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Abstract: The causes of chronic cough can be categorized into eosinophilic and noneosinophilic disorders,
and approximately 30% to 50% of people with chronic cough have eosinophilic airway inflammation, the
presence of which can be confirmed by sputum eosinophilia or elevated exhaled nitric-oxide levels. Cough
variant asthma (CVA) is a phenotype of asthma which lacks wheezing or dyspnea, and consistently one of
the most common causes of chronic cough worldwide. CVA and non-asthmatic eosinophilic bronchitis
(NAEB) shares common feature such as chronic dry cough, eosinophilic inflammation, and development of
chronic airflow obstruction (CAO) and asthma in a subset of patients. The distinctive characteristic of these
conditions is the presence of airway hyperresponsiveness in CVA but not in NAEB. Coughing is responsive
to bronchodilators such as beta-agonists in CVA, but such feature has not been clarified in NAEB. Inhaled
corticosteroids (ICSs) are the first-line treatment, and leukotriene receptor antagonists are also effective, in
patients with both CVA and NAEB. This review will give an outline of clinical and physiological features,
and prognosis and its determinants of CVA and EBNA. Further, the rationale and evidence, despite limited,
for the need of long-term treatment will be discussed. The development of airway remodeling due to

mechanical stress to the airways exerted by long-standing coughing will also be discussed.
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Introduction

Chronic cough is a major clinical problem. The causes of
chronic cough can be categorized into eosinophilic and
noneosinophilic disorders (1), and approximately 30%
to 50% of people with chronic cough have eosinophilic
airway inflammation (2-4). Cough variant asthma (CVA)
is characterized by eosinophilic inflammation of the whole
lower airways (5). Further, non-asthmatic eosinophilic
bronchitis (NAEB) (6,7) and atopic cough (8) also present
with chronic cough and involve eosinophilic inflammation.
Patients with atopic cough rarely progress to asthma, or
suffer from chronic airflow obstruction (CAQO). Treatment
of atopic cough could therefore be symptomatic and short-
term (8,9). In contrast, long-term anti-inflammatory
treatment with inhaled corticosteroids (ICSs) is considered
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essential and recommended by guidelines for patients with
CVA (9), and this might also be the case with EB, because
CAO (ascribed to airway remodeling) and classic asthma
may develop in both conditions (1). In this review regarding
CVA/NAEB, their clinical and physiological features, and
rationale and evidence (despite limited) for the need of
long-term treatment will be discussed. The development of
airway remodeling due to mechanical stress to the airways
exerted by long-standing coughing will also be discussed,
because this may result in a vicious cycle of cough and
remodeling, and imply the importance of control of
coughing.

We present the following article/case in accordance with
the Narrative Review Checklist (available at http://dx.doi.
org/10.21037/jtd-20-2026).
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Figure 1 Prevalence of repeated seasonal exacerbations in each season in patients with classic asthma and CVA (16). A “seasonal” character

of exacerbation was defined by at least one exacerbation in a specific season (spring, summer, autumn, and winter) repeatedly for least 2 years

during the study period. Seasonal exacerbations as defined above was more common in CVA (18/23; 78%) than in classic asthma (18/38;

47%) (P=0.03), and CVA patients had seasonal exacerbations more frequently in autumn season than those with classic asthma (48% vs.

16%; P=0.009).

Clinical and physiological features and
treatment of CVA

CVA or asthma has consistently been one of the most
common cause of chronic cough worldwide, together with
GERD and upper airway cough syndrome. In Japan, CVA
is the leading cause followed by GERD and sinobronchial
syndrome (classic chronic rhinosinusitis and neutrophilic
lower airway inflammation) (9-12), while one study from
Poland showed a marked predominance of GERD followed
by upper airway cough syndrome, probably indicating a
regional or racial difference (13).

The prevalence of atopy in CVA, as defined by the
presence of at least one positive serum specific IgE or skin
test response to common aeroallergens, ranges from 40% to
80% (1,14,15), similarly to classic asthma. Interestingly, in
a follow-up study of patients regularly visiting our clinic of
Kyoto University for more than 2 years, repeated seasonal
exacerbations in a specific season were more common in
CVA (18/23; 78%) than in classic asthma (18/38; 47%)
(P=0.03) (16). Patients with CVA had seasonal exacerbations
more frequently (48%) in autumn season than those with
classic asthma (16%) (P=0.009) (Figure I). The latter
phenomenon in CVA was associated with sensitization to
housedust-mite (HDM) (P=0.004) (16).

© Journal of Thoracic Disease. All rights reserved.

Cough is usually dry in CVA, but 33% of patients
complained of productive cough in one study (17). AHR has
been considered an essential feature of CVA, but it is milder
in CVA than in classic asthma in a majority of studies (1,18).
Peak expiratory flow (PEF) or FEV, values are normal to
near normal in most CVA patients, but may be significantly
lower when compared with healthy subjects or patients with
nonasthmatic cough (5). Mild diurnal change of PEF or
its fluctuation in parallel with coughing may be observed,
and cough is responsive to bronchodilators, suggesting that
coughing of CVA results from bronchoconstriction based
on airway inflammation and mild AHR. However, recent
evidence strongly indicates an important involvement
of heightened cough reflex sensitivity (CRS), commonly
assessed by capsaicin inhalation (19).

Eosinophils are increased in sputum (15,17),
bronchoalveolar lavage (BAL) fluid (peripheral airways
and lung parenchyma), and bronchial mucosa (5) (central
airway) of patients with CVA, and the magnitude of
increase correlates with severity of disease (5). The degree
of mucosal and bronchoalveolar eosinophilia was similar
between classical asthma and CVA, indicating a similarity
in the site of inflammation (5), while increases of sputum
eosinophils and exhaled nitric oxide (FeNO) levels in
CVA are more modest as compared with classic asthma in

7 Thorac Dis 2021;13(5):3197-3214 | http://dx.doi.org/10.21037/jtd-20-2026



Journal of Thoracic Disease, Vol 13, No 5 May 2021

Larger airway
eos-predominant*

Smaller airway eos-
predominant#
n=22 n=13

3199

-Cough variant asthma (n=11)
-Classic asthma (n=24)

P=0.02
(Fisher’s exact test)

* early phase eos%>late phase eos%

# early phase eos%<late phase eos%

Figure 2 Prevalence of classic asthma and CVA patients in two novel phenotypes of asthma defined by the predominant cite of eosinophilic

airway inflammation (19,22). By using early-phase (first-half 15 minutes) and late-phase (second-half 15 minutes) induced sputum, patients

were divided into “larger airway eosinophil-predominant group” (early-phase eos% > late-phase eos%) and “smaller airway eosinophil-

predominant group” (early-phase eos% < late-phase eos%). Ten (91%) of 11 CVA patients was categorized as larger airway eosinophil-

predominant, while only half (12 of 24) of classic asthma patients had smaller airway-predominant inflammation (P=0.02). *eos: eosinophils.

many studies (15,20). A recent meta-analysis consistently
showed high specificity but low sensitivity of FeNO
levels for the diagnosis of CVA (21). A preliminary study
of 35 patients involving early- and late-phase induced
sputum samples, however, has indicated that eosinophilic
inflammation is predominant in the larger airways in CVA
patients, as compared relatively with classic asthma patients
(Figure 2) (19,22). Indeed, McFadden described a group of
asthmatics who predominantly complained of cough during
exacerbations, and attributed their coughing to central
airways obstruction by detailed physiological tests (23). One
study has shown a similar pattern of sputum markers (cellular
and humoral) between asthma and CVA (24).

Like in asthma, airway remodeling changes such as
subepithelial basement membrane (SBM) thickening, goblet
cell hyperplasia and vascular proliferation by mucosal
biopsy, and airway wall thickening on CT images, have been
demonstrated (25-27).

After the diagnosis is established, the mainstay
treatment of CVA is ICS with an early introduction, as
in classical asthma, essentially because of the presence of
airway inflammation, and remodeling changes which are
assumed secondary to chronic inflammation. The ACCP
guidelines have made recommendations that the best
therapeutic option for cough in asthma (and also NAEB) is

© Journal of Thoracic Disease. All rights reserved.

ICS followed by LTRAs (28). LTRAs also exert inhibitory
effects on eosinophilic inflammation, and uniquely, on
CRS (19,29,30). The guidelines also presented limited
evidence of antitussive effects (mostly assessed with
subjective cough score) of beta-agonists, antihistamines,
mast cell stabilizers such as nedocromil and cromolyn, and
theophyllines (28). The standard combinations of ICSs/
long-acting beta-agonists (LABAs), the most potent
bronchodilators, are widely used in asthma and CVA.
They do exert antitussive effects, but unlikely to modulate
CRS (19). Treatment options of CRS in asthma may include
LTRAs, tiotropium, and bronchial thermoplasty despite
very preliminary (19,29-32).

It is very important to note that the presence of
chronic cough (33,34), increase of objective cough
frequency (35), and heightened CRS to hypertonic
saline/isocapnic hyperpnea (36) and capsaicin (37,38)
in individuals with asthma are all associated with poor
control or prognosis and more severe disease phenotype
(Figure 3) (38). The treatment strategy of cough or CRS
is therefore essential in asthma, especially those with
nonatopic disease (31,37,38) and daytime coughing
that is often refractory (39), despite night-time cough is
characteristic of asthma (40). Eosinophils play important
roles in the pathogenesis of cough of asthma (41), but ICSs
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Figure 3 Cough receptor sensitivity (CRS) as define by the
threshold concentration of capsaicin to elicit at least 5 coughs (C5)
in patients with asthma stratified by severity, defined by the need of
maintenance oral corticosteroids (OCSs) (38). Patients with more
severe asthma showed significantly heightened CRS as compared
with non-severe asthmatics. *OCSs+, patients taking maintenance
OCSs; OCSs-, patients not taking maintenance OCSs.

insufficiently attenuate cough and CRS of asthmatic subjects
(19,31,39,42). An anti-IL5 antibody mepolizumab, one of
the most potent suppressor of eosinophilic inflammation,
did not affect subjective cough of severe asthma patients,
despite decrease of eosinophils and improved disease
control (2). This fact is likely to be associated with
refractoriness of asthmatic cough (19,39,42). The updated
ACCP guidelines suggest ICSs as first line treatment of
asthmatic cough/CVA (28). If response is incomplete
in CVA patients, or if cough is the remaining isolated
symptom following ICSs treatment in patients with asthma
in whom cough was one of their symptoms, the guidelines
suggest stepping up the ICS dose and considering a
therapeutic trial of an LTRA after reconsideration of
alternative causes of cough. Beta-agonists could also be
considered in combination with ICS (28). The reason why
LTRAs, rather than beta-agonists, are recommended as
the second-line treatment is not specified in the ACCP
guidelines, but I personally think of the response to
LTRAs, and the refractoriness to ICSs/LABAs, of CRS in
asthma (19).

© Journal of Thoracic Disease. All rights reserved.
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Clinical and physiological features and
treatment of NAEB

NAEB [originally eosinophilic bronchitis without
asthma (5)] is pathologically similar to, but is physiologically
different from asthma in that it lacks AHR (1). It was not
proposed as a distinct entity initially but aroused some
controversy as to the relationship between eosinophilic
airway inflammation and AHR (1). It is now considered an
important cause of chronic cough, and a study by Brightling
et al. involving sputum induction as a routine diagnostic tool
has attributed 13% of chronic cough cases to NAEB (43).
Cough was originally described as productive, but many
patients have non-productive cough.

Prevalence of atopy in NAEB is approximately 20-70%
from a literature review (1,44-48). Sporadic cases of work-
related NAEB have been reported (49). However, detailed
profiles of sensitized allergens have not been reported, as
have been in asthma and CVA (14,15).

The methacholine PC,,-FEV, is within normal limits
in most cases. CRS is increased but may normalize after
ICS treatment in association with the attenuation of
cough (50).

Sputum eosinophilia should be present in 100% of
cases by the definition of disease. Metachromatic cells
(mast cells or basophils) are increased in sputum and
mucosal brushings as well (6,44). The only pathological
difference was that asthmatics showed an increase of mast
cells infiltrating in ASM compared with other groups,
which was associated with AHR (45). Mast cells were not
increased in ASM of NAEB patients (45). These features
may explain the presence or absence of AHR and airflow
obstruction in asthma and NAEB (45). In contrast, mucosal
and submucosal mast cells are increased in number in
EBNA, as suggested by an increase of metachromatic cells
in sputum and mucosal brushings (6,44). Superficial mast
cells, rather than those in ASM, may be relevant to cough of
NAEB, possibly through release of tussive mediators such
as histamine and prostaglandin D2 (51).

Endobronchial biopsies have revealed remodeling
features such as subepithelial thickening and vascular
proliferation, in addition to eosinophil infiltration in the
epithelium and submucosa, and the degrees of which are
similar to those in asthma (45-48). A CT study showed that
airway wall thickness was significantly greater in asthmatics
than in patients with NAEB and was similar in NAEB
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Table 1 Progression of CVA to classic asthma
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Author N Observation Prevalence of progression P
Children

Koh (2002) 48 4yrs 21 (43%)

Todokoro (2003) 52 >3 yrs 28 (54%)
Adults

Nakajima (2005) 28 5yrs 10 (36%)

Fujimura (2003) (50) 51 3.7 yrs ICS-: 6/20 (30%); <0.02

ICS+: 2/31 (6%)
CVA, cough variant asthma.
Table 2 Progression of CVA to classic asthma (56)
Progressed?
4-yr follow-up of 42 cases P
Yes (n=13, 31%) No (n=29, 69%)

Male/female 6/7 15/14 0.99
Age (yrs) 43114 42115 0.82
Disease duration (mo) 3363 25+34 0.26
FEV, (% pred) 8717 91+14 0.44
Airway sensitivity (Dmin) 3.3+£3.1 5.7+6.3 0.22
Airway reactivity (SRrs) 21+1.2 1.7£1.0 0.24
Use of ICS 3 (23%) 17 (59%) 0.047

CVA, cough variant asthma; ICS, inhaled corticosteroids.

patients and controls (52). Features of small airway disease
(centrilobular prominence and air trapping) were similar in
NAEB patients and asthmatics and were significantly greater
than in controls. Central rather than small airways may
thus contribute to AHR that occurs in asthmatics but not
in patients with NAEB (45). However, the interpretation of
these results may require caution, because smaller airways
are generally considered more importantly involved in AHR
than larger airways (53-55), while the reverse might be true
for cough (19,22,23,26,32).

Anti-inflammatory treatment with ICS or avoidance
strategies, when the inflammation is due to an occupational
exposure or inhaled allergen, are the mainstay therapies
for the treatment of NAEB (1). Patients improve
symptomatically and have a significant fall in their
sputum eosinophil count following ICS treatment (50).
Montelukast is also effective as an add-on to ICS, and
equivalent to doubling of ICS with respect to cough VAS or
LCQ (28). Capsaicin CRS, which was moderately increased
at baseline, improved toward normal after ICS, and the

© Journal of Thoracic Disease. All rights reserved.

treatment-induced changes in CRS and sputum eosinophils
significantly correlated (50). These findings suggest
contribution of heightened CRS and its causal relationship
with eosinophilic inflammation in EB.

The ACCP guidelines suggest ICSs as first line treatment
of adult and adolescent patients with chronic cough due to
NAEB, and I'TRAs as the second choice, as in CVA (28).

Prognosis of CVA and its determinants

Asthma development: clinical features and medical
intervention

A subset of patients with CVA develop wheezing and
progresses to classic asthma. If ICS is not introduced,
the progression rate is 30% to 40% in adults (56,57), and
may be even higher in children (7zble ). In our 4-year
retrospective study of 42 patients with CVA, classic
asthma developed in 13 patients (31%; Table 2), which
was associated solely with nonuse of ICS by univariate
(Table 2) and logistic regression analysis (odds ratio 0.12,

7 Thorac Dis 2021;13(5):3197-3214 | http://dx.doi.org/10.21037/jtd-20-2026



3202

Table 3 Remission of CVA* and Associated factors (56)

Niimi. Long-term treatment for CVA/NAEB

Remission+ Remission—
Parameters P value
n=7 n=28
Age (yrs) 32.9(17.9) 46.0 (13.0) 0.048
Gender (F/M) 3/4 14/14 >0.999
Atopic status (Y/N) 6/1 21/7 >0.999
Disease duration at the diagnosis (months) 29.1 (385.7) 28.5 (49.1) 0.547
Current smoking (Y/N) 0/8 1/27 >0.999
FEV, (% pred) 90.9 (18.9) 89.3 (15.4) 0.848
Dmin (unit) 7.8 (6.6) 4.5 (5.6) 0.055
SRrs (cmH,O/L/s/min) 1.5(1.1) 2.0(1.1) 0.186
Blood eosinophil number (uL-1) 270 (159.0) 330 (238.0) 0.744
Early administration of ICS (Y/N) 3/4 15/13 0.691
Daily dose of ICS (ug) 933 (462.0) 760 (372.0) 0.453

*Remission of CVA: cough subsiding for >1 yr without any medication. CVA, cough variant asthma; ICS, inhaled corticosteroids.

P=0.037) (56). The risk of progression to classic asthma
may thus be reduced by early introduction of ICS, while
no similar evidence exists for other medications including
LTRAs.

Regarding remission of CVA, 7 (20%) of 35 assessable
patients from our series in Kyoto went into remission as
defined by cough subsiding for >1 year without any medication
(Table 3). Younger age and lower airway reactivity (SRrs), but
not use of ICS, were marginally associated with remission by
logistic regression analysis (56). In young children with CVA,
the recurrence rate of cough was significantly reduced by the
addition of montelukast to ICS (58).

Asthma development: allergy features

In a cross-sectional comparison of the characteristics of
115 classic asthma and 74 CVA patients, the two groups
of asthmatics were sensitized to one or more allergens at a
similar prevalence. However, patients with classic asthma
had greater age, disease duration, smoking prevalence and
airflow obstruction, and higher blood eosinophils, total IgE,
numbers of sensitized allergens, and rates of sensitization
to dog dander (24% vs. 3%, P<0.0001), HDM (46% uvs.
28%, P=0.02), and moulds (17% vs. 7%, P=0.047) than
did patients with CVA. No specific antigen of CVA with
higher sensitization rate than classic asthma was found (14)

(1able 4).

Forty CVA patients from this original cohort were
prospectively observed for 2 years to determine whether
CVA would progress to classic asthma despite ICS
treatment. Asthma developed in six (15%) patients with
CVA [lower prevalence than older cohorts not treated
with ICS (56,57)], who had lower FEV|, larger number
of sensitized allergens and higher rates of sensitization
to HDM and dog dander than the remainders without
wheezing development (1able 5) (14).

Another cross-sectional study of a more recent larger
cohort from the same laboratory (recruited from 2007
to 2009) showed very consistent results (Table 6) (15),
confirming the importance of sensitization to HDM and
animal (especially dog) dander, for the presentation as
classic asthma rather than CVA.

As summarized in Table 7, factors that may predict
the development of classical asthma include AHR (57),
exaggerated maximal airway response to methacholine,
sputum eosinophilia, allergen sensitization (14) and failure

to use ICS (56,57).

Lung function decline

Annual average changes of FEV, were reportedly similar
among patients with CVA (-29 mL), those with atopic
cough (-21 mL) and healthy subjects (-28 mL). Values
for CVA patients ranged from approximately -90 mL to
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Table 4 Characteristics of cough variant asthma and asthma patients (14)

3203

Parameters CVA Classic asthma P value
n 74 115
Age (years) 44+17 51+17 0.008
Sex (male:female) 28:46:00 41:74 0.76
Duration of disease (years) 5+7 11+11 0.0001
Life time nonsmoker:exsmoker 63:11:00 72:43:00 0.0009
FEV;,, (0% pred) 10214 86+20 <0.0001
FEV,/FVC (% pred) 83+8 74+16 <0.0001
Blood eosinophils (cells/pL) 195+190 380+416 <0.0001
Log IgE (IU/mL) 1.9+0.7 2.3+0.6 <0.0001
Sensitization to specific allergens
House dust mite 21 (28.0) 53 (46.0) 0.022
Japanese cedar pollen 32 (43.0) 58 (50.0) 0.37
Mixed gramineaes pollens 16 (21.0) 24 (21.0) >0.99
Mixed weed pollens 5(7.0) 13 (11.0) 0.45
Cat dander 8(11.0) 25 (22.0) 0.08
Dog dander 2 (3.0) 28 (24.0) <0.0001
Mixed moulds 5(7.0) 20 (17.0) 0.047
Number of positive allergens 1[0-5] 2 [0-7] 0.033
Sensitization to any allergen 45 (61.0) 77 (67.0) 0.44
Dog ownership at the onset 8(13.0) 29 (26.0) 0.035
Cat ownership at the onset 5(8.0) 15 (14.0) 0.33

CVA, cough variant asthma.

+30 mL (59). We retrospectively analyzed the annual FEV,
changes for 3 years in 11 patients with CVA (1). Patients
were divided into two groups according to the cough
severity during the 3rd year of follow-up: mild and difficult-
to-control. The characteristics of two patient groups did not
significantly differ at baseline, but at the end of follow-up,
the difficult-to-control group was treated with higher doses
of ICS than the mild group (400+163 vs. 143+140 mcd/
day of fluticasone equivalent, P=0.03), reflecting severity.
During the follow-up period, 1 patient with mild CVA and
1 with difficult-to-control disease developed wheezing. The
annual decline in FEV, was steeper in the patients with
difficult-to-control CVA (62+35 mL/year) than in those
with mild disease (2+36 mL, P<0.01) (1). These results, are
consistent with a study in asthma that showed a positive
relationship between the frequency of exacerbations and
annual decline of FEV, (60).

© Journal of Thoracic Disease. All rights reserved.

Inflammatory subtype and future maintenance therapy/
control

In addition to eosinophils, neutrophils are also increased
in airway mucosa of patients with refractory CVA (25). We
investigated the characteristics of inflammatory subtypes
in 98 CVA patients using induced sputum cell profiles
defined by the cut-off levels of 61% for neutrophils and
1% for eosinophils (61). All patients underwent treatment
with ICS (800 mcg daily by average of budesonide or
equivalent) with or without other controllers for 24 months,
and the treatment was adjusted in a “real-life” fashion
according to the physicians’ decision. Daily ICS doses
required to maintain control were consistently highest
throughout follow-up in the mixed granulocytic subtype
(both cells above cut-off) than in the other subtypes in this
order: mixed granulocytic > eosinophilic > neutrophilic

7 Thorac Dis 2021;13(5):3197-3214 | http://dx.doi.org/10.21037/jtd-20-2026



3204

Table 5 Characteristics of CVA patients with and without development of wheezing: associated factors in 40 patients treated with ICS for 2 years (14)
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Parameters Wheezing (-) Wheezing (+) P value
n 34 6
Age (years) 48+18 35+13 0.08
Sex (male:female) 8:26 4:2 0.055
Duration of disease (years) 5+6 242 0.20
Life time nonsmoker: ex-smoker 30:4 4:2 0.21
FEV, (% pred) 105+16 889 0.006
FEV,/FVC (% pred) 83+8 8216 0.76
Initial dose of inhaled corticosteroid (ug/day) 6031446 467+301 0.52
Final dose of inhaled corticosteroid (ug/day) 618+342 633+512 0.70
Blood eosinophils (cells/pL) 234+287 149+36 0.61
Log IgE (IU/mL) 0.7+0.1 1.1+0.5 0.099
Airway sensitivity (log Dmin) (ug/mL) 0.5+0.7 0.2+0.6 0.26
Airway reactivity (SRrs) (cmH,O/L/s/min) 1.5+1.5 2.3+1.4 0.074
Sensitization to specific allergens
House dust mite 8 (24.0) 5(83.0) 0.01
Japanese cedar pollen 12 (35.0) 4 (67.0) 0.20
Mixed gramineaes pollens 8 (24.0) 1(17.0) >0.99
Mixed weed pollens 2 (6.0) 2 (34.0) 0.10
Cat dander 4 (12.0) 2 (34.0) 0.21
Dog dander 0 (0.0 2 (34.0 0.019
Mixed moulds 3(9.0) 1(17.0) 0.49
Number of sensitized allergen 1[0-4] 3 [0-5] 0.020
Sensitization to any allergen 19 (56.0) 6 (100.0) 0.07
Dog ownership during follow-up 6 (18.0) 1(17.0) >0.99
Cat ownership during follow-up 3(9.0) 1(17.0) 0.49

CVA, cough variant asthma; ICS, inhaled corticosteroids.

(either cells above cut-off) > paucigranulocytic (both
cells below cut-off), while the starting doses were similar
(Figure 4) (61). The ratio of patients in which ICS was
discontinued at 24 months also differed significantly
among the four subtypes, being significantly higher in the
paucigranulocytic subtype than in the eosinophilic and
mixed granulocytic subtypes (Figure 4). The control levels
of disease differed significantly among the four subtypes
at 18 months and were significantly worse in the mixed
granulocytic subtype than in the paucigranulocytic subtype,
despite significantly higher ICS doses in the former. The

© Journal of Thoracic Disease. All rights reserved.

mixed granulocytic group showed higher sputum levels of
IL-8 and neutrophil elastase than in the other three groups.
In that group, neutrophils may be recruited and activated
in the presence of eosinophils, as indicated by in vitro
studies (62) and thus participate in the pathophysiology
of CVA (61). Inflammatory subtype of sputum may thus
predict prognosis, as reflected by future need of ICS, of
individual patients. These results have been repeated and
confirmed by a series of evidence from Severe Asthma
Research Program (SARP) (63,64). They consistently
demonstrated that mixed granulocytic subtype is the most

7 Thorac Dis 2021;13(5):3197-3214 | http://dx.doi.org/10.21037/jtd-20-2026
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Table 6 Characteristics and specific IgE results of CVA and classic asthma patients, recruited from September 2007 to August 2009 (15)
Parameters Classic asthma (n=190) CVA (n=83) P value
Age, years 49+19 48+18 0.86
Sex (male/female) 54/136 23/60 0.9
Disease duration, years 712 2+6 0.007
Use of inhaled corticosteroids at the first visit (yes/no) 43/147 13/70 0.18
Dose of inhaled corticosteroids, pg/day 451+229 442+240 0.6
Use of antihistamines (yes/no) 15/175 12/71 0.09
Use of leukotriene receptor antagonists (yes/no) 20/170 7/76 0.59
Never smoker/ex-smoker 164/26 70/13 0.66
FEV, (n=271), % predicted 91+23 103+15 <0.0001
Disease severity 2.8+0.1 2.5+0.1 0.0006
Total serum IgE (n=273), IU/mL 130 (5-2,916) 54 (5-2,600) 0.0001
FeNO level (n=265), ppb 60+78 32+27 0.001
Sputum eosinophil proportion (n=140), % 11+£21 (n=95) 3+7 (n=45) 0.003
Blood eosinophil proportion (n=273),% 5+5 (n=190) 3+3 (n=83) <0.0001
Dmin (n=174), units 1.819 (0.011-48.898) (n=117) 2.77 (0.044-27.705) (n=57) 0.33
House dust 98 (51.5) 28 (33.7) 0.007
D. pteronyssinus 98 (51.5) 27 (32.5) 0.004
Japanese cedar pollen 115 (60.5) 42 (50.6) 0.12
Mixed gramineae pollen 57 (30.0) 19 (22.8) 0.22
Mixed weed pollen 25 (13.1) 8(9.6) 0.41
Mixed mold 27 (14.2) 6(7.2) 0.10
Cat dander 40 (21.0) 5(6.0) 0.002
Dog dander 45 (23.6) 4(4.8) 0.0002
T. rubrum 23 (12.1) 8(9.6) 0.55
Sensitization to any allergen 138 (72.6) 51 (61.4) 0.065
Sensitized allergens, n 2 [0-9] 1[0-7] 0.002

CVA, cough variant asthma.

refractory inflammatory subtype, characterized by the
lowest lung function, worse asthma control, increased
symptoms, greater healthcare requirements, and further
loss in lung function, suggesting cell to cell interaction or
overlapping inflammatory pathways (63,64).

Prognosis of NAEB and its determinants

A single case report showed the development of irreversible
airflow obstruction in a patient with NAEB (65). There are
further four case studies regarding the prognosis of NAEB

© Journal of Thoracic Disease. All rights reserved.

(66-69), which will be presented in the chronological order.

In a retrospective follow-up of the original 12 cases
of Gibson (6,70), three patients have been lost to follow-
up and one has died from a pulmonary embolus, who had
mild asthma at the time of death. None of the remaining
8 patients were being treated for EB or asthma. Cough
had completely resolved in four patients, and four
patients had persisting cough but due to other causes.
Two of these patients had CAO, one being ascribed to a
60 pack-year smoking history. None of 6 patients available
for examinations had developed AHR nor had sputum
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Table 7 Associated factors of progression of CVA to classic asthma
(summary)

Children
1Sputum eosinophils Kim et al. Clin Exp Allergy 2003
TAHR (airway reactivity) Koh et al. Allergy 2002

|Age of onset Todokoro et al. Ann Asthma Allergy

Immunol 2003
Adults
tAHR (PC20-Mch) Fujimura et al. Thorax 2003 (57)
Nonuse of ICS Fujimura et al. Thorax 2003 (57)
Matsumoto et al. J Asthma 2006 (56)

tAllergen sensitization Takemura et al. Clin Exp Allergy

2007 (14)

|FEV, Takemura et al. Clin Exp Allergy

2007 (14)

TDisease duration Nakajima et al. Respiration 2005

Inflammatory subtypes
(Simpson et al. Respirology 2006)

Niimi. Long-term treatment for CVA/NAEB

eosinophilia. The available data suggests that NAEB is
generally a benign and self-limiting disorder (66).

Park et al. prospectively recruited 36 patients with
NAEB to follow cough severity, FEV,, AHR, and sputum
eosinophils for up to 48 months. ICS was stopped if cough
subsided completely for 2 weeks. The cough disappeared
in 27 (75%) within 2 months after starting ICS, and in all
within 4 months. Twelve patients were lost to follow within
4 months. Five (21%) of the remaining 24 subjects had a
recurrent episode of EB 4 to 6 months after disappearance
of the first EB episode, who showed lower FEV, at the 9
and 12 months of the study than in the 19 nonrecurrent
patients (P<0.01). It was concluded that repeated episode of
EB is associated with the development of CAO (67). These
results are consistent with the evidence of CVA (1).

Berry er al. examined the longitudinal data of
>1-year (average 3.1 years) of 32 patients with NAEB, for
symptoms, eosinophilic airway inflammation, spirometry

At enroliment At 24 m: pati in ff |
. . Mixed: 2/11 (18%)
Mixed granulocytic n=12
—LF- Mbxed granulooyt Eos: 5/21 (24%) P=0.02
—@— Eosinophilic n=28 Neu: 11/27 (41%) P=0.01
—(O— Neutrophilic n=31 Pauce: 13/19 (68%)
—@— Paucigranulocytic  n=27
§
(mcg/day) 1200 = .
t £ P<0.01 for M vs. *P and TN
1000 - t t + P<0.01 for E vs. P and §N
Maintenance ICS dose 8007 P=0.50
(beclomethasone
equivalent) 600
P<0.0001
400 +
P<0.0001
P<0.0001
200+
(Repeated measures
0 ANOVA for each subtype)
0 6 12 18 24 (months)

Figure 4 Maintenance ICS doses in CVA patients stratified by inflammatory subtype of sputum (61). *CVA, cough variant asthma; ICS,

inhaled corticosteroids.
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and AHR. Three patients developed asthma and AHR, and
5 developed CAO. Thirteen patients had ongoing cough
and sputum eosinophilia (>3%) on one or more occasions;
7 had ongoing otherwise unexplained cough without
sputum eosinophilia (3 being smokers); 3 had no symptoms
but sputum eosinophilia on one or more occasions; and
only 1 (3%) had complete resolution of symptoms and
inflammation while off ICS. Multiple linear regression
identified smoking, female gender and sputum eosinophilia
over time, as the most important predictors of CAO (decline
in FEV)) (68).

More recently, Lai and colleagues investigated
longitudinal data of >1 year (median 4.1 years) in 141
patients with EB for symptoms, sputum eosinophil count,
spirometry and AHR (69). All patients were treated with
ICS (budesonide 400 mcg/day) for at least 4 weeks and
oral prednisone 10 to 15 mg/d in the initial 3 days. Cough
relapsed in 59.6% after ICS treatment, whose risk factors
were allergic rhinitis (OR, 4.37; 95% CI, 1.05-18.20;
P=0.043) and sputum eosinophilia at 4 weeks of ICS (OR,
9.49; 95% CI, 2.38-37.85; P=0.001). Mild asthma developed
in eight patients (5.7%). Only the relapse group showed
an MMEF decline at the end of follow-up (P<0.05), while
no progressive decline in FVC or FEV, were observed.
It was concluded that more than 50% of patients with
NAEB have repeated episodes, which were associated with
persistent sputum eosinophilia after treatment and allergic
rhinitis (69).

In line with these results, a prospective observation of
89 unselected subjects with chronic cough for five years
revealed that continuing regular cough was present in 31
(46%) of the subjects, which was associated with presence of
chronic rhinitis or esophageal reflux disease, baseline mild
AHR to histamine, and baseline strong CRS to hypertonic
saline (71). Further, the presence of allergic rhinitis was
associated with more intense airway inflammation in CVA
patients, as well as classic asthmatics (15). GERD symptoms
are also associated with impaired cough-specific QoL in
CVA patients (72). Allergic rhinitis and GERD may be
associated with cough persistence and more intractable CVA
and NAEB, probably contributing as comorbid cause(s) of
cough.

Cough and airway remodeling: a possible link

Remodeling or structural changes of the airways have been
considered characteristic features of asthma. They have been
attributed mainly to chronic inflammation with eosinophil
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infiltration which produce transforming growth factor-
beta, platelet-derived growth factor, cysteinyl leukotrienes
(cys-LTs) etc. The presence of remodeling features, and
resultant CAQO, in CVA and NAEB is reasonable because
they commonly share eosinophilic inflammation. However,
various features of airway remodeling i.e., SBM thickening,
vascular proliferation, epithelial shedding, goblet cell
hyperplasia, increase of ASM and airway wall thickening
on CT is also present in patients with non-asthmatic (i.e.,
noneosinophilic) chronic cough (25,27,73,74). Patients
with unexplained chronic cough may develop CAO (75).
Mast cells may be involved in these changes since they
are sources of various growth factors as well as tussive
mediators (e.g., histamine, prostaglandin D,, and cys-LT5)
(25,30,41,51). Also, because bronchoconstriction without
airway inflammation induced by repeated methacholine
challenge elicits airway remodeling in clinical asthma (76),
remodeling changes in chronic cough patients (either
eosinophilic or not) may also be a consequence of long-
term mechanical stimulation by coughing (74). Increase of
goblet cells, epithelial shedding and airway wall thickness
correlate with capsaicin CRS, indicating that remodeling
may actively play roles in cough pathophysiology (25,27).
A guinea pig model of airway collapse that mimics cough
induced by rapid negative pressure applied to the airway
of artificially ventilated animals indicated that cough
is a traumatic mechanical stress to the airway wall that
induces neutrophilic airway inflammation and cough
hypersensitivity (77). Cough stress to the airway wall may
result in a self-perpetuating cough reflex cycle (77).

We aimed to investigate whether repeated cough itself
induces airway remodeling and heightened CRS by using
conscious guinea pigs iz vivo (78,79). Cough was induced
by repeated exposure to 0.5 M citric acid (CA) thrice
weekly for 3 weeks (CA group), which is unlikely to induce
tachyphylaxis. We set two control groups: one given saline
(SA group), and the other given CA with pretreatment with
an antitussive dextromethorphan according to the same
protocol as CA group (CA+DEX group). Average cough
number for 10 CA exposures was evaluated as “cough index”
in the CA group, which was divided into frequent cough
(cough index >5: CA-F) and infrequent cough (<5: CA-I)
subgroups for BAL and pathology analysis of day 25. The
number of coughs significantly increased in the CA group
(CA-F and CA-I combined) from day 13 onwards, but not
in the SA or CA + DEX groups. Among various histologic
changes, ASM area of small airways was significantly greater
in the CA-F subgroup than in the other three groups (in
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Figure 5 Histologic changes in (A) the BM thickness of tracheal and (B) the ASM index of small airways, in the three treatment groups

of guinea pigs (saline, citric acid, and citric acid pretreated with codeine) after 3 weeks and 6 weeks (79). **P<0.01, *P<0.05 by one-way
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Figure 6 Correlation between the frequency of cough and (A) the tracheal BM thickness and (B) the ASM index of small airways after

6 weeks of CA exposure in guinea pigs (79). BM, basement membrane; ASM, airway smooth muscle; CA, citric acid.

which it was similar), and correlated with cough index in
CA group (CA-F and CA-I combined; r=0.77, P=0.0002).
BAL cell profiles were similar among the four groups. We
concluded that repeated cough induces ASM remodeling
in the absence of inflammation. It was associated with
heightened CRS, leading to a positive feedback mechanism
for cough persistence (78).

In a subsequent study, we further investigated the
airway pathology in prolonged cough models of guinea
pigs (79). Animals were assigned to three treatment groups:
CA alone, CA with codeine pretreatment, or SA. Animals
were challenged with CA or SA solution thrice weekly.
The intervention period was 22 or 43 days. Animals were
challenged with CA on the first and last days of exposure.
Lung specimens were obtained for pathologic analysis
72 h after the last exposure (Figure 5). The CA group had
increased frequency of cough on both 22 and 43 days of
exposure, compared with the other two groups. Tracheal
SBM thickness was increased after 43 days of exposure

© Journal of Thoracic Disease. All rights reserved.

(Figure 5A), correlating with the frequency of induced cough
(Figure 6A). The area of ASM in small airways increased
in the CA group after both 22 and 43 days of exposure
(Figure 5B), compared with the SA group. The increase of
ASM at 43 days correlated with the frequency of induced
cough (Figure 6B). As compared with the codeine group, the
ASM area in small airways increased in the CA group after
22 days of exposure instead of 43 days of exposure. Goblet
cell area, epithelial thickness, or number of neutrophils or
eosinophils were unchanged. In conclusion, an increase in
peripheral ASM area by repeated cough was confirmed.
Moreover, tracheal SBM thickness increased by a prolonged
exposure (Figure 7). Repeated cough may lead to airway
remodeling, which was also associated with an increase of
cough (79).

These pathological findings were strikingly consistent
with a post-mortem pathological observation in humans,
involving cases of asthma with (n=51) or without (n=29)
granulocytic inflammation, and control subjects without
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Figure 7 Representative photomicrographs of airway sections in the three treatment groups after 6 weeks of exposure (79). (A) In the large

airways, BM thickness is increased after 6 weeks of treatment in the CA group compared with the other two groups. (B) In the small airways,

ASM is increased after 6 weeks in the CA group compared with the other two groups. (hematoxylin and eosin, x400). CA, citric acid; SA,

saline solution; COD, citric acid with codeine pretreatment; BM, basement membrane; ASM, airway smooth muscle.

asthma (n=48) (80). The former two groups were defined
according to the cutoff values of 5 cells/mm’ for mean area
densities of granulocytes within the inner airway wall of
large and small airways. Thickening of the ASM layer and
BM were the only findings of remodeling in asthmatics
who lacked granulocytic cellular inflammation (80). These
features were very similar to our guinea pig cough model
(78,79). In contrast, there were also increased inner and
outer airway wall and mucus gland thickness, and narrowing
of airway lumen due to ASM shortening and mucus
obstruction in patients with granulocytic inflammation,
compared with control subjects (80).

Irrespective of the details of airway pathology, symptom-
based control of coughing may simply be important from a
standpoint of prevention of airway remodeling, which might
result in cough hypersensitivity and vicious cycle of cough
persistence (74,81), as well as lung function impairment.

How long should CVA/NAEB patients be treated?
CAO and classic asthma thus may develop in CVA, and also

© Journal of Thoracic Disease. All rights reserved.

in NAEB, although less prevalently.

Cough can subside promptly with ICS or ICS/LABA
in the majority of CVA patients. Step down of treatment
can then be considered, but cessation of treatment often
results in relapse (56). Persistently symptomatic patients
require long-term treatment, whose adherence to treatment
will consequently be good. Contrary, prompt responders
to ICS or ICS/LABA are apt to be noncompliant to
treatment. However, no evidence exists as to how long
should treatment be continued in such patients, and the
ACCP guidelines do not mention the duration of treatment
for CVA of NAEB (28). Long-term treatment based on
objective monitoring, as recommended for asthma (e.g.,
lung function and FeNO), is preferable, but such tests may
not be available in the “real-world” settings.

The Japanese guidelines of cough management therefore
suggested a practical management strategy of CVA,
considering availability for general practitioners or non-
specialist settings (Table 8) (9). They classified CVA patients
into those with seasonality of coughing, and those with
perennial disease or recent onset, and showed different
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Table 8 Recommendation of how long should well-controlled CVA patients be treated (9)

(I) CVA patients with seasonality of coughing

Patients with intermittent seasonal disease who are otherwise asymptomatic between the active season may be treated only during the

expected season, according to an international asthma guideline (82)

Such patients, however, may progress to perennial disease

(I) CVA patients with perennial disease, or whose seasonality is unknown because of recent onset

Symptoms should be reassessed every 2 to 3 months, and stepdown of treatment, if asymptomatic or almost asymptomatic, is
considered, finally to the lowest dose of ICS alone. Then treatment may be stopped if asymptomatic after at least 1 to 2 years of ICS

However, possibility of relapse should be informed, and careful observation is required

CVA, cough variant asthma.

Table 9 Characteristics of CVA/NAEB patients who may be
considered for longer-term treatment

e |nitial nonuse of ICS
e Persistent sputum eosinophilia or elevated FeNO

e Mixed granulocytic inflammation (with eosinophils and
neutrophils)

* Marked AHR
e Marked CRS
e Airflow obstruction
e Ongoing smoking
* More “severe” or “intractable” disease
e Comorbid allergic rhinitis
* More allergic patients especially if
< Sensitized to HDM, or dog dander

< continuously exposed to sensitized allergens

CVA, cough variant asthma; NAEB, non-asthmatic eosinophilic
bronchitis; ICS, inhaled corticosteroids; CRS, cough reflex
sensitivity.

strategy for each subtype (Tuble 8) (9).

It has not been clearly stated as to whether therapy for
NAEB should be discontinued when symptoms resolve (28),
but the treatment strategy may be similar to CVA. A recent
open label, randomized, parallel-group study indicated
that ICSs should be administrated for at least 2 months to
reduce the relapse of NAEB (83).

Conclusions

Clinical and physiological features, and rationale and
evidence for the need of long-term treatment of CVA/

© Journal of Thoracic Disease. All rights reserved.

NAEB was discussed, including the author’s personal
view. Although it is difficult to draw definite conclusions
for the provided question of “how long treatment”, the
author would like to present characteristics of patients
who have risk factors of relapse and/or chronic airflow
obstruction/remodeling, and development of classic asthma,
are therefore to be considered for longer-term treatment
(Tible 9).
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