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Japanese summer-type hypersensitivity pneumonitis:
studies using Cryptococcus antigen
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Summary
Sixty-six patients, diagnosed as Japanese summer-type hypersensitivity pneumonitis at
Osaka Prefectural Habikino hospital between 1973 and 1980, were studied. The
diagnosis was based on the clinical features and summer-seasonal nature of the disease.
The presence of an aetiological agent within patients" home environment was
suggested by the recurrence of acute symptoms of high fever, cough and dyspnoea 5-8
hr after coming home from hospital, and by spontaneous improvement on leaving
home, immunological studies revealed the presence of -dnU-Cryptoeoceus antibody in
sixty-four of sixty-five patients' sera, by indirect immunofluorescence against Crypto-
coccus neoformans. Precipitating antibody against culture supernatant protein-antigen
of Cr. n<'o/()rmam was detected in more than 80% of sera obtained from patients during
the active stage of the disease. The positive result on inhalation provocation-challenge,
using culture supernatant protein-antigen, suggested that Cr. neoformans or antigeni-
cally related Cryptococcus species may cause Japanese summer-type hypersensitivity
pneumonitis.

Introduction
Hypersensitivity pneumonitis (HP) is an immunological disorder characterized by the
presence of granulomatous interstitial pneumonia, due to exposure to occupational or
environmental antigens. Organic dusts containing fungi, bacteria and animal-derived
protein are known tocause HP(Pepys, 1969; Mahonc/a/., 1967; Johnson f/a/., 1980).
Thermophylic Actinomyces are aetiological agents for farmer's lung (Pepys & Jenkins,
1965),bagassosis(Seabury('/a/., 1968), air-conditioner disease(Finke/a/., 1971.1976)
and humidifier disease (Sweet et al., 1971). Bird breeder's disease results from exposure
to avian droppings (Fink ei al., 1968; Hargreave et al., 1966).

Recent studies reveal that patients with HP have been increasing during the past 10
years in Japan. Hypersensitivity pneumonitis in Japan, including our cases, was

Correspondence: Dr Toshi Miyagawa. 7. 3 Chome, Habikino. Habikino City, Osaka Prefecture, 583 Japan.

0009-9090/82/0700-0343$02.00 © 1982 Blackwell Scientifie Publications 343



344 Toshi Miyagawa el al.

characterized by a high incidence in the summer season. The aetiological agent was
unknown in the majority although a few cases were identified as due to Candida
itlhicans (Kimura el al., 1979; Dobashi c/«/.. 1980) and A.spergillttsftmiigalus (Toydma
et al., 1981). We have demonstrated the presence of iinti-Cryptococcus antibody in
forty-one of forty-two patients with summer HP, observed at Habikino hospital (100",,
in sera tested) and in about 65°,, of sera of their family (Miyagawa. Ochi&Takahashi,
1978). Hypersensitivity pneumonitis with certain clinical and immunological charac-
teristics was called summer-type HP and distinguished from other causes of HP (Ochi
i-tal., 1978. 1980).

The relation of the Crypiococcus to summer-type HP was suggested, although
inhalation provocation-challenge, using antigen extracted from Cryptococcus neofor-
mans was unsuccessful.

In this paper we describe the clinical and immunological features of Japanese
summer-type HP including case reports, and results of inhalation provocation-
challenge using culture supernatant protein-antigen of C. neoformans.

Case reports
Patient I (M.S.). a 38-year-oId bus driver, had symptoms of common cold in June
1980. Cough and shortness of breath increased gradually. On 19 July he was admitted
to a hospital with severe dyspnoea. He had a fever of 38-39 C for several days prior to
admission. On the second hospital day, he became afebrile. He recovered without
specific medications. On 23 July he was discharged home, when he had a recurrence of
his symptoms. He was admitted to Habikino hospital on 25 July. On examination
temperature was 37 6 C and respiration was 21/min. Physical examination revealed
crepitation at both lung bases. The chest x-ray revealed bilateral diffuse micronodular-
infiltration. The leucocyte count was 9500/mm' with 80% of neutrophils and 3 0% of
eosinophils. Blood sedimentation rate (ESR) was 35 mm/hr, C-reactive protein (CRP)
was not detected. Pulmonary function tests revealed forced vital capacity (FVC) of
85% of predicted value and the forced expiratory volume in 1 sec (FEVi) of 92% of
FVC. The singe breath diffusing capacity of lung for carbon monoxide (DLCO) was
15-0 ml/min mmHg"', 41% of predicted value, while PaO2 was 55 6 mmHg and

Fig, 1. Photomicrograph of lung biopsy obtained from M.S.. demonstrating a granulomatous interstitial
pneumonitis (H.E.).
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Hg. 2. Chest x-ray of M.S. on 7 August 1980,1 day after exposure to his home environment, showing diffuse
interstitial infiltration in bilateral lung.

was 26-4 mmHg. Skin reaction to PPD was negative. fKnix-Cryptococcus antibody was
positive by indirect immunofluorescence and precipitation reaction. He was diagnosed
as having summer-type HP. On 29 July a transbronchial lung biopsy was done (Fig. 1).
On 5 August the PaOi improved to 78 mmHg and laboratory findings became almost
normal. The chest x-ray also markedly improved. On 6 August he was allowed to go
home to see whether his illness would relapse on exposure to his home environment.
Within 5 hr after returning home, he experienced a recrudescence of symptoms with
high fever.. 39 C. cough, dyspnoea and general faligue. He became dyspnoeic and
cyanotic. He had haemoptysis and the chest x-ray revealed the reappearance of
interstitial pneumonia (Fig. 2); PaO: was 48-8 mmHg and PaCO^ was 22-8 mmHg. The
leucocyte count was 28 000/mm^ with 80% of neutrophils. Blood sedimentation rate
(ESR) was 21 mm/hr; CRP was 6 -I-. Forced vital capacity (FVC) was 65% of predicted
value and FEV, was 90% of FVC; DLCO was 33% of predicted value. Intranasal
oxygen and prednisolone produced rapid improvement of symptoms, laboratory
findings, chest x-ray and pulmonary functions except gas transfer. On 8 September
exposure to his home environment for 3 hr resulted in recrudescence of high fever,
cough and dyspnoea, increase of interestitial infiltration in chest x-ray, worsening in
laboratory tests and pulmonary functions. He was treated with 20 mg prednisolone for
1 week and he became asymptomatic. On 20 October inhalation provocation-challenge
was done (Fig. 3a). He has had no obvious worsening by exposure to his home
environment since November 1980. He was discharged and has changed his residence.

Patient 2 (H.E.), a 16-year-oId boy, was well until mid-August 1980, when
coughing attacks developed with fever and malaise. He noticed dyspnoea on exercise
on 18 September. During several days before admission dyspnoea progressed and he
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Fig. 3a. Patient 1 (M.S.) & Fig. 3b Patient 2 (H.E.). Inhalation provocation-chaUenge of patients M.S. and
H.E.. showing late pyrexic reaction induced by challenge of culture supernatant protein-antigen of Cr.
neojormans.

had a temperature. He was admitted to hospital on 26 September with his parents, who
had suffered a similar illness since early August. On examination he was cyanotic and
dyspnoeic; temperature, 37 5 C; respiration. 30/min. Crepitations were heard at both
lung bases. Chest x-ray revealed diffuse micronodular-infiltration in both lung fields
(Fig. 4). The leucocyte count was I2 000/mm' with 75";, of neutrophils and 10% of
eosinophils; ESR was 32 mm/hr; CRP was 2 -*-; PaO: was 49 8 mmHg and PaCO: was
30 mmHg; FVC was 24% of predicated value and FEV, was 100% of FVC. A
tuberculin test with PPD was negative. On the second hospital day he was afebril. His
symptoms improved gradually with nasal oxygen inhalation for 5 days. He and his
parents were diagnosed as summer-type HP, with -aniy-Cryptococcus antibody,
detected in their sera by the indirect immunofluorescence and precipitation reaction.
Transbronchial lung biopsy was done on 1 October (Fig. 4). Administration of 20
mg/day prednisolone was started on the sixth hospital day and resulted in rapid
improvement ofclinical, laboratory, physiological and radiological findings. He went
home on 15 and 23 October and I November, when mild to severe acute symptoms of
cough, dyspnoea, chillness and high fever appeared 6-8 hr after returning home from
hospital. The presence of the aetiological agent within his home environment was
suggested. Inhalation provocation-challenge was performed on 11 November (Fig. 3b).
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Fig. 4. Chest x-ray of H.E. on 26 September 1980, showing diffuse interslitial micronoduiar infiltration in
biliiteral lung.

Materials and methods

Patients
Sixty-six patients, twenty-four males and forty-two females who were suspected of
summer-type HP from history between 1973 and 1980 at Habikino Hospital were
studied. Examination of chest roentogenogram, pulmonary functions were made in all
the patients. A transbronchial or open lung-biopsy was performed in seventeen
patients. Serum samples were tested for 3inX.\-Cryptococcus antibody.

Fig. 5. Photomicrograph of lung biopsy obtained from H.E., demonstrating a granulomalous interstitial
pneumonitis (H.E.).
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Immunological studies
Kwi\~Cryptococcus antibody was tested by the method of indirect immunofluorescence
technique and double diffusion in agar gel described in a previous paper {Miyagawa e/
a/., 1978). A culture supernatant protein-antigen of Cr. neoformans was employed as
antigen for precipitation reaction.

Preparation of culture .supernatant protein-antigen of Cr. neoformans
Cr. neoformans IFO 0608 strain, a thin capsular form of serotype A. was supplied by
the Institute of Fermentation, Osaka. Japan. A 1-week-old culture on Sabouroaud
glucose agar was seeded to 500 ml culture flasks containing 250 ml of culture fluid,
having the following composition in g/l. de-ionized water: glucose. 30; NaNOi, 3 0;
KH:P04. 10; MgSOj. 0 5; KCl. 0 5; FeSOj. 0 01; and a dialysable component of 5 0 g
neopeptone. Culture fluid was autoclaved at 110 C for 15 min. The cells were cultured
on a shaker at 25 C for 5 days, then killed by heating ay 56 C for 1 hr and separated by
centrifugation at 5000 rev/min for 10 min. A method of ammonium sulphate
precipitation was used to separate protein from supernatant. The precipitate produced
between 30 and 60% saturation was collected and redissolved in saline, followed by
extensive dialysis in saline. The antigen solution thus prepared was iyophilized and
stored at 4 C until use. The protein concentration was 0 55 mg/10 mg dry weight
determined by Lowry's method (Kabat. 1964). 10 mg/ml of solution was passed
through a sterilizing milipore filter before clinical applications.

Skin reaction
Intradermalskin-test was performed with 01 ml 1:1000 or 1:10000 dilution of antigen
in saline. The skin reaction was assessed at 15 min and 8., 24 and 48 hr.

Inhalation provoeation-challenge
Inhalation provocation challenge was carried out in three patients. Each patient (M.S..,
H.E.) received approximately 15 mg of protein in 50-6 0 ml of saline in nebulized
form by Nissho's nebulizer apparatus in 30-40 min. A patient (N.E.) received 2 0 ml of
antigen solution containing about 75 /ig of protein in 10 min. Pulmonary function,
blood gas, leucocyte count and body temperature were measured before and after
testing.

Results
The incidence of summer-type HP was concentrated during 4 months from June to
September with sixty-six new cases and nineteen relapsed cases. No patients have been
observed during the 6 months from November to April in the following year. Tables 1
and 2 show the clinical and laboratory findings in sixteen cases studied during 1980. Six
were relapsed cases, and five were followed as outpatients. The familial occurrence was
present in five members of two families. The clinical symptoms and signs in these
patients were similar to those of HP already described and in farmer's lung and bird
breeder's disease (Hargreave et al.. 1966; Fink et al.. 1968. 1976).

The clinical course of HP could be divided into three forms, acute, subacute
(insidious) and chronic, according to mode of onset (Pepys, 1969, Fink et al.., 1968,
1976). In the summer-type HP, most patients had symptoms of common cold, such as
cough without sputum, general fatigue and low grade fever lasting 5 days-2 months
before high fever and progressive dyspnoea appeared. Some patients had gradually
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Fig. 6. Inhalation provocation challenge of patient N.E.. showing immediate reaction induced by challenge
of culture supcrniitant prolcin-antigen of Cr. neoformans.

increasing cough, dyspnoea, low grade fever, general fatigue and weight loss without
obvious symptoms of acute attacks. These symptoms improved spontaneously while
they were away from their home, but in the majority, acute symptoms of high fever,
genera! fatigue, cough and dyspnoea reappeared 5-8 hr after returning home from
hospital. These symptoms were similar to those of acute attacks experienced in patients
withotherHP, when exposed to the appropriate antigen (Pepys, 1969; Fink, 1968). The
cessation of exposure to antigen, by leaving home, resulted in a spontaneous
improvement in mild cases, but administration of steroid hormone was necessary in
severe cases.

Anti-Cryptococcus antibodies were demonstrated in sixty-four of sixty-five cases by
the indirect immunofluorescence and in forty-two of fifty-one cases by the precipi-
tation reaction to culture supernatant protein-antigen of Cr. neoformans. The results of
precipitation reaction and -drtU'Cryptococcus anuhody titre in indirect immunofluores-
cence are shown in Table 2 for patients studied during 1980.

The results of inhalation provocation-challenge were shown in Fig. .̂ a and b, and in
Fig. 6. A late febrile reaction, accompanied with leucocytosis and mild respiratory
symptoms, was reproduced in two patients (M.S. and H.E.). However, the change of
pulmonary functions was small in these experiments. The immediate reaction was
accompanied by an increase of coughing attacks and crepitations, decrease of FVC
and FEV| were produced in patient N.E. with a small antigen-challenge. This patient
showed immediate and late reactions, after exposure to his home environment. Late
febrile reaction was not induced with this antigen dose. The immediate and
Arthus-type skin reaction to culture supernatant protein antigen was positive in these
three patients.

Discussion
More than 200 patients have been diagnosed as summer-type HP on a clinical basis
during the past 10 years in Japan (Kurihara e/(i/., 1976; Shishido c/«/.. 1977, Ochi t'/
al., 1978, Murao et al., 1980). Summer-type HP was widely distributed except for
northern parts of the country, but the majority of cases were observed in Osaka district
and its surroundings. Immunological studies revealed no distinct causative antigen in
these cases, therefore the presence of some new antigenic material was suspected, but
unidentified.
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We observed a patient's serum which reacted with polysaccharide antigen of Cr.
neoformans in precipitation reaction in the previous study. The application of indirect
immunofluorescence technique, using Cr. neoformans cells, revealed the presence of
anli-Cryptoeoccus antibody in almost all sera from patients with summer-type HP
(over 100 patients) and in about 65",, of sera from their family members, and contrasts
with less than 10% of sera from healthy subjects and various lung diseases (Miyagawa
et al., 1978). However, microbiological studies revealed no Cr. neoformans or other
Cryptococcus species in sputum or lung specimens obtained by transbronchial or open
lung-biopsy.

The presence of anti-Cryptocoeeus antibody in symptomatic and asymptomatic
members of the same family suggested the possibility of existence of some Crypto-
coccus species or antigenicaliy related organism during summer season within patients'
home environments. Exposure and sensitization to such organisms might have caused
the summer-type HP. AnU-Cryptococcus antibody titres changes in correlation with
clinical course of summer-type HP (Miyagawa et al., 1978).

According to PhalTand Fell, genus Cryptocoecus consists of seventeen species and
six varieties. Most Crypiococcus species have been isolated from our surroundings as
saprophytes (PhalT& Fell. 1970). Cryptococcus species other than Cr. neoformans have
generally been considered to be non-pathogenic, and infections caused by these
organisms have rarely been reported in humans (Cuhna & Lusins. 1973; Melo et al.,
1980; Krumholz, 1972. Lynch etal., 1981). During the present study, several strains of
Cryptoeoccus species which appeared to biologically belong to Cr. albidus. Cr.
uniguttulatu.s and Cr. lactativoru.s were isolated from patients' homes. However, these
strains showed only weak agglutination reaction with sera from patients with
summer-type HP.

It has been reported that some Cryptococcus species have a shared antigen,
common to Cr. neoformans (Tsuchiya. Kawakita & Udagawa, 1963; Pidcoe &
Kaufman. 1968). Simitar cross-reaction was observed between patients* sera and
several strains of Cryptococcus species in agglutination reaction and indirect
immunofluorescence, particularly between Cr. neoformans. Cr. alhidus dnd Cr. terreus
cells. We also observed similar cross-reactivity in agglutination reaction using
anii'Cryptoeoccus antibody prepared in rabbits against Cr. neoformans IFO 0608
strain. We have not succeeded in isolating the causative Cryptococcus from patients'
home environments.

Antigen extracted from Cr. neoformans cells consisted mostly of capsular
polysaccharide. Precipitating antibody against polysaccharide was detected in less
than 40/,, and inhalation provocation-challenge with this antigen failed to elicit a
positive reaction. Therefore culture supernatant protein-antigen of Cr. neoformans
was used. Precipitating antibody against culture supernatant protein-antigen was
detected in more than 80% sera of patients with active summer-type HP. Arthus-
type skin reaction was also elicited in 80% of patients tested. These results were
consistent with those of farmer's lung, bird breeder's disease and other HP to
aetiological agents (Pepys & Jenkins, 1965; Fink et al., 1968; Salvaggio, Seabury &
Buechner, 1967).

The inhalation provocation-challenge with this protein antigen gave a positive
result. The late febrile reaction with mild respiratory symptoms and leucocytosis. or
immediate and late reaction in some cases, has been reported in the studies of antigen
inhalation provocation-challenge in farmer's lung and bird breeder's disease (Pepys &
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Jenkins. 1965; Hargreave & Pepys, 1972; Hendrick et al., 1980). Perhaps a proper
concentration of antigen is required for patients to get a typical reaction.

From the immunological studies of patients' sera and inhalation provocation-
challenge, we concluded Cr. neoformans or antigenicaliy related Cryptoeoecus species
could be responsible for Japanese summer-type HP studied in this report. The
detection of antigenic material in patients' homes would confirm this conclusion.
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