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Bronchial hyperresponsiveness and airway inflammation

in adolescents with asymptomatic childhood asthma

Several studies have reported that asthma-related symp-
toms disappear in 60–70% of childhood asthmatics after
transition to adolescence, but these symptoms recur in
approximately 30–40% of the children (1–4). Increased
bronchial hyperresponsiveness (BHR) after disappear-
ance of symptoms is reported in 7–63% of subjects (3–6),
suggesting that BHR does not disappear readily once it is
acquired. We have previously suggested that asthmatics
need to be followed-up during adolescence for more than
10 years even if they seem to be free of asthma-related

symptoms, since BHR and airway inflammation often
persist (7). Two important questions remain: 1) How
should asthma cure or remission be defined? and 2) What
factors predict outcome of childhood asthma? (1–5, 7, 8).
Only a few studies have examined the relation between
BHR and airway inflammation in young adolescent
asthmatics with or without symptoms (9).

Previous studies have shown that eosinophil count and
eosinophil cationic protein (ECP) in induced sputum or
bronchoalveolar lavage from asthmatic patients increase
during acute exacerbation and are increased even in
patients with stable asthma compared with healthy
persons (10). High levels of cytokines such as interleu-
kin(IL)-2, IL-3, IL-4, IL-5, granulocyte-macrophage
colony stimulating factor (GM-CSF), and tumor necrosis
factor (TNF)-a are often detected in the airway of
asthmatics (9, 11). GM-CSF is an eosinophilopoietic
cytokine that activates eosinophils during an asthma
attack and prolongs eosinophil survival (12, 13). Other
studies have shown that eosinophil numbers and ECP
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levels in the airways correlate with BHR in asthmatics
(9, 11, 14–16). BHR also correlates with atopic factors in
childhood or young adolescence so, for instance, sensi-
tivity to house dust mites (HDM) is important in this
respect (17, 18).
We examined the association of BHR and airway

inflammation (assessed by eosinophil count, ECP or
cytokines in induced sputum) in young adolescents with
normal lung function, who had outgrown childhood
asthma and been free of symptoms for more than 10 years.

Material and methods

Subjects

The study was approved by the Human Ethics Committee
of Nagasaki University Hospital. Two hundred and
eighty-six students aged 20–29 years (mean 24.4; SD
2.2) attending the Medical School were contacted for an
interview about history of childhood asthma, current
asthma or allergies and smoking habits (Fig. 1). All
students responded. Sixteen students (5.6%) refused to
take part in further clinical studies. Three groups with
predefined inclusion criteria were selected for further
examinations.
The mild asthmatics group (n ¼ 18; 20 eligible, 2

refused) consisted of students with current intermittent
asthma that was diagnosed by a physician, who fulfillled the

following criteria: 1) daytime asthma symptoms appear-
ing twice a week or less; 2) night-time symptoms appear-
ing twice per month or less; 3) asymptomatic and normal
peak expiratory flow rates between symptomatic periods;
and 4) use of short-acting b2-agonist as needed (8).

The asymptomatic asthmatics group (n ¼ 23; 23
eligible, no refusals) consisted of students with a history
of physician-diagnosed childhood asthma, who had been
free of symptoms for at least 10 years.

The healthy individuals group (n ¼ 20; 34 eligible,
14 refused) consisted of students who fulfillled the
following criteria: 1) no history of any allergic disease;
2) no serum specific IgE-antibodies against six common
inhalant allergens tested (Dermatophagoides farinae,
Aspergillus fumigatus, Candida albicans, dog, cat, and
Japanese cedar Cryptomeria japonica); radioallergosorb-
ent test (RAST) score ¼ 0 (Pharmacia & Upjohn,
Uppsala, Sweden).

For all subjects the exclusion criteria were 1) history of
a respiratory infection during four weeks prior to the
study; 2) being unable to take part in the methacholine
challenge test; and 3) history of past or current smoking
(Table 1, Fig. 1).

Tests for sensitivity to D. farinae indicated that all
subjects that fulfilled the inclusion criteria for the groups
of mild and asymptomatic asthmatics were positive (RAST
score ‡ 2). All students were examined outside the pollen
season. In the mild asthmatics group, inhaled or oral

Figure 1. Subject distribution.
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asthma medication was withheld for 48 h prior to clinical
examination, and no students received inhaled or oral
steroid therapy.

Study design

After confirming that FEV1 % predicted was more than
80%, a blood sample was collected for the measurement
of eosinophil count, IgE radioimmunosorbent test
(RIST), IgE RAST and ECP. The provocative concen-
tration of methacholine that produces a 20% fall in FEV1

(mg/ml) (PC20) was measured in each subject (see below).
Sputum induction was performed 15 min after recovery
from the methacholine challenge test. Methacholine
challenge does not affect sputum results (19).

Baseline lung function

Forced vital capacity, FEV1, maximal expiratory flow at
50% and at 25% were measured with a spirometer
(Superspiro, DISCOM-21FX, Chest MI, Tokyo, Japan).
Results were expressed as percentage of predicted, based
on relevant reference standards (20).

Measurement of serum IgE RIST and RAST

Venous blood was obtained and serum IgE RIST was
measured using fluoroenzyme immunoassay (FEIA)
(CAP RIST FEIA; Pharmacia, Uppsala, Sweden). Serum
IgE RAST was measured using FEIA (CAP RAST
FEIA, Pharmacia). IgE RAST was scored from 0 to 6 as
follows, under 0.35 IU/ml (score 0); <0.70 (score 1);
<3.50 (score 2); <17.5 (score 3); <52.5 (score 4); <100
(score 5); ¼ 100 (score 6).

Measurement of bronchial responsiveness to methacholine

The challenge test was performed using the method of
Cockcroft et al. (21). All antiasthma medications were
withheld for at least 48 h before measurement of bron-
chial responsiveness. Subjects inhaled methacholine aero-
sol from a hand-held nebulizer (Clinical air pump, model
REB 30REPC Medicare 24; Medicare, Yokohama,

Japan) by tidal breathing for 2 min. The operating
airflow rate was 5 l/min. The isotonic saline was inhaled
first as a control. This was followed by doubling
concentrations of methacholine from 0.049 to 25 mg/ml.
The FEV1 was measured after each inhalation with a
spirometer (Superspiro, DISCOM-21FX). The percent-
age FEV1 fall was calculated from the post saline-FEV1.
The test was continued until the FEV1 had fallen >20%
or until the maximal concentration of methacholine had
been administered. The bronchial sensitivity was
expressed as PC20. At the end of the test, any fall in
FEV1 was reversed with an inhalation of salbutamol
(0.3 ml of salbutamol solution; 5 mg/mL, Venetlin� for
inhalation, Sankyo Co. Ltd, Tokyo, Japan). Subjects with
PC20 of less than 8 mg/ml were considered to have BHR
according to the criteria of the American Thoracic
Society (20).

Sputum induction and processing

Sputum was induced by inhalation of hypertonic saline,
as described previously (9, 10). Fifteen minutes after
completion of the methacholine challenge test, the subject
was instructed to gargle using tap water, then 3.6% saline
was inhaled at room temperature, nebulized (output
5 l/min, particle size 1–5 lm) via an ultrasonic nebulizer
(NE-U12, Omron, Tokyo, Japan). Subjects were instruc-
ted to cough deeply after 3- and 5-minute intervals.
Gargling between and before each induced cough was
encouraged in order to minimize salivary contamination.
The initial sample from the first cough was discarded.
Induced sputum was collected into a 50-ml polypropylene
tube, kept at 4�C and processed within 2 h. Spirometric
tests were repeated after sputum induction. If FEV1 had
dropped below 15% of the postsalbutamol value, the
subject was required to stay in the laboratory until FEV1

returned to the baseline value.
The volume of the sample was recorded, and the

sample was diluted with 2 ml of Hanks’ balanced salt
solution containing 1% dithiothreitol (Sigma Chemicals,
Poole, UK) and gently vortexed at room temperature.
When uniform in consistency, samples were further
diluted with Hanks’ balanced salt solution and again

Table 1. Characteristics of the study subjects

Mild asthmatics Asymptomatic asthmatics Healthy individuals

Number in group 18 23 20
Female/male 6/12 7/16 7/13
Mean age in years (SD) 24.1 (2.1) 24.9 (2.5) 24.2 (3.2)
Mean FVC1 % predicted (SD) 103.4 (9.7) 101.2 (10.3) 105.8 (11.5)
Mean FEV1 % predicted (SD) 97.6 (7.8) 96.3 (6.1) 90.0 (6.0)
Mean MEF50 % predicted (SD) 93.4 (10.9) 90.4 (9.6) 105.7 (9.5)
Mean MEF25 % predicted (SD) 86.3 (15.5) 85.4 (14.4) 104.7 (13.8)
Mean onset of childhood asthma in years (SD) 3.8 (1.5) 3.7 (1.9)
Mean duration of asthma in years (SD) 20.1 (3.8) 6.1 (3.6)

FEV1, forced expiratory volume in 1 s; FVC, forced vital capacity; MEF50 and MEF25, maximal expiratory flow at 50% and 25% remaining FVC.
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vortexed briefly. They were then centrifuged at 400 g for
15 min at 4�C, the supernatant was aspirated, and stored
at ) 70�C for subsequent assay for ECP. An adequate
specimen was defined as one in which the number of
squamous epithelial cells was <30% of inflammatory
cells.
Slides were then stained with May- Grunwald–Giemsa

for differential cell count, which was performed by an
observer blinded to the clinical characteristics of the
subjects. At least two slides were used for counting and at
least 300 inflammatory cells were counted in each slide.
Previous studies reported no significant differences in the
number of total cell counts in sputum between asthmatics
and healthy individuals (21). Therefore, we did not count
the total cell number in the sputum. To measure cytokine
levels (TNF-a, GM-CSF and IL-5), the supernatant and
five-fold concentrates were prepared (Centriprep-10,
Amicon, Waltham, MA, USA). Actual values of cytok-
ines were corrected based on albumin levels (LX-Eiken-
Alb-2, Eiken, Tokyo).

Measurement of sputum ECP and cytokines TNF-a, GM-CSF
and IL-5

The concentration of ECP in the supernatant of sputum
was determined by use of radioimmunoassay (RIA) with
a lower limit of detection of 2.0 lg/l (Pharmacia ECP
RIA, Pharmacia). The concentrations of TNF-a, GM-
CSF and IL-5 in the supernatant of sputum were
determined by use of respective enzyme-linked immuno-
sorbent assay (ELISA), with lower limits of detection of
4, 4 and 15 pg/ml, respectively (human TNF-a, GM-CSF
and IL-5 ELISA kits, Otsuka Assay, Tokyo, respect-
ively).

Data analysis

The values of lung function are expressed as mean ±
standard deviation. Data of PC20 and sputum eosinophil
ratio, ECP, cytokines are expressed as means and 95%
confidence intervals (CI). Differences in log PC20 and the
concentrations of chemical mediators and cytokines
between groups were analyzed using a one-way factorial
ANOVA with the level of significance (P value) set at
0.05.

Results

Lung function and airway hyperresponsiveness

Lung volumes were normal in all subjects (Table 1). The
mean values of PC20 of the mild asthmatic group,
asymptomatic asthmatic group and healthy group were
0.62 mg/ml (95% CI 0.40–1.06), 1.83 mg/ml (95% CI
0.95–3.52) and 19.63 mg/ml (95% CI 17.50–22.03),
respectively (Fig. 2). The mean log PC20 of asymptomatic
asthmatics was significantly higher than of mild asthmatic

group (P < 0.05), although the two values showed that
BHR existed in both groups. None of the mild asthmatics
and three (13.0%) of the asymptomatic individuals had
BHR. Three (15.0%) healthy individuals had BHR, and
their mean log PC20 was significantly higher compared
with mild asthmatics and asymptomatic individuals
(P < 0.01, respectively).

Eosinophils and ECP in induced sputum

Table 2 shows differences in cell counts and ECP levels in
the sputum of each group. Based on the values of the
healthy group, the upper limits of eosinophils (mean+
3 SD; 6.3%) and ECP (63.9 lg/l) in the sputum were
calculated. An increased proportion of eosinophils in the
sputum was detected in all subjects of the mild intermit-
tent asthmatic group and in 19 (82.6%) of the asympto-
matic asthmatic group, but in only one (5.0%) of the
healthy group. An increased sputum ECP level was
detected in 16 (88.9%) subjects of the mild asthmatics
group, and 16 (69.6%) of the asymptomatic asthmatic
group, but in none of the healthy individuals. There were
no differences between mild asthmatics and asymptomatic
asthmatics, but the eosinophil numbers and ECP levels
were significantly higher in these two groups compared
with healthy persons (P < 0.01, respectively).

TNF-a, GM-CSF and IL-5 in induced sputum

The concentrations of TNF-a, GM-CSF in induced
sputum are shown in Table 2. Based on the values in
healthy individuals, the upper limits of TNF-a (mean +
3 SD; 11.5 pg/ml) and GM-CSF (; 11.6 pg/ml) in the
sputum were calculated. High sputum TNF-a levels were

Figure 2. PC20 of individual groups.Note the logarithmic scale
of PC20. Horizontal lines represent the mean values for each
group.*P < 0.05,**P < 0.01.
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detected in all subjects of the mild asthmatics and 18
(78.3%) subjects of the asymptomatic asthmatics, but in
none of the healthy individuals. High sputum GM-CSF
concentrations were identified in 12 (66.7%) subjects of
the mild asthmatics and 18 (78.3%) subjects of the
asymptomatic asthmatics, but in none of the healthy
individuals. There were no difference between mild and
asymptomatic asthmatics groups, but the concentrations
of both cytokines were significantly higher in the patient
groups compared with the healthy persons (P < 0.01,
respectively). The concentrations of IL-5 in the sputum
were below the detection limit in all groups (data not
shown).

Bronchial responsiveness, atopy and airway inflammation
in students with previous asthma

Since the mean log PC20 of asymptomatic asthmatics was
lower and the number of eosinophils and concentrations
of ECP and cytokines in induced sputum were higher
compared with healthy individuals, we examined the
correlations between various factors and PC20 in the
asymptomatic asthmatics group (n ¼ 23) (Fig. 3). We
selected gender, age of onset of asthma and duration of
asthma as background factors, serum IgE and D. farinae-
specific IgE as atopic factors, and eosinophil count and
ECP in blood, as well as percentage of eosinophils and
concentrations of ECP, TNF-a and GM-CSF in the
sputum as markers of airway inflammation. Age and
duration of the period without asthma-related symptoms
were not included because we recruited only subjects aged
20–29 years and defined ‘‘outgrow’’ as no symptoms for
more than 10 years. The correlations between log PC20

and the duration of childhood asthma, percentage of
eosinophils and macrophages in sputum, and ECP and
TNF-a level in sputum were significant (log PC20 and
duration of childhood asthma, r ¼ ) 0.621; P < 0.02;
log PC20 and percentage of eosinophils in sputum,
r ¼ ) 0.569; P < 0.01; log PC20 and percentage of macr-
ophages in sputum, r ¼ 0.540; P < 0.01; log PC20 and
ECP in sputum, r ¼ ) 0.449; P < 0.05; and log PC20 and
TNF-a in sputum, r ¼ ) 0.634; P < 0.01). Multiple

Table 2. Sputum markers in each group of subjects

Cell differences

Mild asthmatics Asymptomatic asthmatics Healthy individuals

Mean (95% CI) Mean (95% CI) Mean (95% CI)

Eosinophils % 25.7 (11.5–39.9)* 13.6 (7.3–19.8)* 0.6 ()0.3–1.5)
Neutrophils % 3.9 (2.2–5.6) 5.3 (4.0–6.6) 2.9 (2.0–3.7)
Lymphocytes % 0.6 (0.1–1.1) 0.4 (0.1–0.7) 0.3 (0.0–0.5)
Macrophages % 73.5 (66.0–81.0) 81.6 (75.8–87.5) 96.3 (95.0–94.6)
ECP lg/l 234 (84–383)* 109 (84–255)* 16 (9–24)
TNF-a pg/ml 69.3 (38.2–100.4)* 43.8 (29.4–58.3)* 4.0 (2.8–5.2)
GM-CSF pg/ml 19.9 (7.1–32.6)* 14.5 (10.1–18.9)* 3.2 (1.9–4.5)

* P £ 0.01 vs healthy individuals.
ECP, eosinophil cationic protein; GM-CSF, granulocyte-macrophage colony stimulating factor; TNF-a, tumor necrosis factor-a.

Figure 3. Relation between log PC20 and percentage of eosi-
nophil and TNF-a level in the sputum and duration of child-
hood asthma in asymptomatic asthmatics group. Log PC20

and eosinophil percentage in sputum, r ¼ ) 0.569; P < 0.01;
log PC20 and TNF-a in sputum, r ¼ ) 0.634; P < 0.01; and
log PC20 and the duration of childhood asthma, r ¼ ) 0.621;
P < 0.02. Note the logarithmic scale of PC20. The horizontal lines
show the normal range (8.0 mg/ml of methacholine).
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logistic regression analysis (log PC20 vs the above factors)
showed borderline significance for duration of asthma,
eosinophils count in peripheral blood, and TNF-a in
sputum (Table 3).

Characteristics of three students presumed ''cured''

Three subjects from the asymptomatic asthmatic group
whose BHR tests were negative could be labeled as
‘‘cured’’ and different from the other 20 subjects who still
had a positive BHR test. Proper statistical analysis could
not be performed due to the small number of subjects.
However it was interesting that their durations of
childhood asthma (5, 5, and 3 years) were short, and
the levels of eosinophils (0, 0, and 2%), ECP (16.1, 10.7,
and 120.5 lg/l), TNF-a (6.1, 4.4, and 4.8 pg/ml), and
GM-CSF (9.0, 4.7, and 6.1 pg/ml) in sputum of these
three people were low compared with the other 20 who
still showed BHR (duration of asthma, mean of 6.8 years,
95%CI of 3.4–10.2; eosinophils, 17.1%, 4.5–29.7; ECP,
187.4 lg/l, 101.4–272.9; TNF-a, 52.6 pg/ml, 24.0–81.2;
GM-CSF, 16.5 pg/ml, 6.5–26.5) (except for elevated ECP
level in the sputum of Student 3 (>63.9 lg/l)).

Discussion

The main findings of the present study were that
subjects who had childhood asthma, presumed to be
‘‘outgrown’’ without any asthma-related symptoms for
more than 10 years, were significantly more responsive
to methacholine than healthy ones, though less than
intermittent mild asthmatic people. They had signs of
airway inflammation to the same extent of those with
intermittent mild asthmatics. The level of BHR in
students who had not had asthma symptoms for
10 years correlated significantly not only with the
present level of airway inflammation but also with the
duration of childhood asthma.
Previous studies indicated that the BHR attained

during childhood does not disappear easily (1, 23, 24).

We previously examined 447 young adults and demon-
strated that subjects who had outgrown childhood
asthma had BHR comparable to that of mild asthmatics
(6). An increase in BHR to a nonspecific irritant is fun-
damental characteristics of bronchial asthma, together
with airway inflammation (7). Only a few reports have
examined the correlation between BHR and other
signs of airway inflammation in individuals with out-
grown asthma (1–6, 23–25). In recent years, induction of
sputum by inhalation of hypertonic saline has been
widely used as a noninvasive method for obtaining
specimens from the airway for the evaluation of airway
inflammation (9, 10). Our results showed a significant
correlation between BHR and percentage of eosinophils
and TNF-a level in induced sputum in the outgrown
group. Percentage of eosinophils in the sputum has been
recognized as an indicator for validating allergic inflam-
mation of the airways in asthmatics (10). Ackerman
et al. (26) reported that the number of TNF-a-positive
cells was greater in bronchial biopsies from symptomatic
than asymptomatic asthmatic subjects, suggesting that
the levels of this cytokine in the airways might be related
to eosinophils numbers, lung function and asthma
severity. Lack of IL-5 in the sample does not always
mean absence of this cytokine in the sputum, for this
can be due to problems in the method used for
measurement (27).

Based on the above findings, it is possible that subjects
with outgrown asthma who continue to demonstrate
features of airway inflammation and have BHR are
potentially at risk of asthma recurrence—even if they
have had no asthma-related symptoms for more than
10 years (i.e. they are in remission, but not cured) (23,24).
Interestingly, our study identified only three subjects in
the outgrown group who did not have BHR. In these
subjects, the percentage of eosinophils and levels of ECP,
TNF-a and GM-CSF in induced sputum were lower than
in the other students with outgrown asthma, suggesting
disappearance of airway inflammation. Panhuysen et al.
(28) reported that 11% of adulthood asthmatics were no
longer considered asthmatic after 25 years, suggesting

Table 3. Contribution of each factor to log PC20 (multiple regression analysis) in asymptomatic asthmatics group

Factors Regression coefficient T value P value

Gender (female 0, male 1) 0.274 1.390 0.195
Age of onset of asthma 0.132 0.737 0.478
Duration of asthma )0.331 )2.059 0.067
Total IgE )0.238 )1.269 0.233
Dermatophagoides farinae-specific IgE 0.240 1.590 0.143
Eosinophil count in blood 0.328 2.055 0.067
ECP in serum 0.216 0.909 0.385
Eosinophils % in sputum )0.125 )0.497 0.630
ECP in sputum )0.168 )0.847 0.417
TNF-a in sputum )0.421 )2.171 0.055
GM-CSF in sputum )0.083 )0.325 0.752

ECP, eosinophil cationic protein; GM-CSF, granulocyte-macrophage colony stimulating factor; TNF-a, tumor necrosis factor-a.
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that in a substantial proportion of symptomatic asthmat-
ics the condition can improve, and that a subset of
patients may outgrow their asthma, even in adulthood.
Further studies are needed to explore the differences
between ‘‘cured’’ subjects and those considered to have
achieved remission (29, 30).
The severity of airway inflammation in the outgrown

group was similar to that observed in the still asthmatic
group, but the BHR was worse in the students who still
reported asthma symptoms. We might be able to explain
the former by the group setting; if we had set several
students in the symptomatic asthmatic group, the differ-
ence might have been larger (31), whereas if we had
included atopic nonasthmatics in the healthy individual
group, the difference might have been smaller (6).
However, the point of the study is not only to find the
difference among these three groups but also to clarify the
prognosis of the ‘‘outgrown’’ asthmatics. We emphasize
that 20 of 23 students who had childhood asthma and had
been in an asymptomatic state for more than 10 years still
had high BHR and airway inflammation among a group
of 286 students.
The duration of childhood asthma correlated with the

persistence of BHR as well as airway inflammation in the
outgrown group. At present, there is no treatment to
reverse structural changes already established in the

airways, but it is considered that early intervention by
antiinflammatory treatment may prevent airway remod-
elling (32, 33). Sont et al. (33) suggested that antiinflam-
matory treatment by monitoring of BHR leads to a
reduction in airway thickness. In our study, multiple
regression analysis showed that the only factors that
tended to correlate with PC20 were the duration of
asthma, eosinophil count in peripheral blood and TNF-a
in sputum (Table 3). This suggests that we should
perhaps include larger number of subjects in future
studies.

Our findings indicate that only a few students with a
history of childhood asthma achieve a state of ‘‘cure’’ as
defined by lack of symptoms and BHR, whereas most
childhood asthmatics continue to have BHR in adoles-
cence and are rather in a remission state. The outcome of
asthma symptoms and presence of BHR can be assessed
by measuring inflammatory indices in induced sputum
and estimation of the duration of childhood asthma.
Warke et al. (24) reported that eosinophils were increased
in the bronchoalveolar lavage fluid of asymptomatic
asthmatics compared to controls. Hence, it must be
confirmed, in the future, whether children who have had
asthma for several years—but have outgrown their
disease—should be regarded as potential asthmatics
during adulthood.
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