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Eosinophilic inflammation in cough variant asthma

A. Niimi, R. Amitani, K. Suzuki, E. Tanaka, T. Murayama, F. Kuze

Cough is commonly associated with wheezing and dys-
pnoea in symptomatic asthmatics. Wheezing is generally
considered to be the sine qua non of asthma. However, it
has been recognized that cough may be the sole manifes-
tation of the disease. In 1979, CORRAO et al. [1] reported on
six subjects complaining of chronic persistent cough with-
out wheezing or dyspnoea. The subjects had no past his-
tory of asthma. They had normal baseline spirometry but
bronchial hyperresponsiveness, as demonstrated with
methacholine. Coughing soon disappeared after starting
either oral bronchodilators, theophylline or terbutaline,
but recurred when they were stopped. The authors re-
garded these subjects as having a variant form of asthma,
which was named cough variant asthma (CVA). Several
reports on CVA [2–9] followed that of CORRAO et al. [1], and
the condition is now recognized as a common cause of
chronic cough [4, 5].

Recent research has clarified that asthma is a chronic
inflammatory airway disease, in which eosinophils play a
central role: granular constituents of eosinophils are cyto-
toxic and cause desquamation and destruction of bronchial
epithelium [10], which may lead to bronchial hyperres-
ponsiveness [11]; lipid mediators secreted from eosinophils,
such as leukotrienes C4, D4, and E4, and platelet activating
factor, can induce bronchoconstriction, vascular permea-
bility, and bronchial hyperresponsiveness [10]. Clinical
studies in asthmatic patients have almost always demon-
strated that eosinophils are increased in number and are
activated in the peripheral blood, sputum, bronchoalveolar
lavage (BAL) fluid, and bronchial mucosa [11–14]. Furth-
ermore, many, although not all, studies have shown that

the intensity of eosinophilic inflammation can correlate
with the clinical severity of the disease [14], bronchial res-
ponsiveness [11, 12] or degree of airflow obstruction [12,
14].

These studies were performed in "classic" asthmatics
who complained of wheezing. Only two studies, to our
knowledge, have examined the relationship between CVA
and inflammation [6, 15]. We previously performed a spu-
tum study [6] in a small number of patients with CVA, to
see whether eosinophils are increased in their sputum,
as reported in classic asthma [13]. Five out of 6 patients
showed a marked increase of eosinophils in sputum (more
than 80% of the nucleated cells). The mean±SD of the per-
centage of eosinophils was 74.5±31.4% and was not sig-
nificantly different from that of eight patients with classic
asthma (80.6±22.3%). Recently, CARNEY et al. [15] have
reported that an increase of eosinophil count (>3.2%) in
induced sputum was observed in three out of six patients
with chronic cough and bronchial hyperresponsiveness,
who might be given a diagnosis of CVA [1]. The preva-
lence of eosinophil count elevation in the coughers was
significantly higher than that in normal controls (0 out of
16 subjects). These reports suggest a role of eosinophils in
the pathogenesis of CVA. In the present study, we meas-
ured the serum level of eosinophil cationic protein (ECP,
one of the eosinophil granule proteins), and performed
BAL as well as bronchial biopsies in a larger number of
patients with CVA, and in patients with classic asthma and
healthy control subjects, to further investigate the involve-
ment of eosinophilic inflammation in CVA.
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ABSTRACT: Eosinophils are considered to play a central pathogenetic role in
asthma. We previously reported that sputum eosinophilia was observed in patients
with cough variant asthma (CVA), as well as in "classic" asthma with wheezing. This
study was undertaken to further investigate the involvement of eosinophils in CVA.

The serum eosinophil cationic protein (ECP) level, the percentage of eosinophils in
bronchoalveolar lavage (BAL) fluid, and the number of eosinophils in bronchial
biopsy specimen were examined in 14 patients with CVA, 21 with classic asthma, and
in seven healthy controls. For the two asthmatic groups, the clinical severity was clas-
sified with scores of 1–3.

Pulmonary function and bronchial responsiveness were not significantly different
between the patients with classic asthma and those with CVA. BAL, tissue eosinophil
and serum ECP were all significantly increased in both classic asthma and CVA when
compared with the controls but were not different between classic asthma and CVA.
In both groups of asthmatics, the clinical severity significantly correlated with serum
ECP and tissue eosinophils.

In conclusion, eosinophilic inflammation is involved in cough variant asthma as
well as in classic asthma. Anti-inflammatory treatment may be essential in patients
with CVA, as in those with classic asthma.
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Materials and methods

Subjects

Fourteen patients with CVA, 21 patients with classic
asthma, and seven healthy subjects were studied in a
cross-sectional manner.

The patients with CVA were referred to our clinic for
chronic cough persisting for longer than 8 weeks but with-
out wheezing or dyspnoea. They had no past history of
asthma or other respiratory diseases. Wheeze or rhonchi
were not audible on chest auscultation even at forced
expiration. The subjects all had bronchial hyperrespon-
siveness to inhaled methacholine (see below for method).
Bronchodilators (inhaled β2-agonists and/or oral sustained-
release theophyllines) were effective against their coughs.
No other apparent causes of cough were present [4], they
did not have any signs or symptoms of postnasal drip or
gastro-oesophageal reflux, had not been taking angio-
tensin-converting enzyme inhibitors, and had normal chest
radiograph results. Only one patient with CVA included in
this study was also included in each of our previous
reports [6, 7].

The patients with classic asthma had a history of epi-
sodic dyspnoea, wheezing and cough. They had at least
15% reversibility of forced expiratory volume in one sec-
ond (FEV1) after inhalation of 200 µg of salbutamol and/
or bronchial hyperresponsiveness to methacholine.

The control subjects had no past history of asthma or
other respiratory diseases and had no current respiratory
symptoms.

Each patient with CVA or classic asthma had been
treated with inhaled β2-agonists (used as needed) and/or
oral sustained-release theophyllines (taken twice daily).
Furthermore, some of the patients had been inhaling bec-
lomethasone dipropionate (400–800 µg·day-1) (table 1).
Treatment with β2-agonists was withheld for 8 h prior to

the tests of bronchial responsiveness or pulmonary func-
tion, but not blood sampling or bronchoscopy, since β2-
agonists are considered unlikely to affect the eosinophils
[14]. Treatment with theophylline and beclomethasone
was withheld for 48 h and 1 month, respectively, prior to
all these examinations. None of the studied subjects had
ever taken systemic corticosteroids, cromoglycate or other
anti-allergic agents, had smoked within the previous 2 yrs,
or had respiratory infections within the previous 8 weeks.

The study was approved by the ethics committee of our
institute, and written informed consent was obtained from
all participating subjects.

Serum ECP measurement

Blood samples for ECP measurement were taken
between 08:00 and 09:00 h. Since it has been suggested
that serum ECP levels can be influenced by the coagula-
tion process and by in vitro handling of the samples, all
tests for ECP measurements were performed in the same
run to avoid interassay variations, according to the method
of VENGE [16]. Briefly, 4 mL of blood were collected into a
silicone-containing tube (SST tube) (Becton Dickinson,
Mountain View, CA, USA). The blood samples were
stored for 60±5 min at 25°C and subsequently centrifug-
ed at 1,300×g at 4°C for 10 min. The sera were stored at
-20°C until measurement of ECP concentration by a radio-
immunosorbent assay (RIA) using an ECP radioimmuno-
assay kit (Pharmacia Diagnostics, Uppsala, Sweden). The
detection limit of this kit is 2.0 µg·L-1.

Bronchoscopy, BAL and bronchial biopsy

Fibreoptic bronchoscopy was performed on the after-
noon of the day of blood sampling. Intramuscular atropine
hydroxyzine and inhaled salbutamol (200 µg) were admi-
nistered 30 min before the procedure. Topical anaesthesia

Table 1.  –  Background of the subjects

Classic asthma Cough variant 
asthma Control

Total number of subjects
Age  yrs
Male: Female
Duration of the disease  yrs
Exsmoker:lifetime nonsmoker
Total IgE*  IU·mL-1

Atopic†:nonatopic
Medications used before study
   β2

‡

   Theo§

   β2+Theo
   β2+Theo+BDP#

Clinical severity  mild:moderate:severe+

Number of subjects who underwent each test
   Pulmonary function
   Bronchial responsiveness
   Blood eosinophils
   Serum ECP
   BAL
   Bronchial biopsy

21
46 (20–64)

11:11
1.6 (0.1–57.0)

7:14
237 (5–3196)

15:6

2
4
10
5

6:10:5

20
19
21
18
20
21

14
49.5 (24–68)

6:8
1.0 (0.2–15.0)

3:11
96 (7–905)

6:8

4
0
9
1

4:5:5

13
14
14
12
13
13

7
54 (23–67)

3:4
-

1:6
Not tested

2:5

-
-
-
-
-

7
7
7
7
7
7

*: normal range: <138 U·mL-1; †: as determined by positive serum immunoglobulin (Ig)E antibody to at
least one common inhalant allergen; ‡: inhaled β2-agonists; §: oral sustained-release theophyllines; #:
inhaled beclomethasone dipropionate; +: see text for definition. ECP: eosinophil cationic protein; BAL:
bronchoalveolar lavage.
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of upper and lower airways was achieved with 2% lido-
caine, and an Olympus Type 20 bronchoscope (Olympus,
Tokyo, Japan) was subsequently introduced through the
mouth.

BAL was performed at one of the subsegmental bronchi
of the right middle lobe. Four 50 mL aliquots of sterile sal-
ine (200 mL total) were instilled and collected by gentle
syringe suction. Lavage fluid specimens were centrifuged
at 125×g to pellet cells, and the supernatant was removed.
The cell pellets were washed once in phosphate-buffered
saline, and cells were counted with a haemocytometer. Dif-
ferential cell counts were determined on centrifuged prepa-
rations stained with May-Grünwald-Giemsa. A minimum
of 500 cells were counted with standard morphological
criteria used for classifying cells as macrophages, lym-
phocytes, eosinophils, neutrophils, or epithelial cells.

After the lavage, three mucosal biopsies were obtained
from the carinae of the basal segments of the right lower
lobe using FB-19C forceps (Olympus). The biopsy spec-
imens were embedded in paraffin wax and were cut into
4 µm sections for staining with haematoxylin and eos-
in. The number of eosinophils in the lamina propria was
counted in each specimen using an eyepiece graticule. The
result was expressed as the total of the three specimens
(n·mm-2 of lamina propria). Examination of BAL fluid and
bronchial tissue inflammatory cells was performed in a
blind fashion.

All the subjects tolerated the procedure well, and no
serious complications were observed in any subject.

Clinical severity

Clinical severity of classic asthma was classified acc-
ording to the International Consensus Report on Diagno-
sis and Treatment of Asthma [17]; 
score of 1 (mild): intermittent, brief symptoms <1–2 times
a week; nocturnal symptoms <2 times a month; asympto-
matic between exacerbations; 
score of 2 (moderate): exacerbations >1–2 times a week;
nocturnal symptoms >2 times a month; symptoms requir-
ing inhaled β2-agonist almost daily; 
score of 3 (severe): frequent exacerbations; continuous
symptoms; frequent nocturnal symptoms; physical activi-
ties limited by the disease.

Clinical severity of CVA was classified according to an
original scoring system, because no validated severity
scores of CVA have been reported. The system takes
account not only of the frequency of the symptom, i.e.,
cough, but of medication required to achieve control, as
recommended by COCKCROFT and SWYSTUN [18] in a recent
report on the classification of asthma severity: 
score of 1: Coughing is intermittent (not daily), which can
be controlled with an as needed use of an inhaled β2-ago-
nist alone; 
score of 2: Coughing occurs daily, which can be control-
led with a sustained-release theophylline taken twice daily
and an inhaled β2-agonist used as needed; 
score of 3: Coughing occurs daily, which can be partially
suppressed but cannot be controlled with a sustained-
release theophylline taken twice daily and an inhaled β2-
agonist used as needed.

In the patients with classic asthma or CVA taking a sus-
tained-release theophylline, the serum concentration of
theophylline had been monitored and maintained in the

therapeutic range (10–15 µg·mL-1). Some of the patients
with classic asthma or CVA classified with a score of 3 had
additionally been treated with inhaled beclomethasone.

Bronchial responsiveness and pulmonary function

Bronchial responsiveness and pulmonary function were
tested on the afternoon of separate days within one week
prior to blood sampling and bronchoscopy.

Bronchial responsiveness was examined by a continu-
ous methacholine inhalation method with simultaneous
measurement of respiratory resistance (Rrs; cm H2O·L-1·s-1),
using a device developed by TAKISHIMA et al. [19] (Asto-
graph; Chest, Tokyo, Japan). Briefly, twofold increasing
concentrations of methacholine chloride (Daiichi Kagaku
Yakuhin Co., Tokyo, Japan) diluted in physiological saline
(in 10 dose steps from 49 µg·mL-1 to 25 mg·mL-1) were
inhaled during tidal breathing from Bird nebulizers (Bird
Corp., Palm Springs, CA, USA) with an output of 0.15
mL·min-1. After recording the baseline Rrs for 1 min, meth-
acholine was inhaled sequentially at 1 min intervals, until
the Rrs reached approximately twice the baseline value or
until the maximum concentration had been administered.
The cumulative dose of inhaled methacholine at the in-
flection point at which Rrs begins to increase (Dmin), was
adopted as the marker for bronchial responsiveness [19,
20]. This parameter was measured in terms of a unit de-
fined as 1 min inhalation of 1 mg·mL-1 methacholine. The
total cumulative dose of methacholine at the end of inhal-
ing the highest dose (25 mg·mL-1) was 50 units.

This method has been used as a clinical test for bronchial
responsiveness [20, 21]. Dmin is reported to have a strong
positive correlation (r=0.94) with the cumulative dose of
methacholine required to reduce specific airway conduct-
ance by 35% of the baseline value (PD35,sGaw) [21] ob-
tained by a standard, intermittent inhalation method.

Spirometric tests were performed with a Chestac-65V
(Chest, Tokyo, Japan).

Statistical analysis

Data are expressed as median values with ranges in par-
entheses. To analyse differences between individual groups,
the Mann-Whitney U test was performed. For multiple
comparisons, Bonferroni's correction was used. To assess
the relationship between clinical severity and indices of
eosinophilic inflammation, Spearman's rank-correlation
test was performed.

Results

Clinical findings

The background of the studied subjects is presented in
table 1. The three groups were similar in age and sex. The
duration of the disease and total immunoglobulin E (IgE)
titre were not significantly different between classic asthma
and CVA. Fifteen of the classic asthma cases and six of
the CVA cases were atopic; the prevalence of atopy was
not different between the two asthmatic groups by the
Chi-square test. The medications used before entry into
the study, the clinical severity of the disease, and the
number of subjects who underwent each examination for
each group were as shown in table 1.
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Pulmonary function and bronchial responsiveness

The outcomes of the three groups are presented in table
2. FEV1 (% predicted) and maximum expiratory flow at
25% of forced vital capacity (MEF25%FVC)) (% pred) were
significantly lower in classic asthma and CVA when com-
pared with the control group. Mean forced mid-expiratory
flow (FEF25–75%) (% pred) was significantly lower for the
classic asthmatics when compared with the controls, but
not for the CVA cases.

At methacholine challenge, Rrs did not increase at all in
the control subjects, even when the highest concentration
of methacholine had been exhausted. Their Dmin value
was estimated at 50 units for convenience. Dmin was sig-
nificantly lower in classic asthma and CVA when com-
pared with the control.

No significant difference was found between classic
asthma and CVA for the indices of pulmonary function or
bronchial responsiveness.

Blood eosinophils, serum ECP, and BAL fluid and tissue
eosinophils

The serum ECP level was significantly increased for
classic asthma and for CVA when compared with the con-
trol (table 2 and fig. 1a). There was a trend toward a
higher number of blood eosinophils in the two asthmatic
groups compared with the control, but the difference fail-
ed to reach significance (table 2).

The total cell number or percentages of macrophages,
lymphocytes, neutrophils, or epithelial cells in BAL fluid
were not significantly different among the three groups
(table 2). The percentage of eosinophils in BAL fluid and
the number of eosinophils in bronchial tissue were signifi-
cantly increased for classic asthma and CVA when com-
pared with the control (table 2 and fig. 1b and c).

No significant difference was found between classic as-
thma and CVA for blood eosinophil number, serum ECP
level, or percentage or number of eosinophils in BAL fluid

Table 2.  –  Outcomes in the three groups

Classic asthma Cough variant asthma Control
Statistical analysis

CA/C CVA/C CA/CVA

FVC  % predicted
FEV1  L
FEV1  % predicted
FEV1/FVC  %
FEF25–75%  % predicted
MEF25%  % predicted
Dmin  units
Blood eosinophils  cells·µL-1

Serum ECP level  µg·L-1

BAL fluid analyses
   Total cell number  ×106

   Macrophages  %
   Lymphocytes  %
   Eosinophils  %
   Neutrophils  %
   Epithelial cells  %
Bronchial eosinophils  
   cells·mm-1

95.7 (63.7–133.0)
2.1 (1.0–4.1)

81.5 (51.6–105.2)
74.7 (46.6–91.1)
56.8 (17.9–88.0)
32.8 (9.1–71.3)
1.46 (0.01–14.53)

512 (65–1634)
15.1 (4.7–63.2)

6.6 (1.5–22.0)
85.8 (73.9–99.1)
9.1 (0.3–22.8)
0.7 (0.0–9.5)
0.1 (0.0–1.7)
0.5 (0.0–1.7)

30.4 (0.0–195.9)

91.7 (62.6–127.0)
2.0 (1.1–4.1)

79.7 (51.9–116.6)
81.6 (55.8–91.2)
65.5 (19.5–109.0)
44.3 (11.8–76.6)
1.41 (0.01–11.60)

267.5 (99–1736)
13.1 (3.8–63.0)

8.6 (1.3–47.0)
90.1 (70.4–95.8)
6.6 (0.7–14.9)
0.9 (0.0–23.1)
0.4 (0.0–6.3)
0.2 (0.0–6.0)

50.1 (5.1–282.7)

104.0 (82.6–124.0)
2.5 (1.9–3.1)

97.6 (91.4–141.4)
83.2 (78.6–89.4)
92.3 (84.0–150.9)
81.5 (67.0–106.6)
50.00 (50.00–50.00)

129 (54–321)
6.0 (2.1–8.6)

12.0 (4.0–18.0)
91.8 (87.3–92.1)
7.6 (5.4–10.0)
0.0 (0.0–0.2)
0.9 (0.0–1.1)
0.9 (0.0–2.3)

2.5 (0.0–30.5)

FEF25–75%: mean forced expiratory flow during the middle half of the FVC; MEF25%: maximum forced expiratory flow at 25% FVC;
Dmin: dose of methacholine as a measure of bronchial responsiveness (see text for detail); CA: classic asthma; C: control; CVA: cough
variant asthma; FVC: forced vital capacity; FEV1: forced expiratory volume in one second; BAL: bronchoalveolar lavage; ECP: eosi-
nophil cationic protein; NS: nonsignificant.
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Fig. 1.  –  Serum eosinophil cationic protein (ECP) level a), percentage of eosinophils in bronchoalveolar lavage (BAL) fluid b), and number of eosi-
nophils in bronchial tissue c) in the three groups. For each index, a significant increase was seen in both classic asthma and cough variant asthma (CVA)
when compared with the control. No difference was found between the two asthmatic groups. Bars represent the median values. See table 2 for p-values.
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or bronchial tissue (table 2). A comparison between atopic
and nonatopic subjects from the classic asthma group, or
CVA group, also failed to reveal a significant difference for
these indices of eosinophilic inflammation (data not
shown).

Correlation between clinical severity and intensity of
eosinophilic inflammation

For both classic asthma and CVA, the clinical severity
significantly correlated with serum ECP level and tissue
eosinophil number (fig. 2). The clinical severity did not
correlate with blood eosinophil number or BAL eosi-
nophil percentage in both conditions.

Discussion

The present study shows that: 1) the percentage or
number of eosinophils in BAL fluid and bronchial tissue
and serum ECP level are significantly increased in pati-
ents with CVA and classic asthma when compared with
the controls; and 2) the serum ECP level and tissue eosino-
phil number significantly correlate with clinical severity in
both conditions. These results indicate the involvement of

eosinophilic inflammation in CVA, as well as confirm the
results of previous studies on the relationship between
eosinophils and classic asthma.

How inflammation correlates to cough in CVA is not
clear. Several review articles [5, 22, 23] speculate on this
issue. O'CONNELL et al. [5] have hypothesized that patients
with CVA might have inflammation solely in the large air-
ways, where cough receptors are abundant. WOOLCOCK [22]
has also stated that cough receptors are assumedly stimu-
lated by the inflammatory process, and that cough in CVA
will be mediated in the central airways. Here we per-
formed bronchial biopsy at segmental bronchi, relatively
central airways, and BAL, which might reflect the inflam-
mation of the whole airways from subsegmental bronchi
to alveoli. Both procedures, however, revealed no differ-
ences between classic asthma and CVA. The site of in-
flammation may not be causally related to the difference
in presenting manifestations from these results. Examina-
tions at more central airways (e.g., biopsy at lobar bronchi
or carinae, or brushing cytology at trachea) are required in
a future study to elucidate this issue. Participation of tus-
sive mediators such as prostaglandin E2 and a neuropep-
tide substance P, which are secreted from eosinophils [10],
may also be a possible mechanism [5, 23].

GIBSON et al. [24, 25] have reported on several patients
with chronic cough with normal pulmonary function tests
and normal bronchial responsiveness. These patients show-
ed an increase in eosinophils as well as metachromatic
cells in sputum, as with classic asthmatic patients. After
treatment with an inhaled corticosteroid, cough decreased
markedly. In addition, bronchial responsiveness improved
in the "normal" range for some patients. The authors lab-
elled these patients as "eosinophilic bronchitis without
asthma". The presence of bronchial responsiveness in CVA
but not in eosinophilic bronchitis in the studies by GIBSON et
al. [24, 25] is difficult to explain, since eosinophilic
inflammation, an essential cause of bronchial responsive-
ness in asthma [10–12], is present in both conditions. It
may be due to the possible difference in the two groups in:
1) the intensity of inflammation (number of infiltrating
eosinophils); 2) the degree of activation but not just the
number of eosinophils; 3) the initial level of bronchial res-
ponsiveness at the onset of inflammation; or 4) the loc-
ation of inflammation [24, 25]. Since inflammatory cell
composition was examined in these studies in sputum, and
not in BAL or bronchial tissue, the source of eosinophils
is not clear and might possibly be different from that of
CVA.

The mechanism of cough in asthma has also been dis-
cussed in view of airflow obstruction. SALEM and AVIADO [26]
proposed that cough receptors are stimulated by loc-al
bronchoconstriction. As bronchodilators are effective
against cough in CVA, this may be a possible pathogenet-
ic mechanism [9]. MCFADDEN [27] described a group of as-
thmatics for whom cough was the predominant symptom
at exacerbation. Pulmonary function tests revealed narrow-
ing of the central airways, whereas another group of asth-
matics, who predominantly complained of dyspnoea, had
narrowing of the peripheral airways. He attributed the pre-
dominance of cough in the former group to central airways
obstruction. Other studies of CVA, however, showed al-
most normal pulmonary function [1–3] or peripheral rather
than central airways obstruction [7] at baseline. Examina-
tions after methacholine challenge [1] or exercise [2] re-
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Fig. 2.  –  Relationship of the severity scores with the serum eosinophil
cationic protein (ECP) level and number of eosinophils in bronchial tis-
sue in classic asthma (a, b) and in cough variant asthma (c, d). Signifi-
cant correlations of the severity score with the serum ECP level and the
tissue eosinophil number were found in both groups.
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vealed obstruction of both central and peripheral airways,
as seen identically in classic asthmatics [1], or obstruction
predominantly in the peripheral airways [2]. In the present
study, the parameters of baseline pulmonary function, in-
cluding indices of both central and peripheral airways
obstruction, and bronchial responsiveness, did not signifi-
cantly differ between classic asthma and CVA patients. It
is thus not certain whether the site of airflow obstruction or
degree of bronchial responsiveness [8] is causally related to
the difference in presenting manifestations. One possible
mechanism for cough without wheeze in CVA is proposed
by KOH et al. [8]; they demonstrated a higher wheezing
threshold to inhaled methacholine in CVA than in classic
asthma. Heightened cough receptor sensitivity may also be
a mechanism [23], but some reports negate this possibility
[9] and the issue is still controversial.

There is much evidence that the prevalence of asthma is
increasing worldwide. However, the disease, is still under-
diagnosed [28]. Recognition of CVA in the differential
diagnosis of patients with chronic cough is quite impor-
tant from a clinical standpoint [1, 3–5], although its patho-
genetic mechanisms have not yet been fully elucidated.
Appropriate diagnostic procedures, including a bronchial
responsiveness test, should be considered. The presence
of blood and/or sputum eosinophilia, which may suggest
the presence of eosinophilic airway inflammation and pos-
sible diagnosis of CVA, may be of some help in the initial
assessment of patients with chronic cough.

Undertreatment of asthma may result not only in poor
control of symptoms but in irreversible pathological chan-
ges of the airways, which is assumed to be due to pers-
istent inflammation [29]. Such irreversible changes may
occur also in cough variant asthma, since inflammation is
present in the airways of patients with cough variant
asthma, as demonstrated in this study. Early introduction
of inhaled corticosteroids may lead to better prognosis in
cough variant asthma, as reported for classic asthma [30].
This issue should be investigated in future studies.
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