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Chronic cough is a common reason for patients to seek medication attention. Over the last few decades, we have experienced 
significant clinical success by applying the paradigm of ‘evaluating and treating the causes for chronic cough’. However, we still ask 
ourselves ‘what underlies chronic cough. Indeed in a considerable proportion of patients cough is idiopathic, or unexplained despite 
vigorous evaluation. Commonly associated conditions such as rhinitis, eosinophilic bronchitis, asthma, or gastroesophageal acidic 
reflux may not be fundamental to cough, and thus may be triggers rather than causes. The cardinal feature of chronic cough is 
persistent upregulation the cough reflex, which may be driven by complex interactions between biologic, neurologic, immunologic, 
genetic, comorbid, and environmental factors. We suggest the new paradigm ‘cough hypersensitivity syndrome’ should finally bring 
us further advances in understanding and management of chronic cough.  
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INTRODUCTION
 

Chronic cough is a centuries-old puzzle [1]. Cough is an essential 
defense mechanism for protecting self from harmful inhalation, 
or aspiration [2]; but cough is also one of the most troublesome 
symptom for which patients seek medical attention [3].  
In particular, chronic cough is a significant health issue for high 

prevalence (3–33%) in general populations [4, 5], considerable 
impacts on quality of life [6], and clinical challenges [7].

In the past, chronic cough had been considered just as a 
consequent symptom resulting from respiratory infection [1] 
or chronic bronchitis [8], related to poor hygiene and high 
pollution/smoke exposure. However, chronic cough patients 
were found not to be confined to these factors, and clinical 
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pictures did not correspond well. 
In 1977, the first clinical insight was made for managing chronic 

cough. Irwin et al. [9] introduced the anatomical diagnostic 
protocol, leading to significant advances in the management of the 
patients. The protocol was based on the anatomical distribution of 
cough receptors and afferent pathways [10], to provide rationale 
for systematic approach for ‘finding the cause and treat it’. The 
approach has produced significant success in various regions [11]. 
Therefore, until now, chronic cough has mostly been considered 
as the results from following disease triad: rhinitis (postnasal drip 
syndrome or upper airway cough syndrome), eosinophilic airway 
inflammation (asthma and nonasthmatic eosinophilic bronchitis 
[NAEB]), and gastroesophageal reflux diseases (GERD).

However, a clinical discrepancy was also frequently experienced; 
not a few patients (12–42%) did not fit into any categories despite 
vigorous diagnostic and therapeutic efforts, thus named as 
idiopathic or refractory cough [12]. Another confusion was that 
only a minority of patients with these common conditions suffered 
from cough [13, 14]. Moreover, in many patients cough does not 
easily improve despite specific treatment for the diagnosed cause. 
Current diagnostic term ‘chronic cough’ has been based on the 
assumption that ‘different duration’ indicates ‘different etiologies’ 
[15]; then, the term may be misleading, as their causal relationships 
could not be fully explained by the terminology. 

More recently, a different paradigm viewing chronic cough 
from more mechanistic perspective has evolved [16, 17]. In this 
view, chronic cough is a single syndrome with a common intrinsic 
mechanism of ‘cough hypersensitivity’, wherein the common 
diseases which had been previously thought as causes are 
rather triggers. ‘Cough hypersensitivity syndrome (CHS)’ is still 
an evolving conceptual entity, and its clinical relevance should 
be further proven [18], however, emerging evidence provides 
clinical characters and mechanistic insights into the disease [19, 
20]. We believe that the new paradigm of ‘cough hypersensitivity’ 
should finally bring us further advances in understanding and 
management of chronic cough.

COUGH REGULATION: PERIPHERAL REFLEX 
AND BRAIN CONTROL

To understand chronic cough from the viewpoint of ‘cough 
hypersensitivity’, let us start with brief reviews on the mechanisms 
of cough regulation. Cough is an expulsive motor act with a 

characteristic sound [21], which can be provoked voluntarily or 
induced reflexively (consciously or unconsciously). That is, cough 
is the summation act from complex interactions between central 
and peripheral nervous systems [22]. 

Primarily, the cough reflex is mediated by peripheral sensory 
nerves in the airways. Different airway sensory nerves are involved 
in cough, mostly originating from the vagal nodose and jugular 
ganglia. The sensory nerve fibers terminate in and under the 
airway epithelium, and sense the irritant signals coming into the 
airways and get activated. The activation is mediated by various 
ion channels, and the generated action potential is conducted 
along afferent pathways to the nucleus tractus solitaries (nTS) in 
the convergence center. Afferent signals are then integrated, and 
efferent signals for cough act are decided [23]. 

However, there are dif ferent kinds of vagal af ferent fiber 
subtypes, depending on how they respond to different stimuli 
[23]. The sensation of mechanical stimuli is mainly mediated by Aδ 
cough receptors; it is also responsive to rapid change in pH but not 
to capsaicin or bradykinin (BK) [24, 25]. It is fast conducting, and 
may be thought as to mediate the immediate protection against 
acid or foreign body aspiration.

The recognition of chemical irr itants and endogenous 
inflammatory mediators is mostly mediated by C-fibers [23]. 
Interestingly, C-fibers are functionally divided into two types, 
according to their innervation sites (bronchial vs. pulmonary). 
Bronchial C-fibers innervate the upper airway, and the activation 
readily initiates the cough reflex. However, pulmonary C-fibers 
innervate the lower airways, and their activation is thought to 
inhibit cough but induce apnea [23]. The paradoxical actions 
of two common but differently acting pathways may not be 
explained by peripheral levels, but may be the evolutionary 
adaptation to protect lower airways. These airway C-fibers exert 
chemosensitive functions by expression of various sensory 
receptors. Transient receptor potential vanilloid 1 (TRPV1) is one 
of well-known nociceptors relevant to cough, which responds to 
high temperature, low pH and capsaicin [26]. TRPA1 (ankyrin 1) is 
another recently identified cough receptors, which readily senses 
cold temperature and various irritants including cigarette smoke 
[27]. The upregulation or activation of these TRPs may be a major 
component subserving cough hypersensitivity (Fig. 1). 

Rapidly adapting receptors and slowly adapting receptors are 
another sensory fibers for mechanical stimuli; however, they 
mainly terminate in the intrapulmonary airways, and are thought 
as being less involved in cough reflex [23]. 
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However, not every cough is reflex; we can also voluntarily 
initiate and suppress coughing. This indicates the involvement 
of higher brain circuit that controls cough consciously [22]. 
Interestingly, Aδ fiber stimulation induces cough reflex regardless 
of general anesthesia [28]; however, the ef fect of C-fiber is 
maintained only when we are conscious [24]. It means that 
peripheral cough reflexes are differently associated with central 
nervous system; the function of mechanosensitive Aδ fiber is 
fundamental and instinctive for airway protection, whereas the 
chemosensitive C-fiber function is slower but more complexly 
related to perception by higher cortex level. In practice, we see 
many cough patients have abnormal sensation or irritation in the 
throat that leads to ‘urge-to-cough’ and cough act [29]. The ‘urge-
to-cough’ sensation may be experimentally induced by C-fiber 
stimulation or capsaicin inhalation [30, 31], which is a TRPV1 

agonist. The presence of ‘urge-to-cough’ is a clinical evidence to 
suggest the connection between peripheral and central cough 
pathways. 

In addition, many cough patients may be seen, who cannot 
suppress cough as wanted. Recent capsaicin cough challenge 
studies by Hilton et al. [32] have suggested evidence that chronic 
cough patients have potential defects in inhibitory mechanisms of 
cough regulation. Functional magnetic resonance imaging (MRI) 
studies by Mazzone et al. [22] may provide objective evidence 
for the presence of suprapontine pathways involved in cough 
regulation. The interesting interactions between higher brain 
circuits and peripheral afferent fibers warrant further elucidation.

COUGH HYPERSENSITIVITY: DISEASE ASSO-
CIATIONS 

Clinically, chronic cough patients commonly do cough in 
response to just trivial stimulant such as perfume, temperature 
change, or phonation. As previously introduced, the upregulation 
of the TRP receptors in the airway afferents may be one of the 
pathophysiological basis [16]. 

Cough hypersensitivity is a common intrinsic component 
in various diseases associated with chronic cough (Fig. 2). Not 
every subject with disease triad (asthma, rhinitis, or GERD) does 
cough, which indicates that these diseases are not fundamental 
to cough but in some patients are associated. Features of cough 
hypersensitivity are the cardinal common link. These may vary 
between individuals, which suggests the role of individual 
susceptibility. Therefore, it warrants further elucidation which 
individual susceptibility is related to the hypersensitivity. Here 
we briefly discuss roles of cough hypersensitivity in commonly 
associated diseases.

Asthma and eosinophilic bronchitis 
Cough is a common presentation of asthma and bronchitis, but 

it was in 1979 that chronic cough began to be recognized as the 
possible sole symptom of asthma, so-called cough variant asthma 
[33]. Later, NAEB was identified as a major cause for chronic 
cough [34], promoting the immunologic research for chronic 
cough; the difference between asthma and NAEB was suggested 
as the anatomical distribution of mast cell infiltration within the 
airways (such as smooth muscle) [35]. Japanese groups suggested 
the term ‘atopic cough’ to indicate a subtype with cough 

Fig. 1. Schematic presentation on development of cough hypersensitivity. 
Key event may be the development of vagal neuronal hypersensitivity 
located in the airways. Commonly associated diseases like rhinitis, 
eosinophilic airway inflammation, or classical acidic reflux may be triggers 
to lower thresholds for peripheral cough reflex activation. Nasal afferent 
stimulation may not directly initiate cough reflex, but modulate (sensitize 
or desensitize) the cough reflex depending on the type of nasal stimulus. 
Gaseous reflux has been hypothesized to be a common factor to develop 
cough hypersensitivity. TRP, transient receptor potential.
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hypersensitivity and general atopic tendency but no asthma 
[36]. However, Birring et al. [37] demonstrated that cough reflex 
activation was a common phenomenon within the airways of 
chronic cough patients regardless of whether they were asthmatic, 
eosinophilic bronchitic, or idiopathic cough. Methacholine airway 
hyperresponsiveness (AHR) is independent from cough sensitivity 
[38]. Moreover, eosinophilic reduction by mepolizumab did not 
resolve cough in asthma [39], which could raise questions on 
the causal relationships between eosinophil and cough. In this 
regard, mast cell has been recently tipped as the key effector cell 
mediating cough hypersensitivity in eosinophilic diseases, on the 
basis of accumulating evidence [40]. 

However, despite the uncertainty regarding their mechanisms, it 
is plausible enough that eosinophilic/allergic airway inflammation 
is significantly associated with cough hypersensitivity. In 
eosinophilic airways, endogenous inf lammatory mediators 
like prostaglandins (PG) or BK were frequently elevated [37, 
41]; and recently, Grace et al. [42] have found that TRPA1 and 

TRPV1 channels are key regulators to mediate tussive responses 
provoked by PGE2 and BK. It is also notable that endogenous 
lipoxygenase products such as hydroperoxyeicosatetraenoic acids 
and leukotriene B4 were potent agonists for TRPV1 channel [43]. 
In animal models, TRPA1 channels have been associated with 
ovalbumin-induced allergic asthma [44], hypochlorite-induced 
nonallergic AHR [45], or formaldehyde-promoted asthma [46]. As 
these channels are also expressed in nonneuronal cells like airway 
epithelium or bronchial smooth muscle cells [47, 48], their clinical 
relevance should be further explored. Very recently, TRPV1 has 
been implicated in refractory asthma [49].

Upper airway diseases
Detailed mechanisms of associations between chronic cough 

and upper airway diseases have been previously reviewed in 
this journal [50]. Briefly, in the past, the mechanical stimulation 
by postnasal drip was thought as the likely mechanism, as 
named as ‘postnasal drip syndrome’. However, postnasal drip is a 
physiologic finding, and is not of itself an adequate explanation 
[13]. Now the main mechanisms are considered to be the up- or 
down-regulation by nasal afferent nerves [50]. Nasal afferents 
express various cough receptors and sense different kinds of 
stimuli. Although direct nasal stimulation did not directly provoke 
cough but only sneeze reflex, intranasal histamine or capsaicin 
stimulation significantly regulated cough responses (or induced 
cough hypersensitivity) to tussigen inhalation [51]. Pollen allergic 
rhinitis patients are cough sensitized during pollen seasons 
[52]. The nasal trigeminal afferent stimulation also induced c-fos 
expression in the nTS, indicating the potential contribution of 
upper airway neurogenic inflammation in central sensitization 
of cough [53]. Recent findings on potential interactions between 
different sensory afferents (trigeminal, olfactory, and vagal) and 
receptors (TRPA1, TRPV1, and TRPM8 [melastatin 8]) in the airways 
are expected to bring us new clinical application for cough control 
by nasal afferent modulation [50, 54].

Reflux diseases 
GER has long been described as a cause of chronic cough [11]. 

In those presenting with the classic acid related symptoms 
such as heartburn, then the diagnosis can appear obvious, 
particularly when there are mechanical abnormalities of the upper 
gastrointestinal (GI) tract known to be associated with reflux 
disease including hiatus hernia and esophageal dysmotility. Greater 
difficulty is encountered when acid related symptoms are absent. 

Fig. 2. Paradigms for chronic cough. (A) Anatomic diagnostic protocol: 
chronic cough is considered as the outcome from causative diseases 
af fecting anatomically relevant cough ref lex pathways. (B) Cough 
hypersensitivity syndrome: chronic cough hypersensitivity is a common 
intrinsic mechanism for chronic cough. Commonly associated diseases are 
triggers or modulators for cough reflex pathways. GERD, gastroesophageal 
reflux disease.
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Patients may have an excessive degree of acid reflux when tested 
with an esophageal pH study, and the close temporal relationship 
between episodes of acid reflux and the coughing – the so-called 
symptom association probability or SAP confirms that relationship 
[55]. Advances in technology have led to the appreciation that 
not all gastro-esophageal reflux is acidic. Impedance studies 
demonstrate that reflux is not necessarily acidic [56] and may even 
be gaseous in nature [57]. This form of gaseous nonacid reflux is a 
natural phenomenon occurring in everyone and is an important 
physiological mechanism preventing intestinal gas bloat and 
excessive flatulence. In patients with chronic cough, it is neuronal 
hypersensitivity to this natural reflux phenomenon which causes 
a relatively innocuous and low intensity stimulus to provoke the 
irritation leading to cough. Unfortunately, few if any objective 
measures are capable of recording episodes of nonacid reflux. 
Electronic capture by methodologies such as impedance is difficult 
because recording in the upper esophagus is problematical [58]. 
Recently, salivary pepsin estimation shows promise [59]. Clinicians 
however are left to rely on the questionnaires such as reflux 
symptom index [60] or the cough specific Hull Airway Reflux 
Questionnaire [61].

Whilst it is obvious that a liquid or gaseous bolus impacting on 
the larynx or upper airway could provoke paroxysmal coughing, 
it is less clear how reflux could lead to the phenomenon of cough 
hypersensitivity. Damage to the epithelium from pepsin bile or 
low pH in gastric juice could result in an inflammatory reaction. 
More recently, it has been suggested that that macrophages could 
be responsible for activating the inflammatory cascade releasing 
mediators like the family of the nerve growth factors responsible 
for the neuronal proliferation and upregulation of nociceptors such 
as those of the TRP receptor family [62]. 

Inflammation produced by reflux may also produce some of 
the other associated features seen in patients with chronic cough. 
This reaction is dependent on the site of inflammation and the 
genetic characteristics of the individual suffering the reflux. Thus 
in the phenotype of cough associated with rhinitis, reflux driven 
upper airways inflammation may predominant. In the phenotype 
of asthmatic cough, lower airways involvement through aspiration 
may be the cardinal feature. The type of inflammation may also 
vary according to the “soil” on which the “seed” of a reflux lands. 
In an atopic person, eosinophilic inflammation of the TH2 type 
may be the major feature. The unifying characteristic of CHS is that 
whatever features are caused by airway reflux (a more inclusive 
the term for extraesophageal reflux) then the symptom of a 

cough may be explicable by the afferent neuronal hypersensitivity 
common to all phenotypes [16].

Viral infection
Viral infection is a frequent cause for acute cough and subacute 

cough (duration: 3–8 weeks, also named as postinfectious 
cough) [63]. We experience bouts of cough attacks during acute 
respiratory viral illness, and cough more easily in response to 
minor triggers like temperature change, speaking, or positional 
changes. This is a typical picture of cough hypersensitivity which 
will also be seen in chronic cough patients. Clinical studies also 
demonstrated that subjects with respiratory viral infection had 
lower threshold in capsaicin cough challenge tests [64, 65]. 
Then, what is the role of cough hypersensitivity in viral infection? 
It may be speculated that respiratory viruses have evolved to 
induce cough reflex hypersensitivity to enable themselves to 
be disseminated further. Specific mechanisms how rhinovirus 
regulates cough hypersensitivity have been recently identified [66]; 
in in vitro experiments, rhinovirus infects human neuronal cells 
and induces the up-regulation of TRPA1 and TRPV1 by mediating 
soluble factor production from the infected cells. As atopy is 
a risk factor for rhinovirus infection and subsequent asthma 
[67], these interactions could possibly be a factor to explain the 
frequent associations between airway eosinophilia and cough 
hypersensitivity.

WHAT DRIVES CHRONICITY? 

We have briefly reviewed the associations of cough hypersensitivity 
with well-known conditions. Then, what drives this ‘chronicity’, or the 
persistence of cough hypersensitivity? Unfortunately, the mechanisms 
related to chronicity are still unclear. Here we suggest some clues 
pertaining to this question, based on recent clinical, experimental 
and epidemiological findings.

Clinically, chronic cough is observed to be predominant 
among middle-aged women, with homogeneity across various 
regions; peak age of onset appears to be perimenopausal, and 
the female ratio is twice that of male [68]. We also found that the 
demographic characteristics were significantly associated with 
capsaicin cough sensitivity, but not with eosinophilic bronchitis 
or rhinitis, in an unselected sample of Korean adult patients 
[29]. These findings could suggest that the development of 
cough sensitivity is a biologic phenomenon and also an intrinsic 
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factor to determine cough response to any given stimulation. 
Higher prevalence of angiotensin converting enzyme inhibitor 
(ACEi) induced cough among females [69] also supports the 
notion. ACEi medication induces left-shifts in tussigen-induced 
cough responses (Fig. 3) [70], by promoting the accumulation of 
endogenous TRP agonists such as PG, BK or substance P [71]. Then, 
why do females develop more cough hypersensitivity than males?

One mechanistic explanation may be the estrogen-TRPV1 
association [72]. Female sex hormones have been implicated in 
the pathogenesis of various diseases involving ion channels, such 
as drug-induced arrhythmias or pain [73, 74]. In cough challenge 
tests, gender differences in cough sensitivity are not observed 
during prepuberty [75], but become evident after puberty [76] 
or being older [29]. Teleologically, the development of cough 
sensitivity may provide advantages to prevent aspiration during 
pregnancy in females. Acute estrogen effects are unlikely to be 
a sole factor, as chronic cough and capsaicin sensitivity is also 
prevalent among elderly females [20, 29].

Another hypothetical explanation is the gender difference 
in cerebral or perceptive responses. Chronic pain is a clinical 
entity with considerable pathophysiological homologies with 
chronic cough [77]. Female predominance is consistently found 
in pain epidemiologic surveys, and the gender difference in 
pain sensitivity to capsaicin is also similarly observed [78]. In 
experimental studies using functional MRI or positron emission 
tomography, females showed different patterns of brain activation, 
compared to males, in response to physical or thermal stimulation 
[79-81]. These gender discrepancies are supposed to be similar 

in chronic cough [77]. In addition, defective changes in counter-
regulatory mechanisms such as descending inhibitory pathways 
may also play a part for chronicity [82], as chronic cough patients 
had increased maximal (or uninhibited) cough responses to 
capsaicin challenge [32].

Several disease associations may also be reviewed. Irritable 
bowel syndrome (IBS) was traditionally a functional GI disease 
without evident pathology, but now is considered as having 
complex pathophysiology involving mast cells, food allergy, or 
neuro-immune interaction [83]. The mechanisms of IBS are beyond 
the scope of the present review, but appear to have several 
mechanisms in common with chronic cough, such as mast cell 
involvement, persistent low-grade allergic inflammation, sensory 
hypersensitivity, and possible involvement of higher cortex. The 
female predominance is also consistent for IBS [84]. The significant 
associations between IBS and frequent cough have been well 
reported in United Kingdom adult population surveys with an 
odds ratio of 2 [85]. 

As older adults have more frequent cough but also more 
comorbidity, we recently analyzed the associations between 
chronic cough and various comorbid conditions in Korean 
elderly community samples [5]. We hypothesized that they 
could contribute to ‘chronicity’ of cough. Interestingly, we found 
previously unrecognized associations with uncontrolled diabetes 
mellitus and constipation. Although the mechanisms are unclear, 
their potential links could be reflux and cough sensitization [86-
90]. Untreated classical triads of asthma, rhinitis, or acidic reflux 
may also contribute to ‘chronicity’. Successful relief of cough by 
specific treatment of underlying conditions is the well-supporting 
evidence [11]. Thus persistent neurogenic inflammation in sensory 
afferents may lead to the changes in the convergence center [53]. 

Genetic susceptibility may also be a pathophysiologic 
background. Recent analyses by using European community 
population samples have found the genetic associations of TRPV1 
single nucleotide polymorphisms (SNP) with cough in non-
asthmatic adults [91]. In addition, SNPs in neurokinin receptors 
have been also associated with capsaicin sensitivity [92]. 

Collectively, ‘chronicity’ may be driven by interactions between 
biologic, neurologic, genetic, and immunologic systems, and also 
be affected by environmental conditions such as temperature, 
infection, irritant, or pollutant. The development of cough 
sensitivity may have some advantages for protecting airways in 
evolutions, but also have detrimental health effects particularly 
when combined with comorbid conditions.

Fig. 3. Captopril-induced cough reflex sensitization. Dose-response curve 
for capsaicin challenge up to a maximum response of 30 coughs/min; 
round, captopril; square, placebo. Values shown are mean and standard 
error of the mean. Reprinted from Morice AH, et al. Lancet 1987;2:1116-8, 
with permission of Elsevier [70].
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DOES THE ‘HYPERSENSITIVITY’ CONCEPT 
AID OUR CLINICAL PRACTICE?

By applying the concept of cough hypersensitivity, we aim to 
control of cough reflex, or rather normalize it. Chronic refractory 
cough is the disease of particular interest, in which traditional 
diagnostic and therapeutic approach has failed to identify and 
remove the triggers. 

Antitussive agents are classified based on their location of 
action, as centrally-acting or peripherally-acting [93]; however, 
most of traditional agents were centrally-acting nonselective 
ones. Possibly the most frequent class of antitussive agent is an 
opiate. However, despite the long clinical experience, the exact 
roles of opiates have not been elucidated for cough therapy; 
the mechanisms are not clear, but have been just hypothesized 
to be sedation, or modulation of opioid receptors. Opiates do 
not appear to suppress capsaicin or citric acid-induced cough 
responses [93]. More problems can be found in their side-effects, 
and in the questionable interindividual variability particularly in 
the metabolism of codeine. Morphine remains however one of 
the few agents to have been shown to have efficacy in patients 
with chronic cough [94]. Neuroleptic agents are another class of 
centrally-acting antitussive agents. Amongst them, gabapentin has 
been recently highlighted for clinical efficacy in chronic refractory 
cough, particularly among the subgroup with evidence of central 
cough sensitization (laryngeal hypersensitivity), supporting the 
concept of cough hypersensitivity [95]. However, gabapentin did 
not effectively suppress peripheral capsaicin cough sensitivity, 
and had side effects in 31%. Pregabalin, baclofen and amitriptyline 
are other agents with potential antitussive activity, but their 
indications warrant further convincing evidence from controlled 
trials [93]. 

Therefore, selective blockade of specific receptors at periphery 
is expected to bring out therapeutic breakthroughs in the future. 
Several clinical trials are currently on the progress [93]. However, a 
preliminary report of a specific TRPV1 antagonist in chronic cough 
failed to demonstrate any efficacy, despite blocking the capsaicin 
induced cough [96], which is not only disappointing from the 
clinical point of view but also questions whether antagonism of 
the specific nociceptors is a correct therapeutic strategy. A more 
promising target appears to be the P2X3 receptor and specific 
antagonists have shown very promising efficacy for idiopathic 
cough [97]. The randomized, double-blind, placebo-controlled, 
crossover phase-II trial with oral P2X3 receptor antagonists, AF-219, 

has demonstrated that the 2-week treatment was quite effective 
as reducing daytime cough frequency by 75%, and also improving 
secondary outcomes (cough severity, urge to cough, and quality of 
life score). The results suggested the significant role of this receptor 
in peripherally-mediated cough hypersensitivity. P2X3 is one of 
purinergic receptors for adenosine 5’-triphosphate, located in 
peripheral C-fibers but not in the brain, and has been known to be 
important for peripheral nociception [98]. Selective inhibitors for 
TRPV1, TRPA1, and other ion channels also continue to be targets 
for novel treatment [93]. 

The introduction of ‘cough hypersensitivity’ concept is expected 
to fill a gap in the relationships between previous ‘common 
etiologies’ and chronic cough. It would help reduce unnecessary 
classifications of overlapping and similar diseases, and also aid 
the discovery of biomarkers and new indications of traditional 
therapeutic agents.

CONCLUSIONS

One disease may have several different faces; but the intrinsic 
mechanism may be common. Persistent cough may present with 
several disease associations depending on individual susceptibility, 
but the key mechanism may commonly be the persistent 
upregulation of cough reflex, ‘chronic cough hypersensitivity’. Our 
efforts are being exerted to develop methodologies for clinical, 
experimental and epidemiological studies. We hope that the 
new paradigm of ‘cough hypersensitivity’ would bring us further 
advances in understanding and clinical practice of chronic cough.
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