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The Use of Enzyme-Linked Immunosorbent
Assay (ELISA) in the Diagnosis of Earmer's Lung

T. H. OjANEN, M.-L. KATILA and R. A. MANTYJARVI

Departinettt orC;iinical Microbiology, Uni\ ensity of Ktiopio, and
Dcjxittment of Microbiology, Univetsity Centtal Hospital, Kuopio, Finland

En/.ymc-linked imtnunosotbent assay (ELIS.'V) was adapted to measure antibodies
against .ispergillus f'umigalus, Themmactinornyces vule,aris and Microfmlysfiorafaerii. Mycelial

and ctdttire fluid atitigens wete used separately to analyze antibodies in three study
groups: fatmer's lung patients, patients with btonchitis and healthy control persons.
'Tlic mycelial antigen of A. fumigatus gave more positive results than tfie corresponding
culttite fluid antigen. T he sittiation was reveî sed lor the actinoinycetes. For this teason
either a niyr elial antigen or a cotiibination of tnycelial and ctdture fluid antigens should
be used in ELIS.\ in rotttitie tests. The |)t evalence and the titet^ of antilwxiies against the
tliree tnicrobes detected by ELIS;\ wete higher in the farmer's Knig gtotip than in the
other two gtottps.
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Two thc-r-rnophilic actinomyrctes Thenno-
actinomyces vulgaris and Microfmlysfwra faeni,
and fungi oi~ the gcntis .ispergillHS arc
considered to be the most important microbes
as.sociatcd with farrnci-'s lung syndrome (2, 9,
12, 14). The pr-cscnce of circulating antibodies
against those microbes has been used as
sttpporting evidence in the diagnosis of the
disea.sc. The traditional technique to detect
these antibodies has been immunoprccipi-
tation. It is, howc\cr, an insensitive and a
poorly qttantitati\e test and alternative
methods have been sottght.

Enzyme-linked immunosorbent assay
(ELISA) has sc\'eral advantages compared
with other serological techniques and in r'ecent
years it has been adapted to measure
antibodies to a variety of aiuigerrs (1). It has
been used to detect antibodies to A. fumigatus
in aspcrgillosis patients (5, 10) and we have
pr-eviottsly shown that it can be ttsed to
measure antibodies to A. fumigatus in far-mer's
lung patients (8).

In the present study we ha\e expanded the
ttse of ELISA to measure antibodies to other
antigens associated with farmer's htng. Seta of
fatmer's huig patietits, patients with bronchitis
and healthy contr'ol ]iersons wer'c tested with
both mycelial and extracellular' antigerrs of T.
vulgaris, M. faeni and .1. fiimigatns and the
antibody findings eomjiared with the clinical
condition.

MATERIAL AND METHODS

Antigens

Arrtigens were ]3r-epared fr-om Themioactinomyccs
vnlgaris, Micropolyspora faeni and Asf>ergillns
fnmigatns. The micr-obe strains were obtained
fr'om the Mycological Reference Labor-atory,
London. They wer'c gr'own in .synthetic
medium VII (11) for 3-4 days. The
actinomycetes were cultivated at 55°C and the
fungus at .37°C. The micr-obial ctilttir-es were
centrifuged at 1,000 Xij for 20 min. The

0105-4538/80/060537-06 $02..50/0 I'l 1980 Miuiksgaard, Copenhagen



538 T. H. OJANEN E T AL.

extr-aeelhilar material irr the stt|:)et-natant was
concentrated against polyvinylj^yrrolidon K
25 (50 X ) and dialysed for 24 h against
phosphate bttlfered saline, pH 7.0 (PBS). The
eoncentrate was used as the cultute fluid
airtigen.

The mycelial |3ellet was washed twice with
PBS. The cells were disrupted mechanically
(Ultr'a Tttrrax, Janke and Kitnkel, Stattfen i
Breisgan, FRG) and then by trltrasonic
tr-eatment (MSE 1 174 MK2, Crawley, U.K.).
The stt|3ernatant after centriftigation at 1,000 §
for 20 min was used as the mycelial antigen.
Both cttltttre fltiid and mycelial antigens were
ttsed separately in the tests. All antigens wer-e
used in ELISA at j^rotein concentrations of
50 lOOag/ml.

Stndy groups

'Fhe material of the sttidy comprised three
stttdy gr-ottps, which wer'e for-mcd of in-patients
of the DepartmerU of Pttlmonary Diseases of
the University Central Hospital of Ktiojiio (6,
8) and of persons interviewed in a survey Ibr-
lariner's htng and chronic rion-specilrc htng
diseases (7). The far-mer's htng group consisted
of 17 patients with clinically proven farmer's
lung, described in detail previously (6, 8).
Patients with cotigh and sptttttm ]3roduction at
least 3 months each year for 2 consecutive
years or with intercttrrent episodes of severe
bronchitis were included in the bronchitis
group (18 patients). None of the ]5atients in
this gr-ottp had any sym|3toms or- signs
sttggesting farmer's ktng. They were all living
in a rttral area, 72"',, being far-mers or farm
workers. Twerrty persons, totally free of
respiratory sym|3toms, were ttsed as contr-ols.
They were rutal inhabitants, not having been
engaged in farming in the 4 years preceding
the stttdy.

Enzyme-linked mirniinosorbent assay {ELISA)

ELISA was performed on microtiter plates
(Microtiter M 29 A, Stcr-ilin, Teddington,
U.K.) according to Vollcr ct al. (13). The
eonjtigate was hor-ser-adish per-oxidase

corrjttgated anti-httman IgG (Orion
Diagnostica, Mnlarid). 'Fhe sttbstrate solution
contained o-phenylendiamine, 3 mg/ml
(Koch-Light Lab. Ltd) and ur-ea hydrogen
peroxide (BDH chemicals Ltd), corresponding
to 0.02'/o H.̂ O^ in 0.1 M citrate-phosphate
buffer pH 5.5.

Three dihttions of each ser-um were tested in
ELISA. The absorbances were measured with
a spectr-ophotometer (Hitachi, Per-kin Elmer
139, Japan). The absorbance cttr-ves were
drawrr on a logarithmic scale of the sertrm
dilutions. The reactivity, i.e. the titer of a
ser-um, was ex|)r-e.ssed as the negativ e logarithm
of the ser itm dihrtion giving an absorbance of
0.5.

A positive control serum as well as a serttm
which was consider-ed negative to all antigens
were included in every test. The mean titer' of
the negative r-efer'ence serum was calctrlated
from seven consecutive tests to all antigens.
The mean titer's (+s.d.) wer'e 3.9 + 0.2 for A.
fnmigatns, 4.3 + 0.3 for T. vulgaris and 4.1 +0.3
for M. faeni myeelial antigen, and 3.2 + 0.25,
2.9 + 0.25 and 3.2 + 0.25 for the cor'r-esponding
culttire fluid antigens. Serum titers exceeding
the mean of the negative serttm by two
standard deviations were considered positive.

RESULTS

The ELISA-titer-s of the sera determined as
described in Methods are presented in Fig. 1.
Titer distributions in the three study groitps
showed that sera of the farmer's htng patients
reacted generally at higher dilution against all
antigens than .sera of |)atients with bronehitis
or' sera ol the contr'ol |3er'sons. Comparison of
titer distribtttion against mycelial and culture
fluid antigens indicated that the mycelial
antigen of T. vulgaris showed a larger
difference in titers betweerr the farmer's lting
group and the control gr'ou|3 than the
corresponding culture fluid antigen. The titers
obtained with mycelial and eulttire (Itiid
antigens of .1. fumigatus and A4. faeni had
distribution patterns similar to each other.

The ELISA-titer's were divided into positive
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Fig. 1. Distribution of .serum titens against A. Jumigalus, T. vutgaru and M. faeni in the three te.st groups. Each point
repre.sents one test person. The titer is expressed as the negative logarithm ofthe serum dilution giving an absorbanee of
0.5. FL = Farmer's King patients, B = patients with bronchitis, C = control person.s. (a) panels: mycelial antigens, (b)
panels: culttire tluid antigens.
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and negative reactions as described in fluid antigens were preferentially in the
Methods. When the reactivity of individual bronchitis and in the control grou|).
sera with mycelial and culture fluid antigens When the numbers of positive reactions
was analyzed, some sera were found to react were used to calculate antibody prevalences,
positively with only one of the two types of the same ])henomenon was also evident
antigens (Table 1). Mycelial antigen of A. (Table 2). More of the serum samples had
fumigatus gave more positive results than the antibodies against culture fluid antigen than
corresponding culture fluid antigen. The against the corresponding mycelial antigen of
situation was reversed for the actinomycetes, the aetinomycetes. The titers of these
but the sera reacting only with the culture additional positive sera were found to be just

Table 1

Comparison ol .serum reactivity against myceiial and ctilttire fluid antigens

Antigen

Positive lor A. fumigatus

mycelial antigen only

ctilture (luid antigen only

Positive for 7 . initgaris

mycelial antigen only

ctilttire lluid antigen only

Positive lor M. Jaeni
mycelial antigen only
culttire fltiid antigen only

Farmer

No.

2
1

3
2

2
7

's iting
17

" ( ]

12
6

18
12

12
41

Group

Bronchitis
n =

No.

1
2

0
1

1
2

= 18

6
11

0
6

6

11

No

7
2

0
5

0
5

Control
n = 20

" • ' ( >

35
10

0
25

0
25

No.

10
5

3
8

3
14

Total

n = 55

32
16

17
44

13
58

Table 2

Prevalence ol antibodies against myeelial and culture (luid antigen.s

Antigen

A. fumigatus

mycelial antigen
culture lluid antigen

1. vulgari.s

mycelial andgen
culture fluid antigen

M. faeni

mycelial antigen
culture fluid antigen

l'armer's li
« = 1 7

No.

13
12

10
9

7
12

ling

'M,

76
71

59
53

41
71

Group

Bronchitis
n =

No.

4

5

0
1

1
2

= 18
" • ' ( 1

22
28

0
6

6
11

No

9
4

0
5

2
7

Control
n = 20

•

45
20

0
25

10
35

•To
n =

No.

26
21

10
15

10
21

tal

55

%

47
38

18
27

18
38



EL1S.\ IN 'IHE DI.AGNOSIS OF FARMER'S LUNG

Table :)
Ntinibcr ol'sci a reacting with one (ir tnoi e ol the tiiicrobial mycelial antigens

Po.sitivc against

' ' ' Total One tnictobe Two niicrobes Thtee tnictobes

No. No. ",, No. "„ No. "„

Fanner's lung 17 (i :i5 <> 35 5 30

Bronchitis 18 9 50 ^ II 0 0

Conttol 20 9 45 3 15 0 0

above the limit set for positive rcaction.s.
Antibody prcx'alcnccs against all thrce
microbcs were higher in the farmer's lung
grotip than in the otlier two groups. However,
antibodies against .1. fumigatus mycelial
antigen were also common in the bronchitis
group (22";,) and in the control grottp (45",,).
Patients with btonchitis and control persons
who had antibodies were usttally sensitized to
one or two microbes whereas fatmer's luug
patients commonly (.'30",,) had antibodies to
all three microbes (Table 3).

DISGUSSION

ELISA has several advantages comj^ated with
other serological techniques, but it also
presents some ptoblems. One of these is the
expression of the resttlts iu an itiformati\ e and
c|tiantitative form. We ha\c converted the
absotbanccs to titers. The ncgati\c logarithm
of the sertmi diltttion giving an absorbance of
0.5 was considered as a titer, because that
absorbancc is still in the linear part of the
absorbancc curve. The ttse of titers indicating
the highest teactive scrum diltttiou has the
advantage of familiarity from classical
serology.

Another dilFiculty is to set the limit between
positive and negative values. In prcliminaty
tests, ottr reference serum was considered
negatix'e for all our antigens, but in the present
series there were a few sera which showed
lower titers for some antigens than the negative
reference. High antibody titers to all microbes
were more common in the farmer's lung grottp
than in the other two grotips. The langes of

titer distribtuions were, howc\er, wide in all
groups. Positive reactions in the healthy
control grotip teflect the fact tliat sensitization
does not always lead to a clinical illness (6, 7,
8). On the other hand, a patient with farmer's
lung may have antibodies against one microbe
only and not against the othets tested. This
makes a comparison of the means and
distiibtttions of the antibody titers between the
stttdy grottps diiricttlt.

.\ number of ottr sera had atuibodies only
against the mycelial extract or against the
cttltttre fhiid antigen of the mictobcs. This
discrepancy may reflect preferential sensiti-
zation to mycelial or to extiacellttlar atitigens.
This has been stiggested earlier by |3teci|3iliii
tests for Al. faeni (3, 4). The differetices may
al.so be caused by the different chemical nattire
of mycelial and extracellttlar atitigens,
especially their attachment to the polyslyiene
plates tised in ELISA, although both protein
and polysaccharide antigens apparently attach
to the ]3lates (10). Therefore it is advisable to
use either a mycelial antigen or a combination
of mycelial and culture fltiid atitigens in
ELIS.'V in the same way as in immuno-
jjrecipitation (4).

All sera reacted with the mycelial antigens
almost 10 times mote actively tlian with the
cultttre fluid antigens despite the ef|ttal protein
concentrations of the antigens. The high
backgrotind reactivity of mycelial antigens was
probably due to the crttde nattire of the
antigen preparations tised. Preliminary tests
indicate that the backgrotind can be decreased
by fractionation of the antigens.

The prevalences of antibodies by ELISA
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were generally higher than those found by
immunoprecipitation in previotis studies by
others (2, 9, 12) and by ourselves (6). This
apparently is an indication of the higher
sensitivity of ELISA. The same reason may
explain why 30"/,, of farmer's lung patients had
antibodies to all three microbes in ELISA
whereas the corresponding percentage by gel
precipitation was 15% (6). A notable
difference between our ELISA and precipitin
results was the higher percentage of positive
reactions against M. faeni in ELISA. The
antibody prevalence by ELISA is close to those
obtained previously with the precipitation test
in England and the United States (2, 9). The
discrepancy between ELISA and precipitin
restilts may be due to the difierent antigen
preparations used in precipitation and ELISA,
or sim])ly due to the higher sensitivity of
ELISA. The somewhat arbitrary way of
setting the limit for a positive reaction in
ELISA may also contribute to these kinds of
discrepancies.

The present results and previotis reports of
ELISA (5, 8, 10) show that ELISA, a
quantitative and sensitive method, can be
adapted to detect sensitization to fungal and
actinomycetal antigens and used as an
atixiliary test for the diagnosis of farmer's lung.
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