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Occupational hypersensitivity pneumonitis in
Japan: data on a nationwide epidemiological study
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Masashi Tamura, Masayuki Ando

Abstract
Objectives-Diagnostic criteria were pre-
pared for hypersensitivity pneumonitis
(HP) and a nationwide survey was con-
ducted to investigate epidemiological and
clinical characteristics of HP in Japan.
The results are presented with special
focus on occupational HP and on the key
to the diagnosis ofHP.
Methods-A questionnaire was com-
pleted by 185 doctors from 185 hospitals
(response rate 89.5%). All cases were ver-
ified according to diagnostic criteria; 835
cases were classified as HP (653 definite
and 182 probable). These 835 cases (total
HP) and 99 possible cases of HP diag-
nosed during the 1980s were analysed and
presented as a case series study.
Results-Occupational HP was noted in
115 cases (13.8%). 21 occupations, and 20
aetiological antigens were listed.
Farmer's lung: 68 cases (59%/o of occupa-
tional HP) was the most prevalent diag-
nosis followed by 19 industrial workers
who handled chemicals (for example, iso-
cyanate) and 10 office workers. Unique
cases of mushroom, greenhouse, and
silkworm farmers, and a new type of
bagassosis are also described. Adverse
environmental conditions, immunologi-
cal findings on examination, antigen
challenge, and pathological findings were
all significantly lower for possible than
for total HP. This was not true for clinical
findings. The differences in antibody
analysis (6% positive of possible HP v
59°/0 oftotal HP) and environmental chal-
lenge (3% v 74%/6) were notable.
Conclusion-These data suggest that a
careful interview about the environment
and an antigen panel matched to varia-
tions in exposure are the key to the diag-
nosis.

(Occup Environ Med 1995;52:570-574)
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Hypersensitivity pneumonitis (HP) or allergic
alveolitis is a complex syndrome characterized
by a varying intensity of response to different
antigens and variable clinical presentations.'-9
The prevalence of HP (farmer's lung, bird
fancier's lung, ventilation pneumonitis, sum-
mer HP, etc) varies from country to country

and even within a country it varies with the
local climate, season, and geographical condi-
tions as well as the local customs or the indus-
tries located there. The prevalence of disease
and rates of attack are likely to vary depending
on one or more of the exposure variables, host
risk factors, and case definition.67
The diagnosis of HP is based on a history

of exposure to antigens, signs and symptoms,
and laboratory findings. Attempts have been
made to present uniform criteria for diagnosis
of HP,8- 1 but acceptance of these criteria has
been limited.

In Japan, summer HP is the most prevalent
distinctive type,"'18 and is not related to occu-
pational exposure, but to inhalation of sea-
sonal moulds present in home environments.
We clarified the pathogenesis, clinical charac-
teristics, epidemiology, and treatment of sum-
mer HP.1622 There have been no recent
nationwide reports on the epidemiology of
occupational HP or HP in general. We
designed diagnostic criteria and did a survey
to investigate epidemiological and clinical
characteristics ofHP in Japan in the 1 980s. 18 19

We describe the results, with special focus on
occupational HP and on the key to the diag-
nosis of HP.

Materials and methods
The research committee on diffuse pulmonary
disease organised by the Ministry of Health
and Welfare of Japan conducted a survey on
HP. Cases of HP identified from 1 January
1980 to 31 December 1989 were collected
throughout the country. A questionnaire on
HP was sent to 209 hospitals to members of
the research committee or leaders authorized
by the Japan Society of Chest Diseases. The
diagnostic criteria ofHP were prepared by the
research committee (table 1).
The questionnaire consisted of two parts.

The first part related to the personal history of
the patient taken by doctors and the second
part related to clinical data and diagnosis (the
details of the questionnaire are available from
the authors on request).

Data on each patient were described by
members of the committee or by members
of the Japan Society of Chest Diseases
working at the hospitals. One hundred and
eighty five hospitals participated (response
rate 89 5%). A total of 963 cases was col-
lected from 168 participating hospitals (55
university hospitals and 113 other hospitals).
All cases were verified according to the diag-
nostic criteria and 835 were classified as HP:
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Table 1 Criteria proposed by the Japan Research Committee on Diffuse Pulmonaty
Disease for Hypersensitivity Pneumonitis

1 Clinical features:
(positive if two or more signs and symptoms and two or more laboratory data findings

(including chest x ray films) are present)
Signs and symptoms:
Cough
Dyspnoea
Fever
Fine or coarse crackle

Laboratory data:
Diffuse interstitial shadows on chest x ray film*
Restrictive impairment of pulmonary function
Decreased Po,
Increased RSR
Positive CRP
Lymphocytosis in BAL cells
Negative tuberculin test

2 Environmental condition:
(positive if one of the following environmental conditions is present)
HP from hot and humid conditions or as in summer months (summer HP)
HP from handling mouldy hay (farmer's lung)
HP from handling birds (bird fancier's lung)
HP from the use of an air conditioner or a humidifier (ventilation pneumonitis)
HP from environments with an organic or inorganic inhaled antigen (other types of HP)
(symptoms and signs may occur 4-8 hours after exposure to the antigen and disappear
spontaneously after removal from the environment)

3 Immunological examination (positive if one of two is present)
Presence of specific antibodies to offending antigen
Positive lymphocyte proliferative response to offending antigen

4 Inhalation challenge (positive if one of two is present)
Positive natural challenge to environment
Positive bronchial challenge to offending antigen

5 Pathological findings (positive if two of three are present)
Granuloma formation
Alveolitis
Masson's body

* Chest x ray film might be normal if symptoms are mild.
Po, = oxygen tension; RSR = red cell sedimentation rate; CRP = C-reactive protein; BAL =
broncheoalveolar lavage.
Definite HP = if either 1 + 2 + 4 or 1 + 2 + 3 + 5 is positive; probable HP = if three criteria
including 1 are positive; possible HP = if two criteria including 1 are positive.

Table 2 Occupational hypersensitivity pneumonitis in Japan (115 cases in the 1980s)

Cases Cases
Industry or occupation (n) Identified aetiology (n)

Agriculture: 79
Farmer 68 Micropolyspora faeni and 26

Thermoactinomyces vulgans
Micropolyspora faeni 12
Thermoactinomyces vulgaris 11
Candida albicans 1
Others* 3

Mushroom worker 3 Mushroom spores 2
Greenhouse worker 4 Aspergillus glaucust 1

Sphaerotheca fidiginea 1
Aspergillusfumigatus 1

Others 4 Agricultural chemicals I
Silkworms 1

Industry handling chemicals: 19 Toluene diisocyanate4 5
Organic solvent 1
Antioxidant 1

Polyurethane painter 7
Welder 4
Car repairer 3
Petrochemical plant worker 3
Furniture maker 1
Electrical product maker 1

Other manufacturing industry: 7
Baker 1 Wheat flour 1
Noodle maker 1 Buckwheat flour I
Soy sauce brewer 1 Aspergillus oryzae 1
Shell-buttons maker 1 Shell dust 1
Straw mat maker 1 Moulds § I
Carpenter 1
Craftsman using bagass 1 nermoactinomyces vulgaris 1

Office worker and others: 10
Ventilation pneumonitis in work place 5
Bird shop worker (bird fancier's lung) 1 Budgerigar droppings 1
Water purification plant worker I
Bed clothes laundry worker 1 Moulds ¶
Others 2

Total 115 75

Unmarked aetiological agents were identified by precipitating antibodies.
* Others include Mucor species, Aspergiqus species, Cryptostroma corticae. Detected antigens were
not mentioned in another seven cases with positive precipitins.
t Inhalation test was applied.
* Two cases were identified by inhalation test, another two were by lymphocyte proliferation
test, and another was by precipitating test.
§ The case reacted to Micropolyspora faeni, Thermoactinomyces vulgaris, Alternaria kikuchiana,
Aspergillus orizae, Cryptococcus neoformans.
The case reacted to Aspergillusfumigatus, Cladosporium species, Penicillium species.

653 were definite and 182 were probable. Of
the other 128 cases, 99 were diagnosed as
possible HP and 29 as cases of other lung dis-
eases. In the present study, 835 cases of defi-
nite and probable HP (total HP) and 99
possible cases ofHP were subjected to analysis
and presented as a case series of HP, not as a
population based study. All the data obtained
were on patients at the symptomatic stage of
the disease.

Precipitin analysis was conducted with the
double diffusion method as previously
described.2' Antigens used were commercially
available and consisted of 10 antigens related
to HP and six antigens to Aspergillus species
(Hollister-Steir, Spokane, Washington), or
antigens were prepared in each hospital, as
required. Serum antibodies to Tichosporon
cutaneum were assayed in 262 cases of sum-
mer HP in the First Department of Internal
Medicine, Kumamoto University School of
Medicine, with the indirect fluorescent anti-
body method described elsewhere.'9 The pro-
cedure of antigen challenge was not
standardised.

Analysis by x2 was conducted as required.

Results
HP IN JAPAN
During the 1980s 835 patients with HP were
identified in Japan. Of these 621 cases
(74-4%) had summer HP; 68 cases (8-1%)
had farmer's lung; 36 cases (4 3%) had venti-
lation pneumonitis (28 humidifier lung and
eight air conditioner lung); 34 cases (4 1%)
had bird fancier's lung; 19 cases (2 3%) had
other types of HP; and 57 cases (6.8%) had
HP of unknown aetiology. Summer HP was
the most frequent type ofHP and the number
of these patients doubled in the second half of
the 10 year period from 205 cases in 1980-4
to 416 cases in 1985-9.

OCCUPATIONAL HP
One hundred and fifteen cases (13-8%) were
related to work. Table 2 shows a list of occu-
pations, industries involved, and causative
agents. Farmer's lung (68 cases; 59%) was the
most frequent among them. Ninety one per
cent were identified in the northern part of
Japan, at a latitude of 38° or over and 9%
were identified in Kagoshima Prefecture in
southern Japan. Most cases in the north of
Japan were related to Saccharopolyspora rec-
tivirgula (formerly known as Micropolyspora
faeni) or Thermoactinomyces vulgaris whereas
those in the south were related to Candida
species or Mucor species. The number of cases
identified each year was almost constant (6-8
(2-6)) but the ratio to total number of cases of
HP decreased from 9-5% (6/63) in 1980 to
3.7% (5/134) in 1989. Cases in women
accounted for 44% of classic farmer's lung
and 71% of other types of farmer's HP. The
agricultural working population was reduced
by more than one million people during the
1980s (6-3% of total working population) and
the ratio of women to men labourers was
six:four."
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Table 3 Diagnostic aspects of hypersensitivity pneumonitis (HP) in Japan

Observedfrequency (%)
Definite (%)

Cases Clinical Environmental Immunological Inhalation Pathological
Types (n) definite+probable features condition examination challenge findings
Summer HP 621 83* loot 96t 61* 76t 52t
Farmer's lung 68 78 100 99 88* 50* 51
Ventilation HP 36 70 100 80 17* 72 51
Bird breeder's HP 34 76 100 100 76 65 50
Other HP 19 74 100 84 63 78 61
Unknown aetiology 57 40* 100 63t 16* 72 49
Total HP 835 78 100 93 59 74 52
Possible HP 99 - 100 58§ 6§ 3§ 33§

*The variation among types was significant with X2 test (P < 0 005).
tThe variation among types was not significant.
*Significantly different from the other types ofHP with X2 test (P < 0 005).
§Significantly different from those of total HP with X2 test (P < 0 005).

As mushrooms are usually cultivated
indoors in Japan, workers are exposed to con-
centrated spores such as Lentinus edodes
(Shiitake) or Pholiota nameko (Nameko) and
specific contaminants such as Aspergillus glau-
cus, from which HP may result.'F27 Total floor
space of greenhouses increased by 150% in
the 1980s and cases of greenhouse worker's
HP were identified.28 These workers are
exposed to concentrated pollen as well as
microorganisms in the closed environment.
The number of agents causing HP, includ-

ing inorganic chemicals, increased during the
1980s.29 The first case of HP related to iso-
cyanates in Japan was reported in 1981 and
the number of cases newly identified each year
has grown.30 31 Bagassosis was the first HP
recognised in Japan,32 and occurrences in
sugar refineries have now disappeared.33 A
new case (a lacquer craftsman identified in
this study) was not unexpected.33
We also reviewed 99 possible cases of HP,

and adverse environments were identified in
57 of them. These 57 cases included 40 cases
of non-occupational HP (36 summer HP, two
bird fancier's lung, one ventilation pneumoni-
tis, and one drug induced HP) and 17 of
occupational HP (nine farmer's lung, three
related to toluene diisocyanate, three agricul-
tural HP of two silkworm growers and one
mushroom worker, one straw mat maker, and
one textile worker).

DIAGNOSTIC ASPECTS
To evaluate our diagnostic criteria and to esti-
mate the need for a more precise diagnosis,
we noted the frequency of each type of HP
diagnosed by each of the criteria (table 3).
The frequency of HP of unknown aetiology
(40%) was significantly lower than other types
of HP (70%-83%) in the definite cases (P <
0.005). The reason why only 40% of the cases
of unknown aetiology were definite (although
72% (41/57) were positive on natural inhala-
tion challenge) was that 18 of these 41 posi-
tive cases were not related to adverse
environmental conditions (table 3), but to
homes or offices in winter without air condi-
tioners. When a patient had recurrent HP on
natural challenge tests and worked in adverse
environmental conditions (table 3) the case
was regarded as definite even if the antigen

was not identified by clinical features,
immunological examination, or pathological
findings. These have been categorised as con-
firmed types of HP-for example, summer
HP-and not as HP of unknown aetiology.
The observed frequency is the ratio of cases
with positive results to total cases (including
those examined and not examined)-that is,
the positive rate (positive cases/examined
cases) multiplied by examined frequency. The
observed frequency of clinical features was
100% (see previous reports for details of the
characteristics'8 19). Only the variation in
immunological examination was significant
for different types of HP (table 3,
P < 0 005). For possible HP only clinical fea-
tures were not significantly lower than for
total HP, and the difference was most obvious
for immunological examination and inhala-
tion challenge.

Environmental conditions
Among 57 cases of unknown aetiology, 15
were cases where workers were exposed to
organic dust, 13 to chemicals or solvents, and
the other 29 were related to office or home
environments if they were not typical summer
HP, ventilation pneumonitis, or bird fancier's
lung.

Immunological examination
Table 4 shows the analysis of the frequency
and positive rate of specific antibodies shown
in table 3. The variation of positive rate for
farmer's lung (94%), ventilation pneumonitis
(18% (21% of these were humidifier lung and
0% air conditioner lung)), and HP due to
unknown aetiology (28%) were significant (P
< 0 005). Both frequency and positive rate
were significantly lower for possible than total
cases of HP. Table 2 lists the identified anti-
gens. A lymphocyte proliferative response test
was carried out in a few people. Out of 20
cases in which the subject's humidifier water
was searched for antigens, only two cases of
humidifier lung reacted to the isolates
(Cephalospoyium acremonium and Candida
species). Nine cases that were antibody posi-
tive but of unknown aetiology were those who
reacted to commercially available common
antigens without useful environmental infor-
mation.
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Table 4 Observation ofspecific antibodies

Cases Examined Positive Observed
Types examined (n) frequency (%) rate (%) frequency (%)
Summer HP 490 79* 77t* 61t
Farmer's lung 64 94S 94S 88
Ventilation pneumonitis 34 94 18S 17§
Bird breeder's lung 29 85 90 76
Other 14 72 87 63
Unkmown aetiology 32 56S 28S 161
Total HP 660 79 75 59
Possible HP 51 5211 121 6

*The variation among types ofHP with x2 test was NS.
tine variation among types ofHP was significant with X2 test (P < 0.005).
jAverage of positive findings of 99-2% in 262 cases examined by indirect fluorescent antibody
test to Tichosporon cutaneum in Kumamoto University School ofMedicine"' and of 52-2% in 228
cases by precipitating antibody test to Trichosporon cutaneum or to other unrelated antigens.
SSignificantly different from the other types of HP with X2 test (P < 0 005).
¶Significantly different from the other types of HP with X2 test (P < 0-005).

Inhalation challenge
The procedure of environmental challenge
varied in every case but was carried out for
91% of the total cases of HP without signifi-
cant variation between the types of HP
(82%-95%) and on 62% of the possible cases
of HP (P < 0 005). False negatives were
attributed to out of season summer HP, prior
medication with a steroid, prior removal of an
aetiology (humidifier or birds), or too short a
provocation time. The observed frequency of
positive inhalation challenge was significantly
lower in cases of farmer's lung (50%, P <
0-005), although we could find fault with the
challenge itself. Bronchial challenge to an
offending antigen was conducted in 33 cases
(4%). These subjects were also examined for
environmental challenge.

Pathologicalfindings
Pathological examination was made on 83%
of the total cases of HP and 78% of possible
HP. The results were positive for 52% and
33% (P < 0-005) of the observed frequencies,
respectively. The pathologies of possible HP
were less specific than those of total HP. We
screened cases for organic dust toxic syn-
drome (ODTS) among 200 people with alve-
olitis alone and 29 with normal findings. One
carpenter was suspected to have ODTS and
one textile worker byssinosis.

Discussion
In Japan, the first epidemiological study ofHP
was conducted in 1980.34 There were 59 cases
of HP, of which 42 were suspected to be sum-
mer HP. The occupations or environments of
the cases with other types of HP were not
identified. The objective of the present
nationwide survey was to design diagnostic
criteria that cover all types of Japanese HP
and draw up a comprehensive list of occupa-
tions and their aetiological antigens.

OCCUPATIONAL HP
More than 50 different occupational and envi-
ronmental sources of antigens associated with
HP were described. In agriculture in Japan,
new methods led to an increase in the number
of female patients with HP and induced new
types of HP such as mushroom worker's lung
(due to mushroom spores24 25 or specific cont-

aminants26 instead of thermophilic actino-
mycetes27) and greenhouse worker's lung.28
These are related to indoor farming, where
the closed environment is a risk factor for res-
piratory diseases, as noted in other coun-
tries.35 Farmer's lung was an important
problem in northern Japan where the main
antigens were thermophilic actinomycetes.'936
Findings in the southern part ofJapan differed
as the climate is warmer.'937 Although silk-
worm farming is not as common in Japan as
in the past,38 among Chinese workers over
200 000 have been exposed to high (13-328
mg/M3) concentrations of silk dusts, and there
is a high prevalence of respiratory signs and
symptoms. A survey of HP among these
workers has apparently not been documented
(personal communications).

Despite increasing numbers of cases of HP
in industries in Japan where isocyanates are
extensively used in the manufacture of cars,
upholstery, and polyurethane foam, workers
and health administrators have only a superfi-
cial understanding of HP induced by iso-
cyanates.29-3' Although an in vitro diagnostic
technique is not available yet, up to date
knowledge and precise observations about
temporal relations between exposures and
typical illness should help to identify potential
cases in high risk occupations and to prevent
the disease.

DIAGNOSTIC ASPECTS
The clinical features of HP were well docu-
mented. Related symptoms are often mis-
taken for those of bacterial or viral pneumonia
and an accurate diagnosis of chronic cases can
be difficult. An attempt by the EEC Working
Party showed wide differences in the diagno-
sis of chronic farmer's lung.39 Our diagnostic
criteria should assist physicians to make a cor-
rect diagnosis, and are based on the guidelines
reported by the subcommittee on HP in
1989.8 The proposed criteria may be less useful
for the diagnosis of mild or chronic forms of
HP. We also recognise the following weak-
nesses in our diagnostic criteria; any diffuse
lung disease will satisfy the clinical features
and common diffuse lung disease (sarcoido-
sis), will satisfy the pathological findings, and it
may be argued that the presence of precipitat-
ing antibodies should not be an inclusion cri-
terion. We think that clinical features are
important to avoid false negatives. To make
differential diagnosis correctly, we sent the
questionnaire to members of the research
committee or leaders authorised and verified
by the Japanese Society of Chest Diseases.
There were 29 (3%) false positive cases (other
lung diseases). We think that the presence of
antibodies to Trichosporon cutaneum is signifi-
cant in summer HP as opposed to other lung
diseases that occur in humid homes in sum-
mer because these antibodies were identified
in 99-2% of cases with summer HP but in
none of 100 cases with other lung diseases or
of 100 normal subjects.'82' Most authors from
other countries8-1" refer to difficulties in estab-
lishing diagnostic criteria for epidemiological
studies on the prevalence of HP. Our
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proposed criteria were designed for a case
series study, and would require modification
for use in a population based epidemiological
study. With evaluation of each of the criteria,
we confirmed the key to diagnosis as follows.
A precise environmental history-that is,

an observable pattern of recurrent HP illness
(clinical features) in relation to exposures-is
essential for an accurate diagnosis of HP. The
presence of precipitating antibodies to inhaled
antigens was useful evidence in confirming
the diagnosis of HP when environmental his-
tory and characteristic clinical features were
present. Specific antibodies were found in
more than 85% of cases examined when an
adequate antigen panel was used but only
30% were recognised when an inadequate
antigen panel was used. Based on these
results, we stress that precipitin tests should
not be relied on to replace the history and are
not useful as a screening method when con-
ducting epidemiological studies. We suggest
that an antigen panel that matches variations
in exposure in each country be prepared.
Pepys indicated that commercially supplied
antigen extracts from the United States for
use in tests in HP had been inadequate for
practical use in the United Kingdom and that
appropriate standardized reference materials
were needed to make comparisons between
findings in different situations and in different
countries.' We are designing an antigen panel
to cover most types ofHP in Japan that will be
useful for epidemiological studies and com-
parison with data from other countries.
We conclude that although the criteria we

proposed are not complete for a population
based epidemiological study, the new data will
be useful for clinicians to make an accurate
diagnosis of occupational HP and will pave the
way for further epidemiological studies of HP.
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