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Epidemiological study of farmer's lung in five districts
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ABSTRACT The prevalence offarmer's lung was studied in five districts ofthe French Doubs province
(Rougemont, Clerval, Levier, Montbenoit, Mouthe) on the basis of a medical and occupational
questionnaire and serological studies for precipitins. Of the 1763 active farmers (response rate 69%)
who participated in the study, 270 were suspected ofhaving farmer's lung and divided, on the basis of
clinical and serological criteria, into probable and possible farmer's lung groups. This subgroup of
270 patients was examined in more detail with physical examination, chest radiographs, and
pulmonary function tests. Probable farmer's lung was diagnosed in 77 cases (53 men and 24 women,
mean age 51*7 years), a prevalence of 43-7/1000. Possible farmer's lung was present in a further 193
subjects. Fever was the most specific symptom. In the group with probable farmer's lung the
frequency of crepitations, restrictive ventilatory defect, and radiological interstitial abnormalities
was 21'5%, 9-5%, and 9-2% at the time of the study. Farmer's lung was more common in the middle
tablelands than in the plain or mountain areas (p < 0 01). The difference in prevalence of farmer's
lung between the Mouthe mountain and Levier middle tableland districts (25-2/1000 and 60 8/1000)
raises the possibility that cold may protect against the disease. Farmer's lung was more frequent in
men and in the age group 51-55 years. Among possible occupational factors, only regular work
connected with feeding animals was associated with a significant risk (odds ratio 2-55 with a 95%
confidence interval of 1 09-5-93). The frequency of chronic bronchitis in the population studied was
14-8%. There was a close link between farmer's lung and chronic bronchitis, 50-6% of patients with
probable farmer's lung having it but only 8-6% of patients without farmer's lung (p < 0 001). In
patients with probable farmer's lung chronic bronchitis was independent of smoking and age. There
were fewer smokers in the probable farmer's lung than in the non-farmer's lung group (p < 0 05).

Introduction

Farmer's lung is one of the most common forms of
extrinsic allergic alveolitis. It usually occurs in farmers
exposed to various mouldy plant materials, notably
hay. Its prevalence in farming populations changes
from one region to another, with estimated figures
varying from around 0.5%'2 to more than 5%.34
These differences are due to climatic variations from
one region to another and to differences in agricultural
practices. Nevertheless, the characteristics of farms
and certain agricultural practices-in particular the
method of drying and storage of fodder that may be
linked with the development of farmer's lung
antigens-have not been extensively studied.
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Diagnostic criteria for farmer's lung for
epidemiological studies are difficult to establish. Proof
of exposure to antigen and the existence of typical
symptoms are necessary. Typical radiological signs
and deterioration in pulmonary function values may
well have disappeared by the time of the study.
Inclusion ofabnormal results of investigations such as
these as obligatory diagnostic criteria carries the risk
of underestimating the prevalence of farmer's lung.
The implications ofserum precipitins against farmer's
lung antigens remain controversial. Their presence
may be diagnostically useful but epidemiological
studies have shown that from 5.6%s to 30%6 of
apparently healthy agricultural workers have
precipitins against farmer's lung antigens.

Chronic obstructive lung disease is common in
agricultural populations. Heller7 and Babbott' showed
that dairy farmers, especially non-smokers, had a
higher prevalence of symptoms of chronic bronchitis
and a lower FEV,/VC (forced expiratory volume in
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one second/vital capacity) ratio than controls from an

industrial background. A link between chronic obs-
tructive lung disease and farmer's lung or farmer's
lung antigen is possible, in particular in dairy farmers.
The main aim of the present study was to evaluate

the prevalence of farmer's lung in five districts of the
French Doubs province, with estimation of certain
occupational risk factors. A second aim was to identify
chronic bronchitis in a rural context, seeking a possi-
ble link with farmer's lung.

Methods

The Doubs is a rural province situated on the Swiss
border, at the foot of the Jura mountains. It includes
three levels, with altitudes ranging from 200 to 1400
metres. Its climate is continental. Spring and early
summer are damp. Mean annual rainfall varies from
1300 to 2000 mm. Agricultural production consists
almost exclusively of milk and the raising of cattle.
The study was carried out in five districts of the

Doubs (Rougemont, Clerval, Levier, Montbenoit,
and Mouthe). Rougemont is situated in the plain;
Clerval, Levier, and Montbenoit in the middle
tablelands, and Mouthe at mountain altitude.

All working dairy farmers in these five districts were
contacted and asked to fill in a questionnaire and
provide a blood sample. Ten days after being sent out
by mail, questionnaires were collected at the time of
visits near to the farms of the subjects. These question-
naires were then reviewed by the same trained agent
(DP). All subjects provided a blood sample, which was
tested for the presence of precipitins. One thousand
seven hundred and sixty three of the 2555 farmers in
the five districts (69%) agreed to participate in the
study. Table I shows response rates and the mean age
and sex of the subjects studied by district. This study
population was representative of the agricultural
population of the five districts with regard to age and
sex and the characteristics of the farms.
The questionnaire covered personal and demogra-

phic information, smoking habits, respiratory past
history, an inventory of recent respiratory symptoms,
and, finally, occupational information (size of cattle
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herd, quantification of work concerned with animal
feeding, method of drying and storage of fodder).
Questions concerning respiratory symptoms were

drawn up and based broadly on the questionnaire of
the American Thoracic Society.9
Serum from each patient was analysed by both

double diffusion'" and immunoelectrophoresis
(Professor J M Aiache, Immunoallergology
Laboratory, Clermont-Ferrand, France). Detection
antigens consisted of Micropolysporafaeni and three
extracts of mouldy hay from the Doubs-one each
from the plain, the middle tablelands and the moun-
tain area." Only sera from patients with respiratory
symptoms, regardless of their nature, were analysed.
Serological results were regarded as positive (S+)
when there was at least one precipitation arc to at least
one of the four antigen extracts, either by double
diffusion or immunoelectrophoresis. The results were
described as strongly positive (S + +) when there were
at least two precipitation arcs to at least two different
antigen extracts.

CRITERIA USED TO DIAGNOSE FARMER S LUNG
Individuals in the population were categorised on the
basis of their symptoms (as given in the questionnaire)
and of the results of serology as having "probable
farmer's lung" or "possible farmer's lung."

"Possible farmer's lung"
Obligatory criteria were: (1) probable exposure to
mouldy hay and (2) a recent history of bouts of dry
cough and shortness of breath without wheezing, with
or without fever, occurring after exposure to mouldy
hay between the beginning of October and the end of
May.
Temperature was not measured; episodes of fever

were accepted from the history of the patients.

"Probablefarmer's lung"
Individuals were considered as having probable far-
mer's lung when in addition to the obligatory criteria
(1) and (2) they fulfilled conditions (a) or (b)-namely:

(a) a consistent delay of four to eight hours
between exposure to antigen and the onset of

Table 1 Number ofdairyfarmers, number ofdairyfarmers studied, response rate, mean age, and sex by district

Dairyfarmers
Dairyfarmers studied Response rate (%) Mean age (y) Sex (MIF)

Clerval 454 320 70 5 47 168/152
Levier 682 477 69-9 47 265/212
Montbenoit 640 470 73-4 47 259/211
Mouthe 422 278 659 47 163/115
Rougemont 357 218 61-1 49 122/ 96
Total 2555 1763 69 47 977/786
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Epidemiological study offarmer's lung infive districts of the French Doubs province
respiratory symptoms and positive serological
results (S + ); or

(b) when the interval between antigen exposure
and respiratory symptoms could not be
definitely established, the following were
required:

-progressive dyspnoea worsening in winter
(October to May) during the period of indoor
housing of animals

-recrudescence ofrespiratory symptoms after each
exposure to mouldy hay

-serological results strongly positive (S + +).
All other subjects were described as "non-farmer's

lung." Chronic bronchitis was defined as cough and
daily expectoration for three months of the year for
two consecutive years.

SUBSEQUENT EXAMINATION
All those with probable or possible farmer's lung were
asked to attend the department of respiratory diseases
at the Besanqon Teaching Hospital Centre for physical
examination, respiratory function testing and chest
radiography. Clinical examination was limited to
listening for crepitations and was carried out by the
same respiratory disease specialist (JCD) throughout
the study period.
A spirometer (Autospiro Minato AS 500:Minato

Medical Science Company Limited, Osaka, Japan)
was used to measure vital capacity (VC) and forced
expiratory volume in one second (FEV,). The
spirometer was calibrated before the study started and
at intervals throughout with a one litre syringe. A
minimum of three satisfactory records for FEV, and
FVC was obtained for each subject, and the best of
them was selected, after correction to BTPS condi-
tions. All records were obtained by the same trained
technician (DP). Values were expressed as percentages
of the normal values of the European Coal and Steel
Community. Subjects were said to have a restrictive
ventilatory defect when their vital capacity was less
than 80% oftheir predicted value with a normal FEV,/

Table 2 Farmer's lung symptoms and chronic bronchitis in
the total population ofdairyfarmers

No %

Respiratory symptoms after contact 216 12 3
with mouldy hay

Cough 124 7
Dyspnoea 124 7
Fever 0

Typical farmer's lung symptoms* 54 3-1
Cough 54 3-1
Dyspnoea 54 31
Fever 32 18

Chronic bronchitis 261 14 8

*Respiratory symptoms 4-8 hours after contact with mouldy hay.

VC ratio, and an obstructive ventilatory defect when
their FEVI/VC ratio was less than 75% of the
predicted value.
A chest radiograph was obtained and all were

interpreted by the same trained respiratory disease
specialist (AD). Radiological appearances were
divided into four groups in agreement with Hapke'2
and Monkare13: ground glass appearance, nodular
opacities, striated patchy opacities, and fibrosis.

STATISTICAL ANALYSIS
Values are expressed as means with standard devia-
tions in parentheses. In the comparison of groups for
qualitative values the x2 test was used and for mean
values the Student's t test. Risk factors are expressed
by the odds ratio and its 95% confidence interval.

Results

Two hundred and sixteen subjects (12X3%) had res-
piratory symptoms after manipulating mouldy hay.
Fifty four (3 1%) had respiratory symptoms consis-
tent with farmer's lung, with cough and dyspnoea
without wheezing four to eight hours after the hand-
ling ofmouldy hay. Fever was present in 59% of cases
where respiratory symptoms were typical, and it was
found only when respiratory manifestations were
delayed. The frequency of chronic bronchitis in the
population was 14-8% (table 2). Of the subjects with
respiratory symptoms, 72-6% had at least one arc of
precipitation (S +) and 36 4% had a strongly positive
serological result (S + + ).

Probable farmer's lung was diagnosed in 77 subjects
(4-37%), 53 men and 24 women. Ages ranged from 32
to 65 (mean 517 (SD 1 1-7)) years. The prevalence of
probable farmer's lung in this population was 43.7/
1000. On the basis of the definition given above there
were 193 cases of possible farmer's lung, 115 men and
Table 3 Crepitations, reducedpulmonaryfunction and
radiological changes in subjects with probable andpossible
farmer's lung

Probable Possible
(n = 65*) (n = 154*)

No(%) No(%)

Physical examination
Inspiratory crepitations 14 (21 5) 12 (78)
Pulmonaryfunctiont
Restrictive defect 6 A 8 A
Obstructive defect 18 j (381) 15 j (149)
Data not available 2 0
Radiological changes
Ground glass appearance 2 2
Nodular 1 (9-2) 2 (2-6)
Striated patchy opacities 1 (92
Fibrosis 2 0

*Number of subjects who accepted further examination.
tRestrictive defect-FVC below 80% predicted; obstructive
defect-FEV,/FVC ratio below 75% predicted.
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Table 4 Prevalence ofprobablefarmer's lung by district and
in total population

Probable cases

District No Rate/1000

Plain:
Rougemont 4 18-3

Middle tablelands:
Clerval 15 469
Levier 29 60-8 52-1*
Montbenoit 22 49-8 J

Mountain:
Mouthe 7 25 2

Total 77 43-7

*p < 0-01 (X2 test)-middle tableland v plain, mountain, and both.

78 women, their ages ranging from 18 to 65 (mean 48-9
(SD 13-7)) years.

Sixty five patients with probable farmer's lung
(84%) and 154 with possible farmer's lung (80%)
accepted further hospital investigations (table 3).
Among those with probable farmer's lung 14 (21%)
had crepitations on auscultation and 24 (38%)
pathological respiratory function test results, six with
a restrictive ventilatory defect and 18 with an
obstructive ventilatory defect. Six patients (9%) had
radiological changes compatible with farmer's lung.
The prevalence of farmer's lung in the five districts,

divided into the plain (Rougemont), middle tablelands
(Clerval, Levier, Montbenoit), and mountain country
(Mouthe), are compared in table 4. The prevalence
was greatest in the middle tableland districts (52-1/
1000), being highest in the Levier district (60-8/1000).
The prevalence in the plain was 18-3/1000 and in the
mountain area 25-2/1000. In the tablelands it was
significantly different from the prevalence in the other
two areas, both separately and in combination.

Farmer's lung was more frequent among men (54-2/
Table 5 Comparison offarmers with probablefarmer's lung
and non-farmer's lung patients for hay exposure, size ofdairy
herd, and type ofdrying and storage ofhay

Probablefarmer's lung Non-farmer's lung
(n = 77) (n = 1493)

No (%) No (%)

Exposure to hay:
Animal feeding 71 * (92-2) 1228 (82-2)
Number ofdairy cattle: (n = 74) (n = 1408)
<40 22 (29 7) 395(28-1)
40-60 25 (33-8) 485 (34-2)

>60 27 (36-5) 531 (37-7)
Type ofdrying and
storage ofhay: (n = 77) (n = 1380)

Rectangular bales 47 (61) 791 (57-3)
Round bales 10 (13) 175 (12-7)
In bulk 16 (20-8) 280 (20-3)
In bulk with artificial

drying 8 (10-4) 169 (12-2)

*p < 0-05, X2 test.
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Table 6 Comparison ofsmoking habits and chronic
bronchitis in probablefarmer's lung, possiblefarmer's lung,
and non-farmer's lung

Non-
Probable Possible farmer's lung
(n = 77) (n = 193) (n = 1493)

No (%) No (%) No (%)

Smokers 12* (15-6) 30* (15-5) 335 (22-4)
Bronchitis 6t (50) 22t (73-3) 63 (18-8)

Ex-smokers 14 (18-2) 31 (16-1) 222 (14-9)
Bronchitis 7$ (50) 14$ (45-2) 11 (5)

Never smokers 51 (66-2) 132 (68-4) 936 (62-7)
Bronchitis 26$ (51) 57$ (43-2) 55 (5-9)

Total
Bronchitis 39$ (50-6) 931 (48-2) 129 (8-6)

p < 0-05; tp < 0-01; $p < 0-001 Q2 test); comparisons are:
probable farmer's lung v non-farmer's lung and possible farmer's
lung v non-farmer's lung.
1000; p < 0-05) and the peak prevalence was in the age
group 51-55 years (72/1000; p < 0-01); there were no
cases under the age of 30.

All the subjects studied were farmers engaged in
cattle raising. Study of occupational factors showed
that there was a greater risk for farmers who regularly
provided fodder for animals (odds ratio 2-55, 95%
confidence interval 1-09-5-93; table 5).

There was evidence of a close link between chronic
bronchitis and farmer's lung: 50-6% of patients with
probable farmer's lung and 48-2% of those with
possible farmer's lung had symptoms of chronic
bronchitis, compared with 8-6% of the non-farmer's
lung group (table 6). This association was independent
ofsmoking as it was still present when the three groups
were compared in terms of smoking habit. Chronic
bronchitis did not appear to be linked to smoking in
the probable farmer's lung group as chronic bron-
chitics occurred in 50% of smokers, in 50% of ex-
smokers, and in 51% of non-smokers. In the non-
farmer's lung group, however, chronic bronchitis was
linked to smoking. Mean age and distribution by age
group were the same in the patients with chronic
Table 7 Summary offarmer's lung prevalence in published
reports

First author and No of
date Location cases Rate/lOOO

Boyd (1971)2 Scotland 11 5-5
Grant (1972)4 Scotland

Orkney 31 88*
Ayrshire 12 88*
East Lothian 4 27*

Madsen (1976)'4 USA 14 39*
Gump (1979)' USA (Vermont) 11 42-6*
Shelley (1979)" Ireland 3 8-75
Gruchow (1981)' USA (Wisconsin) 6 4-2
O'Brien (1982)' Ireland 17 170*
Marcer (1983)" Italy 75 26-6*
Saia (I984)'° Italy 4 14
Present study France (Doubs) 77 43-7

*Prevalence of clinical farmer's lung.
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Epidemiological study offarmer's lung infive districts of the French Doubs province
bronchitis and probable farmer's lung as in the
probable farmer's lung group as a whole. The
prevalence of chronic bronchitis among patients with
probable farmer's lung was invariably around 50%,
regardless of age. Finally, smokers were less frequent
in the farmer's lung group (15-6%, p < 0 05 versus
non-farmer's lung).

Discussion

The overall response rate to the questionnaire of69%
was satisfactory, although we could not obtain
medical information on non-responders. The
prevalence ofprobable farmer's lung was 43 7/1000 in
the population studied. This prevalence rate was high,
similar to the rates found in Scotland4 and in certain
regions of the United States.5 14
The link between the frequency of farmer's lung and

rainfall during haymaking is well established.24t5t6
This explains the frequency of farmer's lung in the
Doubs, which has a high annual rainfall and many
rainy days during the haymaking season (24 days'
rainfall on average from 15 May to 15 July over the
past 10 years, according to Besanson Meteorological
Centre). Caution, however, is required in the inter-
pretation of results that are dependent on the methods
used and above all on the diagnostic criteria.

Table 7 shows that the highest prevalence rates were
obtained on the basis of clinical diagnostic criteria
only, with no account taken of the results of special
investigations. The prevalence ofclinical farmer's lung
found by Grant4 in Scotland fell by half when a
positive serological result was required. O'Brien'8 in
Ireland reported a clinical disease prevalence of 170/
1000, yet in the same region Shelley'" found a
prevalence of only 8-75/1000 when strict criteria,
including delayed respiratory symptoms and
serological or radiological confirmation, were
required. These facts clearly illustrate the difficulty in
establishing diagnostic criteria for farmer's lung in
prevalence studies. The delayed nature ofsymptoms is
the essential diagnostic feature, but this may be
difficult to establish and confusion with the organic
dust toxic syndrome or late asthmatic reactions is
possible. Description ofsymptoms in the present study
showed that fever was the most specific symptom. It
was present only when respiratory manifestations
were delayed and was never present when they
occurred immediately or soon after exposure to
mouldy hay.

Results of special investigations showed that the
frequency of auscultation and radiological abnor-
malities was low in those with probable farmer's lung.
Such results were not surprising as special investiga-
tions were carried out in patients irrespective of any
recent change in symptoms, and radiological abnor-

malities, with the exception of fibrosis, would be
expected to disappear fairly quickly after exposure.
The frequency ofspirometric abnormalities in patients
with probable farmer's lung was higher. These results
are identical with those of Grant,4 who found eight of
43 patients with a restrictive pattern, 12 with airflow
obstruction, three with a mixed pattern, and only three
with radiological appearances suggesting acute
alveolitis. Probably spirometric abnormalities persist
longer, after acute radiological abnormalities have
disappeared. Even during the acute illness radiological
abnormalities are less common and less striking than
pulmonary function disturbances.2'

Analysis of individual factors showed a higher risk
for men, confirming that farmer's lung is predomi-
nantly a male disease2223 as a result ofmore exposure to
antigen among men.
Absence of any cases before the age of 30 and the

frequency ofthe condition in the 51-55 year age group
suggests that the duration of antigen exposure is
important. Among the occupational factors studied,
only work that included the feeding of animals was
found to be accompanied by any significant risk. The
"6animal feeding" characteristic was applied to farmers
regularly engaged in giving fodder to their animals (at
least three times a week). In addition, three out of six
farmers with farmer's lung had discontinued provid-
ing fodder for their animals because of their res-
piratory symptoms. This confirms that regular work
concerned with the feeding of animals is the essential
occupational risk. No other occupational factors
seemed to be important. There was no evidence that
the size of the cattle herd or methods of drying and
storage of fodder had any influence.
Dampness of fodder and rainfall during the

haymaking season are important factors and one of
the reasons for the higher frequency offarmer's lung in
the middle tablelands found in the present study. The
large difference in prevalence between the Levier and
Mouthe districts, however, is of particular interest.
These two districts are adjacent and their agricultural
populations identical in terms of individual character-
istics (age, sex ratio-table 1) and occupation
("animal feeding"). Mean annual rainfall, rainfall
during haymaking, and the number of rainy days
during haymaking were also identical. The only
differences are altitude, greater at Mouthe (1000-
1460 m) than at Levier (700-1000 m), and tem-
perature, cooler at Mouthe than at Levier with a mean
annual difference ranging from 3°C to 6°C, depending
on the years considered (Besanqon Meteorological
Centre). Cold might impede the development of
actinomycetes in barn stored fodder.
The frequency of chronic bronchitis was high

(14 8%) in this population as in other studies.7824 This
has been attributed to the multiplicity of respiratory
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pollutants to which farmers are exposed: organic and
inorganic dusts, fertilisers, pesticides, and gasoline and
diesel vapours. In the present study, however, chronic
bronchitis was closely linked with farmer's lung. The
fact that chronic bronchitis was independent ofsmok-
ing only in the probable farmer's lung group, and was
related to tobacco in the usual way in the patients
without farmer's lung, further emphasises the link
between the two conditions. Because of possible
confusion2225 between symptoms of farmer's lung and
chronic bronchitis we paid particular attention to
questions concerning chronic bronchitis and farmer's
lung. In the light of our results, we suggest that
farmer's lung and chronic bronchitis in farmers,
particularly non-smokers, have a common
aetiological factor (organic dusts). Such rural, tobacco
independent chronic bronchitis could be of immuno-
allergic origin, as suggested by several histopatho-
logical reports on acute farmer's lung. These have
shown bronchiolar abnormalities, obstructive
exudative bronchitis with vascular congestion, and
sometimes plasmocytes and antigen deposits.2 2326

In epidemiological studies, where data depend on
the memory of the subjects, it is difficult to be
confident about information recalled about the onset
of symptoms and their chronology, particularly when
there is concomitant evaluation of an acute or
subacute disease (farmer's lung) and a usually chronic
disease (chronic bronchitis). In the present study,
however, the prevalence of chronic bronchitis by age
group closely followed that of farmer's lung. The
closeness ofthis relation suggests a simultaneous onset
of the two conditions, and strengthens the suggestion
of a similar pathogenetic mechanism. The frequency
ofchronic bronchitis in patients with farmer's lung, its
close link with farmer's lung and similar natural
history, the absence of smoking as an aetiological
factor, and the pathological characteristics of the
bronchial disease in acute or subacute forms of
farmer's lung suggest that chronic bronchitis in these
subjects is very different from the usual form of
tobacco related chronic bronchitis, even though the
two conditions fit the same definition of cough and
chronic expectoration.

Farmer's lung was more common in non-smokers,
confirming several similar reports.'3 527 There are four
possible hypotheses: (1) a protective effect of cigarette
smoke against farmer's lung; (2) a tendency for
subjects with respiratory intolerance to plant dusts not
to smoke; (3) a tendency for subjects with bronchial
manifestations linked to smoking to expose them-
selves less to plant dusts; (4) previous tobacco related
illness, rendering certain subjects ineligible or non-
responders.

This study has determined the frequency offarmer's
lung in damp and mountainous rural regions. Cold

Depierre, Dalphin, Pernet, Dubiez, Faucompre, Breton

may have a protective role, and a current
microbiological study of fodder in the two areas may
help to clarify this point. No new occupational factors
were identified. We confirmed the frequency ofchronic
bronchitis in this rural area, particularly among non-
smokers. Its close link with farmer's lung and evidence
of a similar immunoallergic mechanism suggest that
the aetiological factors responsible for chronic obs-
tructive lung disease may need to be reconsidered.

We are grateful for cooperation and support from
Professor J M Aiache, Professor H Allemand, Depart-
ment of Epidemiology, Centre Hospitalier Regional
de Besanqon; Drs J J Laplante and A Bichon, medical
department of the Mutualite Sociale Agricole du
Doubs; and J Raison, director of Assurances
Mutuelles Agricoles de Bourgogne-Franche-Comte.
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