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Learning objectives:

1. To define how common it is for chronic cough to be associated with
eosinophilic inflammation.

2. To describe the conditions associated with chronic cough and
eosinophilic inflammation, in particular, asthma, nonasthmatic eosino-
philic bronchitis, and upper airway cough syndrome.

3. To understand different approaches to noninvasively measure
eosinophilic inflammation as well as to consider their relative strengths
and weaknesses.

4. To describe the treatments available and the evidence supporting
these approaches for cough and eosinophilia.

5. To understand how new insights of the mechanisms of airway
hyperresponsiveness and cough itself have been derived from studies of
cough and eosinophilic inflammation.
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Eosinophilic airway inflammation is observed in 30% to 50% of
chronic cough sufferers. It is a common feature of asthma and
upper airway cough syndrome, and it is required in the diagnosis
of nonasthmatic eosinophilic bronchitis. Our understanding of
the mechanisms underlying allergic and nonallergic eosinophilic
inflammation have evolved tremendously in the last 2 decades,
but the cause of this inflammation in any individual is often
uncertain. Inhaled corticosteroids are the mainstay therapy for
cough due to asthma or nonasthmatic eosinophilic bronchitis,
and response is related to the presence of biomarkers of
eosinophilic airway inflammation. In upper airway cough
syndrome, nasal topical corticosteroids are beneficial in allergic
rhinitis and chronic rhinosinusitis with polyposis. This review
will describe the diagnosis, current and possible future
treatments, and prognosis of chronic cough in adults with
eosinophilic inflammation. � 2019 Published by Elsevier Inc.
on behalf of the American Academy of Allergy, Asthma &
Immunology (J Allergy Clin Immunol Pract 2019;7:1740-7)

Key words: Asthma; Nonasthmatic eosinophilic bronchitis;
Upper airway cough syndrome; Rhinitis; Chronic rhinosinusitis;
Eosinophil; FENO; Chronic cough; Mast cell

INTRODUCTION

Cough is an essential protective physiological mechanism that
prevents foods, liquids, dust, and chemicals from reaching the
lower airways, but it is also a common respiratory symptom.
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Chronic cough in adults is defined as a cough lasting for more
than 8 weeks with no overt clinical and radiological evidence of
lung disease.1,2 It is frequently documented as both a symptom
precipitating health care interaction and consequent referral for
specialist assessment.3 It most commonly affects middle-aged
women and is associated with cough reflex hypersensitivity.
Cough-specific measures of health status such as the Leicester
Cough Questionnaire, symptom visual analogue scale (VAS)
scores, and cough monitors provide patient-centered outcomes of
cough frequency and severity.4

Approximately 30% to 50% of people with chronic cough
have eosinophilic airway inflammation.5-8 In this review, we shall
describe (1) the immunopathology and biomarkers of
. Eosinophilic airway inflammation. Illustration of the mec
e to allergic and nonallergic pathways. CCR3, C-C chemokine
mphopoietin.
eosinophilic airway inflammation; (2) the clinical management of
the causes of cough in adults commonly associated with eosin-
ophilic airway inflammation, namely, asthma, nonasthmatic
eosinophilic bronchitis, and upper airway cough syndrome
(UACS); and (3) mechanistic insights derived from studying
cough for the role of eosinophilic inflammation in airway
hyperresponsiveness (AHR) and cough.

EOSINOPHILIC AIRWAY INFLAMMATION AND

BIOMARKERS

Mechanisms of eosinophilic airway inflammation
Eosinophilic inflammation in chronic cough can occur with or

without allergy and can be due to occupational exposures.
Another important consideration when evaluating cough with
eosinophilia is recent travel or residence in areas where parasite
infections are endemic. The cytokine networks underlying
eosinophilic, type-2 immunityemediated airway inflammation
with or without allergy are illustrated in Figure 1 (reviewed in
references9-11). Following allergic sensitization and consequent
stimulation of adaptive TH2 cells by dendritic cells in the pres-
ence of coactivators such as epithelium-derived thymic stromal
lymphopoietin, TH2 cells produce the characteristic cytokines
IL-4, IL-5, and IL-13. IL-5 is an obligate cytokine for eosinophil
survival and maturation, whereas IL-4 and IL-13 upregulate the
integrin and adhesion molecule P-selectin and vascular adhesion
molecule-1, involved in preferential endothelial adhesion of
hanisms underlying eosinophilic airway inflammation in chronic
receptor type 3; ILC2, type 2 innate lymphoid cells; TSLP, thymic
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eosinophils. Eosinophil recruitment to the lung mucosa is
mediated via production of predominantly epithelium-derived
C-C chemokine receptor type 3 chemokines and other eosino-
phil chemoattractants, including mast cellederived prostaglandin
D2 (PGD2). Eosinophil products directly cause epithelial
damage.12 IL-4 drives B-cell isotype switching and IgE synthesis,
which binds to high-affinity IgE receptors predominately
expressed by mast cells. Following IgE-dependent and indepen-
dent activation, mast cells release important effector mediators,
such as histamine and tryptase, and synthesize the eicosanoids
leukotrienes and prostaglandins, followed by cytokines and
chemokines. PGD2 promotes T2 immunity via activation of
PGD2 type 2 receptors (formerly chemoattractant receptor
homologous molecule expressed on TH2 cells). Eosinophilic
inflammation also occurs in the absence of allergy via activation
of type 2 innate lymphoid cells. These cells produce IL-5 and
IL-13 in response to PGD2, and epithelium-derived “‘alarmins”
IL-33, IL-25, and thymic stromal lymphopoietin are released in
response to epithelial damage by pollutants and microbes.

Biomarkers of eosinophilic airway inflammation
Eosinophilic inflammation can be measured in peripheral

blood and in the airway, invasively by bronchoscopic sampling or
noninvasively by sputum induction. The use of sputum cytology
to explore airway inflammation was first described by Ernst
Leyden and Jean Charcot of Charcot-Leyden crystals, and was
implemented clinically in the 1950s by Dr Morrow-Brown,
before optimization in the 1980s and 1990s by Freddy Har-
greave and colleagues (reviewed in Brightling5). It is a safe and
well-tolerated procedure in all stages of disease severity. A more
than 3% nonsquamous cell sputum eosinophil count is accepted
to be indicative of eosinophilic bronchitis, because this is outside
the 90th percentile for normal patients (1.1%).13 Sputum
induction is typically unsuccessful in approximately 20% of
patients and requires laboratory support, which has limited its
adoption outside of specialist centers. Fractional exhaled nitric
oxide (FENO) is highly correlated with eosinophilic airway
inflammation in corticosteroid naive airway disease and moder-
ately correlated in those treated with inhaled corticosteroids
(ICSs).14-16 In chronic cough, FENO value of more than 30 parts
per billion indicates eosinophilic airway inflammation. It is a
simple and quick near-patient test that does not require labora-
tory support, and thus has been more widely adopted than
sputum analysis. A sputum eosinophilia is associated with a good
response to corticosteroids5-8 as described further below. How-
ever, in contrast to sputum eosinophilia, FENO does not consis-
tently predict response to corticosteroids in chronic cough.17-19

DEFINITION, DIAGNOSIS, AND PREVALENCE

Cough due to asthma
Asthma is characterized by variable airflow obstruction with

bronchodilator reversibility and AHR.9,20 It is consistently
reported as a major cause of chronic cough, and multiple pro-
spective studies have shown that between 24% and 32% of
chronic cough in adult nonsmokers is related to asthma.5-8,21

Typically, cough is associated with other symptoms such as
dyspnea and wheeze, but may be present in isolation (ie, “cough-
variant asthma”).21,22 Asthma is typically, but not exclusively,
associated with eosinophilic inflammation (50%-75%), identi-
fied by the noninvasive inflammatory markers, that is, blood or
sputum eosinophil counts and FENO.5,9,23-25
Cough, as a symptom, is specifically excluded from evaluation
in the asthma control questionnaire,26 whereas in the asthma
control test27 it is considered as a component of overall symp-
tomatology (alongside wheeze and breathlessness). Because the
focus of guideline-based asthma management has been to
improve the control score, cough measures have been largely
excluded from key studies and hence, the burden of cough in
asthma is not fully appreciated. Using the Leicester Cough
Questionnaire in severe asthma demonstrates that cough-specific
health status is impacted to a similar degree as observed for
unexplained chronic cough.28

Cough due to nonasthmatic eosinophilic bronchitis

The wider application of noninvasive assessment of airway
inflammation led, in 1989, to the identification of a condition
manifesting as a corticosteroid-responsive, chronic cough in
nonsmokers, characterized by sputum eosinophilia, but without
the variable airway obstruction or AHR typical of asthma. This
condition was described as nonasthmatic eosinophilic bronchitis
(NAEB).6

The prevalence of NAEB is uncertain, because most reports of
etiology in chronic cough have not included measures of airway
inflammation. In a 2-year prospective study of patients pre-
senting to a single specialist center with chronic cough,8 sputum
induction was performed in all patients in whom the cause
remained unclear after simple clinical assessment and a meth-
acholine inhalation test. Ninety-one patients with chronic cough
were identified among 856 referrals, and sputum analysis led to a
diagnosis with subsequent successful treatment in 85 (93%) of
these cases. NAEB, defined as above, was identified in 12
(13.2%) patients, representing 30% of those who underwent
sputum induction. Studies of chronic cough in which assess-
ments of airway inflammation were made indicate that NAEB
accounts for 10% to 30% of cases referred for specialist inves-
tigation.6-8

The diagnosis of chronic cough due to NAEB is predicated on
the assessment of eosinophilic airway inflammation. Thus,
measuring inflammation is included in the cough guidelines for
the American College of Chest Physicians29 with recommenda-
tion to perform a sputum differential cell count or, if unavailable,
to consider alternatives such as FENO to confirm a diagnosis of
NAEB. A condition analogous to NAEB, atopic cough, was first
described in Japan30,31 and is characterized by eosinophilic
airway inflammation, no variable airflow obstruction, nor airway
AHR and presence of atopy. Atopic cough is considered part of
the NAEB spectrum because its diagnosis differs from NAEB
only by the need for atopy.

The severity of cough, measured by VAS symptom score, is
similar in NAEB and asthma, but comparisons of cough
monitoredetermined cough frequency and impact on health
status between the conditions have not been reported.

Cough due to UACS
UACS is a condition associated with a number of diseases

involving the upper respiratory tract including allergic and
nonallergic rhinitis and chronic rhinosinusitis (CRS) with or
without polyps. UACS contributes to 20% to 40% of patients
presenting with chronic cough.2,8 UACS is diagnosed by the
presentation of chronic cough with evidence of rhinitis or CRS
confirmed by consistent history, nose and throat examination,
allergy tests, laryngoscopy, and paranasal sinus computed
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FIGURE 2. ICS response in cough, eosinophilic asthma, and
NAEB. A, In patients with cough due to asthma, baseline eosin-
ophilic inflammation determined by sputum eosinophil count
(>3%) was associated with a greater reduction in cough VAS
score in response to 8 weeks of ICS therapy than in those without
eosinophilic inflammation. B, In NAEB, 6 weeks of ICS treatment
led to an improvement in capsaicin cough sensitivity.
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tomography, as per current guidelines.2,32-35 Comorbid asthma
is very common with allergic rhinitis (odds ratio, w6) and CRS
with nasal polyposis (odds ratio, w10) but not in those with
CRS without nasal polyposis.36 Conversely, these conditions also
need to be considered in patients with cough and asthma. These
causes of UACS are commonly associated with an elevated blood
eosinophil count and eosinophilic inflammation assessed by nasal
lavage, nasal scrapes, and histology of nasal polyps. Noninvasive
assessment of upper airway eosinophilic inflammation is not
routinely performed, and whether inclusion of these measures
would inform clinical management requires further study.37,38

CLINICAL MANAGEMENT

Anti-inflammatory treatment with locally delivered cortico-
steroids or avoidance strategies, when the inflammation is due to
an occupational exposure or inhaled allergen, are the mainstay
therapies for asthma, NAEB, and UACS2,21,29,39 and their
response to therapy is used to support the initial diagnosis.

Cough due to asthma
The evidence for the use of ICSs in asthma is overwhelming,

and international guidelines recommend titrating the ICS dose to
gain asthma control.20 However, as noted above, asthma control
using the Asthma Control Questionnaire and Asthma Control
Test does not explicitly assess chronic cough and thus findings
from these studies are largely extrapolated for the management of
chronic cough. Similarly, ICS trials in asthma that have reported
symptom VAS scores have typically reported total symptoms,
rather than each symptom independently, such that the benefit
in the symptom of cough is often overlooked. For example, in a
single-center trial of open-labeled, inhaled budesonide for 8
weeks, a retrospective analysis of the response in the subjects with
asthma dichotomized on the basis of their baseline sputum
eosinophil count found that cough improved in those with
eosinophilic inflammation40 (Figure 2, A). Notwithstanding
these limitations, there are 4 randomized controlled trials of ICS
versus placebo, involving a total of 277 participants.41-44 All 4
studies showed a reduction in cough score with ICSs. There were
2 studies of leukotriene receptor antagonists (LTRAs) versus
placebo with 22 subjects, both showing reduction in cough
following treatment with LTRAs.45,46 Benefits were also
observed in response to inhaled b-agonists in 2 studies with a
total of 168 subjects.47,48

Cough due to NAEB

The effects of ICSs on cough were evaluated in 3 trials
including 56 patients, and cough outcomes universally
improved, although no control groups were studied.49-51 Two
trials compared LTRAs to ICSs in 91 subjects and cough
improved with LTRAs in both trials.52,53

In NAEB, patients improve symptomatically and have a sig-
nificant fall in their sputum eosinophil count following ICS
treatment.49,50 In one study, capsaicin cough sensitivity, which
was moderately increased before treatment,49 improved toward
normal after treatment with budesonide (400 mg inhaled twice
daily) for 4 weeks and there was a significant positive correlation
between the treatment-induced change in cough sensitivity and
sputum eosinophil count (Figure 2, B). These findings suggest
that heightened cough sensitivity contributes to the cough in
NAEB and that eosinophilic airway inflammation is causally
associated with the increased cough sensitivity.
Cough due to UACS
Similarly to asthma there are well-established guidelines for

the management of rhinitis and CRS.2,32-35 Topical nasal cor-
ticosteroids are recommended for allergic rhinitis often as second
line to antihistamines, with immunotherapy recommended in
refractory disease. Nasal corticosteroids are first line for CRS with
nasal polyposis. In both conditions, LTRAs are also recom-
mended. For UACS, recommended treatments are the same as
for rhinitis and CRS, with the addition of antibiotics only in
patients with CRS without nasal polyposis, who are less likely to
be eosinophilic and may have other disease drivers including
bacterial infection.

Assessing eosinophilic inflammation: A new

management paradigm for chronic cough
To date the anatomical-physiological approach to defining the

cause of chronic cough has led to successful treatment in most
sufferers. Often, chronic cough is multifactorial, with a number
of aggravating factors in addition to an underlying heightened
cough reflex. Consequently, patients can be required to under-
take multiple treatment trials over extended periods, and in
combination, before the right treatment is selected. The consis-
tent evidence that eosinophilic airway inflammation identifies
people with corticosteroid-responsive cough and, reciprocally,
the absence of eosinophilic inflammation confers a poor response
to corticosteroids54 enables a more targeted precision medicine
approach to cough as outlined in Figure 3. This approach means
that corticosteroid therapy is introduced early in those most
likely to respond and the measurement of inflammation can be
used as a diagnostic and theranostic outcome to titrate treatment.
Persistent chronic cough with adequately suppressed eosinophilic
airway inflammation then warrants further investigation and
alternative treatments. Cough suppression training to reduce



Patient with chronic cough

History, examination, CXR, spirometry, BD response or bronchial challenge, 
blood eosinophil count, FeNO, sputum eosinophil count if available

Asthma

Poor response

YES

Eosinophilic 
inflammation

NO

Consider 
speech 

therapy in all 

NAEB

UACS: 
Chronic rhinitis 

or rhinosinusitits

Non-corticosteroid responsive cough
Asthma; GERD; UACS etc and 
unexplained / idiopathic cough

Corticosteroid responsive cough

ICS, increase ICS if partial 
response, consider LTRAs,

LABA, OCS course, 
biologics if available and  

licensing criteria met

ICS, increase ICS if partial 
response, consider LTRAs

Nasal CS, antihistamines, 
LTRAs, OCS

Reassess adherence 
and diagnosis, treat 

co-morbid conditions, 
consider anti-tussives
if unexplained cough

FIGURE 3. Management algorithm. Proposed management algorithm for chronic cough that positions investigation of eosinophilic
inflammation as an early and critical part of the patient assessment to determine patients most likely to respond to corticosteroids and
LTRAs. BD, Bronchodilator; CS, corticosteroid; CXR, chest X-ray; GERD, gastroesophageal reflux disease; LABA, long-acting b-agonist;
OCS, oral corticosteroid.
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cough reflex hypersensitivity can be undertaken in concert with
treatment of aggravating factors.55

Measures of eosinophilic inflammation are not routinely
evaluated in UACS and thus the relationship between the in-
tensity of upper airway eosinophilic inflammation and response
to corticosteroids is poorly understood.
PROGNOSIS

Cough due to asthma
The natural history of chronic cough due to asthma has not

been comprehensively studied. However, reports suggest that the
prognosis is excellent,56 with remission in approximately 15% of
sufferers57 and development of classical asthma in 30% to
47%.57,58 Development of classical asthma was associated with
presence of eosinophilic airway inflammation at diagnosis, and
was less likely with early treatment of cough due to asthma with
ICS.57,58
Cough due to NAEB
Similarly, there has been limited study of the natural history of

NAEB. A 10-year follow-up evaluation of 12 patients with
NAEB suggests that this condition is generally benign and
self-limiting,59 although this is disputed by a larger series that
reported the condition to be self-limiting only rarely.60 Fifty-two
patients from 1996 to 2003 were identified with NAEB, with
follow-up data of more than 1 year available in 32. Three (9%)
patients developed asthma with typical symptoms and AHR.
Twenty-one (66%) had persistent symptoms and/or ongoing
airway inflammation. Only 1 patient with NAEB had complete
resolution of symptoms and no evidence of sputum eosinophilia
without receiving corticosteroid therapy. In NAEB, only a few
studies have explored lung function decline and persistent
eosinophilic inflammation.51,60,61 These have suggested that a
minority develop airflow obstruction. Lai et al61 undertook the
largest observational study of NAEB to date, in terms of length of
follow-up and the number of subjects. They found that in most



• Chronic cough
• Sputum eosinophilia 
• No variable airflow obstruc on 
• No lower airway hyper-

responsiveness 
• No luminal narrowing on CT scan

NON-ASTHMATIC 
EOSINOPHILIC BRONCHITISASTHMA

EPITHELIAL 
DAMAGE, RBM 

THICKENING

MAST CELLS IN THE AIRWAY 
SMOOTH MUSCLE BUNDLE

LUMINAL NARROWING

EPITHELIAL 
MAST CELLS 

EOSINOPHILIC 
INFLAMMATION
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subjects, NAEB had a benign natural history and usually resolved
following corticosteroid therapy. In a subgroup, inflammation
and symptoms relapsed and in this “relapse” group there was
increased development of small airway dysfunction. The
magnitude of this decline was small, but does suggest that some
subjects are at risk of progressive disease if inflammation is
inadequately controlled.

Cough due to UACS
Long-term outcomes of the underlying upper airway condi-

tions leading to UACS and response to therapy are described, but
the prognosis of cough due to UACS has not been extensively
reported. Whether presence of cough with rhinitis and CRS lead
to a different natural history compared with those without cough
is unclear. One study found that rhinitis was a risk factor for
Baseline Cough VAS ≥ 10

Cough 
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p=0.0001

∆Cough
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Pre              Post
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FIGURE 5. Mepolizumab and cough. A, In a randomized placebo-con
weeks. Those with an elevated cough VAS score at baseline had a re
there was no reduction in VAS score following mepolizumab versus p
persistent cough in a 5-year prospective study,62 indicating that
further investigation is warranted.
MECHANISTIC INSIGHTS

Cause of AHR
Comparisons between asthma and NAEB have shed light on

the mechanisms driving AHR in asthma. Asthma and NAEB
share many immunpathological features (summarized in
Figure 4) including a similar degree of sputum, bronchoalveolar
lavage, and biopsy eosinophilia, and a similar degree of basement
membrane thickening.5-8,63,64 Similarly, asthma and NAEB were
associated with increased sputum concentrations of important
effector mediators, cysteinyl-leukotrienes, and eosinophilic
cationic protein.65,66 Interestingly, histamine and PGD2 sputum
p=0.5

Placebo              Mepolizumab

Baseline Cough VAS ≥ 10

 

trolled trial of mepolizumab, patients received prednisolone for 2
duction in cough following prednisolone. B, In the same subjects,
lacebo.
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concentrations are markedly increased in NAEB, suggesting that
activation of mast cells in superficial airway structures is a
particular feature of this condition, and raising the possibility
that localization of activated mast cells might differ in asthma
and NAEB. In support of this, mast cell numbers in bronchial
brushings were increased in NAEB compared with asthma.65 In
asthma, mast cell numbers in airway smooth muscle were
increased, but not in NAEB,63 and the number of airway smooth
muscle mast cells was inversely correlated with AHR.63,67 IL-13
expression is increased in asthma compared with NAEB in the
bronchial submucosa and sputum.68 Although airway remodel-
ing is a feature of both conditions, the consequent effect on
airway geometry is distinct, with airway narrowing observed only
in asthma.69 Thus, localization of mast cells to the airway smooth
muscle bundle, increased IL-13 expression, and airway narrowing
are likely to be important determinants of AHR and variable
airflow obstruction in asthma, whereas epithelial infiltration by
mast cells might be more important for cough.

Is eosinophilic inflammation causal of chronic

cough?
As described above, the subjective and objective improvement

following treatment with corticosteroids in asthma, NAEB, and
UACS is associated with the presence of an airway eosinophilia.
These data implicate the eosinophil as causal in chronic cough.
Biologics that target IL-5 or its receptor would thus be predicted
as beneficial for chronic cough with eosinophilia. However, data
are lacking because the late-phase biological trials did not assess
cough and no trials have specifically studied subjects with chronic
cough due to asthma. In a small, single-center, 1-year, ran-
domized controlled study of mepolizumab in severe eosinophilic
asthma there was a marked reduction in severe exacerbations in
those subjects who received mepolizumab.70 In spite of this
profound effect on the frequency of severe exacerbations, there
was no effect on lung function or symptoms. Interestingly,
subjects were treated with 2 weeks of prednisolone 30 mg daily
before mepolizumab, which resulted in a reduced cough severity,
assessed by VAS score. In contrast, mepolizumab did not affect
cough severity compared with placebo over the entire year of
therapy70,71 (Figure 5). Thus, eosinophilic airway inflammation
is neither sufficient nor necessary for patients with asthma to
have chronic cough, and when present, specific attenuation of
eosinophilic inflammation does not ameliorate cough. In 2
independent case reports of patients with hypereosinophilic
syndrome and chronic cough, the cough improved with imati-
nib.71-73 Although imatinib is associated with a reduction in
eosinophilic inflammation, this benefit may have been due to its
attenuation of mast cell activation and survival. Taken together
these findings suggest that eosinophilic inflammation might be
an epiphenomenon rather than the cause of chronic cough. This
apparent lack of a causal relationship between eosinophilic
inflammation in asthma and cough raises the importance of other
potential mechanisms, such as mast cell interactions with
superficial nerves, and warrants further investigation.

CONCLUSIONS
Eosinophilic inflammation is commonly observed in chronic

cough, particularly in patients with asthma, NAEB, and UACS.
Importantly, the presence of eosinophilic airway inflammation is
associated with a favorable response to corticosteroids indepen-
dent of the underlying diagnosis. Comparisons between asthma
and NAEB have revealed potential mechanisms driving AHR in
asthma. Whether the eosinophil is causal in driving chronic
cough is uncertain and alternative mechanisms such as mast cell-
neuronal interactions might be important in cough associated
with eosinophilia. Future trials need to systematically record
cough severity and frequency in asthma, NAEB, and UACS to
determine natural history and response to therapies including
biologics.
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