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Summary. In order to elucidate the mechanism
involved in Candida albicans (Candida)-induced asth
ma, the correlation between three different antibodies
to Candida-the IgE antibody, precipitin and hemagg
lutinin-and the severity of Candida-induced asthma
and the type of response after the bronchial provoca
tion test (BPT) was analyzed. A diagnosis of Candida
induced asthma was made when the BPT was positive
only for Candida. In the present study, 21 patients with
Candida-induced asthma were investigated. Positive
BPT responses consisted of immediate asthmatic
responses (IAR), dual asthmatic responses (DAR) and
late asthmatic responses (LAR), but only DAR and LAR
were observed in the present study. The following
results were obtained:

1) The titer of precipitin increased in accordance with
the severity of asthma (p < 0.01), but the titer of the IgE
antibody and hemagglutinin did not show a consistent
relation to the severity of asthma.

2) There was no significant correlation between the
titer of the IgE antibody, precipitin and hemagglutinin
to Candida and the type of response after BPT (DAR
and LAR).

These results indicate the possibility that there are
cases in which precipitin may play an important role in
the development of Candida-induced asthma, especially
in sever cases.

INTRODUCTION

We determined allergens in patients with bronchial
asthma (referred to as asthma below), designated
those cases for which no allergens other than Can
dida albicans (referred to as Candida below) could be
confirmed as Candida-induced asthma and studied the
mechanism of occurrence of this type of asthma l
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The results revealed that in most cases of Candida
induced asthma, the titer of total IgE was within the
normal range and that of specific IgE was negative or
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low, that late asthmatic response (LAR) or dual
asthmatic response (DAR) was common in the bron
chial provocation test (BPT), and that these cases
showed marked contrast to cases for which allergens
other than house dust could not be identified.

It is thought that a mechanism other than the IgE
antibody is important in Candida-induced asthma.
Since the Candida is continually retained in the body,
it is considered to have a sensitizing route different
from that of house dust and other inhaled allergens.
Consequently, to clarify the mechanism of its occur
rence, it is necessary to analyze the relation of
humoral antibodies other than the IgE antibody,
cellular immunity reactions and other factors. In this
study, we measured the IgE antibody, hemagglutinin
and precipitin in the serum of patients with Candida
induced asthma and investigated their relation to the
severity of asthma and bronchial provocation
response. A close relation was found between the
severity of asthma and the titer of precipitin. This
finding, with importance in clarifying not only the
mechanism of occurrence of Candida-induced asthma
but also that of the severity of asthma, is reported
here.

SUBJECTS AND METHODS

Subjects: A skin test for 45 allergens (Torii Pharma
ceutical Co., Ltd.) was performed on asthma patients
and a BPT was performed for allergens for which the
immediate response was positive. Of the 26 patients
who were positive only for candida, 21 who showed
DAR or LAR, described later, were selected as sub
jects. The reason for restricing the subjects to those
with DAR or LAR was that hemagglutinin and
precipitin are not related to the occurrence of imme
diate astmatic response (IAR) but are considered to
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possibly be related to the occurrence of DAR and
LAR. It is possible to obtain a positive response in a
EPT using allergens for which the immediate skin
response is negative, but this study was not extended
to cover these cases.

The 21 Candida-induced asthma patients included
10 males and 11 females whose ages ranged from 14
to 61 and averaged 40.8. According to the severity
evaluation criteria of the Japanese Society of Aller
gology, 6 of the patients were severe, 9 were moder
ately severe and 6 were midlly severe. DAR was
observed in 9 patients and LAR in 12. None of the 21
patients had received desensitization therapy using
Candida.

Allergen skin test: 1000-fold dilutions were used for
house dust, pollen (12 types), foods (8 types), animal
epidermis (7 types) and fibers and other varieties (12
types) and 10, OOO-foid dilutions were used for fungi (5
types: Candida albicans, Aspergillus fumigatus,
Penicillium luteum, Alternaria Kikuchiana, Clados
porium cladosporioides). A 0.02 ml injection of each
was injected under the skin and 15 min later the
diameters of swelling and redness were measured. If
the swelling was wider than 9 mm or the redness
wider than 20 mm, the response was judged as posi
tive.

EPT: In patients who had been using a bron
chodilator, the study was conducted on a day on
which the drug had been withdrawn for at least 12
hours and the patient had not suffered an attack. On
the day of the study, the patients practiced so that
their vital capacity on effort and forced expiratory
volume in one second (FEV l .o) became nearly stable.
Then it was confirmed that their FEV 1.0 did not drop
by more that 10% within 30 min after inhaling 1 ml
of saline solution from a nebulizer for 2 min.

The Candida antigen dilution used for inhalation
was made by diluting a freeze-dried powder form of
Candida (serum type A, Torii Pharmaceutical Co.,
Ltd.) in physiological saline by 1000 fold, 500 fold and
100 fold. The administered concentration was in
creased by one concentration a day begining with the
lowest concentration until a positive reaction was
obtained. One ml of each concentration was inhaled
for 2 min from a nebulizer, and immediately, 10, 20
and 30 min and 1, 2, 3, 5, 7 and 24 h after inhalation,
continuous vital capacity on effort and were
measured. If the FEV 1.0 decreased by more that 15%
from the pre-inhalation value, the response was con
sidered positive. If the response was observed within
1 h after EPT, it was judged to be an IAR, and if it
was seen more than 1 h after the EPT, it was judged
to be an LAR. If the FEV 1.0 decreased again by more

that 15% from the pre-inhalation value after the IAR
recovered naturally or due to treatment or if the IAR
did not recover and continued for more than several
hours, it was judged as a DAR.

RAST (radioallergosorbent test): Using the
Phadebas® RAST kit, the Candida antibody was
measured with Candida antibody coupling paper
discs made Pharmacia Company. A RAST score
of 2 or greater was judged positive.

Prausnitz-Ktistner (PK) response: In the sk in of the
forearm of a recipient who showed a negative
immediate response to a 10, OOO-foid Candida dilution,
0.1 ml of serum from the patient was injected to
make multiple PK sites, and from 24 to 48 h later O.
02 ml of a 10,000-fold Candida dilution was injected in
this area, and the diameters of swelling and redness
were measured. Swelling greater than 9 mm or red
ness greater than 20 mm was judged a positive
response. In these results, a positive PK reponse was
treared as a RAST score of 2.

Bacteria strain used: Candida albicans A-1, J1012
(serum type: A type, Candida A), was used as the
antigen for tanned (sensitized by treatment with
tannic acid) red cell agglutination and gel precipita
tion (Ouchterlony test).

Antigen extraction: Extraction of antigen was
performed by the methods of Gorin et a1. 4

) and
Shinoda.5

) That is, after bacteria cultured for 48 h at
30 0e in Sabouraud's agar were collected with deion
ized water and washed three time, the wet bacteria
were combined with a 5-fold volume of deionized
water and heated at lOWe for 1 h. The bacteria were
centrifuged at 1308xg for 10 min and obtained as a
precipitate. A 5-fold volume of 2% KOH was added
to the wet bacteria and they were then extracted
under heat for 2 h at 100 0e and neutralized with
acetic acid. After centrifuging for 10 min at 1308xg,
the clear upper layer was concentrated under reduced
pressure at 30 oe, combined with a 4-fold volume of
methanol and allowed to stand overnight. The result
ing precipitate was washed with ethanol and dried
with acetone to yield the antigen.

Composition of the antigen used: The chemical
composition of the antigen was analyzed by gas
chromatography, and the results showed that the
component sugars were mannose and glucose, 4.00
mg and 0.55 mg per 10 mg pure antigen, respectively.
The micro-Kjeldahl method revealed that the pure
antigen contained 1.88 mg of protein per 10 mg.
Tanned cell agglutination reaction: Boyden's
method6

) was used to prepare antigen-sensitized red
blood cells. That is, to 10 ml of phoshate-buffered
saline containing 100 mg of antigen (pH 7.2, PBS
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bellow), an equal volume of a 2% PBS suspension of
tanned sheep red blood cells was added, and this was
incubated for 1 h at 3TC. It was then centrifuged for
10 min at 872xg, and the sensitized blood cells which
had precipitated were obtained and washed three
times with 1% rabbit serum-added PBS to yield
antigen-sensitized red blood cells.

Measurement was done by a microtitration meth
od. A microtitration plate (cooke Company) was used
and the blood serum to be examied was diluted with
1% rabbit serum-added PBS to obtain a 0.025 ml
series of 2-fold dilutions. Then 0.025 ml of antigen
sensitized red blood cells was added to each, incubat
ed for 2 h at 3TC and let stand for 10 h at 4°e. The
largest serum dilution that showed agglutination of
sensitized red blood cells was used to express the
titer of red blood cell hemagglutinin.

Gel precipitation response: This was done by
Ouchterlony's plate micro method. Torii pharma
ceutical's Candida A freeze-dried powder and Can
dida A powder prepared by the writers were used as
the antigen in the wells, and these were diluted with
Bernard's buffer (pH 8.6) to give 100-fold, 1,000-fold,
10,000-flod and 100,000-flod dilutions. The patients'
undiluted serum was injected in the middle wells.
The wells were observed for 1 week, and if a precipi
tation line appeared between the serum and T orii
Pharmaceutical's or our 100 fold antigen dilution, it
was judged as (+), and if precipitation lines were
observed between the serum and the remaining con
centration solutions, they were judged
and (++++), respectively.

Significance test: Significance was determind by U
test and rank-difference coefficient and was estab
lished at p<0.05.

RESULTS

Correlation between asthma severity and the IgE
antibody and hemagglutinin (Fig. 1) : In cases where
the titer of hemagglutinin was negative, 2, 4 or 8, it
was expressed with a corresponding log scale of 0, 1,
2 and 3. As a result, no clear relation was observed
between asthma severity and the IgE antibody or
hamagglutinin.

Correlation between asthma severity and precipitin
(Fig. 2) : An increase in the precipitin titer was ob
served with increasing severities of asthma (rank
difference coefficient: r'=0.971 (p<O.Ol), p<0.05 in
U test).

Correlation between BPT-induced asthma (DAR
and LAR) and the IgE antibody, hemagglutinin and

precipitin (Fig. 3): No definite correlation was ob
served with any combination.
Correlation between hemagglutinin and precipitin
(Fig. 4): A definite relation was observed with a
rank-difference coefficient r' 0.728 < 0.01).

DISCUSSION

In addition to type I allergic reactions, type III and
IV allergic reactions can also be considered to be
involved in the occurrence of asthma.7) Pepys et a1.
reported that since type III skin reaction in asthmatic
patients is closely related to the existence of pre
cipitin,8.9) it is possible that late airway asthmatic
response is caused by type III allergic reaction due to
precipitation of the immune complex (IC).9) Caller
arne et a1. IO

) observed hypertrophy of the bronchial
basal layer and precipitation of IgG, IgaA, IgM and
components of the complement in the basal layer and
so suggests that type III allergic reaction is involved
in the occurrence of asthma through Ie. Kimura et
aLII) reported that peripheral blood basophils in
atopic asthma patients with a high serum IgE value
reacted strongly to anti-human IgE, but that periph
eral blood basophils in patients with a low serum IgE
value reacted more strongly to anti-human IgG than
anti-human IgE. They suggested that IgG plays a
major role in the progress of severe, intractable
asthma or in the mechanism of its occurrence.

There are also reports that suggest type III allergic
reactions play a role in the occurrence of asthma
based on the results of desensitization therapy. When
desensitization therapy is performed for Alternaria
or Cladosporium, in patients in whom precipitin
against these antigens is demonstrated, a general late
asthmatic response or serious asthmatic response
accompanied by cyanosis is induced several hours
later, thus suggesting a relation between percipitin
and type III allergic reactions. 12,13)

The mechanism of the occurrence of late bronchial
asthmatic response seen in DAR and LAR (isolated
LAR) has not yet been clarified. Dolovich et a1. 14)
showed that late skin response occurred without the
presence of Ie and was caused by the IgE antibody. In
the same way, LAR to EPT occurred in asthma
patients in whom precipitin was not found, 15.16) sug
gesting that the response was induced by the
antibody.16) A secondary condition of type I allergic
reactions is inflammation widely assumed to be
caused by inflammation-causing proteins, Such as
inflammatory factors of anaphylaxis (IF-A)17) from
mast cells and major basic proteins (MBP)18-20) of
eosinophils.
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Fig. 1. Correlation between the IgE antibody and hemaglutinin to Candida
albicans and severity of bronchial asthma induced by Candida albicans. Neither
the score of IgE-RAST nor the titer of hemagglutinin showed a consistent
correlation with the severity of asthma.
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Fig. 2. Correlation between precipitin level to Candida
albicans and severity of asthma induced by Candida
albicans. There was a significant correlation between the
two (p<O.Ol).
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However, there are also opinions that it is caused
by type III allergic reaction. Ito et a1. 21 ,22) performed
BPT using mite extract in asthma patients positive
to mite in RAST or skin tests and reported that LAR
(DAR) was clearly observed in a high percentage of
cases with high IgG1 antibody titer before occurrence
and cases with high IC levels before occurrence and
that it is possible that the IgG (G1 ) antibody reacts
with the antigen to make IC and the IgG-IC combines
with the complement to cause LAR due to type III
reaction.

Okada et aLZ3) reported that in a BPT using house
dust and Candida, the IgE antibody was observed in
a high rate in the peripheral blood of patients show
ing IAR and the IgG antibody in a high rate in
patients showing LAR and that the density of im
munoglobulin bonding to the surface of peripheral
blood basophils in patiens exhibiting LAR to house
dust showed a high IgG/lgE antibody count ratio
compared to that in patients exhibiting IAR. The
same tendency was seen in patients exhibiting LAR
to Candida.

In this study of Candida-induced asthma, the
increase in asthma severity in patients exhibiting
LAR (DAR and LAR) correlated to an increase in the
titer of serum precipitin. The main antibody causing
agglutination is IgM,24) and the IgM and IgG anti
bodies are involved in the precipitin reaction,25) but
the IgG antibody is known to play the principal
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antibody, hemagglutinin and precipitin, and types of bronchial response after the bronchial
provocation test using Candida albicans extract as the antigen. No consistent correlation
was observed.
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Fig. 4. Relationship between hemagglutinin titer and
precipitin level to Candida albicans. Significant correla
tion was found to exist between them (p <0.01).
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role. 26) In this study, there were cases in which
precipitin was involved in the mechanism of occur
rence of Candida-induced asthma, and asthma in
these cases seemed to become serious more easily. As
suggested by Ito et a1.,21,22) the IgG antibody
contained in precipitin probably bonds with the
antigen to form IC, and the IgG-IC activates the
complement to cause LAR due to a type III response,
thus worsening the seriousness of the asthma. How
ever, we have already reported that the IgE antibody
readily causes isolated LAR in Candida-induced
asthma3

) and that 74% of the isolated LAR seen in
BPT of Candida-induced asthma is not caused by the
IgE antibody.27l If one assumes the IgG antibody
(precipitin) to Candida travels from inside the blood
vessels to local sites without the presence of IAR
caused by the IgE antibody, the mechanism is not
clear. Therefore, in order to determine which IgG
subclass precipitin corresponds to and to deny the
possibility that the IAR is a false negative, it is
necessary to measure the IgG4 • Type IV response is
also considered to play s role in the mechanism of
occurrence of Candida-induced asthma,28) the mecha
nism of which is likely to be complex.
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