast to the others, extract A contains
many antigens/allergens of different molecular
weights (11-70 kD) and is therefore qualified
for further investigations.

In three groups of patients we investigated
their IgG-, IgM-, and IgA-antibody response
against Mf antigens by means of immunoblot-
ting. The IgG antibody response in 14 sera
from exposed healthy persons was investigated.
13 sera from healthy persons without exposure
to hay were also tested and showed almost
negative results. These sera were later pooled
and used as control serum (N).

LoG-antibody response

64 % of patients with EAA and 42.8% of pa-
tients without EAA showed IgG antibody re-
sponse against three antigens with MW of 11,
25 and 60 kD. Both antigens with MW of 11
and 25 kD were recognized by 92 %, and the
antigens with MW of 12, 35 and 60 kD were
recognized by 64 % 64 % and 68 % respectively,
of all investigated patients with EAA. In addi-
tion to these antigens, In some cases we observ-
ed IgG antibody response against antigens with
MW 15, 24, 30, 52.5, 55 and 62.5 kD (Figs. 2
and 3).

These observed antibody patterns did not
correlate with disease history, absence or pres-
ence of hypersensitivity pneumonitis, and were
found within all three groups of patients. The
control group of healthy persons with hay expo-
sure also showed a similar binding pattern,
although much weaker and in most cases to
only one or a few antigens. The control serum
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pool (N) showed almost no reactivity (Figs. 4
and 5).

IgM-antibody response

[gM-antibodies were mainly directed against the
antigens with MW 11, 25 and 60 kD. 44.3 % of
investigated persons showed IgM-antibody re-
sponse against the antigen with MW 11 kD, 68 %
against the antigen with MW 25 kD, and 78.6 %
against the antigen with MW 60 kD; the percent-
age of patients with EAA was 56 %, 88 % and
80 %, respectively. A similar response was also
observed in all other examined patients.

IgA-antibody response

IgA-antibody response was most frequently di-
rected against the antigen with MW 25 kD, and
less frequently against antigens of 11 and 60
kD, again within all groups of persons.

DISCUSSION

On the basis of our SDS-PAGE investigations,
commercial extracts of Mf (correctly designated

KD M A B C D
200

’ -
92.5
69 : #i .

46 B»

30 P= =

215 B
143 ™ .

x A

Fig. 1. 10-16 % SDS-PAGE of Mf: Four different commer-
cial extracts (A: 0.3; B: 0.3; C: 0.7; D: 0.3 mg protein/cm)
were tested (M: gel marker).

R reactivity

mol wt (kD)

Fig. 2. Percentage of IgG-antibody response of patients with
EAA (Gr. 1; n = 25) against major and minor M/ antigens.

as Faenma rectivirgula according to Kurup & Agre
(15)) used for the diagnosis of EAA, differ sig-
nificantly in their antigenic components, and
may explain why discordant results from vari-
ous laboratories were obtained. The quality of
patients’ antibody responses in FL is hetero-
geneous and according to published data (10,
14, 16, 27) does not correlate with the disease
history. Therefore, the goal of this study was to
establish a more sensitive immunological assay,
such as immunoblotting, to characterize the
important Mf antigens and to ascertain whether
there are specific Mf antigens leading to the
onset of EAA.

From our results we observed that the anti-
gens of 11, 12, 25, 35 and 60 kD are recognized

without EAA

30

~
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Fig. 3. Percentage of IgG-antibody response of patients
without EAA (Gr. 2; n = 14) against major and minor Mf
antigens. These patients were farmers with exposure to hay
but showed negative provocation tests.
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Fig. 4. IgG-antibody response: immunoblot of Mf
extract with sera from patients with EAA (Gr. 1: 4,

5,6, 8, 9, 11, 12, 15, 16, 17), patients without

EAA, but with exposure to hay (Gr. 2: 1, 2, 3, 7, 1 1
10, 13), and a patient with suspected EAA (GR. 3:

14); N = negative control human serum pool.

by more than 50 % of investigated patients from
all three groups, and therefore we designated
these molecules as major antigens. The antigens
with 15, 24, 30, 52.5, 55 and 62.5 kD, which
are recognized with less frequency, were desig-
nated minor antigens.

It was interesting to find that the major anti-
gens with MW of 11, 25, and 60 kD were
recognized by all three immunoglobulin classes
investigated (IgG, IgM and IgA), whereas the
antigens with MW of 12 and 35 kD and the
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minor antigens were recognized predominantly
by IgG.

An earlier study (14, 16) has reported on
three major Mf antigens with MW 16, 29, and
51 kD, and a recent study reports on two major
antigens with MW of 28 and 49 kD (1). We
also observed antigens with similar MW (15,
30, and 52.5 kD), but regarded these mole-
cules, in contrast to the above mentioned stud-
ies, as minor antigens. This discrepancy might
be because we examined the sera from a much

P

Fig. 5. IgG-antibody response: Immunoblot of Mf extract with sera from healthy farmers with hay exposure (1-7, 10-16) in
comparison with patient (P) with EAA (N = negative control human serum pool, C = anti-Mf antiserum with weak

reactivity).
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larger number of patients and used a new series
of protein markers with MW 14.3, 21.5, 30,
46, 69, 92.5 and 200 kD (see Material and
Methods) which allow a more precise character-
ization of MW of the proteins wanted. Our
study shows that all patients with defined EAA
have antibodies against the major antigens with
MW of 11, 25, and 60 kD, thus these antigens
should be present in all Mf (Fr) extracts used for
diagnostic purposes.

Despite these results, we were unable to pre-
dict the existence of EAA in the third group of
patients, based exclusively on the antibody re-
sponses of EAA patients compared with con-
trols. Moreover, it confirms the assumption
that other gentic, environmental or immuno-
pathological factors might also be involved in
the manifestation of EAA (8, 17, 19, 21, 24, 25,
28). More investigations are necessary to eluci-
date these factors. However, we consider that
characterization of AMf extracts and patients’
immune responses will facilitate these investiga-
tions.

ACKNOWLEDGEMENT

This work was supported by grants from the “Medicinisch -
vissenschaftlicher Fonds des Biirgermeisters der Bundes-
hauptstadt Wien” and “Hochschuljubiliumsstiftung der
stadt Wien™.

REFERENCES

I. Aznar, C., Andre, P. M., Deunff, J. & Robert, R.:
Investigation of human immune response to Micropo-
lyspora faeni antigens by enzyme linked immunoelectro-
diffusion assay and immunoblotting. J. Clin. Microbiol.
26, 443-447, 1988.

2. Bamdad, S.: Enzyme-linked immunosorbent assay (EL-
ISA) for IgG antibodies in farmer’s lung disease. Clin.
Allergy 10, 161-171, 1980.

3. Batteiger, B., Newhall, W. J. & Jones, R. B.: The use of

TWEEN 20 as a blotting agent in the immunological
detection of proteins transferred to nitrocellulose mem-
branes. J. Immunol. Methods 55, 297-307, 1982.

4. Baur, X.: Asthma Alveolitis Aspergillose: Charakterisie-
rung ursaschlicher Antigene, pp. 28-48. Springer-Ver-
lag, Berlin, 1986.

5. Bradford, M. M.: A rapid and sensitive method for the
quantitation of protein-dye-binding. Anal. Biochem. 72,
248-254, 1976.

6. Edwards, J. H.: The isolation of antigens associated with
farmer’s lung. Clin. Exp. Immunol. 77, 341-355, 1972.

7. Fink, J. N.: Hypersensitivity pneumonitis. J. Allergy
Clin. Immunol. 74, 1-9, 1984.

10.

11,

12.

13.

14.

15.

16.

17,

18.

19.

20.

21.

22.

. Flaherty, D. K., Baun, Sh. R., Marx, J. J., Blank, J. L.,

Emanuel, D. A. & Rankin, J.: Serologically detectable
HLA-A, B, and C loci antigens in farmer’s lung disease.
Am. Rev. Respir. Dis. 722, 437-443, 1980.

. Gari, M., Pinon, J. M., Poirriez, J., Boulant, J., Geers,

R. & Thoanmes, H.: Enzyme-linked immunofiltration
assay (ELIFA) for the detection of specific antibodies
(IgG-IgM-IgA-IgE) in farmer’s lung disease. Clin. Al-
lergy 16, 553-562, 1986.

Hebert, J., Beaudoin, J., Laviolette, M., Beaudoin, R.,
Belanger, J. & Cormier, Y.: Absence of correlation be-
tween the degree of alveolitis and antibody levels to Mi-
cropolyspora faeni. Clin. Exp. Immunol. 60, 572-578,
1985.

Karr, R. M. & Salvaggio, J. E.: Immunological features
of infiltrative pulmonary disease. Gupta, S. & Good, R.
A. (eds.): Cellular, molecular, and clinical aspects of
allergic disorders, pp. 469-511. Plenum Medical Book
Company, New York, 1979.

Katila, M.-L., Ojanen, T. H. & Mantyjirvi, R. A.:
Significance of IgG antibodies against environmental mi-
crobial antigens in a farming population. Clin. Allergy
16, 459-467, 1986.

Kahn, Z. U., Richardson, M. D. & Warnock, D. W.:
Rapid enzyme-linked immunosorbent assay (ELISA) for
the detection of IgG antibodies against Micropolyspora
faeni and Thermoactinomycetes vulgaris. Clin. Allergy
14, 259-305, 1984.

Kurup, V. P., Ting, E. Y., Fink, J. N. & Clavanico, N.
J.: Characterization of Micropolyspora faeni antigens.
Infect. Immun. 34, 508-512, 1981.

Kurup, V. P. & Agre, N. S.: Transfer of Micropolyspora
rectivirgula (Krassilvikov & Agre 1964) Lechevalier, Le-
chevalier & Becker 1966 to Faenia gen. nov. Int. J.
System. Bacteriol. 33, 663-665, 1983.

Kurup, V. P., John, K. V., Ting, E. Y., Somasundaram,
K., Rasnick, A. & Marx Jr., J. J.: Immunochemical
studies of a purified antigen from Micropolyspora faeni.
Mol. Immunol. 27, 215-221, 1984.

Marcer, G., Simioni, L., Saia, B., Saladino, G., Gemig-
nani, C. & Mastrangelo, G.: Study of immunological
parameters in Farmer’s Jung. Clin. Allergy 13, 443-449,
1983.

McConahay, J. P. & Dixon, F. J.: A method of trace
iodination of proteins for immunologic studies. Int. Arch.
Allergy Appl. Immunol. 29, 185-189, 1966.

Muers, M. F., Faux, J. A., Ting, A. & Morris, P. J:
HLA-A, B, C and HLA-DR antigens in extrinsic allergic
alveolitis (budgerigar fanciers’s lung disease). Clin. Al-
lergy 12, 47-53, 1982.

Ojanen, T. H., Katila, M.-L. & Mintyjarvi, R. A.: The
use of enzyme-linked immunosorbent assay (ELISA) in
the diagnosis of farmer’s lung. Allergy 35, 537-542, 1980.
Rebmann, H., Stickel, R. & Huenges, R.: Synchrone
Geschwistererkrankung und exogen-allergische Alveolitis
vom Typ der Farmerlunge - Berichte {iber 3-jihrigen
Verlauf, familidre Sensibilisierung und HLA-Merkmale.
Klin. Padiat. 798, 344-348, 1986.

Salvaggio, J. E.: Hypersensitivity pneumonitis. J. Al-
lergy Clin. Immunol. 79, 558-571, 1987.



23,

24.

25.

26.

21

Scribner, G. H., Barboriak, J. J. & Fink, J. N.: Preva-
lence of precipitins in groups at risk of developing hy-
persensitivity pneumonitis. Clin. Allergy 70, 91-95,
1980.

Solal-Celigny, PH., Laviolette, M., Hebert, J. & Cor-
mier, Y.: Immune reactions in the lungs of asymptomatic
dairy farmers. Am. Rev. Respir. Dis. 126, 964-967,
1982.

Terho, L. O., Lindstrém, P., Mintyjarvi, R., Tukiai-
nen, H. & Wager, O.: Circulating immune complexes
and rheumatoid factors in patients with farmer’s lung.
Allergy 38, 347-352, 1983.

Towbin, H., Stachelin, TH. & Gordon, J.: Electropho-
retic transfer of proteins from polyacrylamide gels to
nitrocellulose sheets: procedure and some applications.
Proc. Natl. Acad. Sci. USA 76, 4350-4354, 1979.

27.

28.

MICROPOLYSPORA FAENI ANTIGENS

321

Treuhaft, M. W., Roberts, R. C., Hackbarth, C., Ema-
nuel, D. A. & Marx, Jr., J. J.: Characterization of
precipitating response to Micropolyspora faeni in farm-
er’s lung disease by quantitative immunoelectrophoresis.
Am. Rev. Respir. Dis. 7119, 571-578, 1979.

Wilson, M. R., Schuyler, M. R., Cashner, F. & Salvag-
gio, J. E.: The effect of complement depletion on hy-
persensitivity pneumonitis lesions induced by Micropo-
lyspora faeni antigen. Clin. Allergy 70, 131-137, 1980.

Address:
Dr. Duetrich Kraft
Institute of General and Experimental Pathology

University of Vienna
Waihringerstrafle 13
A-1090 Vienna, Austria



This document is a scanned copy of a printed document. No warranty is given about
the accuracy of the copy. Users should refer to the original published version of the
material.



