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1 | INTRODUCTION
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Abstract

Cough is a vital defensive reflex that safeguards the airways; however, it can be-
come maladaptive and pathological. Chronic cough (>8weeks in duration) affects
up to 10% of the global adult population and is associated with considerable health
status impairment. The understanding of cough physiology remains limited. Cough
reflex hypersensitivity is conventionally considered to underpin the pathophysiol-
ogy of chronic cough, primarily mediated by peripheral nerve dysfunction. Whilst
this framework has led to important mechanistic insights and effective pharma-
cotherapies, recent functional neuroimaging studies have demonstrated equally
important central mechanisms. Taken together, cough reflex hypersensitivity may
not be mediated exclusively by peripheral nerve dysfunction, and the answer may
lie within a complex interplay of central and peripheral neural physiology. In the
pathophysiology of chronic cough, impaired voluntary suppression also appears to
be important. This review will provide an overview of the physiology and patho-
physiology of chronic cough and attempts in pharmacotherapy to date.
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inflammatory and are often self-limiting, whereas chronic
cough represents a more complex, burdensome condition.

Cough is a defensive respiratory manoeuvre that facilitates
the clearance of inhaled irritants, pathogens and superflu-
ous secretions (Morice, Dicpinigaitis, et al., 2021). However,
when persistent or excessive, cough becomes maladap-
tive and pathological (Bali et al., 2024; Kubo et al., 2021;
McGarvey et al., 2023). Clinically, pathological cough is de-
fined by its duration: acute (<3 weeks), subacute (3-8 weeks)
and chronic (>8weeks) (Morice, Dicpinigaitis, et al., 2021).
Acute and subacute cough are typically infective or

Chronic cough affects approximately 10% of the
global adult population and is termed refractory chronic
cough (RCC) when it persists despite exhaustive inves-
tigation and optimal treatment (Zhang & Morice, 2024).
RCC is associated with a wide range of physical and
psychosocial co-morbidities, including syncope, chest
pain, lethargy, depression and anxiety (Cho et al., 2024;
Drake et al., 2023; French et al., 2017; Hirons et al., 2022;
McGarvey et al., 2006; Morice, Dicpinigaitis, et al., 2021;
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Song et al., 2015). Chronic cough also carries a substan-
tial economic burden, with a reported mean (SD) annual
healthcare cost of approximately £1663 (£747) per person
(Cho et al., 2022). Although chronic cough has long been
viewed as a symptom of chronic respiratory conditions,
such as asthma and COPD, it is now increasingly rec-
ognised as a distinct clinical entity (Zhang & Morice, 2024).

RCC is not associated with any respiratory pathology
and is increasingly believed to be secondary to neural
dysfunction. RCC was associated with cough reflex hy-
persensitivity to tussive stimuli in early experimental and
clinical reports (Kim et al., 2024; Singh et al., 2020). These
observations led to the hypothesis that RCC is a neuro-
pathic disorder mediated by cough reflex hypersensitiv-
ity (Zhang & Morice, 2024). However, cough is not solely
a reflexive process; it can also be voluntarily initiated or
suppressed. Indeed, recent functional neural imaging and
physiological studies suggest that impaired central control
diminished volitional suppression, which may contribute
to the persistence of cough in RCC (Ando et al., 2016; Cho
et al., 2019). These findings suggest that both peripheral
sensory dysfunction and central neural dysregulation are
important in its pathophysiology.

Despite these advances, the relative contributions of
peripheral and central mechanisms in RCC remain in-
completely defined, and this uncertainty continues to limit
the development of effective, targeted therapies. A clearer
understanding of these neuromechanisms is critical for
developing targeted antitussive pharmacotherapies. This
review aims to present our current understanding of the
physiology and pathophysiology of chronic cough, with
the latter being presented through RCC. We will also
discuss attempts in pharmacotherapies guided by neu-
ral physiology to date, the neural mechanisms governing
RCC and to critically evaluate the emerging pharmacolog-
ical approaches for its management.

2 | PHYSIOLOGY OF COUGH

The cough motor pattern is well characterised as a coordi-
nated respiratory motor act that comprises sequential in-
spiratory, compressive and expiratory phases that generate
high intrathoracic pressures and rapid expiratory airflow
to effectively clear the airways (Figure 1). The initiation
and regulation of cough are underpinned by complex neu-
rophysiological processes that can broadly be categorised
into peripheral and central processes. Dysregulation of
these pathways is thought to play a key role in the patho-
genesis of RCC. Therefore, the following sections will ex-
plore the peripheral and central mechanisms involved in
cough, how these processes are altered by RCC and emerg-
ing pharmacotherapies targeting these pathways.

3 | PERIPHERAL NEUROPHYSIOLOGY

Peripheral mechanisms underlying chronic cough are
characterised by heightened sensitivity of airway sen-
sory afferents to a range of chemical and mechanical
stimuli (Cho et al., 2019; Fowles et al., 2017; Millqvist &
Lowhagen, 1996; Moe et al., 2024). The lungs and airways
are innervated by a dense network of peripheral sensory
nerve fibres comprised of a (Shen et al., 2022) plethora of
different afferent receptors in the respiratory system that
collectively contribute to cough regulation, rather than
in isolation (Drake et al., 2023). Indeed, Belvisi and col-
leagues demonstrated that responses to tussive agents
were different across chronic respiratory diseases, thus
seeding the idea of different phenotypes and endotypes of
cough in different diseases (Belvisi et al., 2016). A com-
prehensive overview of all receptors involved in cough is
beyond the scope of this article; therefore, this section will
focus on those most strongly implicated in cough hyper-
sensitivity and current therapeutic development.

3.1 | Vagal afferents

As with any reflex arc, the initial phase of cough involves
the encoding of action potentials by afferent nerves in
response to a tussive stimulus and the reconfiguration
of brainstem respiratory motor drive (Shen et al., 2022).
Vagal afferents appear to have a key role in initiating the
cough reflex, as bilateral vagotomy significantly abates the
cough reflex in both animals (Canning et al., 2004; Shen
et al., 2021) and humans (Zhang, Ge, et al., 2024). Vagal
sensory afferents originate from two distinct sites, the
nodose (inferior) and jugular ganglia (superior), which
are situated bilaterally at the skull base (Nassenstein
et al., 2010). These nodose and jugular afferent neurons
have a peripheral axon that terminates in the airways or
lung parenchyma and a central axon that terminates in
the brainstem, enabling the sensory input to be processed
and integrated into respiratory control (Nassenstein
et al., 2010).

The transduction of a stimulus into electrochemical
activity in the nerve terminals of cough sensory nerves
occurs when G-protein-coupled receptors (GCPRs) and
ion channels are activated (Al-Kandery et al., 2021;
Gao et al., 2021; Grace et al., 2012; Hewitt et al., 2016).
Peripheral activation of individual GCPRs is stimulus-
dependent and will be discussed individually in due
course. Activation of these receptors and ion channels
leads to an ionic influx into the nerve terminal and
the initiation of a transduction potential (Al-Kandery
et al., 2021; Grace et al., 2012; Kim et al., 2023; Sun
et al., 2020). If the localised transduction current was of
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FIGURE 1 Mechanics of cough. (a) Initial inspiratory phase: Involving a variable inhalation of up to 50% of vital capacity, increasing
intrathoracic volume and optimizing expiratory muscle length-tension properties. (b) Compression phase: Brief closure of the glottis
(~200ms) and contraction of the expiratory muscles increase intrathoracic pressure (up to 300 mmHg). (c) Expiratory phase: The glottis
opens, producing a rapid supramaximal airflow (30-50ms; up to 12 L-s™"), followed by a longer, lower flow (200-500 ms; 3-4 L-s™"). This
high-velocity airflow clears airway debris, whilst enhanced lung movement and mucociliary transport aid peripheral clearance. Created in

BioRender. Brown, J. (2026) https://biorender.com/809ysd8.

sufficient magnitude, the terminal voltage-gated sodium
channels open and propagate action potential waves
centrally, which evokes cough (Al-Kandery et al., 2021;
Grace et al., 2012; Guilleminault et al., 2024; Kim
et al., 2023; Sun et al., 2020) (Figure 2). In individuals
with RCC, the conventional belief was cough reflex hy-
persensitivity, which may be manifested as an increase
in sensory nerve excitability via upregulation of recep-
tor ion channels and the concomitant activation of these
channels by inflammatory mediators (Grace et al., 2012;
Gruenberg et al., 2004). These mechanisms include both
ionotropic receptors, such as P2X3, which directly me-
diate rapid depolarisation of sensory nerves in response
to extracellular ATP (Li et al., 2019; North, 2002), and
metabotropic receptors that signal via intracellular path-
ways to modulate excitability (Mazzone & Undem, 2016;
Sun et al., 2020). However, emerging evidence suggests
that structural alterations within the airway sensory
network may also contribute to cough hypersensitivity
(Shapiro et al., 2021). Recently, Shapiro and colleagues
reported increased airway epithelial sensory nerve
length and density in patients with RCC compared to

healthy individuals (Shapiro et al., 2021). Meanwhile,
substance P expression was not significantly different
between RCC and healthy individuals. Together, these
findings suggest that cough hypersensitivity is due to
both functional sensitisation and structural remodelling
of the sensory nerves. Thus, an understanding of the
distinct afferent subtypes and how structural and func-
tional alterations affect the ionotropic and metabotropic
signalling pathways is critical in elucidating the mecha-
nisms underpinning cough hypersensitivity and will be
discussed in the subsequent sections (Davies et al., 1987;
West et al., 2015; Widdicombe, 2003).

3.1.1 | A-fiber receptors

Vagal afferents with action potential velocities in the “A”
range primarily reside in the nodose ganglia (Hunter &
Undem, 1999). These myelinated afferents are generally
sensitive to mechanical stimuli and include receptors that
are important for the physiological control of respiration,
such as slowly adapting receptors (SARs) and rapidly
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FIGURE 2 Current understanding of the central and peripheral mechanisms underlying chronic cough. (a) Airway sensory nerves
originating in the nodose and jugular ganglia (A8 and C-fibres) are activated by mechanical and chemical stimuli. These nerve signals from
the periphery are relayed to the nucleus of the solitary tract and the paratrigeminal nucleus in the medulla oblongata, where they ascend
to a distributed central network that supports cough. (b) Current receptor channels thought to be involved in the cough reflex. Activation
of these receptors and channels leads to ionic influx into the nerve terminal and the generation of transduction potentials. Above a certain
threshold, voltage-gated sodium channels (NaVs) open, propagating an action potential centrally to evoke cough. (c) The ascending and
descending central pathways involved in cough and the proposed altered central processing in people with chronic cough. Created in
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adapting receptors (RARs) involved in the Hering-Breuer
inflation and deflation reflexes (Davies et al., 1987
Widdicombe, 2003).

Typically, A-fibres are subclassified into Ap-fibres (fast-
est conduction velocity) and Ad-fibres (intermediate con-
duction velocity) (Mazzone & Undem, 2016). Ap-fibres
are not considered to be part of the cough-reflex arc. In
contrast, a specialised subset of rapidly adapting Ad-fibres
responds to noxious mechanical and acidic stimuli, such
as inhaled particulate matter, mucus accumulation and
the aspiration of food/gastrointestinal contents (Canning
et al., 2004). These Ad-fibres are sometimes referred to as
the “cough receptors”. The Ad-fibres associated with the
cough reflex in guinea pigs terminate almost exclusively
in the larynx, trachea and bronchi, and are sensitive to
mechanical and acidic stimulations, even under anaes-
thesia (Canning et al., 2004). More recently, evidence has

emerged that high quantities of similar structures are found
in human airways (West et al., 2015), whilst mice and rats,
which have a distinctly less sensitive cough reflex, have
a relative paucity of these fibres (Mazzone et al., 2009).
These cough receptors are thought to have a selective ad-
vantage by reducing the potentially lethal complications
of aspiration (Mazzone et al., 2009). Despite having a cru-
cial role in cough initiation, the specific role of Ad-fibres
in RCC remains incompletely defined. Current evidence
suggests that inflammatory mediators appear to preferen-
tially sensitise C-fibres that are enriched with ionotropic
and metabotropic receptors, such as P2X3 and TRPV1 (dis-
cussed in subsequent sections), with these fibres making
up most (~70%) airway vagal afferents (Birrell et al., 2009;
Birring et al., 2023; Bonvini et al., 2016; Grace et al., 2012;
Lee et al., 2003; Morice et al., 2019). This does not exclude
a role for Ad-fibres; rather, their contribution may arise
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through increased recruitment secondary to structural
airway remodelling and increased central amplification of
afferent input (Shapiro et al., 2021). It's therefore possible
that the role of the Ad-fibres in RCC is to translate the
heightened sensory signals into the motor act of coughing.

3.1.2 | C-fibre receptors

Unmyelinated C-fibresare the most common afferentfibres
in the respiratory system and have traditionally been cat-
egorised as bronchial and pulmonary fibres based on their
respective arterial supplies (Undem & Nassenstein, 2009).
C-fibres can alternatively be categorised according to
their ganglionic origins into jugular or nodose fibres, each
with its own differential protein expression and function
(Mazzone & Undem, 2016). Anatomically, extrapulmo-
nary C-fibres are largely jugular in origin, whilst both
jugular and nodose fibres contribute to intrapulmonary
innervations (Mazzone & Undem, 2016). C-fibres express
numerous ligand-gated ion channels, which act as poly-
modal nociceptors. Ionotropic receptors, expressed prefer-
entially on C-fibres, including transient receptor potential
channels TRPV1 and TRPA1, play a key role in cough
triggered by inhaled irritants such as capsaicin, citric acid
and bradykinin in both awake humans and guinea pigs
(Cho et al., 2019; Chou et al., 2018; Zhang et al., 2018).
In human neuronal cells, inflammatory processes can up-
regulate TRP receptors on C-fibres, and bronchial biopsies
from patients with chronic cough similarly demonstrate
increased TRP receptor expression (Abdullah et al., 2014;
Gruenberg et al., 2004).

The relationship between C-fibre activation and cough
is, however, complex. Indeed, evidence suggests oppos-
ing roles for jugular and nodose C-fibre subtypes (Chou
et al., 2018). In guinea pigs, citric acid and capsaicin evoke
cough, with TRPV1 and TRPA1 receptors more abundant
on jugular fibres, implicating them in cough sensitisation
(Chou et al., 2018). Conversely, nodose-selective agonists
(adenosine, 2-methyl-5-HT) suppress citric acid- and
capsaicin-induced cough (Chou et al., 2018). These find-
ings indicate that stimuli favouring jugular over nodose
activation may drive excessive coughing. Whilst selective
activation of nodose fibres is unlikely to be therapeutic
due to associated dyspnoea, future strategies may focus
on inhibiting jugular C-fibre activity through receptor-
specific antagonism.

Ionotropic and metabotropic receptors are expressed
in vast quantities on C-fibres. In individuals with RCC,
these receptors demonstrate heightened sensitivity to in-
haled tussive agonists, including capsaicin (via TRPV1)
and ATP (via P2X3), compared with healthy controls
(Figure 2). Notably, several of the most promising

sssss

emerging antitussive therapies target these receptors.
Therefore, the following sections focus on receptors pref-
erentially expressed on C-fibres that have been implicated
in RCC pathophysiology and evaluate their potential clin-
ical utility.

3.1.3 | P2X purinoceptor 3

Growing evidence indicates a mechanistic role for the
purinergic P2X3 and P2X/3 receptor in the activation of
airway sensory fibres that drive the cough reflex (Birring,
Cardozo, et al., 2024; Guilleminault et al., 2024; McGarvey
etal., 2022; McGarvey, Sher, et al., 2023; McGarvey, Smith,
et al., 2023; Morice, Smith, et al., 2021; Niimi et al., 2022).
Using ex vivo isolated, perfused lung-nerve preparations
from guinea pigs, increased action potential discharge
from nodose C-fibres has been demonstrated follow-
ing exposure to histamine and methacholine (Weigand
et al., 2012). P2X3-containing receptors are activated by
adenosine 5’ triphosphate (ATP), which is released extra-
cellularly by injured or activated epithelial cells (Dosch
et al., 2018). Indeed, inhaled ATP induces cough in a
dose-dependent manner in both healthy individuals and
patients with RCC. In addition, the concentration of ATP
required to elicit cough was lower in patients with RCC
compared to healthy individuals, thus suggesting cough
hypersensitivity involving the P2X3 pathway. Whilst the
latter demonstrated features of cough reflex hypersensi-
tivity with ATP-evoked cough (Fowles et al., 2017; Moe
et al., 2024). Although the precise mechanistic pathways
remain incompletely understood, respiratory condi-
tions associated with RCC and airway inflammation are
characterised by elevated extracellular ATP and height-
ened sensory nerve responsiveness (Basoglu et al., 2005;
Moe et al., 2024). The release of ATP into the airway
presumably stimulates vagal sensory neurons by bind-
ing to purinergic receptors, including P2X3 (Muccino &
Green, 2019). Summarily, pharmacological antagonism of
P2X3 and P2X/3 receptors attenuated tussive response in
humans (Weigand et al., 2012).

Recently, P2X3 receptor antagonists have been
investigated extensively in the treatment of RCC
(Birring et al., 2023; Birring, Cardozo, et al., 2024;
Friedrich et al., 2023; McGarvey et al., 2022; McGarvey,
Sher, et al., 2023; McGarvey, Smith, et al., 2023;
Morice et al., 2019; Morice, Smith, et al., 2021; Niimi
et al., 2022). Notably, Gefapixant is the first in-class
efficacious P2X2/3 antagonist within phase 3 stud-
ies (Birring et al., 2023; Birring, Cardozo, et al., 2024;
McGarvey et al., 2022; McGarvey, Sher, et al., 2023;
Morice et al., 2019). Compared to placebo, Gefapixant
showed a significant reduction in 24-h objective cough
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frequency (18.5%) and was more likely to improve cough-
specific health status, Leicester Cough Questionnaire
(LCQ) score, beyond the minimally clinically import-
ant threshold of 1.3 (OR 1.41; both p <0.05) (McGarvey
et al., 2022). This suggests that the observed reduction
in cough frequency in Gefapixant was more likely to im-
prove the physical, psychological and social well-being
of patients than control.

Although Gefapixant was approved by the European
Medicines Agency and is now available in several coun-
tries, including Switzerland and Japan, regulatory agen-
cies, including the Food and Drug Administration (FDA)
and National Institute for Health and Care Excellence
(NICE), expressed concerns regarding the clinical mean-
ingfulness of the treatment effect and high incidence
of dysgeusia (~50%), which led to notable rates of dis-
continuation (McGarvey et al., 2022; Birring, Cardozo,
et al., 2024; McGarvey, Sher, et al, 2023; European
Medicines Agency (EMA), n.d.; National Institute for
Health and Care Excellence (NICE), n.d.). Other P2X3
antagonists are currently being investigated, with some
(Sivopixant and Camlipixant) demonstrating improved
tolerability but more variable efficacy. In contrast to
many chronic respiratory diseases, RCC is not associated
with increased mortality or hospitalisation, highlighting
the complexity of assessing the cost-effectiveness of an-
titussive therapies (Dicpinigaitis et al., 2023; Friedrich
et al., 2023; McGarvey, Smith, et al., 2023; Morice, Smith,
et al., 2021; Niimi et al., 2022; Smith, Birring, et al., 2025;
Smith, Morice, et al., 2025).

3.14 |
channel

Transient receptor potential cation

Transient receptor potential vanilloid 1 (TRPV1) chan-
nels are non-selective, Ca2+-preferential cation channels
primarily expressed on C-fibres and, to a lesser extent, Ad-
fibres (Adcock, 2009; Alawi & Keeble, 2010). Activated by
ligands such as capsaicin and citric acid, these channels
mediate potent tussive responses, and aerosolised forms
of these agents are widely used in cough challenge testing
(Cho et al., 2019; Chou et al., 2018; Holt et al., 2023; King
et al., 2021). In RCC, TRPV1 expression is increased 4.4-
fold compared to health, and patients exhibit heightened
capsaicin sensitivity, prompting interest in TRPV1 as a
therapeutic target (Cho et al., 2019; Gruenberg et al., 2004;
Mitchell et al., 2005; Moe et al., 2024). Unfortunately,
recent studies have shown limited clinical benefit. In a
placebo-controlled crossover study, SB-705498 (600mg)
raised the five-cough threshold but failed to reduce spon-
taneous cough or improve symptoms (Khalid et al., 2014).
Similarly, XEN-D0501, a TRPV1 antagonist approximately

1000-fold more potent than SB-705498, increased cough
thresholds over 14 days yet did not affect cough frequency
or patient-reported outcomes (Belvisi et al., 2017). Thus,
whilst TRPV1 antagonists blunt capsaicin-induced cough,
they do not appear to alleviate spontaneous cough, chal-
lenging the utility of capsaicin challenge testing and sug-
gesting that single-channel TRPV1 blockade is unlikely to
provide meaningful clinical benefit.

TRPV4, like TRPV1, responds to pH, temperature
and mechanical stress but is mainly expressed in non-
neuronal airway cells, where it promotes bronchocon-
striction (Baxter et al., 2014; Jentsch Matias de Oliveira
et al., 2020; Toft-Bertelsen et al., 2017). Hypo-osmolar
solutions activate Ad-fibres via TRPV4-driven ATP re-
lease and P2X3 signalling, provoking cough in guinea
pigs and depolarisation in human vagal nerves (Bonvini
et al., 2016). Although P2X3 antagonists block these re-
sponses, TRPV4 antagonists have failed clinically; the
only placebo-controlled trial of GSK2798745 in RCC was
terminated early after a 32% increase in cough frequency
after 7days (Ludbrook et al., 2019). The transient receptor
potential ankyrin 1 (TRPA1) channel is widely expressed
in C-fibres of the respiratory tract, often co-localised with
TRPV1 (Brozmanova et al., 2012). These receptors are sus-
ceptible to reactive ligands found in cigarette smoke and
air pollutants, including acrolein, chlorine and crotonal-
dehyde (Brozmanova et al., 2012). TRPAL is also activated
by cold air and numerous endogenous inflammatory
mediators (Dong et al., 2020; Steib et al., 2025). There is
also compelling evidence that TRPA1 is a key mediator
of cough responses to environmental irritants (Birrell
et al., 2009). Using an integrated approach encompass-
ing molecular, ex vivo, in vivo, and human studies, it was
demonstrated that TRPA1 agonists such as cinnamalde-
hyde depolarise both guinea pig and human vagal nerves
and reliably evoke cough in guinea pigs and healthy vol-
unteers (Birrell et al., 2009). Although the TRPA1 antago-
nist GRC17536 inhibited citric acid-induced Ca** influx in
TRPA1-expressing cells in vitro and suppressed the cough
reflex in awake guinea pigs (Mukhopadhyay et al., 2014),
a Phase 2a clinical trial failed to show clinical benefit in
patients with RCC (Morice, 2017).

Finally, the transient receptor potential melastatin 8
(TRPMS) has recently shown promise as an anti-tussive
target. This receptor is primarily expressed in neurons
and is activated by cool temperatures and chemical com-
pounds that have a ‘cooling’ effect, such as menthol and
eucalyptus (Mergler et al., 2013; Peier et al., 2002; Stinson
et al., 2023). In healthy volunteers, 30 mg of menthol, ad-
ministered immediately before a capsaicin challenge, in-
creased the 5-cough threshold from 7.81pM to 15.63 pM
(Katayama et al., 2025). Furthermore, in a proof-of-
concept trial, two 40 mg doses of orally administered AX-8
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(a TRPMS8 agonist) reduced cough frequency in patients
with RCC compared to placebo treatment, supporting
TRPMS activation as a novel therapeutic approach (Smith
et al., 2023). Building on these encouraging findings, AX-8
warrants evaluation in large, multicentre, randomised,
double-blind trials to confirm long-term efficacy and
safety and establish optimal dosing regimens.

Overall, multiple peripheral receptors elicit a tussive
response upon provocation in a dose-response manner,
both in vitro and in vivo. These responses support a po-
tential mechanistic role; however, pharmacological an-
tagonism of these receptors has yielded mixed results.
Taken together, physiological interrogation of peripheral
neuropathways in RCC may provide novel insight, al-
though caution is warranted in interpreting mechanistic
and therapeutic implications pending more comprehen-
sive evaluation. Notably, these approaches have already
yielded promising translational benefits. Although pe-
ripheral sensitisation of airway afferent nerves is a key
driver of RCC, it does not fully account for the heightened
cough reflex observed in many patients. Sensory inputs
arising from the airways are relayed via vagal afferents to
the brainstem and higher cortical areas (Moe et al., 2024).
These signals are integrated and modulated in these cen-
tral areas and ultimately lead to conscious perception as
the urge-to-cough (Moe et al., 2024; Moe et al., 2026).
Evidence increasingly suggests that alterations in these
central networks contribute to cough hypersensitivity,
highlighting that RCC should be considered as a disorder
of both peripheral and central neural processing (Moe
et al., 2024; Moe et al., 2026). Accordingly, the following
section focuses on the central pathways that govern cough
generation and modulation.

4 | CENTRAL PATHWAY

The central mechanisms responsible for generating
cough are influenced by cough type. In humans, cough
can be reflexive, voluntary or evoked, the latter of which
is preceded by an urge to cough sensation (Hegland
et al., 2012; Mazzone et al., 2011). Cough can also be sup-
pressed in response to a tussigenic stimulus (Mazzone
et al., 2011). Although our current understanding re-
mains incomplete, animal studies (Bongianni et al., 2005;
Flor et al., 2019; Poliacek et al., 2017; Simera et al., 2024)
and the use of brain imaging technology, such as func-
tional magnetic resonance imaging (fMRI) (Mazzone
et al., 2011; Moe et al., 2024; Moe et al., 2026) and pos-
itron emission tomography (PET) (Sugi et al., 2024) in
human studies, have allowed for these central pathways
to be somewhat elucidated and for distinctions to be
made between cough types.
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4.1 | Role of the brainstem and the
midbrain

Glutamatergic vagal afferents (Ad and C fibres) terminate
in the caudal nucleus tractus solitarius (nTS), the primary
sensory hub for cough initiation (Hass & Benarroch, 2024).
Recent evidence identifies Tacl-expressing n'TS neurons as
central to cough pattern generation (Gannot et al., 2024).
Using single-cell transcriptomics, viral circuit tracing, op-
togenetics and chemogenetics in mice, these neurons in-
tegrated vagal input and efferently projected to medullary
circuits that control glottic closure (nucleus ambiguus)
and expiratory drive (caudal ventral respiratory group)
(Gannot et al.,, 2024). Optogenetic activation evoked
cough-like responses, whereas chemogenetic silencing
or ablation inhibited responses to tussive stimuli without
affecting baseline respiration (Gannot et al., 2024). The
nTS also communicates with pontomedullary respiratory
groups, including the Kolliker-Fuse nucleus, Botzinger
(B6tC) and preBotzinger (preBotC) complexes and rostral/
caudal ventral respiratory groups, implicated in rhythmo-
genesis (Gannot et al., 2024; Hass & Benarroch, 2024).
Experimental data in anaesthetised cats indicate that
excitatory stimulation of glutamatergic receptors in the
preBotC enhances cough intensity, whereas kynurenic
acid microinjection attenuates cough magnitude without
abolishing the pattern, implicating additional sites such as
the nTS in rhythmogenesis (Shen et al., 2022). The B6tC
and rVRG contribute to the inspiratory and expiratory
phases (Cinelli et al., 2020; Gannot et al., 2024), whilst
selective blockade in the cVRG with kynurenic acid sup-
presses both components in rabbits, suggesting its role
in generating the full cough motor sequence (Bongianni
et al., 2005; Cinelli et al., 2020). Cerebellar involvement
is supported by reduced cough frequency after cerebel-
lectomy in cats (Xu et al.,, 1997) and cerebellar activa-
tion during voluntary and reflex cough in humans (Sugi
et al., 2024), highlighting distributed brainstem-cerebel-
lar networks in cough control.

As might be expected given the rather limited under-
standing of the central neuropathophysiology in RCC,
CNS-targeted pharmacotherapy development has been
relatively sparse compared to peripherally targeted coun-
terparts. Of note, preclinical studies indicate that tachy-
kinins, particularly Substance P, are released by vagal
C-fibres both peripherally in the airways and centrally
at the first synapse in the brainstem, where they en-
hance cough via neurokinin-1 (NK-1) receptors (Badri
& Smith, 2019; Mazzone et al., 2005). Moreover, NK-1
receptor antagonists abolish cough responses following
microinjection of Substance P into the caudomedial nu-
cleus tractus solitarius (NTS) in animal models (Mazzone
et al.,, 2005). This has led to the investigation of NK-1
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receptor antagonists in RCC; however, these have demon-
strated limited clinical utility to date (Birring, Chaudhuri,
et al., 2024; Smith et al., 2019; Smith et al., 2020; Smith
et al., 2021).

4.2 | Supramedullary brain regions,
voluntary cough and cough reflex
inhibition

Humans can exert voluntary control over cough, indicat-
ing supramedullary modulation of the reflex (Mazzone
et al., 2011). Functional imaging studies reveal distinct
cortical networks for reflex cough, voluntary cough
and cough suppression (Mazzone et al., 2011; Mazzone
et al., 2013; Sugi et al., 2024). Voluntary cough activates
the sensorimotor cortex, supplementary motor area and
cerebellum (Mazzone et al., 2011; Mazzone et al., 2013;
Sugi et al., 2024) whereas reflex cough engages the pos-
terior insula and cingulate cortices to a greater magni-
tude with minimal brainstem involvement (Mazzone
et al., 2011; Sugi et al., 2024). Cough suppression recruits
inhibitory regions, including the anterior mid-cingulate
cortex, anterior insula and right inferior frontal gyrus,
areas linked to motor inhibition (Mazzone et al., 2011;
Mazzone et al., 2013; Sugi et al., 2024). The perception of
an ‘urge-to-cough’ correlates with widespread cortical acti-
vation, modulated by stimulus intensity and overlaps with
networks for actual cough (Mazzone et al., 2007). These
findings highlight integrated sensory, motor and limbic
processing and explain why psychosocial and neurobio-
logical factors, including expectation and voluntary con-
trol, drive the substantial placebo response in antitussive
trials (Leech et al., 2013; Zhang, Zhang, & Morice, 2024).
Recent studies have highlighted the critical role of the
midbrain in cough hypersensitivity (Ando et al., 2016; Moe
et al., 2024). It is well established that people with RCC
exhibit heightened sensitivity, with cough elicited at lower
concentrations of inhaled irritants such as capsaicin and
ATP (Ando et al., 2016; Cho et al., 2019; Moe et al., 2024). A
recent functional MRI study demonstrated that people with
RCC exhibited reduced medullary activity in the nTS and
paratrigeminal nucleus compared to healthy controls when
exposed to an identical level of capsaicin- and ATP-evoked
urge to cough (Moe et al., 2024). Whilst no differences were
observed in cortical regions encoding the urge-to-cough,
greater activity was observed in a region of the midbrain
adjacent to the periaqueductal grey (PAG) in RCC com-
pared to healthy controls (Moe et al., 2024). Although the
spatial resolution of fMRI prevents the authors from defin-
itively attributing the increased activity seen in this region
to the PAG specifically, the PAG is well positioned to in-
fluence cough sensory processing and reflex output. This

is because the PAG forms part of a descending modulatory
network that regulates brainstem reflex circuits, includ-
ing well-established roles in pain modulation, respiratory
control and defensive behaviours (Makovac et al., 2021;
Meier et al., 2017). Collectively, these findings suggest that
cough hypersensitivity may arise from central dysregula-
tion, potentially involving altered processing at supramed-
ullary levels, rather than uniform peripheral sensitisation
(Fowles et al., 2017; Smith, Chapman, et al., 2025). Whilst
this does not negate the therapeutic potential of targeting
peripheral nerve sensitivity, it highlights the promise of
interventions aimed at restoring central inhibitory func-
tion, such as neuromodulation or behavioural therapies.
However, given the limitations in spatial resolution and
anatomical specificity, further investigation is required to
delineate the precise neural substrates involved.

5 | SUMMARY AND FUTURE
DIRECTIONS

The current paradigm of cough pathophysiology comprises
cough reflex hypersensitivity and impaired volitional sup-
pression. The former is conventionally considered to be
primarily mediated through peripheral nerve hypersensi-
tivity. In turn, to date, efforts have focused on the inves-
tigation and antagonism of peripheral afferent receptors,
which have yielded mixed results. The lack of consistent
clinical translation across receptor targets suggests that
the underlying neurophysiology is more complex than can
be explained by a single peripheral receptor or pathway.
Meanwhile, our current experimental techniques remain
largely limited to the interrogation of individual receptors,
hence the recent advances in pharmacotherapy develop-
ments focusing on peripheral targets. These include modu-
lation of transient receptor channels, such as TRPMS (e.g.
AX-8) and inhibition of voltage-gated sodium channels (e.g.
NTX-1175) (Smith et al., 2024; National Library of Medicine
(US), 2024). Among emerging therapies, Camlipixant—a
selective P2X3 receptor antagonist—has shown particu-
lar promise and is currently in phase 3 clinical studies
(Smith, Birring, et al., 2025; Smith, Morice, et al., 2025).
Concurrently, there is growing recognition of the thera-
peutic potential of centrally acting agents. Nalbuphine is
a centrally acting synthetic opioid with mixed agonist-an-
tagonist properties and has demonstrated encouraging ef-
ficacy in recent RCC studies, highlighting the relevance of
central neural mechanisms in cough modulation (Smith,
Chapman, et al., 2025). Despite these advances, contempo-
rary pharmacological strategies remain largely predicated
on single-target antagonism. Although Nalbuphine is an
exception, the broader pharmacodynamic and pharma-
cokinetic interactions underlying its clinical effects—and,
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more generally, the complex neurobiology of RCC—re-
main incompletely understood. In this context, emerging
computational approaches, including artificial intelligence
and machine learning, may offer transformative insights.
By enabling modelling of complex, integrated neural
networks, these approaches have the potential to move
beyond single-receptor paradigms and support the devel-
opment of more comprehensive mechanistically informed
therapeutic strategies.

Recent neuroimaging findings further challenge the
concept of purely peripherally mediated cough reflex
hypersensitivity. Taken together, there is overwhelming
evidence to reconsider the current paradigm of cough
pathophysiology and pharmacotherapy. Importantly,
pharmacotherapy development to date has largely re-
garded RCC as a homogeneous cohort. Future therapeutic
strategies should instead be guided by detailed phenotypic
and endotypic characterisation, with a view to targeting
multiple peripheral and central pathways. In this context,
ligand-specific antitussive therapies represent a promis-
ing avenue, particularly when aligned with individual pa-
tient profiles.

Notably, the placebo effect has been prominentin recent
P2X2/3 antagonist studies (Birring et al., 2023; McGarvey
et al., 2022; McGarvey, Smith, et al., 2023) and remains a
persistent challenge in antitussive clinical trials. Moe and
colleagues demonstrated reduced neural activity during
placebo intervention compared with no intervention in
some regions of the medullary brainstem, including the
spina trigeminal nucleus, nTs, rostral VRG, cuneiform nu-
cleus, lateral parabrachial nucleus and tegmental nucleus
(Moe et al., 2026). These findings may contribute to an im-
proved understanding of the placebo response in RCC and
help inform the design of future clinical trials.

6 | CONCLUSION

In summary, cough hypersensitivity reflects a maladap-
tive physiological state, involving altered ion channels,
heightened vagal signalling and central neuroplasticity.
Therapies targeting vagal afferent pathways have shown
promise, but variable clinical responses underline the
mechanistic heterogeneity of RCC. Integrating mechanis-
tic, translational and ecological approaches will be crucial
for identifying robust biomarkers, defining endotypes and
developing targeted and effective treatments for RCC.

AUTHOR CONTRIBUTIONS

James C. Brown: Conceptualization; investigation.
Katherine L. Rhatigan: Conceptualization. Oliver J.
Price: Conceptualization; supervision. Peter S. P. Cho:
Conceptualization; methodology; supervision.

\\ 4 ;R;siological american
AV Society physiologi

society’

FUNDING INFORMATION
No funding information provided.

CONFLICT OF INTEREST STATEMENT

JB and KLR have no competing interests. OJP is an
Associate Editor at Physiological Reports and was blinded
from reviewing or making decisions for this manuscript.
Another editor oversaw the manuscript process for this
article. OJP has received research funding from Merck,
AstraZeneca and the EPSRC outside the submitted work.
PSPC reports an investigator-initiated grant from Merck,
consulting fees from GSK and Strados, and an honorar-
ium from GSK and AstraZeneca.

DISCLOSURE

A narrative literature search was conducted using elec-
tronic databases including PubMed, Web of Science,
Scopus and Google Scholar. Search terms included com-
binations of keywords such as ‘refractory chronic cough’,
‘vagal afferents’, ‘cough neural mechanisms’, ‘TRP chan-
nels’ and ‘cough reflex hypersensitivity’. Reference lists of
selected articles were also screened to identify additional
relevant studies. Articles were selected based on their
relevance to the neurophysiological mechanisms under-
lying cough and the pathophysiology of chronic cough.
Only peer-reviewed articles published in English were
included. The search primarily focused on literature pub-
lished between 2000 and 2025, although earlier studies
were included where appropriate.

GUARANTOR STATEMENT
PSPC confirms responsibility for the content of the manu-
script on behalf of all authors.

ORCID

James C. Brown
Oliver J. Price
Peter S. P. Cho

https://orcid.org/0000-0003-2203-6277
https://orcid.org/0000-0001-8596-4949
https://orcid.org/0000-0001-8689-8541

REFERENCES

Abdullah, H., Heaney, L. G., Cosby, S. L., & McGarvey, L. P. A.
(2014). Rhinovirus upregulates transient receptor potential
channels in a human neuronal cell line: Implications for re-
spiratory virus-induced cough reflex sensitivity. Thorax, 69(1),
46-54. https://doi.org/10.1136/thoraxjnl-2013-203894

Adcock, J. J. (2009). TRPV1 receptors in sensitisation of cough and
pain reflexes. Pulmonary Pharmacology & Therapeutics, 22(2),
65-70. https://doi.org/10.1016/j.pupt.2008.12.008

Alawi, K., & Keeble, J. (2010). The paradoxical role of the tran-
sient receptor potential vanilloid 1 receptor in inflammation.
Pharmacology & Therapeutics, 125(2), 181-195. https://doi.org/
10.1016/j.pharmthera.2009.10.004

Al-Kandery, A. S. A., Rao, M. S., & El-Hashim, A. Z. (2021).
Prostaglandin E2 sensitizes the cough reflex centrally via EP3

35UB017 SUOWILLIOD A1) 3|ceal [dde auy Aq pausenof ae sajoie YO '8sn JO Sa|nJ 1oy Akeid 1T auljuQ A3]IAA UO (SUOIIPUOD-PUR-SWLLIBY WD AB 1M A.d1[BU 1 [UO//:SANY) SUOIIPUOD pUe SWS | 3Y) 39S *[9202/80/LT] U0 AtelqiautjuQ A3|IAN '80ua|pox3 aked pue Ui eaH Jojainisu| euolleN ‘IO IN AQ 980T, 2AUd /T8y T 0T/I0p/wioo’ A3 1M Afeiq 1 putuo-oosAydy/sdny wouy pepeojumoq ‘ST ‘9202 ‘X.T8TS0Z


https://orcid.org/0000-0003-2203-6277
https://orcid.org/0000-0003-2203-6277
https://orcid.org/0000-0001-8596-4949
https://orcid.org/0000-0001-8596-4949
https://orcid.org/0000-0001-8689-8541
https://orcid.org/0000-0001-8689-8541
https://doi.org/10.1136/thoraxjnl-2013-203894
https://doi.org/10.1016/j.pupt.2008.12.008
https://doi.org/10.1016/j.pharmthera.2009.10.004
https://doi.org/10.1016/j.pharmthera.2009.10.004

BROWN ET AL.

logi
ciety

10 of 14 ) The
PHYSIOLOGICAL REPORTS 8 - . Psicogca

jeal Z Sotciety
receptor-dependent activation of NaV1.8 channels. Respiratory
Research, 22(1), 296. https://doi.org/10.1186/s12931-021-01889
-4

Ando, A., Smallwood, D., McMahon, M., Irving, L., Mazzone, S. B.,
& Farrell, M. J. (2016). Neural correlates of cough hypersen-
sitivity in humans: Evidence for central sensitisation and dys-
functional inhibitory control. Thorax, 71(4), 323-329. https://
doi.org/10.1136/thoraxjnl-2015-207425

Badri, H., & Smith, J. A. (2019). Emerging targets for cough ther-
apies; NK1 receptor antagonists. Pulmonary Pharmacology &
Therapeutics, 59, 181-195. https://doi.org/10.1016/j.pupt.2019.
03.004

Bali, V., Adriano, A., Byrne, A., Akers, K. G., Frederickson, A., &
Schelfhout, J. (2024). Chronic cough: More than just a per-
sistent cough: A systematic literature review to understand
the impact of chronic cough on quality of life. Quality of Life
Research, 33(4), 903-916. https://doi.org/10.1007/s11136-023-
03464-4

Basoglu, O. K., Pelleg, A., Essilfie-Quaye, S., Brindicci, C., Barnes, P.
J., & Kharitonov, S. A. (2005). Effects of aerosolized adenosine
5’-triphosphate vs adenosine 5’-monophosphate on dyspnea
and airway caliber in healthy nonsmokers and patients with
asthma. Chest, 128(4), 1905-1909. https://doi.org/10.1378/
chest.128.4.1905

Baxter, M., Eltom, S., Dekkak, B., Yew-Booth, L., Dubuis, E. D.,
Maher, S. A., Belvisi, M. G., & Birrell, M. A. (2014). Role of
transient receptor potential and pannexin channels in cigarette
smoke-triggered ATP release in the lung. Thorax, 69(12), 1080-
1089. https://doi.org/10.1136/thoraxjnl-2014-205467

Belvisi, M. G., Birrell, M. A., Khalid, S., Wortley, M. A., Dockry,
R., Coote, J., Holt, K., Dubuis, E., Kelsall, A., Maher, S. A.,
& Bonvini, S. (2016). Neurophenotypes in airway diseases:
Insights from translational cough studies. American Journal
of Respiratory and Critical Care Medicine, 193(12), 1364-1372.
https://doi.org/10.1164/rccm.201510-1944PP

Belvisi, M. G., Birrell, M. A., Wortley, M. A., Maher, S. A., Satia, I.,
Badri, H., Holt, K., Round, P., McGarvey, L., Ford, J., & Smith,
J. A. (2017). XEN-DO0501, a novel transient receptor potential
vanilloid 1 antagonist, does not reduce cough in patients with
refractory cough. American Journal of Respiratory and Critical
Care Medicine, 196(10), 1255-1263. https://doi.org/10.1164/
rcem.201703-05380C

Birrell, M. A., Belvisi, M. G., Grace, M., Sadofsky, L., Faruqi, S., Hele,
D. J., Maher, S. A., Freund-Michel, V., & Morice, A. H. (2009).
TRPA1 agonists evoke coughing in Guinea pig and human
volunteers. American Journal of Respiratory and Critical Care
Medicine, 180(11), 1042-1047. https://doi.org/10.1164/rccm.
200905-06650C

Birring, S. S., Cardozo, L., Dmochowski, R., Dicpinigaitis, P. V., Afzal,
A.,LaRosa, C, Lu, S., Nguyen, A. M., Yao, R., & Reyfman, P. A.
(2024). Efficacy and safety of gefapixant in women with chronic
cough and cough-induced stress urinary incontinence: A phase
3b, randomised, multicentre, double-blind, placebo-controlled
trial. Lancet Respiratory Medicine, 12(11), 855-864. https://doi.
0rg/10.1016/S2213-2600(24)00207-4

Birring, S. S., Chaudhuri, N., Flaherty, K., Hart, S., Lawrence, A.,
Mabher, T., Pawsey, S., Seymore, S., Trower, M., Wijsenbeek,
M., & Morice, A. (2024). IPF COMFORT study: A randomised,
controlled trial evaluating the safety and efficacy of orvepitant
as a treatment for chronic cough in IPF. European Respiratory

Journal, 66(Suppl 69), OA1257. https://doi.org/10.1183/13993
003.congress-2025.0A1257

Birring, S. S., Dicpinigaitis, P. V., Smith, J. A., Morice, A. H.,
McGarvey, L. P., Pavord, I. D., Nguyen, A. M., Schelthout, J.,
Li, Q., Iskold, B., Green, S. A., Philip, G., Muccino, D. R., & La
Rosa, C. (2023). Efficacy and safety of gefapixant for refractory
or unexplained chronic cough over 52 weeks. American Journal
of Respiratory and Critical Care Medicine, 207(12), 1539-1542.
https://doi.org/10.1164/rccm.202302-0278LE

Bongianni, F., Mutolo, D., Nardone, F., & Pantaleo, T. (2005).
Ionotropic glutamate receptors mediate excitatory drive to cau-
dal medullary expiratory neurons in the rabbit. Brain Research,
1056(2), 145-157. https://doi.org/10.1016/j.brainres.2005.07.
070

Bonvini, S. I, Birrell, M. A,, Grace, M. S., Maher, S. A., Adcock, J. J.,
Wortley, M. A., Dubuis, E., Ching, Y. M., Ford, A. P, Shala, F.,
Miralpeix, M., Tarrason, G., Smith, J. A., & Belvisi, M. G. (2016).
Transient receptor potential cation channel subfamily V mem-
ber 4 and airway sensory afferent activation: Role of adenos-
ine triphosphate. Journal of Allergy and Clinical Immunology,
138(1), 249-261. https://doi.org/10.1016/j.jaci.2015.11.034

Brozmanova, M., Mazurova, L., Ru, F., Tatar, M., & Kollarik, M.
(2012). Comparison of TRPA1l-versus TRPV1-mediated cough
in Guinea pigs. European Journal of Pharmacology, 689(1-3),
211-218. https://doi.org/10.1016/j.ejphar.2012.05.048

Canning, B. J., Mazzone, S. B., Meeker, S. N., Mori, N., Reynolds, S.
M., & Undem, B. J. (2004). Identification of the tracheal and
laryngeal afferent neurons mediating cough in anaesthetized
Guinea-pigs. Journal of Physiology, 557(2), 543-558. https://doi.
org/10.1113/jphysiol.2003.058438

Cho, P. S. P, Birring, S. S., Narayanan, A., Mcdowell, C., Brown,
T., Hull, J. H., Smith, J. A., Guilleminault, L., Kardos, P., van
den Berg, J. W. K., Domingo, C., Parker, S. M., Dagbrowska, M.,
Morice, A. H., Dupont, L. J. A., Mcgarvey, L., & On Behalf Of
Neurocough Investigators. (2024). Characteristics of chronic
cough patients across Europe: A descriptive analysis from
the ERS NEuroCOUGH CRC registry. European Respiratory
Journal, 64(suppl 68), PA2130. https://doi.org/10.1183/13993
003.congress-2024.PA2130

Cho, P. S. P., Fletcher, H. V., Turner, R. D., Jolley, C. J., & Birring,
S. S. (2019). Impaired cough suppression in chronic refrac-
tory cough. The European Respiratory Journal, 53(5), 1802203.
https://doi.org/10.1183/13993003.02203-2018

Cho, P. S. P., Shearer, J., Simpson, A., Campbell, S., Pennington,
M., & Birring, S. S. (2022). Healthcare utilization and costs in
chronic cough. Current Medical Research and Opinion, 38(7),
1251-1257. https://doi.org/10.1080/03007995.2022.2065142

Chou, Y. L., Mori, N., & Canning, B. J. (2018). Opposing effects of
bronchopulmonary C-fiber subtypes on cough in Guinea pigs.
American Journal of Physiology. Regulatory, Integrative and
Comparative Physiology, 314(4), R489-R498. https://doi.org/10.
1152/ajpregu.00313.2017

Cinelli, E., Iovino, L., Bongianni, F., Pantaleo, T., & Mutolo, D.
(2020). Essential role of the cVRG in the generation of both
the expiratory and inspiratory components of the cough reflex.
Physiological Research, 69(Suppl 1), S19-S27. https://doi.org/
10.33549/physiolres.934396

Davies, R. O., Kubin, L., & Pack, A. L. (1987). Pulmonary stretch
receptor relay neurones of the cat: Location and contralateral
medullary projections. The Journal of Physiology, 383, 571-585.

35UB017 SUOWILLIOD A1) 3|ceal [dde auy Aq pausenof ae sajoie YO '8sn JO Sa|nJ 1oy Akeid 1T auljuQ A3]IAA UO (SUOIIPUOD-PUR-SWLLIBY WD AB 1M A.d1[BU 1 [UO//:SANY) SUOIIPUOD pUe SWS | 3Y) 39S *[9202/80/LT] U0 AtelqiautjuQ A3|IAN '80ua|pox3 aked pue Ui eaH Jojainisu| euolleN ‘IO IN AQ 980T, 2AUd /T8y T 0T/I0p/wioo’ A3 1M Afeiq 1 putuo-oosAydy/sdny wouy pepeojumoq ‘ST ‘9202 ‘X.T8TS0Z


https://doi.org/10.1186/s12931-021-01889-4
https://doi.org/10.1186/s12931-021-01889-4
https://doi.org/10.1136/thoraxjnl-2015-207425
https://doi.org/10.1136/thoraxjnl-2015-207425
https://doi.org/10.1016/j.pupt.2019.03.004
https://doi.org/10.1016/j.pupt.2019.03.004
https://doi.org/10.1007/s11136-023-03464-4
https://doi.org/10.1007/s11136-023-03464-4
https://doi.org/10.1378/chest.128.4.1905
https://doi.org/10.1378/chest.128.4.1905
https://doi.org/10.1136/thoraxjnl-2014-205467
https://doi.org/10.1164/rccm.201510-1944PP
https://doi.org/10.1164/rccm.201703-0538OC
https://doi.org/10.1164/rccm.201703-0538OC
https://doi.org/10.1164/rccm.200905-0665OC
https://doi.org/10.1164/rccm.200905-0665OC
https://doi.org/10.1016/S2213-2600(24)00207-4
https://doi.org/10.1016/S2213-2600(24)00207-4
https://doi.org/10.1183/13993003.congress-2025.OA1257
https://doi.org/10.1183/13993003.congress-2025.OA1257
https://doi.org/10.1164/rccm.202302-0278LE
https://doi.org/10.1016/j.brainres.2005.07.070
https://doi.org/10.1016/j.brainres.2005.07.070
https://doi.org/10.1016/j.jaci.2015.11.034
https://doi.org/10.1016/j.ejphar.2012.05.048
https://doi.org/10.1113/jphysiol.2003.058438
https://doi.org/10.1113/jphysiol.2003.058438
https://doi.org/10.1183/13993003.congress-2024.PA2130
https://doi.org/10.1183/13993003.congress-2024.PA2130
https://doi.org/10.1183/13993003.02203-2018
https://doi.org/10.1080/03007995.2022.2065142
https://doi.org/10.1152/ajpregu.00313.2017
https://doi.org/10.1152/ajpregu.00313.2017
https://doi.org/10.33549/physiolres.934396
https://doi.org/10.33549/physiolres.934396

BROWN ET AL.

Dicpinigaitis, P. V., Morice, A. H., Smith, J. A., Sher, M. R., Vaezi,
M., Guilleminault, L., Niimi, A., Gude, K., Krahn, U, Saarinen,
R., & Pires, P. V. (2023). Efficacy and safety of eliapixant in re-
fractory chronic cough: The randomized, placebo-controlled
phase 2b PAGANINI study. Lung, 201(3), 255-266. https://doi.
0rg/10.1007/s00408-023-00591-9

Dong, R., Zhang, T., Wei, W., Zhang, M., Chen, Q., Xu, X., Yu, L., &
Qiu, Z. (2020). A cold environment aggravates cough hyperre-
activity in Guinea pigs with cough by activating the TRPA1 sig-
naling pathway in skin. Frontiers in Physiology, 11, 833. https://
doi.org/10.3389/fphys.2020.00833

Dosch, M., Gerber, J., Jebbawi, F., & Beldi, G. (2018). Mechanisms
of ATP release by inflammatory cells. International Journal of
Molecular Sciences, 19(4), 1222. https://doi.org/10.3390/ijms1
9041222

Drake, M. G., McGarvey, L. P., & Morice, A. H. (2023). From bench
to bedside: The role of cough hypersensitivity in chronic cough.
Clinical and Translational Medicine, 13(8), €1343. https://doi.
0rg/10.1002/ctm2.1343

European Medicines Agency (EMA) Lyfnua (gefapixant): product
information and usage details. https://www.ema.europa.eu

Flor, K. C., Barnett, W. H., Karlen-Amarante, M., Molkov, Y., &
Zoccal, D. B. (2019). Inhibitory control of active expiration by
the Botzinger complex in rats. bioRxiv. https://doi.org/10.1101/
2019.12.19.883199

Fowles, H. E., Rowland, T., Wright, C., & Morice, A. (2017). Tussive
challenge with ATP and AMP: Does it reveal cough hypersen-
sitivity? The European Respiratory Journal, 49(2), 1601452.
https://doi.org/10.1183/13993003.01452-2016

French, C. L., Crawford, S. L., Bova, C., & Irwin, R. S. (2017). Change
in psychological, physiological, and situational factors in adults
after treatment of chronic cough. Chest, 152(3), 547-562.
https://doi.org/10.1016/j.chest.2017.06.024

Friedrich, C., Francke, K., Birring, S. S., van den Berg, J. W. K,
Marsden, P. A., McGarvey, L., Turner, A. M., Wielders, P.,
Gashaw, L., Klein, S., & Morice, A. H. (2023). The P2X3 receptor
antagonist filapixant in patients with refractory chronic cough:
A randomized controlled trial. Respiratory Research, 24(1), 322.
https://doi.org/10.1186/s12931-023-02572-4

Gannot, N., Li, X., Phillips, C. D., Ozel, A. B., Uchima Koecklin, K.
H., Lloyd, J. P., Zhang, L., Emery, K., Stern, T., Li,J. Z., & Li, P.
(2024). A vagal-brainstem interoceptive circuit for cough-like
defensive behaviors in mice. Nature Neuroscience, 27(9), 1734—
1744. https://doi.org/10.1038/s41593-024-01567-8

Gao, X., Zhuang, J., Zhao, L., Wei, W., & Xu, F. (2021). Cross-effect
of TRPV1 and EP3 receptor on cough and bronchopulmonary
C-neural activities. PLoS One, 16(2), €0246375. https://doi.org/
10.1371/journal.pone.0246375

Grace, M., Birrell, M. A., Dubuis, E., Maher, S. A., & Belvisi, M.
G. (2012). Transient receptor potential channels mediate the
tussive response to prostaglandin E, and bradykinin. Thorax,
67(10),891-900. https://doi.org/10.1136/thoraxjnl-2011-200801

Gruenberg, D. A., Niimi, A., Dinh, Q. T., Cosio, B., Hew, M., Fischer,
A., & Chung, K. F. (2004). Increased expression of transient re-
ceptor potential vanilloid-1 in airway nerves of chronic cough.
American Journal of Respiratory and Critical Care Medicine,
170(12), 1276-1280. https://doi.org/10.1164/rccm.20040
3-3540C

Guilleminault, L., Grassin-Delyle, S., & Mazzone, S. B. (2024).
Drugs targeting cough receptors: New therapeutic options in

hysiol
ociety

11 of 14

§é§§§£@osm “7/ PHYSIOLOGICAL REPORTS
refractory or unexplained chronic cough. Drugs, 84(7), 763—
777. https://doi.org/10.1007/s40265-024-01891-8

Hass, R. M., & Benarroch, E. E. (2024). What are the central mech-
anisms of cough and their neurologic implications? Neurology,
103(10), €210064. https://doi.org/10.1212/WNL.0000000000
210064

Hegland, K. W., Bolser, D. C., & Davenport, P. W. (2012). Volitional
control of reflex cough. Journal of Applied Physiology, 113(1),
39-46. https://doi.org/10.1152/japplphysiol.01299.2011

Hewitt, M. M., Adams, G., Mazzone, S. B., Mori, N., Yu, L., &
Canning, B. J. (2016). Pharmacology of bradykinin-evoked
coughing in Guinea pigs. Journal of Pharmacology and
Experimental Therapeutics, 357(3), 620-628. https://doi.org/10.
1124/jpet.115.230383

Hirons, B., Rhatigan, K., Simpson, A., Kesavan, H., Turner, R., Hull,
J., Docherty, M., Jolley, C., Birring, S. S., & Cho, P. S. P. (2022).
Suicidal ideation, depression and anxiety in chronic cough.
European Respiratory Journal, 60(suppl 66), 791. https://doi.
0rg/10.1183/13993003.congress-2022.791

Holt, K. J., Belcher, J., & Smith, J. A. (2023). Novel capsaicin cough
endpoints effectively discriminate between healthy con-
trols and patients with refractory chronic cough. Respiratory
Medicine, 208, 107152. https://doi.org/10.1016/j.rmed.2023.
107152

Hunter, D. D., & Undem, B. J. (1999). Identification and substance
P content of vagal afferent neurons innervating the epithelium
of the Guinea pig trachea. American Journal of Respiratory and
Critical Care Medicine, 159(6), 1943-1948. https://doi.org/10.
1164/ajrccm.159.6.9809073

Jentsch Matias de Oliveira, J. R., Amorim, M. A., & André, E. (2020).
The role of TRPA1 and TRPV4 channels in bronchoconstric-
tion and plasma extravasation in airways of rats treated with
captopril. Pulmonary Pharmacology & Therapeutics, 65,102004.
https://doi.org/10.1016/j.pupt.2021.102004

Katayama, N., Nishiki, K., & Nakamura, A. (2025). Effect of menthol
oral stimulation on capsaicin-induced cough in healthy partic-
ipants. Cough, 2, 21-24. https://doi.org/10.69211/cough.2.0_21

Khalid, S., Murdoch, R., Newlands, A., Smart, K., Kelsall, A., Holt,
K., Dockry, R., Woodcock, A., & Smith, J. A. (2014). Transient
receptor potential vanilloid 1 (TRPV1) antagonism in patients
with refractory chronic cough: A double-blind randomized
controlled trial. Journal of Allergy and Clinical Immunology,
134(1), 56-62. https://doi.org/10.1016/jjaci.2014.01.033

Kim, J. S., Sun, H., Meeker, S., Undem, B. J., Kim, J., & Johns, R. A.
(2023). Role of NaV1.9 in inflammatory mediator-induced ac-
tivation of mouse airway vagal C-fibres. Journal of Physiology,
601(6), 1139-1150. https://doi.org/10.1113/JP283751

Kim, M. Y., Won, H.K.,Oh,J. Y, Lee,J. H.,Jo, E.J., Kang, S. Y., Lee,
J. H,, Lee, S. E., Kang, N., Kim, Y. C,, Lee, H. Y., An, J., Yoo,
Y., Shim, J. S,, Park, S. Y., Park, H. K., Kim, M. H,, Kim, S. H.,
Kim, S. H., ... Song, W. J. (2024). Could cough hypersensitivity
symptom profile differentiate phenotypes of chronic cough?
ERJ Open Research, 10(6), 00260-2024. https://doi.org/10.1183/
23120541.00260-2024

King, J., Wingfield Digby, J., & Satia, I. (2021). Is there clinical value
in performing capsaicin cough challenges in patients with
severe asthma? Breathe (Sheffield, England), 17(2), 210046.
https://doi.org/10.1183/20734735.0046-2021

Kubo, T., Tobe, K., Okuyama, K., Kikuchi, M., Chen, Y., Schelfthout,
J., Abe, M., & Tokita, S. (2021). Disease burden and quality

35UB017 SUOWILLIOD A1) 3|ceal [dde auy Aq pausenof ae sajoie YO '8sn JO Sa|nJ 1oy Akeid 1T auljuQ A3]IAA UO (SUOIIPUOD-PUR-SWLLIBY WD AB 1M A.d1[BU 1 [UO//:SANY) SUOIIPUOD pUe SWS | 3Y) 39S *[9202/80/LT] U0 AtelqiautjuQ A3|IAN '80ua|pox3 aked pue Ui eaH Jojainisu| euolleN ‘IO IN AQ 980T, 2AUd /T8y T 0T/I0p/wioo’ A3 1M Afeiq 1 putuo-oosAydy/sdny wouy pepeojumoq ‘ST ‘9202 ‘X.T8TS0Z


https://doi.org/10.1007/s00408-023-00591-9
https://doi.org/10.1007/s00408-023-00591-9
https://doi.org/10.3389/fphys.2020.00833
https://doi.org/10.3389/fphys.2020.00833
https://doi.org/10.3390/ijms19041222
https://doi.org/10.3390/ijms19041222
https://doi.org/10.1002/ctm2.1343
https://doi.org/10.1002/ctm2.1343
https://www.ema.europa.eu
https://doi.org/10.1101/2019.12.19.883199
https://doi.org/10.1101/2019.12.19.883199
https://doi.org/10.1183/13993003.01452-2016
https://doi.org/10.1016/j.chest.2017.06.024
https://doi.org/10.1186/s12931-023-02572-4
https://doi.org/10.1038/s41593-024-01567-8
https://doi.org/10.1371/journal.pone.0246375
https://doi.org/10.1371/journal.pone.0246375
https://doi.org/10.1136/thoraxjnl-2011-200801
https://doi.org/10.1164/rccm.200403-354OC
https://doi.org/10.1164/rccm.200403-354OC
https://doi.org/10.1007/s40265-024-01891-8
https://doi.org/10.1212/WNL.0000000000210064
https://doi.org/10.1212/WNL.0000000000210064
https://doi.org/10.1152/japplphysiol.01299.2011
https://doi.org/10.1124/jpet.115.230383
https://doi.org/10.1124/jpet.115.230383
https://doi.org/10.1183/13993003.congress-2022.791
https://doi.org/10.1183/13993003.congress-2022.791
https://doi.org/10.1016/j.rmed.2023.107152
https://doi.org/10.1016/j.rmed.2023.107152
https://doi.org/10.1164/ajrccm.159.6.9809073
https://doi.org/10.1164/ajrccm.159.6.9809073
https://doi.org/10.1016/j.pupt.2021.102004
https://doi.org/10.69211/cough.2.0_21
https://doi.org/10.1016/j.jaci.2014.01.033
https://doi.org/10.1113/JP283751
https://doi.org/10.1183/23120541.00260-2024
https://doi.org/10.1183/23120541.00260-2024
https://doi.org/10.1183/20734735.0046-2021

BROWN ET AL.

12 of 14 Q)/ The
PHYSIOLOGICAL REPORTS 8 s/ Y Hyslages

of life of patients with chronic cough in Japan: A population-
based cross-sectional survey. BMJ Open Respiratory Research,
8(1), e000764. https://doi.org/10.1136/bmjresp-2020-000764

Lee,L.Y., Lin, Y.S.,Gu, Q. Chung, E., & Ho, C. Y. (2003). Functional
morphology and physiological properties of bronchopulmo-
nary C-fiber afferents. Anatomical Record. Part A, Discoveries
in Molecular, Cellular, and Evolutionary Biology, 270(1), 17-24.
https://doi.org/10.1002/ar.a.10005

Leech, J., Mazzone, S. B., & Farrell, M. J. (2013). Brain activity as-
sociated with placebo suppression of the urge-to-cough in
humans. American Journal of Respiratory and Critical Care
Medicine, 188(9), 1069-1075. https://doi.org/10.1164/rccm.
201305-08980C

Li, M., Banerjee, R., Marinelli, F., Silberberg, S., Faraldo-Gémez,
J. D., Hattori, M., Wang, Y., & Swartz, K. J. (2019). Molecular
mechanisms of human P2X3 receptor channel activation and
modulation by divalent cation-bound ATP. eLife, 8, e47060.
https://doi.org/10.7554/eLife.47060

Ludbrook, V., Hanrott, K., Marks-Konczalik, J., Kreindler, J.,
Bird, N., Hewens, D., Beerahee, M., Behm, D. J., Morice, A.,
McGarvey, L., & Parker, S. M. (2019). A placebo-controlled,
double-blind, randomised, crossover study to assess the effi-
cacy, safety and tolerability of TRPV4 inhibitor GSK2798745
in participants with chronic cough. Thorax, 74(Suppl 2), A18.
https://doi.org/10.1136/thorax-2019-213491

Makovac, E., Venezia, A., Hohenschurz-Schmidt, D., Dipasquale,
0., Jackson, J. B., Medina, S., O'Daly, O., Williams, S. C. R.,
McMahon, S. B., & Howard, M. A. (2021). The association
between pain-induced autonomic reactivity and descending
pain control is mediated by the periaqueductal grey. Journal
of Physiology, 599(21), 5243-5260. https://doi.org/10.1113/
JP282013

Mazzone, S. B., Cole, L. J,, Ando, A., Egan, G. F., & Farrell, M. J.
(2011). Investigation of the neural control of cough and cough
suppression in humans using functional brain imaging. The
Journal of Neuroscience, 31(8), 2948-2958. https://doi.org/10.
1523/INEUROSCI.4597-10.2011

Mazzone, S. B., McGovern, A. E., Yang, S. K., Woo, A., Phipps, S.,
Ando, A., Leech, J., & Farrell, M. J. (2013). Sensorimotor cir-
cuitry involved in the higher brain control of coughing. Cough,
9(1), 12. https://doi.org/10.1186/1745-9974-9-12

Mazzone, S. B., McLennan, L., McGovern, A. E., Egan, G. F.,, &
Farrell, M. J. (2007). Representation of capsaicin-evoked urge-
to-cough in the human brain using functional magnetic reso-
nance imaging. American Journal of Respiratory and Critical
Care Medicine, 176(4), 327-332. https://doi.org/10.1164/rccm.
200612-18560C

Mazzone, S. B., Mori, N., & Canning, B. J. (2005). Synergistic inter-
actions between airway afferent nerve subtypes regulating the
cough reflex in Guinea-pigs. Journal of Physiology, 569(2), 559-
573. https://doi.org/10.1113/jphysiol.2005.095216

Mazzone, S. B., Reynolds, S. M., Mori, N., Kollarik, M., Farmer, D.
G., Myers, A. C., & Canning, B. J. (2009). Selective expression of
a sodium pump isozyme by cough receptors and evidence for its
essential role in regulating cough. The Journal of Neuroscience,
29(43), 13662-13671. https://doi.org/10.1523/INEUROSCI.
4354-08.2009

Mazzone, S. B., & Undem, B. J. (2016). Vagal afferent innervation of
the Airways in Health and Disease. Physiological Reviews, 96(3),
975-1024. https://doi.org/10.1152/physrev.00039.2015

McGarvey, L., Morice, A. H., Martin, A., Li, V. W., Doane, M. ],
Urdaneta, E., Schelfhout, J., Ding, H., & Fonseca, E. (2023).
Burden of chronic cough in the UK: Results from the 2018
National Health and wellness survey. ERJ Open Research, 9(4),
00157-2023. https://doi.org/10.1183/23120541.00157-2023

McGarvey, L., Sher, M., Shvarts, Y. G., Lu, S., Wu, W. C,, Xu, P,
Schelfhout, J., La Rosa, C., Nguyen, A. M., Reyfman, P. A,,
& Afzal, A. S. (2023). The efficacy and safety of gefapixant in
a phase 3b trial of patients with recent-onset chronic cough.
Lung, 201(2), 111-118. https://doi.org/10.1007/s00408-022-
00572-6

McGarvey, L. P., Birring, S. S., Morice, A. H., Dicpinigaitis, P. V,,
Pavord, L. D., Schelthout, J., Nguyen, A. M., Li, Q., Tzontcheva,
A., Iskold, B., Green, S. A., Rosa, C., Muccino, D. R., Smith, J.
A., & COUGH-1 and COUGH-2 Investigators. (2022). Efficacy
and safety of gefapixant, a P2X3 receptor antagonist, in refrac-
tory chronic cough and unexplained chronic cough (COUGH-1
and COUGH-2): Results from two double-blind, randomised,
parallel-group, placebo-controlled, phase 3 trials. Lancet,
399(10328), 909-923. https://doi.org/10.1016/S0140-6736(21)
02348-5

McGarvey, L. P., Smith, J. A., Morice, A., Birring, S. S., Chung,
K. F., Dicpinigaitis, P. V., Niimi, A., Benninger, M. S., Sher,
M., Matsunaga, Y., Miyazaki, S., Machida, M., Ishihara, H.,
Mahmood, A., & Gomez, J. C. (2023). A randomized, double-
blind, placebo-controlled, parallel-group phase 2b trial of P2X3
receptor antagonist sivopixant for refractory or unexplained
chronic cough. Lung, 201(1), 25-35. https://doi.org/10.1007/
$00408-022-00592-5

McGarvey, L. P. A., Carton, C., Gamble, L. A., Heaney, L. G,
Shepherd, R., Ennis, M., & MacMahon, J. (2006). Prevalence of
psychomorbidity among patients with chronic cough. Cough, 2,
4. https://doi.org/10.1186/1745-9974-2-4

Meier, M. L., Stampfli, P., Humphreys, B. K., Vrana, A., Seifritz, E.,
& Schweinhardt, P. (2017). The impact of pain-related fear on
neural pathways of pain modulation in chronic low back pain.
Pain Reports, 2(3), e611. https://doi.org/10.1097/PR9.00000
00000000611

Mergler, S., Mertens, C., Valtink, M., Reinach, P. S., Castelo Székely,
V., Slavi, N., Garreis, F., Abdelmessih, S., Tiirker, E., Fels, G.,
& Pleyer, U. (2013). Functional significance of thermosensitive
transient receptor potential melastatin channel 8 (TRPMS)
expression in immortalized human corneal endothelial cells.
Experimental Eye Research, 116, 337-349. https://doi.org/10.
1016/j.exer.2013.10.003

Millgvist, E., & Lowhagen, O. (1996). Placebo-controlled challenges
with perfume in patients with asthma-like symptoms. Allergy,
51(6), 434-439. https://doi.org/10.1111/j.1398-9995.1996.
tb04644

Mitchell, J. E., Campbell, A. P., New, N. E., Sadofsky, L. R., Kastelik,
J. A., Mulrennan, S. A., Compton, S. J., & Morice, A. H. (2005).
Expression and characterization of the intracellular vanilloid
receptor (TRPV1) in bronchi from patients with chronic cough.
Experimental Lung Research, 31(3), 295-306. https://doi.org/10.
1080/01902140590922392

Moe, A. A. K., Bautista, T. G., Leech, J., Mazzone, S. B., & Farrell,
M. J. (2026). Placebo effect on brainstem activity associated
with capsaicin-evoked urge to cough in healthy humans. The
European Respiratory Journal, 67(1), 2500645. https://doi.org/
10.1183/13993003.00645-2025

35UB017 SUOWILLIOD A1) 3|ceal [dde auy Aq pausenof ae sajoie YO '8sn JO Sa|nJ 1oy Akeid 1T auljuQ A3]IAA UO (SUOIIPUOD-PUR-SWLLIBY WD AB 1M A.d1[BU 1 [UO//:SANY) SUOIIPUOD pUe SWS | 3Y) 39S *[9202/80/LT] U0 AtelqiautjuQ A3|IAN '80ua|pox3 aked pue Ui eaH Jojainisu| euolleN ‘IO IN AQ 980T, 2AUd /T8y T 0T/I0p/wioo’ A3 1M Afeiq 1 putuo-oosAydy/sdny wouy pepeojumoq ‘ST ‘9202 ‘X.T8TS0Z


https://doi.org/10.1136/bmjresp-2020-000764
https://doi.org/10.1002/ar.a.10005
https://doi.org/10.1164/rccm.201305-0898OC
https://doi.org/10.1164/rccm.201305-0898OC
https://doi.org/10.7554/eLife.47060
https://doi.org/10.1136/thorax-2019-213491
https://doi.org/10.1113/JP282013
https://doi.org/10.1113/JP282013
https://doi.org/10.1523/JNEUROSCI.4597-10.2011
https://doi.org/10.1523/JNEUROSCI.4597-10.2011
https://doi.org/10.1186/1745-9974-9-12
https://doi.org/10.1164/rccm.200612-1856OC
https://doi.org/10.1164/rccm.200612-1856OC
https://doi.org/10.1113/jphysiol.2005.095216
https://doi.org/10.1523/JNEUROSCI.4354-08.2009
https://doi.org/10.1523/JNEUROSCI.4354-08.2009
https://doi.org/10.1152/physrev.00039.2015
https://doi.org/10.1183/23120541.00157-2023
https://doi.org/10.1007/s00408-022-00572-6
https://doi.org/10.1007/s00408-022-00572-6
https://doi.org/10.1016/S0140-6736(21)02348-5
https://doi.org/10.1016/S0140-6736(21)02348-5
https://doi.org/10.1007/s00408-022-00592-5
https://doi.org/10.1007/s00408-022-00592-5
https://doi.org/10.1186/1745-9974-2-4
https://doi.org/10.1097/PR9.0000000000000611
https://doi.org/10.1097/PR9.0000000000000611
https://doi.org/10.1016/j.exer.2013.10.003
https://doi.org/10.1016/j.exer.2013.10.003
https://doi.org/10.1111/j.1398-9995.1996.tb04644
https://doi.org/10.1111/j.1398-9995.1996.tb04644
https://doi.org/10.1080/01902140590922392
https://doi.org/10.1080/01902140590922392
https://doi.org/10.1183/13993003.00645-2025
https://doi.org/10.1183/13993003.00645-2025

BROWN ET AL.

Moe, A. A. K., Singh, N., Dimmock, M., Cox, K., McGarvey, L.,
Chung, K. F., McGovern, A. E., McMahon, M., Richards, A. L.,
Farrell, M. J., & Mazzone, S. B. (2024). Brainstem processing of
cough sensory inputs in chronic cough hypersensitivity. eBio-
Medicine, 100, 104926. https://doi.org/10.1016/j.ebiom.2024.
104926

Morice, A., Dicpinigaitis, P., McGarvey, L., & Birring, S. S. (2021).
Chronic cough: New insights and future prospects. European
Respiratory Review, 30(162), 210127. https://doi.org/10.1183/
16000617.0127-2021

Morice, A., Smith, J. A., McGarvey, L., Birring, S. S., Parker, S. M.,
Turner, A., Hummel, T., Gashaw, 1., Fels, L., Klein, S., Francke,
K., & Friedrich, C. (2021). Eliapixant (BAY 1817080), a P2X3 re-
ceptor antagonist, in refractory chronic cough: A randomised,
placebo-controlled, crossover phase 2a study. European
Respiratory Journal, 58(5), 2004170. https://doi.org/10.1183/
13993003.04170-2020

Morice, A. H. (2017). TRPA1 receptors in chronic cough. Pulmonary
Pharmacology & Therapeutics, 47, 42-44. https://doi.org/10.
1016/j.pupt.2017.05.004

Morice, A. H., Kitt, M. M., Ford, A. P., Tershakovec, A. M., Wu, W.
C., Brindle, K., Thompson, R., Thackray-Nocera, S., & Wright,
C. (2019). The effect of gefapixant, a P2X3 antagonist, on cough
reflex sensitivity: A randomised placebo-controlled study. The
European Respiratory Journal, 54(1), 1900439. https://doi.org/
10.1183/13993003.00439-2019

Muccino, D., & Green, S. (2019). Update on the clinical develop-
ment of gefapixant, a P2X3 receptor antagonist for the treat-
ment of refractory chronic cough. Pulmonary Pharmacology &
Therapeutics, 56, 75-78. https://doi.org/10.1016/j.pupt.2019.03.
004

Mukhopadhyay, I., Kulkarni, A., Aranake, S., Karnik, P., Shetty, M.,
Thorat, S., Ghosh, I., Wale, D., Bhosale, V., & Khairatkar-Joshi,
N. (2014). Transient receptor potential ankyrin 1 receptor acti-
vation in vitro and in vivo by pro-tussive agents: GRC 17536 as
a promising anti-tussive therapeutic. PLoS One, 9(5), €97005.
https://doi.org/10.1371/journal.pone.0097005

Nassenstein, C., Taylor-Clark, T. E., Myers, A. C., Ru, F., Nandigama,
R., Bettner, W., & Undem, B. J. (2010). Phenotypic distinctions
between neural crest- and placode-derived vagal C-fibres in
mouse lungs. Journal of Physiology, 588(23), 4769-4783. https://
doi.org/10.1113/jphysiol.2010.195339

National Institute for Health and Care Excellence (NICE) Gefapixant
for treating refractory or unexplained chronic cough. https://
www.nice.org.uk/guidance/ta969

National Library of Medicine (US). (2024). Study to assess the effi-
cacy, safety, and tolerability of NOC-110 in adults with refrac-
tory or unexplained chronic cough (ASPIRE). ClinicalTrials.
gov. https://clinicaltrials.gov/study/NCT06504446

Niimi, A., Saito, J., Kamei, T., Shinkai, M., Ishihara, H., Machida, M.,
& Miyazaki, S. (2022). Randomised trial of the P2X3 receptor
antagonist sivopixant for refractory chronic cough. European
Respiratory Journal, 59(6), 2100725. https://doi.org/10.1183/
13993003.00725-2021

North, R. A. (2002). Molecular physiology of P2X receptors.
Physiological Reviews, 82(4), 1013-1067. https://doi.org/10.
1152/physrev.00015.2002

Peier, A. M., Mogqrich, A., Hergarden, A. C., Reeve, A.J., Andersson,
D. A., Story, G. M., Earley, T.J., Dragoni, I., McIntyre, P., Bevan,
S., & Patapoutian, A. (2002). A TRP channel that senses cold

hysiol
ociety

13 of 14

§é§§§£@osm “7/ PHYSIOLOGICAL REPORTS aJ—
stimuli and menthol. Cell, 108(5), 705-715. https://doi.org/10.
1016/S0092-8674(02)00652-9

Poliacek, I., Pitts, T., Rose, M. J., Davenport, P. W., Simera, M., Veternik,
M., Kotmanova, Z., & Bolser, D. C. (2017). Microinjection of ky-
nurenic acid in the rostral nucleus of the tractus solitarius dis-
rupts spatiotemporal aspects of mechanically induced tracheo-
bronchial cough. Journal of Neurophysiology, 117(5), 2179-2187.
https://doi.org/10.1152/jn.00892.2016

Shapiro, C. O., Proskocil, B. J., Oppegard, L. J., Blum, E. D., Kappel,
N.L., Chang, C. H., Fryer, A. D., Jacoby, D. B., Costello, R. W., &
Drake, M. G. (2021). Airway sensory nerve density is increased
in chronic cough. American Journal of Respiratory and Critical
Care Medicine, 203(3), 348-355. https://doi.org/10.1164/rccm.
201912-23470C

Shen, T. Y., Pertzborn, M. C., Rose, M. J., Musselwhite, M. N.,
Davenport, P. W., & Bolser, D. C. (2021). Influence of intra-
thoracic vagotomy on the cough reflex in the anesthetized cat.
Respiratory Physiology & Neurobiology, 296, 103912. https://doi.
0rg/10.1016/j.resp.2022.103912

Shen, T. Y., Poliacek, 1., Rose, M. J., Musselwhite, M. N., Kotmanova,
Z., Martvon, L., Pitts, T., Davenport, P. W., & Bolser, D. C.
(2022). The role of neuronal excitation and inhibition in the
pre-Botzinger complex on the cough reflex in the cat. Journal
of Neurophysiology, 127(1), 267-278. https://doi.org/10.1152/jn.
00108.2021

Simera, M., Berikova, D., Hovengen, O. J., Laheye, M., Veternik,
M., Martvon, L., Kotmanova, Z., Cibulkova, L., & Poliacek, I.
(2024). Role of the pontine respiratory group in the suppres-
sion of cough by codeine in cats. Respiratory Physiology &
Neurobiology, 330, 105-112. https://doi.org/10.1016/j.resp.
2024.105012

Singh, N., Driessen, A. K., McGovern, A. E., Moe, A. A. K., Farrell,
M. J., & Mazzone, S. B. (2020). Peripheral and central mech-
anisms of cough hypersensitivity. Journal of Thoracic Disease,
12(9), 5179-5193. https://doi.org/10.21037/jtd-2020-icc-007

Smith, J., Allman, D., Badri, H., Miller, R., Morris, J., Satia, I., Wood,
A., & Trower, M. K. (2020). The neurokinin-1 receptor antago-
nist orvepitant is a novel antitussive therapy for chronic refrac-
tory cough: Results from a phase 2 pilot study (VOLCANO-1).
Chest, 157(1), 111-118. https://doi.org/10.1016/j.chest.201

Smith, J., Ballantyne, E., Kerr, M., McGarvey, L., Morice, A., Sher,
M., Trower, M., & Pawsey, S. (2019). The neurokinin-1 recep-
tor antagonist orvepitant improves chronic cough symptoms:
Results from a phase 2b trial. European Respiratory Journal,
54(Suppl 63), PA600. https://doi.org/10.1183/13993003.congr
€ss-2019.PA600

Smith, J., Chapman, K., Satia, I., Millaire, E., Parker, S., McGarvey,
L., Morice, A., Marsden, P., Birring, S. S., & Turner, A. (2025).
Efficacy and safety of nalbuphine extended-release in refrac-
tory chronic cough: Results from the phase 2a RIVER trial.
Thorax, 80(Suppl 2), A205.1. https://doi.org/10.1136/thorax-
2025-BTSabstracts.294

Smith, J., Harle, A., Dockry, R., Holt, K., Russell, P., Molassiotis,
A., Yorke, J., Robinson, R., Birrell, M. A., Belvisi, M. G., &
Blackhall, F. (2021). Aprepitant for cough in lung cancer: A
randomized placebo-controlled trial and mechanistic insights.
American Journal of Respiratory and Critical Care Medicine,
203(6), 737-745. https://doi.org/10.1164/rccm.202009-35360C

Smith, J., Hull, J., Birring, S. S., Morice, A. H., Parker, S., Marsden,
P. A., Pavord, 1. D., Mcgarvey, L., Fowles, H., Turner, A., &

35UB017 SUOWILLIOD A1) 3|ceal [dde auy Aq pausenof ae sajoie YO '8sn JO Sa|nJ 1oy Akeid 1T auljuQ A3]IAA UO (SUOIIPUOD-PUR-SWLLIBY WD AB 1M A.d1[BU 1 [UO//:SANY) SUOIIPUOD pUe SWS | 3Y) 39S *[9202/80/LT] U0 AtelqiautjuQ A3|IAN '80ua|pox3 aked pue Ui eaH Jojainisu| euolleN ‘IO IN AQ 980T, 2AUd /T8y T 0T/I0p/wioo’ A3 1M Afeiq 1 putuo-oosAydy/sdny wouy pepeojumoq ‘ST ‘9202 ‘X.T8TS0Z


https://doi.org/10.1016/j.ebiom.2024.104926
https://doi.org/10.1016/j.ebiom.2024.104926
https://doi.org/10.1183/16000617.0127-2021
https://doi.org/10.1183/16000617.0127-2021
https://doi.org/10.1183/13993003.04170-2020
https://doi.org/10.1183/13993003.04170-2020
https://doi.org/10.1016/j.pupt.2017.05.004
https://doi.org/10.1016/j.pupt.2017.05.004
https://doi.org/10.1183/13993003.00439-2019
https://doi.org/10.1183/13993003.00439-2019
https://doi.org/10.1016/j.pupt.2019.03.004
https://doi.org/10.1016/j.pupt.2019.03.004
https://doi.org/10.1371/journal.pone.0097005
https://doi.org/10.1113/jphysiol.2010.195339
https://doi.org/10.1113/jphysiol.2010.195339
https://www.nice.org.uk/guidance/ta969
https://www.nice.org.uk/guidance/ta969
https://clinicaltrials.gov/study/NCT06504446
https://doi.org/10.1183/13993003.00725-2021
https://doi.org/10.1183/13993003.00725-2021
https://doi.org/10.1152/physrev.00015.2002
https://doi.org/10.1152/physrev.00015.2002
https://doi.org/10.1016/S0092-8674(02)00652-9
https://doi.org/10.1016/S0092-8674(02)00652-9
https://doi.org/10.1152/jn.00892.2016
https://doi.org/10.1164/rccm.201912-2347OC
https://doi.org/10.1164/rccm.201912-2347OC
https://doi.org/10.1016/j.resp.2022.103912
https://doi.org/10.1016/j.resp.2022.103912
https://doi.org/10.1152/jn.00108.2021
https://doi.org/10.1152/jn.00108.2021
https://doi.org/10.1016/j.resp.2024.105012
https://doi.org/10.1016/j.resp.2024.105012
https://doi.org/10.21037/jtd-2020-icc-007
https://doi.org/10.1016/j.chest.201
https://doi.org/10.1183/13993003.congress-2019.PA600
https://doi.org/10.1183/13993003.congress-2019.PA600
https://doi.org/10.1136/thorax-2025-BTSabstracts.294
https://doi.org/10.1136/thorax-2025-BTSabstracts.294
https://doi.org/10.1164/rccm.202009-3536OC

BROWN ET AL.

Mpnvsml.oelcm. REPORTS 3 gt 2\ I
Piorot, O. (2023). Randomized proof-of-concept study of AX-8,
a TRPMS agonist, in refractory or unexplained chronic cough.
American Journal of Respiratory and Critical Care Medicine,
207, A2532. https://doi.org/10.1164/ajrccm-conference.2023.
207.1_MeetingAbstracts.A2532

Smith, J., Poirot, O., Marsden, P., Drenan, D., Taylor, T., Zigel, Y.,
Venn, H., & Kitt, M. (2024). Effect of AX-8, a TRPMS agonist,
on cough bouts in refractory or unexplained chronic cough pa-
tients: A proof-of-concept study. European Respiratory Journal,
64(Suppl 68), PA318. https://doi.org/10.1183/13993003.congr
€ss-2024.PA318

Smith, J. A., Birring, S. S., Blaiss, M. S., McGarvey, L., Morice, A.
H., Sher, M., Carroll, K. J., Garin, M., Lanouette, S., Shaw, J.,
Yang, R., & Bonuccelli, C. M. (2025). Camlipixant in refractory
chronic cough: A phase 2b, randomized, placebo-controlled
trial (SOOTHE). American Journal of Respiratory and Critical
Care Medicine, 211(6), 1038-1048. https://doi.org/10.1164/
rccm.202409-17520C

Smith, J. A., Morice, A. H., Birring, S. S., Parker, S. M., Marsden,
P. A., Holcomb, J. R., Sher, M., Prenner, B. M., Steven, G.,
Carroll, K. J., & Lanouette, S. (2025). Camlipixant in refrac-
tory chronic cough: A phase 2a, randomized controlled trial
(RELIEF). American Journal of Respiratory and Critical Care
Medicine, 211(6), 1072-1075. https://doi.org/10.1164/rccm.
202410-15870C

Song, W. J., Chang, Y. S., Faruqi, S., Kim, J. Y., Kang, M. G., Kim,
S.,Jo, E. I, Kim, M. H., Plevkova, J., Park, H. W., Cho, S. H., &
Morice, A. H. (2015). The global epidemiology of chronic cough
in adults: A systematic review and meta-analysis. The European
Respiratory Journal, 45(5), 1479-1481. https://doi.org/10.1183/
09031936.00218714

Steib, A., Rozmer, K., Sz6ke, E., Kun, J., Farkas, N., Feller, D.,
Pongracz, J., Pohoczky, K., & Helyes, Z. (2025). The TRPA1 cat-
ion channel is upregulated by cigarette smoke in mouse and
human macrophages modulating lung inflammation. Scientific
Reports, 15(1), 95662. https://doi.org/10.1038/s41598-025-
95662-y

Stinson, R. J., Morice, A. H., & Sadofsky, L. R. (2023). Modulation
of transient receptor potential (TRP) channels by plant derived
substances used in over-the-counter cough and cold remedies.
Respiratory Research, 24(1), 45. https://doi.org/10.1186/s1293
1-023-02347-z

Sugi, T., Inubushi, T., Ohno, T., Onishi, Y., Isobe, T., Shigematsu,
T., Hanai, S., Okada, Y., Takahashi, R., Tawara, Y., & Suzuki,
C. (2024). Neural substrates of cough control during coughing.
Scientific Reports, 14(1), 112345. https://doi.org/10.1038/54159
8-024-112345

Sun, H., Meeker, S., & Undem, B. J. (2020). Role of TRP channels
in Gg-coupled protease-activated receptor 1-mediated activa-
tion of mouse nodose pulmonary C-fibers. American Journal
of Physiology. Lung Cellular and Molecular Physiology, 318,
L192-L199. https://doi.org/10.1152/ajplung.00301.2019

Toft-Bertelsen, T. L., Krizaj, D., & MacAulay, N. (2017). When
size matters: Transient receptor potential vanilloid 4 channel
as a volume-sensor rather than an osmo-sensor. The Journal
of Physiology, 595(11), 3287-3302. https://doi.org/10.1113/
JP274135

Undem, B. J., & Nassenstein, C. (2009). Airway nerves and dys-
pnea associated with inflammatory airway disease. Respiratory
Physiology & Neurobiology, 167(1), 36-44. https://doi.org/10.
1016/j.resp.2008.11.012

Weigand, L. A., Ford, A. P., & Undem, B. J. (2012). A role for ATP
in bronchoconstriction-induced activation of Guinea pig vagal
intrapulmonary C-fibres. Journal of Physiology, 590(16), 4109—
4120. https://doi.org/10.1113/jphysiol.2012.233502

West, P. W., Canning, B. J., Merlo-Pich, E., Woodcock, A. A., &
Smith, J. A. (2015). Morphologic characterization of nerves in
whole-mount airway biopsies. American Journal of Respiratory
and Critical Care Medicine, 192(1), 30-39. https://doi.org/10.
1164/rccm.201412-22760C

Widdicombe, J. (2003). Functional morphology and physiology of pul-
monary rapidly adapting receptors (RARs). Anatomical Record.
Part A, Discoveries in Molecular, Cellular, and Evolutionary
Biology, 270(1), 2-10. https://doi.org/10.1002/ar.a.10001

Xu, F., Frazier, D. T., Zhang, Z., Baekey, D. M., & Shannon, R. (1997).
Cerebellar modulation of cough motor pattern in cats. Journal
of Applied Physiology, 83(2), 391-397. https://doi.org/10.1152/
jappl.1997.83.2.391

Zhang, L., Sun, T., Liu, L., & Wang, L. (2018). The research of the
possible mechanism and the treatment for capsaicin-induced
cough. Pulmonary Pharmacology & Therapeutics, 49, 1-9.
https://doi.org/10.1016/j.pupt.2017.12.008

Zhang, M., & Morice, A. H. (2024). Unravelling vagal hypersensitivity
in chronic cough: A distinct disease. The Journal of Physiology,
602(22), 6039-6046. https://doi.org/10.1113/JP284641

Zhang, M., Zhang, B., & Morice, A. H. (2024). Decoding the impact
of the placebo response in clinical trials for chronic cough. ERJ
Open Research, 10(1), 00123-2024. https://doi.org/10.1183/
23120541.00123-2024

Zhang, Q., Ge, Y., Sun, T., Feng, S., Zhang, C., Hong, T., Liu, X,
Han, Y., Cao, J. L., & Zhang, H. (2024). Pulmonary vagus nerve
transection for chronic cough after video-assisted lobectomy: A
randomized controlled trial. International Journal of Surgery,
110(3), 1556-1563. https://doi.org/10.1016/j.ijsu.2024.02.034

How to cite this article: Brown, J. C., Rhatigan, K.
L., Price, O.J., & Cho, P. S. P. (2026). Physiological
mechanisms and therapeutic targets in chronic
cough. Physiological Reports, 14, e71036. https://doi.
0rg/10.14814/phy2.71036

35UB017 SUOWILLIOD A1) 3|ceal [dde auy Aq pausenof ae sajoie YO '8sn JO Sa|nJ 1oy Akeid 1T auljuQ A3]IAA UO (SUOIIPUOD-PUR-SWLLIBY WD AB 1M A.d1[BU 1 [UO//:SANY) SUOIIPUOD pUe SWS | 3Y) 39S *[9202/80/LT] U0 AtelqiautjuQ A3|IAN '80ua|pox3 aked pue Ui eaH Jojainisu| euolleN ‘IO IN AQ 980T, 2AUd /T8y T 0T/I0p/wioo’ A3 1M Afeiq 1 putuo-oosAydy/sdny wouy pepeojumoq ‘ST ‘9202 ‘X.T8TS0Z


https://doi.org/10.1164/ajrccm-conference.2023.207.1_MeetingAbstracts.A2532
https://doi.org/10.1164/ajrccm-conference.2023.207.1_MeetingAbstracts.A2532
https://doi.org/10.1183/13993003.congress-2024.PA318
https://doi.org/10.1183/13993003.congress-2024.PA318
https://doi.org/10.1164/rccm.202409-1752OC
https://doi.org/10.1164/rccm.202409-1752OC
https://doi.org/10.1164/rccm.202410-1587OC
https://doi.org/10.1164/rccm.202410-1587OC
https://doi.org/10.1183/09031936.00218714
https://doi.org/10.1183/09031936.00218714
https://doi.org/10.1038/s41598-025-95662-y
https://doi.org/10.1038/s41598-025-95662-y
https://doi.org/10.1186/s12931-023-02347-z
https://doi.org/10.1186/s12931-023-02347-z
https://doi.org/10.1038/s41598-024-112345
https://doi.org/10.1038/s41598-024-112345
https://doi.org/10.1152/ajplung.00301.2019
https://doi.org/10.1113/JP274135
https://doi.org/10.1113/JP274135
https://doi.org/10.1016/j.resp.2008.11.012
https://doi.org/10.1016/j.resp.2008.11.012
https://doi.org/10.1113/jphysiol.2012.233502
https://doi.org/10.1164/rccm.201412-2276OC
https://doi.org/10.1164/rccm.201412-2276OC
https://doi.org/10.1002/ar.a.10001
https://doi.org/10.1152/jappl.1997.83.2.391
https://doi.org/10.1152/jappl.1997.83.2.391
https://doi.org/10.1016/j.pupt.2017.12.008
https://doi.org/10.1113/JP284641
https://doi.org/10.1183/23120541.00123-2024
https://doi.org/10.1183/23120541.00123-2024
https://doi.org/10.1016/j.ijsu.2024.02.034
https://doi.org/10.14814/phy2.71036
https://doi.org/10.14814/phy2.71036

	Physiological mechanisms and therapeutic targets in chronic cough
	Abstract
	1  |  INTRODUCTION
	2  |  PHYSIOLOGY OF COUGH
	3  |  PERIPHERAL NEUROPHYSIOLOGY
	3.1  |  Vagal afferents
	3.1.1  |  A-fiber receptors
	3.1.2  |  C-fibre receptors
	3.1.3  |  P2X purinoceptor 3
	3.1.4  |  Transient receptor potential cation channel


	4  |  CENTRAL PATHWAY
	4.1  |  Role of the brainstem and the midbrain
	4.2  |  Supramedullary brain regions, voluntary cough and cough reflex inhibition

	5  |  SUMMARY AND FUTURE DIRECTIONS
	6  |  CONCLUSION
	AUTHOR CONTRIBUTIONS
	FUNDING INFORMATION
	CONFLICT OF INTEREST STATEMENT
	DISCLOSURE
	GUARANTOR STATEMENT
	ORCID
	REFERENCES


