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Chronic cough is a common disorder that affects an estimated 10% of the general population [1]. Adverse
symptoms such as urinary incontinence, chest pains, headaches and syncope are frequently associated with
cough and lead to poor health-related quality of life [2, 3]. Chronic cough has long been viewed as a
symptom of other chronic disorders, hence the current approach to assessing and treating patients focuses
on identifying an underlying condition, such as asthma and gastro-oesophageal reflux disease [4]. A
significant number of cases of chronic cough, as many as 50%, remain unexplained following detailed
assessment. They are often referred to as idiopathic, unexplained or refractory chronic cough [5, 6].
Recently, there has been consensus that chronic cough is a disorder of dysregulated sensory nerves and the
associated central processing [7]. In this model, an important symptom reported by patients is an
exaggerated sensation of the urge to cough, reflecting a disorder of the primary ascending neurons that
innervate the airways and lungs [8]. Cough nerve endings are part of a larger visceral sensory nervous
system that communicates information about the local environment via the vagus nerve to the central
nervous system [8]. The trigger for cough is often a peripheral stimulation of the airways. Chemical and
mechanical stimuli can activate the airway afferent nerves, for example changes in osmolarity, temperature,
pH and environmental irritants in the air that we breathe [8]. Patients with chronic cough, compared to
healthy subjects are hypersensitive to a wide range of inhaled tussive agents. Examples include capsaicin,
citric acid and fog, and their use to induce cough is the basis of the cough challenge test, widely used in
research [9]. The peripheral stimulus can activate a brain stem mediated reflex-cough or, more often, a
sensation associated with airway irritation (urge to cough) that promotes a behavioural or voluntary cough
to relieve this [8].

The term “cough hypersensitivity syndrome” (CHS) for chronic cough disorders has been proposed by a
European Respiratory Society task force [7, 10]. This recognises the important role of dysregulated sensory
nerves and is supported by a number of observations.

1) The profile of symptoms in patients with CHS is similar to neuropathic disorders such as pain in which
patients experience exaggerated pain to painful stimuli (hyperalgesia) and non-painful stimuli (allodynia).
CHS patients frequently report exaggerated coughing to known tussive stimuli, for example, strong odours
and smoke (hypertussia) and to non-tussive stimuli such as talking and laughing (allotussia). Abnormal
sensations in the throat, such as a tickle (laryngeal paraesthesia), occur frequently. One study reported this
to be present in 94% of patients [11].
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2) Neuropeptides, released from sensory nerves can act as neurotransmitters and initiate local
inflammatory responses. They are present in increased concentrations in the airways of patients with
cough [12, 13].

3) Recent functional magnetic resonance imaging studies have reported increased activation in the cortical and
subcortical brain centres of patients with cough, that integrate the intensity and location of the cough stimulus,
as well as providing a descending motor pathway that can promote or inhibit the act of coughing [14].

4) Neuromodulator therapies such as gabapentin, pregabalin and amitryptyline are effective in some
patients with cough [15–17]. Behavioural therapies as part of physiotherapy or speech therapy
interventions are also effective in reducing the frequency of cough and improving quality of life [18, 19]. It
is important to note that while there is consensus for neuronal dysfunction in cough, there is a paucity of
studies that have provided direct evidence to support this. It has been difficult to study pulmonary sensory
nerves and their function in patients and the exact mechanism of cough hypersensitivity remains elusive.
The sensory nerves and their receptors in the airways of patients with cough have only recently been
visualised and further studies are needed to investigate their structure and function and the relationship
with clinical measures of cough hypersensitivity [20].

In the 1950s, adenosine 5ʹ-triphosphate (ATP) emerged as an important sensory nerve neurotransmitter
but it was not until the 1990s that ATP receptors were identified and cloned [21, 22]. ATP is released from
a wide range of cells, including the airway epithelium. The amount released increases in response to
inflammation and mechanical stress [23]. The effects of extracellular ATP are mediated by a number of
cell surface P2 purinergic receptors [23]. The P2X3 receptor, whose expression is largely limited to sensory
nerves, has recently emerged as being highly relevant to cough [23]. Treatment with MK7264 (formerly
AF219), an antagonist of the P2X3 receptor, was associated with a striking reduction in the frequency of
cough in a randomised controlled trial of patients with CHS [24]. This discovery is exciting from a
therapeutic point of view because it is potentially a new class of pharmacotherapy for the relief of
troublesome symptoms in patients with chronic respiratory disease. It also has the potential to treat large
numbers of patients across a wide spectrum of respiratory disorders. It is also exciting from a mechanistic
point of view as the antitussive effect of MK7264 raises the possibility that the cough reflex
hypersensitivity in CHS is due to ATP activation of purinergic receptors.

If this is the case then it should be possible to demonstrate a heightened tussive response to ATP unique
to patients with CHS compared to healthy subjects. The study by FOWLES et al. [25] in this issue of the
European Respiratory Journal investigated the hypothesis that ATP activation of P2 purinergic receptors
underlies the cough hypersensitivity in CHS. They compared the tussive response to inhaled ATP between
patients with CHS and healthy subjects. They found inhalation of ATP caused cough in both groups,
confirming the findings of previous studies [26]. They report for the first time that patients with CHS have
heightened sensitivity to ATP compared to healthy subjects. This suggests that ATP activation of the P2X3
receptor is an important mechanism in CHS. A closer examination of their findings however reveals the
heightened sensitivity to inhaled ATP was not sufficiently unique to CHS. There was significant overlap in
the tussive response to ATP between patients with CHS and healthy subjects. This finding is similar to
those with other tussive agents used in cough challenge tests, such as capsaicin [9]. FOWLES et al. [25] had
to conclude that patients with CHS do not have an intrinsically heightened sensitivity to ATP. One
explanation is that the key site of neuronal dysfunction is downstream of airway peripheral nerve endings,
such as the nerve cell body or in the brain. If this is true, then the cough challenge test may not be the
appropriate investigation, since inhaled ATP probably activates receptors upstream, located on airway
peripheral nerve endings. In some patients, central sensitisation and loss of inhibitory cortical activity may
be important in the development of CHS [8]. There are a number of effective therapies that support a key
role of central neural pathways in CHS. Gabapentin, pregabalin and amitriptyline are good examples [15].
Speech and physiotherapy cough reduction therapies are also effective; they include cough suppression and
distraction techniques and behaviour modification to consciously control cough [18, 19]. It is also worth
noting that the peripherally acting therapy MK7264 is not effective in some patients and does not supress
cough completely to the levels of healthy subjects [23, 24]. The key site of neuronal dysfunction may
therefore be central in some patients. It is possible that the wide range of the sensitivity to ATP may be
due to its biological characteristics; it is rapidly broken down, its breakdown products may be active, it
activates receptors other than the P2X3, and the presence of physiological levels of ATP may alter the
response to that administered exogenously. Lastly, and perhaps most importantly, CHS is likely to be more
complex than the up-regulation of a single receptor. Several neuro-phenotypes of CHS have been proposed
that include exaggerated tussive responses mediated via a number of neuronal receptors that include
transient receptor potential ankyrin-1 (TRPA1), vanilloid-4 (TRPV4) and neurokinin-1 [27, 28]. Further
study of these targets may yield important insights into the mechanism of CHS. An important limitation
of cough challenge tests, such as the one used by FOWLES et al. [25] needs to be acknowledged. They
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assessed the cough motor response to inhaled ATP, C5, the concentration of tussive agent that causes five
or more coughs. This may be a poor indicator of sensory nerve dysfunction since it measures the motor
response to a stimulus. The sensation “urge to cough” and the ability to suppress cough may better reflect
sensory nerve activation and impaired inhibitory control. This therefore should be assessed during cough
challenge tests in future. The potential of assessing urge to cough and cough suppression as diagnostic
tests for CHS should also be investigated [29–31].

CHS is a disorder gaining increasing recognition amongst respiratory, allergy, gastroenterology, speech/
voice and otolaryngology healthcare professionals. A better understanding of the sensory nerve
dysfunction has led to the development of a number of treatments. There are therapies currently in clinical
trials that target sensory nerves. The study from FOWLES et al. [25] yields important insights into the
mechanisms that underlie CHS. Further studies should investigate any genetic predisposition to developing
CHS, determine the triggers of CHS and identify the peripheral and central nerves and their receptors
involved in maintaining the hypersensitivity.
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