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Summary

Fifty patients with farmer's lung disease (FL), 20 asymptomatic exposed farmers, and 18
healthy controls vycre investigated for total IgG and total IgA, as well as subclass
antibody levels against Aspergillus umbrosus, the most common fungus to which FL
patients in Finland have been exposed. Enzyme-linked immunosorbent assay (ELISA)
revealed significantly elevated levels ofspecifie total IgG and IgA antibodies in the sera
of patients during the acute phase of the disease. Both IgGl and IgG2 subclass
antibodies and both IgA I and IgA2 subclass antibodies were significantly associated
with the disease. The antibody levels decreased during the first 3 months., when mould
exposure was avoided and when an oral 6-week steroid treatment was administered.
During the next 12 month follow-up, the mean antibody levels continued to decrease,
even though re-exposure might have occurred. The results (with sensitivity 94% and
specificity 95%) imply that in addition to the measurement of .^. umbrosus-spQcific IgG,
determination of both A. M/?i/j/-o.s«.v-specific IgGl and IgA might also be useful in the
serodiagnosis of acute stage of FL.
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Introduction

Aspergillus umbrosus. a fungus of.4.^/awrw.¥ group [1], has
been isolated from mouldy hay, and is most frequently
associated with farmer's lung disease (FL) among Finnish
farmers [2,3], The diagnosis of FL is based on clinical
findings in accordance with internationally accepted
diagnostic criteria [4]. The presence of total IgG and IgA
antibodies against mannoprotein [5] or cruder, umbrosus
antigen [6] has been recently reported to be indicative of
antigen exposure. The antibodies are not, however,
disease-specific. The type of antigen, route and duration
of antigen exposure and genetic background of the
patient seem to determine the subclass of IgG antibody
response [7]. Although A. umbrosu.s-spedfic IgG3 anti-
bodies have been reported to correlate with decreased
pulmonary diffusing capacity [8]. no such associations
have been reported for other A. umbrosus-specif\c IgG
and IgA subclass antibodies.
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In the present study we have measured circulating tota!
IgG and total IgA as well as subclass antibodies against A.
umbro.sus during different phases of the disease using the
ELISA technique. Further, we have analysed their serolo-
gical significance in farmer's lung disease.

Material and methods

Diagnostic criteria for FL

The diagnosis of FL was based on the criteria formulated
by Terho [4]. The main criteria were exposure to offend-
ing antigens, lung infiltration on chest X-ray, and symp-
toms compatible with FL [9]. The additional criteria were
basal crepitant rales, impaired pulmonary capacity, de-
creased oxygen saturation of the arterial blood during
exercise, restrictive ventilation defect in the spirometry,
and positive provocation test. The diagnosis was consid-
ered to be confirmed ifthe patient fulfilled all the main
criteria and at least two of the additional criteria.

Patient sera

A total of 130 serum samples from 50 clinically confirmed
FL patients during the acute phase and at the 3 month

851



852 K. Kaukonen et al.

foliow-up. and from 12 of the 50 patients also at the 6- and
at the 12-month follow-ups was studied. Total IgG and
IgA as well as subclass antibodies against A. umbrosus
antigen were determined. Sera from 20 asymptomatic
farmers (exposed controls) and 18 healthy non-farmer
controls were also investigated. Serum samples, obtained
from the Department of Pulmonary Diseases., Kuopio
University Hospital. Finland, were stored at — 70 C and
studied simultaneously. All the patients were admitted to
the hospital during the acute phase of the disease and after
the diagnostic investigations, a 6-week oral steroid treat-
ment was initiated. After hospitalization. the patients
resumed their previous work and were advised to use dust
respirators when handling hay or straw.

A. umbrosus cultures

A. umbrosus{siVAxn M 118, isolated from Finnish mouldy
hay by M. Kotimaa, PhD, Kuopio Regional Institute of
Occupational Health, Kuopio, Finland) was grown on
agar platescontaining2 0g Malt Extract (Oxoid L39). 15
g Bacto Agar (Difco 0140-01), and 10 0 g NaCI in 100 ml
of distilled water at +25 C for 7 days. Five millilitres of
culture medium containing 2 0 g malt extract (Oxoid
L39). 1-0 g mycological peptone (Oxoid L40). 4 0 g
glucose, and 10 g NaCl in 100 ml of distilled water was
added to the sub-cultures, stirred gently and transferred
by pipettes to Roux bottles containing 100 ml o^ the
culture medium. The cultures were incubated horizon-
tally at -1-25 C for 5 days.

Preparation of the crude antigen of A. umbrosus

The cultures were washed three times with 0 1 5 M NaCl.
transferred to 0125 M NH4HCO1, and autoclaved at
+ 120 C for 2 hr. The mycelia were collected by centrifu-
gation in a continuous-Bow centrifuge (Sorvall RC5C) at
7000 r.p.m. for 30 min and washed twice with 0 1 5 M
NaCl. The pellet was weighed, ruptured with a hand-held
electric mixer (Brown), pressed through an X-Press
chamber (Biox Ab. Goteborg. Sweden) six times under
presure of 4000 k.p.m./cm-^ at — 25 C. and sonicated in
continuous How five times for 2 min (Branson Sonifier.
U.S.A.). The suspension was centrifuged at 20000 r.p.m.
for 30 min. Thereafter the supernatant was filtered with a
0 2 f.im filter, dialysed three times (Amicon YM 1, Diafio.
Danvers. U.S.A.). lyophilized and stored at -1-4 C.

Enzyme-linkedimmunosorhent assay (ELISA)

Circulating IgG and IgA antibodies to A. umbrosus were
quantitated by ELISA, as described earlier [5]. Poly-
styrene microtitre plates (Nunc, Roskilde. Denmark)

were coated with 100 ̂ 1̂ of the A. umbrosus antigen (at 0-3
mg/ml in PBS. pH 7-3), kept at + 4 C overnight and
saturated with 100 ^1 of 1% normal sheep serum in PBS
(NSS-PBS) at -K37 C for 2 hr. The plates were then
incubated with 75 /d of 1:250 diluted sera in NSS PBS at
+ 37 C for 2 hr. Thereafter, 75 /il of alkaline phospha-
tase-conjugated swine anti-human IgG and IgA (Orion
Diagnostica. Helsinki. Finland), diluted 1:300 and 1:100
in NSS-PBS, respectively, were incubated on the plates at
+ 37"'C for 2 hr. Next, 75 /il of/j-nitrophenylphosphate in
diethanolamine MgCl: buffer (1 mg/ml: Orion Diagnos-
tica, Helsinki, Finland) was added and incubated at
+ 3TC for 30 min. The enzyme reaction was stopped with
120 ^1 of 1 M NaOH. The absorbances were measured
with a Muitiscan Photometer (Labsystems. Helsinki,
Finland) at a wave-length of 405 nm. AH the serum
samples were tested in duplicate.

The circulating anti-.^. umbro.sus IgG and IgA subclass
antibodies were measured using a modified procedure, as
reported earlier [10]. The plates (Nunc, Roskilde, Den-
mark) were coated with 100/il of the A. «m6/-avw.s antigen
(0 3 mg/ml in PBS, pH 7 3). incubated at + 4 C overnight.
saturated with 100/̂ 1 of 3'%i bovine serum albumin in PBS
(BSA-PBS) at + 37 C for 3 hr and then incubated with 75
y\ of serum samples (1:100 in 0-3 % BSA-PBS) at + 37"C
for 2 hr. Monoclonal antibodies of the IgG subclasses,
IgGl, !gG2, IgG3, and IgG4 (Oxoid, Basingstoke, Fng-
land; clones NL16, GOMl, ZG4, RJ4 and code Nos
MI5O15, MI0015. M080I0, Ml 1013, respectively), were
diluted at 1:3000 for IgG 1 and 1:200 for IgG2, IgG3 and
IgG4. A total of 75 /il of the monoclonal antibody
dilution was applied to the plates and incubated overnight
at room temperature. Thereafter 75 /il (1:3000 in 0 3'V;)
BSA-PBS) of alkaline phosphatase-conjugated rabbit
anti-goat IgG + IgM (Medac. Hamburg, Germany; code
No M30808) were added and incubated at +37 C for 3
hr. Monoclonal antibodies of the IgA subclasses, lgAl
and IgA2 (Becton Dickinson. Mountain View, CA.
U.S.A.; code Nos P1259 and PI 128. respectively), were
diluted at 1:100 in 0 3% BSA PBS and incubated on the
plates at room temperature overnight. Rabbit anti-mouse
immunoglobulin (Miles-Yeda, Kiryat Weizmann, Reho-
vot, Israel) absorbed with human IgG was diluted at
1:1000 and 75 /J were added and incubated for 3 hr at
+ 37 C. Next, 75 lA of 1 :250 in 0 3% BSA-PBS diluted
swine alkaline phosphatase conjugated anti-rabbit IgG
(Orion Diagnostica, Helsinki, Finland; No 67850) was
allowed to react overnight at room temperature. The
enzyme reactions and the absorbance measurements were
done as described above for the IgG and IgA determina-
tions. The antibody levels are expressed as the optical
density (OD) at 405 nm wavelength.

The sensitivity and specificity for A. umbro.sus anti-
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Fig. I. Levels ofa, IgG; b, IgGI;c, IgG2; d, IgG 3 and e, IgG4 antibodies against A. «m/>ro5u.9 antigen in the sera of FL patients, of
healthy exposed farmers, and of healthy controls. Number of individuals {n) in each group are the same for all immunoglobulin
classes.

bodies were calculated. Absorbance values for patients
and healthy exposed farmers of at least two standard
deviations (2 s.d.) higher than the mean absorbance in the
healthy control group were considered as positive.

Statistieal analysis

ANOVA. Fisher PLSD-test and Scheffe F-test were used
tor the statistical analyses.

Results

IgG ctnd IgG subclass antibodies

The mean concentrations of A. umbrosus-speciHc total
IgG as well as IgG subclass antibodies for each individual
in the different groups are presented in Fig. 1. During the
acute phase of disease, FL patients had significantly
higher levels of A. umbrosus-spedfic total IgG antibodies
than the healthy exposed farmers (P<OOOI) and the
healthy controls {P < 0 001). The patients also had signifi-
cantly higher levels of IgGl and IgG2 antibodies than the
exposed farmers ( f '<0 05) and the healthy controls
{P<0-0\). and significantly higher ieveis of IgG3 anti-
bodies (P< 0 001) than the healthy controls. The levels of
lgG4 class antibodies were low in each group (absor-
hances <0 08); only minor differences were observed.
Three months after the acute phase there were no
significant changes in the number of A. umbrosus-spedfic
IgG subclass antibodies (data not shown).

IgA and IgA subdass antibodies

Significantly higher concentrations of A. umbrosus-sped-
fic total IgA antibodies in FL patients during the acute
phase than in exposed healthy farmers or healthy controls
( / '<000I and P < 0 0 1 , respectively) were detected (Fig.
2). Moreover, the A. umbrosus-spedfic IgA! and IgA2
antibody levels were significantly elevated in FL patients
during the acute phase, compared with that observed in
the exposed farmers and healthy controls (i*<0 001 and
P<OOOI, respectively for both IgA subclasses). The
number of y4. ttmbrosus-spccfic IgA subclass antibodies in
FL patients at 3 month follow-up did not significantly
differ from that during the acute phase (data not shown).

IgG and IgA class antibodies during 12 month foliow-up

During the acute phase of the disease, elevated levels of A.
umbrosus-spedfic class IgG and IgA antibodies were
observed. We wanted to follow the antibody response
more closely during the next 12 months. As can be seen in
Figs 3 and 4. a decreasing tendency of all IgG and IgA
class antibodies for those 12 patients was noticed. At the
end of the foliow-up, all 12 patients could still be
considered positive for IgG, IgA, IgAl and IgA2 ciass
antibodies; and eight patients, positive for IgG I and lgG2
subclass antibodies. The increase of IgG, IgGl, IgG2,
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Fig. 2. Levels ofa. IgA: b. IgAl. and c,
lgA2 antibodies against A. umbrosus
antigen in the sera of FL patients, of
healthy exposed farmers and of healthy
controls.

IgA, IgA 1 and IgA2 antibodies for patients 2, 3, 5 and 12
could be explained by a history of continuous re-exposure
to mouldy hay without the use ofa proper dust respirator.

Sensitivity and specificity ofthe antibody panels

The sensitivity and specificity of A. umbrosus-spedfic
antibodies in the serodiagnosis of FL were calculated

separately for the IgG and IgA class antibodies. The
sensitivity and specificity for IgG detection were 96% and
80%; for IgGl 82% and 100%; and for IgG2, 58% and
60%, respectively. Both values were under 50% for IgG3
and IgG4. The sensitivity and specificity for total IgA
were 86% and 95%; for IgAl, 66% and 90%; and for
IgA2, 50% and 100%, respectively. The best combination
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Fig. 3. Levels ofa, IgG; b, IgGl; c, IgG2: d, IgG3 and e, IgG4 antibodies against A. umbrosus antigen in patient sera during follow-up
period. Patients: D, i. ^ , 2 . O, 3. 0 , 4 . • , 5. • , 6. A, 7. A, 8. O , 9. *, 10. -I-, 11. X , 12.
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Fig. 4. Levels of a, IgA; b, IgAl and c.
lgA2 anlibodics against A. umhrosus
;imigcn in patietil sera during follow-up
period. Tor symbols please see Fig. 3.

was the measurement of both A. Hm/»/(),vw.s-specific IgGl
and IgA antibodies, whereupon the sensitivity was 94%
and the specificity was 95%.

Discussion

In VL patients, circulating antibodies of several immuno-
globulin classes against many environtnental microbes
can be detected, while in healthy exposed farmers and in
controls primarily IgG class antibodies against only one
microbe are detected [11,12].^. umbrosus. a fungus ofthe
A. glaueus group, is the most common microbe to which
FL patients in Finland are exposed. This study confirms
previous findings [6] thai FL patients have high concen-
trations of A. umbrosus-spedfxc total IgG and IgA
antibodies and, further, that the presence of these anti-
bodies in the sera of patients supports the diagnosis. The
role of ^ . «m/)ra?«.v-specific IgG subclass antibodies has
been obscure. The data from this study show that patients
with FL have significantly higher concentrations of A.
umbrosus-spedfic IgGl. IgG2, IgAl and IgA2 subclass
Liniibodies than healthy exposed farmers and non-farmer
healthy controls.

The immune response against polysaccharides primar-
ily consists of IgG2 subclass antibodies, while IgGl
subclass antibodies are suggested to react against protein
antigens [13,14]. In our ELISA studies with Candida
albicans. mannan elicited significantly high concentra-
tions of IgG2 subclass antibodies (data not shown here).
Since A. umbrosus crude antigen consists mainly of
mannan/mannoprotein and galactose [5], we suggest that
at least the lgG2 subclass antibodies detect the most
antigenically active mannogalactose epitopes. The ele-
vated, antigen-specific IgGl antibodies in the present
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Study may represent the antibody response to mannopro-
tein antigens. A. fumigatus and A. niger, as we suggest for
A. umbro.sus, consists primarily of mannan. galaclose and
glucose [15,16]. .4. /i//Ji/gc////.v-specific IgG2 subclass anti-
body reactivity has been found to be important in the
serological diagnosis of FL in Germany [17]. Correspond-
ingly, we feel that in our A. umbro.m.s-cxposed patients,
IgG2 anti-mannan antibodies may be elicited. In a study
that compared lgG3 and IgG4 subclass antibody levels
with pulmonary functions of FL patients, A. umbro.w.s-
specific IgG3 subclass antibodies correlated inversely
with lung function [8].

Very little is known about IgA subclass antibodies in
FL disease except that, according to Sennekamp et al.
[18], IgA class antibodies are more specific for FL than
IgG class antibodies. Our results further show that A.
umbrosus-spec\fic IgAl and lgA2 antibodies are more
specific for FL than A. umbrosus-spedfic IgG subclass
antibodies.

A. umbrosuS'Spec\fic class antibodies decreased during
the 12 month follow-up period, except in those patients
who did not use an effective dtist respirator while handling
hay or straw. Possible changes in the avidity (specificity
and strength of the binding) of IgG and IgA antibodies
against A. umbrosus antigen during the follow-up period
is an area of interest that certainly warrants further study.

In this study, the sensitivity and specificity of A.
umbrosus-specific IgGl and IgA antibodies together in
the serodiagnosis of FL were the best seen, and exceeded
those of A. umbrosus-spedf\c total IgG. Our findings,
together with results of other reports, imply that it might
be useful to measure antigen-specific total IgG, IgGl and
IgA.



856 K. Kaukonen et al.

Acknowledgments

We thank Professor Paavo Toivanen for making avail-
able the laboratory facilities for our use. Professor Aimo
Salmi for kind help in statistical treatment of data, Mrs
Leena Kaven-Honka for excellent technical assistance.
Mrs Pirkko Hentelii for culturing the Ml 18 strain and
Jeri L. Hill PhD for revising the language. This work was
supported by the Sigrid Juselius Foundation, the Paulo
Foundation, the Finnish Allergy Research Foundation,
the Work Protection Foundation, the Viiino and Laina
Kivi Foundation and the Finnish Anti-Tuberculosis
Association.

References

1 Raper KB, Fennel! DL The genus A.ipergillus. Baltimore:
Williams & Wilkins. 1965.

2 Terho EO, Lacey J. Microbiological and serological studies
of farmer's lung in Finland. Clin Allergy 1979; 9:43-52.

3 Kotimaa MH. Husman KH, Terho EO, Mustoncn MH.
Airborne molds and actinomycetes in the work environment
of farmer's lung patients in Finland. Scand J Work Environ
Health 1984; 10:115-9.

4 Terho EO. Diagnostic criteria for farmer's lung disease. Am
Jlnd Med 1986; 10:329.

5 Kaukonen K, Savolainen J, Viander M, Terho EO. Charae-
terization of Aspergillus umbrosus carbohydrate antigens by
biotinylated lectins and IgG response to mannan/manno-
protein antigens in piilienls with farmer's lung. Clin Exp
Allergy 1993; 23:21-7.

6 Ojanen T. Class-specific antibodies in serodiagnosis of
fanner's lung. Br J Ind Med 1992; 49;332-6.

7 Urbanek R. IgG subclasses and subclass distribution in
allergic disorders. Monogr Allergy 1988; 23:33-40.

8 Ojanen TH. Terho EO. Mantyjarvi RA. IgG subclasses in
Tarmer's lung. Eur J Resp Dis 1987; 71:145-50.

9 Pepys J. Jenkins PA. Precipitin (F.L.H.) test in farmer's
lung. Thorax 1965; 20:21-35.

10 Miiki-lkola O. Leirisalo-Repo M, Kantele A, Toivanen P,
Granfors K. .Salmoni'lla-specific antibodies in reaetive arth-
ritis. J Infect Dis 1991; 164:1141-8.

11 Aznar C. Andre PM, Deunff J. Robert R. Investigation of
human immune response to Micropolyspora facni antigens
by enzyme-linked immunoeleclroditfusion assay and im-
munoblotting. J Clin Mierobiol 1988; 26:443-7.

12 Ojanen TH, Katila M-L, Mantyjarvi RA. The use of
enzyme-linked immunosorbent assay (ELISA) in the diag-
nosis of tartTier's lung. Allergy 1980; 35:537-42.

13 Yont WJ. Dorncr MM, Kunkcl HG, Kabal EA. Studies on
human antibodies. VL Selective variations in sub-group
composition and genetic markers. J Exp Med 1968; 127:633--
46.

14 Riesen WF, Skvaril F, Braun DG. Natural infection of man
with group A streptococci: levels, restriction in class, sub-
elass. and type; and clonal appearance of polysaccharidc-
group-specitieantibodies. Seand J Immunol 1976; 5:383-90.

15 Samuelscn H, Karlsson Borgĉ  A, Paulsen BS, Wold JK.
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