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Abstract

Bronchial asthma was classified by the pathophysiology and by the mechanism of onset of
the disease. Forty asthmatics who had serum IgE levels lower than 200 IU/ml were evaluated by
two classification methods. 1. In asthma classified by a score based on clinical findings and exam-
inations, the characteristics of the findings and examination results were compared among three
asthma types, i.e., Ia. simple broncho-constriction type, Ib. bronchoconstriction+hypersecretion
type, and II. bronchiolar obstruction type. Type Ib patients, in addition to manifesting hypersecre-
tion, had a significantly higher proportion of eosinophils in the bronchoalveolar lavage (BAL) fluid
compared to other asthma types. Significantly decreased values for ventilatory parameters and an
increased proportion of BAL neutrophils were found in type Il compared with other asthma types.
2. In a new classification by mechanism of onset, asthma was classified into three types according
to the degree of participation of IgE-mediated reactions associated with specific IgE antibodies and
serum levels of total IgE: asthma induced by definite IgE-mediated reaction (atopic asthma), pos-
sible IgE-mediated reactions (asthma), and asthma induced by non-IgE-mediated reaction (asthma
syndrome).
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Bronchial asthma was classified by the pathophysiology and by the mechanism of

onset of the disease. Forty asthmatics who had serum IgE levels lower than 2001U/ml
were evaluated by two classification methods. 1. In asthma classified by a score based
on clinical findings and examinations, the characteristics of the findings and examina-
tion results were compared among three asthma types, i.e., Ia. simple broncho-
constriction type, Ib. bronchoconstriction + hypersecretion type, and II. bronchiolar
obstruction type. Type Ib patients, in addition to manifesting hypersecretion, had a
singnificantly higher proportion of eosinophils in the bronchoalveolar lavage (BAL)
fluid compared to other asthma types. Significantly decreased values for ventilatory
parameters and an increased proportion of BAL neutrophils were found in type II
compared with other asthma types. 2. In a new classification by mechanism of onset,
asthma was classified into three types according to the degree of participation of
IgE-mediated reactions associated with specific IgE antibodies and serum levels of
total IgE: asthma induced by definite IgE-mediated reaction (atopic asthma), possible
IgE-mediated reactions (asthma), and asthma induced by non-IgE-mediated reaction
(asthma syndrome).

asthma, asthma syndrome, classification by pathophysiology, classification by
mechanism of onset

Key words :

Bronchial asthma is a syndrome, in which
transient dyspnea and wheezing are exhibited.
Although these are the predominant symptoms of
asthma, the pathophosiological changes in asth-
matic airways (which are related-to the clinical
symptoms) and the mechanism of onset vary
because asthma is a syndrome.

* To whom correspondence should be addressed.
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The pathophysiological changes that occur
during asthma attacks are bronchoconstriction,
swelling of the mucous membranes, and mucus
hypersecretion, occasinoally —accompanied by
bronchiolar obstruction. We have classified asth-
ma as being of three types according to patho-
physiological airway changes related to clinical
symptoms: la. simple bronchoconstriction type.
Ib. bronchocostriction + hypersecretion type and
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II. bronchiolar obstruction type (1-5). The
mechanisms of onset of asthma have been exten-
sively studied, and it is well known that the
IgE-mediated allergic reaction participates in this
mechanism (6-8). The presence of this reaction
is, however, unclear in some adult asthma
patients.

In the present study, we examined asthma
classifications according to pathophysiological
changes and according to the mechanism of onset.
Here, we report the results and outline a new
concept for the classification of bronchial asthma.

Subjects and Methods

To clarify the differences between the mechanism of
the onset of asthma in atopic asthma with the IgE-
mediated reaction (IgER) and that in non-atopic asthma
without IgER, we examined 40 patients with asthma (23
females and 17 males). We selected patients with a low
serum IgE level, between 0 and 2001U/ml, for this
study, because their maximum release and dose-response
curves for histamine from basophils induced by anti-IgE
were similar to those in healthy subjects (9,10). Their
mean age was 49.7 years, with a range of 15-71 years,
and the mean level of serum IgE was 93.2 + 61.21U/ml
(£ SD) (10-1931U/ml). Of these 40 patients, 11 had
specific IgE antibodies to inhalant allergens. Thirty-one
healthy subjects (19 females and 12 males) were selected
as controls. Their mean age was 55.5 years with a range
of 15-72 years, and the mean level of serum IgE was
24.1 & 20.7TU/ml (0-891U/ml).

Asthma classification by clinical symptoms (clinical
diagnosis) was performed according to previously de-
scribed criteria (1-5), and summarized below:

Type Ia. Simple bronchoconstriction type: patients
with symptoms such as wheezing and dyspnea, which are
evoked predominantly by bronchoconstriction.

Type Ib. Bronchoconstriction -+ hypersecretion type:
patients with symptoms due to hypersecretion (more than
100ml/day of expectoration), in addition to bronchocon-
striction.

Type II. Bronchiolar obstruction type: patients with
symptoms evoked predominantly by bronchiolar obstruc-
tion.

In the present study, we carried out a new trial in an
attempt to classify asthma by using a score (score
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diagnosis) calculated from clinical findings (expectoration
per day, lung auscultation findings, eic.) and from exami-
nations (ventilatory function test, cellular composition in
bronchoalveolar lavage fluid (BALF) etc.) (11). Of the
clinical findings and examinations, we selected the
amount of expectoration per day, lung auscultation
findings, % Vo5 value, and proportion of BAL cells
(neutrophils and eosinophils) for score diagnosis, since
these findings and examination results showed the charac-
teristics of each clinical asthma type. Suitable points were
assigned to each of these findings and results: 5 points
were given to the finding (expectoration more than 100ml
a day), only by which asthma type can be assessed, 4
points to findings and results, which are important for the
classification, but require other conditions showing char-
acteristics of each asthma type, and 1 point to findings
and results suggesting to a certain extent characteristics
of each asthma type. The criteria for score diagnosis are
shown in Table 1.

Bronchoalveolar lavage (BAL) was performed in 34
of the 40 patients when they were free of symptoms. All
patients in whom this examination was carried out were
non-smokers. Informed consent for BAL procedure was
obtained from all of the patients. The aspirates obtained
by BAL examination were centrifuged at 1,200rpm for
10min at 4°C, and the cell pellet was resuspended in Tris
ACM (4,5). A differential cell count was performed in

500 cells excluding epithelial cells, on smear preparations

Table 1 Score for classification of asthma
Symtoms and laboratory findings No of points

1. Expectoration more than 100m! a day
2. Expectoration between 50 and 99ml a day
3. Presence of sputum in several areas of the

airways on auscultation 1
4. Day-long difficulty of expectoration 1
5. Transient bubbling rales in both lower lung

fields on auscultation 4
6. Alveolar breath sounds in both lower lung

fields markedly decreased or disappeared

on auscultation
7. Value for % V25 less than 10%
8. Proportion of neutrophils in BALF more

than 20% 4
9. Proportion of eosinophils in BALF more

than 10 % 1

Classification: from 0 to 4 points; type la; from 5 to 11 points;
type Ib; 12 points or more; type II.
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stained with May Giemsa. The results were expressed as
a percentage of total cells,

Ventilatory function was measured with a rolling-seal
spirometer (Box Spiror 81, Chest Co) in all patients
when they were at attack free stages.

Clinical findings were obtained by observing the
patients’ asthma attacks every day during their period of
hospitalization. Amount of expectoration per day was
recorded every day from 8.00 o’clock in the morning to
8.00 o’clock on the next morning, The result was expres-
sed as a three-day mean when patients had asthma attacks
with larger amounts of expectoration.

Specific IgE antibodies to allergens were assessed by
radioallergosorbent test (RAST). The level of total Igk
in sera was measured by radioimmunosorbent test

(RIST).

Results

Characteristics of Asthma by Clinical Patho-
physiology

Classification of asthma by score calculated
from clinical findings and examinations. By
clinical diagnosis, 32 of our 40 asthma patients
were classified as type Ia, 2 as type Ib, and 6 as
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type II. By score diagnosis, in contrast, they
were classified as follows; 26 type la patients, 8
type Ib, and 6 type II. The difference between
the clinical and score diagnosis for the number of
type Ia and Ib patients was due to the different
criteria for the amount of expectoration per day in
the two classification systems. Patients with
expectoration from 50 to 99ml/day were clas-
sified as type Ia by clinical diagnosis, and as type
Ib by score diagnosis (Table 1).

Characteristics of asthma by score diagnosis.
Table 2 shows the characteristics of asthma as
classified by score diagnosis. In these asthma
types, the mean age was highest in patients with
type II, and there was no difference in mean age
between types Ia and Ib. Serum IgE levels did
not differ among the three types. Amount of
expectoration per day was more increased in
patients with types Ib and II than in those with
type Ia. The mean score for asthma classification
was highest in patients with type II and lowest in
those with type Ia (Table 2).

Ventilatory function in asthma by score diag-
nosis. The values for % FVC, FEV10%,
% Vs and %V% were significantly lower in

Table 2 Characteristics of asthma classified by score diagnosis
Asthma No of Age Serum IgE Expect Seore
type patients (year) (IU/ml) (ml/day) Mean Range
la 26 49.0 88.7 +69.6 133+ 70 0.46 0—1
Ib 8 47.8 88.0 =339 100.8 £77.8 6.25 5—17
I 6 54.8 119.5 + 39.9 72.7+£720 16.50 13—22
Expect; expectoration
Table 3 Ventilatory function in asthma classified by score diagnosis

Ventilatory function
Asthma No of
type patients %FVC FEV, 0% % Vsg % Va5
Ia 26 99.1¢ = 18.6 72.2° +12.7 41.8° £21.2 31.8¢ +206
Ib 8 945 +20.2 679 +125 347 +19.8 26.1° +£19.0
1I 6 68.82 * 25.2 53.0° £16.2 16.8° - 9.8 124%¢+ 81

a, b and ¢, p<0.01; d and ¢, p <0.05.
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patients with type II than in type Ia patients.
Patients with type Ib showed lower values for
these parameters than type la patients, although
the difference was not significant. The value for
% Vo was significantly lower in patients with
type II than in those with type Ib. Only the value
for % Va5 was significantly lower in patients with
type II than in those with types Ia and Ib; this
decrease in % st is thus one of the characteris-
tics of patients with type II (Table 3).

Cellular composition in the BALF' of asthma
palients by score diagnosis.  Various blood
cells migrate into the peripheral lung region;
especially important in asthma are lymphocytes,
neutrophils, and eosinophils. We examined the
porportion of these in BALF and found that the
proportion of lymphocytes in BALF did not
significantly differ among the three asthma types.
The proportion of neutrophils in BALF was
significantly higher in patients with type II than in
type Ia (p < 0.001) and type Ib (p < 0.01) (Table
4, Fig. 1). Amounts of eosinophils, which are
closely related to allergic reactions, were
significantly greater in the BALF of patients with
type Ib than in those with type Ia (p < 0.001) and
type II (p < 0.05). The increase in eosinophils in
the BALF of type Ib patients did not differ
markedly from the increase in those with types Ia
and II (Table 4, Fig. 2).

Classification of Asthma by IgE-mediated Aller-
gic reactions

Comparison of serum IgE levels in healthy
and asthmatic subjects. The mean level of
serum IgE in patients with asthma was
significantly higher than the level in healthy sub-
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jects (p < 0.001). The asthmatic subjects were
divided into two groups; patients with positive
and negative RAST scores to allergens. The
level of serum IgE in patients with positive

Asthma Percent
type 0 10 20 30 40 50 60 70 80 90 100

-

Ib e o

Fig. 1 Proportion of neutrophils in the bronchoalveolar lavage
fluid (BALF) of asthma patients with serum IgE levels between 0
and 2001U/ml in relation to asthma types classified by score
diagnosis.
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Fig. 2 Proportion of eosinophils in the bronchoalveolar lavage

fluid (BALF) of asthma patients with serum IgE levels between 0
and 200IU/ml in relation to asthma types classified by score
diagnosis.

Table 4 Cellular composition of bronchoalveolar lavage fluid (BALF) in asthma patients classified by score diagnosis

Asthma No of Cells in BALF (%)

type patients Mac Lym Neut Eos

Ia 20 77.9%% + 135 16.4 +11.3 21¢ + 28 2.8¢ + 27
Ib 8 59.1° +18.0 140+ 55 9.2¢ +108 15.0%” +12.8
11 6 38.1¢ +21.7 10.8 £10.2 47.15¢ + 284 317 + 28

Mac: macrophages; Lym; lymphocytes; Neut: neutrophils; Fos: eosinophils. @, 5 and d, p<0.01; ¢ and e, p <0.001; fip<

0.05.
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RAST to allergens was significantly higher than
the levels in those with negative RAST (p <
0.02) and the levels in healthy subjects (p <
0.001). There was also a significant difference
between the serum IgE level of asthmatics with
negative RAST and the level of healthy subjects
(p < 0.001) (Table 5).

IgE-mediated allergic reaction in asthma.
To evaluate the participation of the IgE-mediated
reaction in the mechanism of onset of asthma, we
compared serum IgE levels in two asthma
groups, RAST positive and negative, and
healthy subjects. Only one of the 11 (9%)
patients with RAST positive to allergens showed
a low serum IgE level, ie., under 50IU/ml. In
contrast, the level of serum IgE was lower than
50IU/ml in 28 of the 31 (93.5 %) healthy sub-
jects. Thus, a serum IgE level of 50IU/ml was

Table 5 Comparison of serum IgE levels in asthmatic and
healthy subjects
. RAST No of Age, Serum IgE

Subjects score patients  (years) (TU/ml)

Asthmatic  Total 40 49.7 93.2 £ 61.22
Positive 11 34.6 132.4 + 56.8%¢
Negative 29 55.3 78.3 £ 56.0%¢

Healthy Total 31 55.5 24.1 + 20.7%5¢4

a, c and d, p <0.001; b, p<0.02. RAST, radioallergosorbent
test

Serum IgE (1U/mg)

Subjects 0 50 100 150 200

Asthmatic . A . ool
RAST (+)

RAST (—) “.ono t 3 l e doecthe oo

Healthy Fm-:- .

Fig. 3 Serum IgE levels in two asthma groups, radioallergo-

sorbent test (RAST) positive and negative, and healthy subjects.
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evaluated as an upper limit indicating that the
IgE-mediated reaction does not participate in the
mechanism of onset of asthma. Levels of serum
IgE lower than 501U/ml were observed in 12 of
the 29 (41.4 %) patients with serum IgE levels
lower than 2001U/ml and with negative RAST
(Fig. 3).

Discussion

Certain diseases have particular etiologies that
lead to clinical symptoms. The concept of asthma
as a disease is not clearly defined, and its mecha-
nism of onset relative to its etiology and patho-
physiology, which is evidenced by its symptoms,
is very complex. To analyze the mechanism of
onset and the pathophysiology of the disease,
bronchial asthma should be classified according to
the characteristics from these two points of view.

Our previous studies have shown that bron-
chial asthma can be classified by its clinical
symptoms or pathophysiology into three asthma
types as outlined above (1-5). In the present
study, the classification by clinical symptoms
(clinical diagnosis) was modulated by classification
via a score calculated from clinical findings and
examinations (score diagnosis) (11) to make asth-
ma classification easier and objective more. For
example, a difference between clinical and score
diagnosis was observed in type la asthma with
expectoration between 50 and 99 ml/day. These
subjects were classified as type la by clinical
diagnosis, but were evaluated as type Ib by score
diagnosis, because their pathophysiology was
similar to that of type Ib (11).

In type Ib asthma, we observed an increased
proportion of eosinophils in BALF, and the
increase was significantly higher than the increase
in type Ia and II asthma when patients were
selected from those with serum IgE levels lower
than 2001U/ml. Type Ib asthma in these sub-
jects was characterized by an increased proportion
of eosinophils in BALF in relation to hypersecre-
tion. Decreased values of ventilatory parameters,
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Table 6  Asthma classification by IgE-mediated allergic reaction
IgE-mediated Serum IgE Specific IgE Asthma type
reaction (IU/ml) antibodies Coventional New
Definite 0— 50 + Atopic Atopic
200 + + or — — Atopic
Possible 51 —199 — — Asthma
No 0— 50 - Non-atopic Asthma syndrome

especially the % Vs value, and an increased
proportion of neutrophils in BALF were clearly
evident in patients with type II asthma. These
characteristic examination results seemed to be
related to the pathophysiology of asthma.

IgE-mediated allergic reactions have been
shown to be related to the mechanism of onset of
asthma (6-10,12,13). Burrows et al found that
serum IgE levels in asthmatic subjects were
significantly higher than the levels in healthy
subjects, suggesting the participation of IgE
antibodies in the mechanism of onset of the
disease in all their asthmatic subjects (14). Recent
studies by Tollerud et al. support these findings
(15). At present, we can classify bronchial asth-
ma according to the presence or absence of the
I[gE-mediated allergic reaction. When so classify-
ing, it is important to evaluate whether the Igk-
mediated reaction participates in the mechanism of
onset of the asthma. In the present study, to
assess whether this was the case, we selected
asthmatic subjects with serum IgE levels lower
than 2001U/ml for investigation (9,10).

The participation of the Iglk-mediated reaction
in the mechanism of onset of asthma has been
confirmed by findings of specific IgE antibodies to
allergens and increased levels of serum IgE, as
described by Burrows et al (14). It is clear that
the IgE-mediated reaction is present in patients
with specific IgE antibodies to allergens as shown
by positive RAST score. In healthy subjects, in
contrast, the Igl-mediated allergic reaction is not
found. Tt is, however, unclear whether the IgEk-
mediated reaction participates in the mechanism of

http://escholarship.lib.okayama-u.ac.jp/amo/vol 46/iss5/9

onset of asthma in subjects with low IgE levels
under 200IU/ml, and with negative RAST. To
evaluate the presence or absence of the IgE-
mediated reaction, we compared serum IgE
levels in two asthmatic groups, RAST positive
and negative subjects, and healthy subjects. We
found the upper limit of the serum IgE level to be
50IU/ml, which indicates that the IgE-mediated
reaction is not implicated in the mechanism of
onset of this disease. We speculate that the
absence of the IgE-mediated reaction can be
evaluated in the majority of asthmatic subjects
whose serum IgE level is lower than 501U/ml
and whose RAST score is negative.

We believe that bronchial asthma can be
classified into three groups according to the
degree of participation of the IgE-mediated reac-
tion: asthma induced by definite IgE-mediated
reaction, asthma induced by possible IgE-
mediated reaction, and asthma induced by non-
IgE-mediated reaction (Table 6). Defmite Igk-
mediated reaction is observed in patients with
specific IgE antibodies to allergens, or in those
with serum IgE levels more than 2011U/ml
Possible IgE-mediated reaction is found in
patients with negative RAST and serum Igk
levels between 50 and 2001U/ml, and non-IgE-
mediated reaction is found in subjects with nega-
tive RAST and serum IgE levels lower than 50
[U/ml. We speculate that so-called atopic asthma
is associated with definite IgE-mediated allergic
reaction. Furthermore, we propose a novel clas-
sification of bronchial asthma, wherein, asthma
that is induced by definite and possible IgE-
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mediated reaction should be classified as asthma,
and that asthma induced by non-Iglk-mediated
reaction should be classified as asthma syndrome

(Table 6).
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