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Summary 

Cough is one of the most important defensive reflexes. However, 

extensive non- productive cough is a harmful mechanism leading 

to the damage of human airways. Cough is initiated by activation 

of vagal afferents in the airways. The site of their convergence is 

particularly the nucleus of the solitary tract (nTS). The second-

order neurons terminate in the pons, medulla and spinal cord and 

there is also the cortical and subcortical control of coughing. Upper 

airway cough syndrome (UACS) – previously postnasal drip 

syndrome - is one of the most common causes of chronic cough 

together with asthma and gastroesophageal reflux. The main 

mechanisms leading to cough in patients with nasal and sinus 

diseases are postnasal drip, direct irritation of nasal mucosa, 

inflammation in the lower airways, upper airway inflammation and 

the cough reflex sensitization. The cough demonstrated by UACS 

patients is probably due to hypersensitivity of the upper airways 

sensory nerve or lower airways sensory nerve, or a combination of 

both. Further studies are needed to clarify this mechanism. 
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Introduction 

 

Cough is a defensive respiratory reflex that begins 

with a brief inspiration, followed by expiration against 

a closed glottis which produces large increases in 

intrapulmonary pressures such that the final phase of 

opening of glottis evokes a large expulsive airflow for 

clearing the airways (Korpas and Tomori 1979, Mazzone 

and Undem 2016). Under normal conditions, cough serves 

an important protective role in the airways and lungs. 

However, cough is also a mechanism for the spread of life-

threatening respiratory tract infections. Furthermore, in 

diseases such as asthma, chronic obstructive pulmonary 

disease (COPD), gastroesophageal reflux disease (GERD), 

and rhinosinusitis, cough may become excessive and 

harmful to the airway mucosa and adversely impact patient 

quality of life (Canning et al. 2014).  Cough can either 

occur reflexively (depending on afferent inputs processed 

at the brainstem level) or behaviorally (requiring higher 

brain cortical processing) (Narula et al. 2014).  

 

Peripheral and central mechanisms of cough 

 

Reflexive coughing is initiated by activation of 

mechanically and chemically sensitive vagal afferent 

nerves innervating the airways (Canning et al. 2006). The 

vagal sensory neurons are situated in two distinct ganglia 

- the nodose ganglion and the jugular ganglion (Mazzone 

and Undem 2016). Cough reflex is also modulated by 

many other afferent inputs within the vagus nerve and out 

of it. This modulation is called ‘cough plasticity’ (Canning 

and Mori 2011). There are different kinds of vagal afferent 
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fiber subtypes, depending on how they respond to different 

stimuli (Grace et al. 2013, Mazzone and Canning 2016). 

The sensory nerve fibers terminate in and under the airway 

epithelium and detect the irritant signals coming into the 

airways and get activated (Song et al. 2014).  

The recognition of chemical irritants and 

endogenous inflammatory mediators is mostly mediated 

by unmyelinated C-fibers (Song et al. 2014), that comprise 

the majority of afferent nerves innervating the airways 

(Mazzone and Undem 2016). C-fibers are often 

subclassified as pulmonary C-fibers or bronchial C-fibers, 

depending on whether the terminations receive blood 

supply from the pulmonary or bronchial circulation, 

respectively (Mazzone and Undem 2016). C-fibers are 

sensitive to a wide variety of inhaled or locally produced 

chemical mediators, including capsaicin (Canning et al. 

2014). A C-fiber is termed “bronchial” if it is located in 

the large airways or if it responds with short latency to 

a chemical stimulant injected directly into the systemic 

circulation, i.e., into the bronchial artery. Pulmonary C-

fibers are thought to terminate largely in the lung 

interstitium close to the pulmonary capillaries (Mazzone 

and Undem 2016). The sensation of mechanical stimuli is 

mainly mediated by myelinated Aδ cough receptors; it is 

also responsive to rapid change in pH (Canning et al. 

2006). The cough receptor terminations are found 

exclusively in the extrapulmonary airways (Canning et al. 

2014). Lung stretch receptors are exclusively derived from 

the nodose ganglia and are classically identified as either 

rapidly (RAR) or slowly (SAR) adapting airway 

mechanoreceptors (Narula et al. 2014). These receptors 

mainly terminate in the intrapulmonary airways and are 

thought of as being less involved in cough reflex (Grace et 

al. 2013). Although C-fibers and the cough receptors 

subserve primary roles in cough initiation, all afferent 

nerve subtypes innervating the airways can modulate the 

cough reflex (Canning et al. 2006).  

The central projections of all vagal afferents 

terminate in the brainstem where they innervate second-

order neurons that project to other brainstem 

nuclei, ascend to higher brain regions, or descend to the 

spinal cord (Mazzone and Undem 2016). The site of the 

convergence of vagal afferents is particularly the nucleus 

of the solitary tract (nTS) (Canning et al. 2014). However, 

recent studies suggest, that a substantial portion of airway 

sensory inputs also terminate in a region of the trigeminal 

nucleus known as the paratrigeminal nucleus (Pa5) 

(Narula et al. 2014). Second order neurons in the pathways 

from these receptors project to neurons located in 

respiratory-related regions of the medulla, pons and spinal 

cord (Kubin et al. 2006). However, there is also a higher 

brain control of coughing, that can manifest as inhibition 

of coughing or as voluntary cough. Also the urge to cough 

evoked by capsaicin inhalation is encoded in a brain 

network (Canning et al. 2014).  

Many experiments have been performed to 

identify the central structures responsible for the formation 

and modulation of cough and other respiratory reflexes 

(Korpas and Tomori, 1979, Jakus et al. 1987, Jakus et al. 

2000, Poliacek et al. 2003, Chen et al. 2017, Chen et al. 

2019, Ji et al. 2018). 

 

Chronic cough  

 

Chronic cough in adults is broadly defined as 

cough persisting for more than 8 weeks (Morice et al. 

2007). Most common causes of chronic cough are asthma, 

gastroesophageal reflux disease and upper airway cough 

syndrome (previously known as postnasal drip syndrome), 

collectively known as 'diagnostic triad of chronic cough' 

(Morice et al. 2007). Cough is not always related to 

another disease condition (Song and Morice 2017). 

12-42 % of patients did not fit into any categories despite 

vigorous diagnostic and therapeutic efforts. Cough in this 

group of patients was named idiopathic or refractory cough 

(McGarvey 2008). 

In 2006, the American College of Chest 

Physicians (ACCP) defined upper airway cough syndrome 

(UACS), previously referred to as postnasal drip syndrome 

(PNDS), as one of several critical pathogeneses of chronic 

cough (Irwin et al. 1998, Pratter 2006). In UACS patients, 

cough can be caused by a variety of upper respiratory 

disorders, including nasal and sinus diseases. It can also 

result from anatomic abnormalities and physically- or 

chemically-induced rhinitis, as well as pharyngeal diseases 

(Yu et al. 2015). UACS/PNDS is the most common cause 

of chronic cough in the USA (Pratter 2006). Although 

UACS/PNDS has been proposed as a specific syndrome 

for more than 100 years and become a severe clinical 

problem, knowledge concerning its pathogenesis and 

management has remained inconsistent across different 

countries (Yu et al. 2015). 

The pathogenesis of UACS/PNDS is unclear but 

there are several possible mechanisms:  

 

Postnasal drip  

In the past, chronic cough from UACS/PNDS was 

considered to result from postnasal drip-inducing 
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mechano- or chemostimulation of the afferent nerves 

innervating the pharynx, larynx, or lower airways (Pratter 

2006, Yu et al. 2015). PNDS causes the stimulation of 

cough receptors located in the hypopharynx or larynx by 

secretions emanating from the nose and/or sinuses 

dripping down into these areas (Pratter 2006). However, 

there are many arguments against this hypothesis. There 

seems to be considerable variance in the prevalence of 

postnasal drip among patients with chronic cough 

(Canning 2014). Postnasal drip is a physiologic finding 

(O'Hara and Jones 2006) and is not of itself an adequate 

explanation. Approximately 20 % of patients with PNDS-

induced cough are unaware of either the presence of PNDS 

or its link to their cough (Pratter 2006). Due to this 

uncertain causal relationship, starting in 2006, the ACCP 

has used the term UACS to replace PNDS (Pratter 2006). 

 

Direct irritation of nasal mucosa 

Nasal afferents express various ion channels and 

detect different kinds of stimuli. Terminals of the 

trigeminal afferents innervating nasal mucosa are 

commonly called ‘gate-keepers’, since these fibers are the 

first to detect substances entering the upper respiratory 

tract (Panneton et al. 2010).  Direct stimulation of the nasal 

mucosa does not initiate cough (Canning et al. 2014), 

though, cough seems to be both up-regulated and down-

regulated by distinct populations of nasal afferents (Buday 

et al. 2012). 

The TRPV1 agonists (capsaicin, histamine) and 

TRPA1 agonists (air born pollutants, oxidizing substances, 

and endogenous inflammatory products) evoke painful and 

noxious sensations and reflexes, TRPM8 activation by 

menthol, eucalyptol or camphor is soothing, 

a counterirritant to effects evoked by nociceptors (Canning 

2014, Buday et al. 2012, Plevkova and Song 2013). The 

nasal stimulation by water also down-regulates the cough 

reflex in animal models (Poussel et al. 2012). There is 

a hypothesis that cough reflex is up-regulated during 

stimulation of nasal afferents in order to minimize the 

spreading of the pathological process from the nasal cavity 

to other parts of the respiratory tract (Plevkova and Song 

2013). The trigeminal afferent pathways can promote the 

likelihood of cough by lowering the threshold of the 

central cough pattern generator to subsequent vagal 

afferent input, perhaps to the point where even innocuous 

or physiologic stimuli arising from the lower airways 

could promote coughing (Canning 2014). The 

sensitization of cough by the nasal trigeminal sensory 

pathways is perhaps more complex than the vagally-

mediated sensitization since the trigeminal and the cough-

triggering vagal sensory nerves terminate in different areas 

of the brainstem (Tatar et al. 2009).  Although the primary 

sensory fibers from the nasal cavity are interpolated to 

second order neurons mainly in the sensitive nucleus of 

trigeminal nerve, these afferents have connections to the 

chemosensitive areas such as the area postrema, and also 

nTS, which may interfere with modulation of inputs to 

“cough generator” (Plevkova and Song 2013). The nasal 

trigeminal afferent stimulation also induced c-fos 

expression in the nTS, indicating the potential contribution 

of upper airway neurogenic inflammation in central 

sensitization of cough (Plevkova et al. 2010). 

 

Airway inflammation – lower airway inflammation 

Studies have shown that lower airway 

inflammation is commonly associated with chronic cough 

(Yu et al. 2015). Multiple inflammatory mediators, 

including histamine and prostaglandins, can increase the 

sensibility of cough via stimulating local nerve endings in 

the lower airways (Birring et al. 2004). 

Furthermore, numerous studies have shown that 

airway inflammation in patients with non-asthmatic 

chronic cough, including patients with UACS, is mainly 

due to infiltration of mast cells, neutrophils, and 

lymphocytes, which is different from the etiologies 

associated with cough-variant asthma and eosinophilic 

bronchitis (Birring et al. 2004).  

Patients with UACS showed a remodeling of the 

airways, characterized by increased sub-basement 

membrane thickness, vascularity, vessel size, and signs of 

goblet cell hyperplasia. The submucosal infiltration of 

mast cells in patients with non-asthmatic cough differed 

from the infiltration of eosinophils and neutrophils found 

in patients with asthmatic chronic cough. It was suggested 

that the airway structural changes or remodeling 

phenomena were the results of long-term airway 

inflammation (Niimi 2011). Airway inflammation could 

be a cause of increased cough sensitivity (Brozmanova et 

al. 2006, Pecova et al. 2008, Brozmanova et al. 2012).  

One possible cause of lower airway inflammation 

is postnasal drip. Although most of the secretions do not 

enter the lower airways, older individuals and patients with 

cerebrovascular disease often have an impaired local 

swallowing reflex, and are susceptible to aspiration 

pneumonia. Therefore, one cannot exclude the possibility 

that an early stage of airway inflammation caused by 

aspiration might lead to increased cough sensitivity (Yu et 

al. 2015).  
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A second possible cause of airway inflammation 

is a mechanical stimulation. Some scholars believe that 

cough, as a repeated mechanical/physical stimulus, can 

damage airway mucosa and either cause or aggravate 

airway inflammation. This mechanical/physical 

stimulation might induce the airway epithelium to release 

multiple growth factors such as transforming growth factor 

b2, epidermal growth factor (Irwin et al. 2006), and nerve 

growth factor, all of which are correlated with the up-

regulation of transient receptor potential vanilloid 1 

(TRPV1) expression and increased cough sensitivity (Yu 

et al. 2015).  

The model of induced airway collapse was 

developed, and such mechanical stimulation produced an 

increased number of neutrophils in the airways and also 

increased cough reflex sensitivity. This directly proved 

that cough can cause neutrophil involved airway 

inflammation via mechanical stimulation (Hara et al. 

2008). 

Airway inflammation may also exist as 

a localized manifestation of a systemic inflammatory 

response. It is well-known that some rhinitis patients, and 

especially those suffering from allergic rhinitis, have 

atopic manifestations such as increased serum IgE levels, 

positive intracutaneous test results, and eosinophilia in 

blood and sputum, which are associated with genetic 

factors (Wang 2011). In these patients, airway 

inflammation might exist as a local manifestation of 

a systemic inflammatory response. However, whether the 

inflammation is a cause or an effect of the chronic cough 

should be elucidated in future studies (Niimi 2011).  

 

Airway inflammation – upper airway inflammation  

UACS is not only associated with nasal diseases 

but might also be influenced by chronic inflammation in 

the pharynx or larynx, such as inflammations resulting 

from allergic pharyngitis and chronic tonsillitis (Yu et al. 

2015). Such inflammations may result from long-term 

contact with nasal or sinus secretions. Currently, only 

a few clinical data has suggested that chronic tonsil 

hypertrophy in adults and children may be associated with 

cough that could be relieved or terminated following 

tonsillectomy (Birring et al. 2004b). Additional clinical 

studies are required to confirm the relationship between 

chronic cough and other diseases of the pharynx or larynx 

(Pratter 2006). 

 

Cough reflex sensitization 

There is increased cough sensitivity in allergic 

rhinitis patients without cough compared to sensitivity in 

healthy controls, and this difference was especially 

prominent during the pollen allergy season (Pecova et al. 

2008). Individuals with increased cough sensitivity are 

more easily impacted by internal and external 

environmental tussive stimuli or show increased intensity 

of pre-existing cough. Thus, increased cough sensitivity as 

seen in allergic rhinitis patients may be one of the 

mechanisms that cause cough in UACS patients (Pecova 

et al. 2008). Histamine is an important inflammatory 

mediator and directly stimulates sensory neurons. 

Capsaicin activates local nerves via interacting with 

TVPR1 in nerve endings (Tatar et al. 2009). Although 

nasal inhalation of histamine or capsaicin does not produce 

cough in healthy controls or allergic rhinitis patients, it can 

increase cough sensitivity. Studies have shown that 

following stimulation of nasal sensory nerves with 

histamine or capsaicin, cough can be evoked by the oral 

inhalation of a certain concentration of aerosolized 

capsaicin (Plevkova et al. 2006).  

The number of coughs increased by 60-100 % in 

a nasal stimulated group compared with a healthy control 

group, and similar results were obtained when studying 

healthy individuals, allergic rhinitis patients, or a guinea 

pig model. Moreover, the degree of inflammation found in 

the nasal mucosa was positively correlated with the 

presence of rhinitis-induced cough (Brozmanova et al. 

2007, Tatar et al. 2009).  These studies verified that 

stimulation of nasal nerves might be the cause of elevated 

cough sensitivity. The mechanism of nasal neural 

activation-elicited increased cough sensitivity is not clear. 

After detection of an external stimulus, the nasal mucosa 

produces a variety of inflammatory factors such as 

histamine. These factors stimulate nasal sensory nerves 

and also the nasociliary nerve of the trigeminal nerve, 

which conducts signals to the nucleus of the spinal 

trigeminal tract. The central area, which accepts the 

projection of the vagus nerve, is the nucleus of the solitary 

tract (nTS) (Yu et al. 2015). To determine whether there 

was cross-over between these two pathways, capsaicin was 

used to stimulate the nasal mucosa of guinea pigs, and, 

when compared with control animals, found increased 

expression of c-fos in both the brainstem nTS and 

trigeminal nerve. c-fos is expressed when activated 

neurons generate action potentials, indicating that neurons 

in two different locations are both activated. It is 

speculated that in upper airway diseases, different central 

parts interact to influence the generation of cough through 

stimulation of nasal nerves (Plevkova and Song 2013). 
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Therefore, it is hypothesized that environmental stimuli 

elicit inflammation of the nasal mucosa, resulting in 

signals being transmitted to the nucleus of the spinal 

trigeminal tract, and partially to the nTS through the local 

trigeminal nerve. The nTS might also be activated by 

a discharge of neurons in the nucleus of the spinal 

trigeminal tract, which in turn, will signal the vagus nerve 

in the lower airways mucosa to generate neurogenic 

inflammation, resulting in increased cough sensitivity (Yu 

et al. 2015). 

A constant postnasal drip can stimulate long-term 

chronic inflammation in the pharynx or larynx, resulting in 

localized inflammatory manifestations such as red and 

swollen mucosa, however, it is not clear if postnasal drip 

causes increased local sensitivity. Cough sensitivity was 

decreased in UACS patients, rhinitis/rhinosinusitis 

patients without cough, and healthy controls following 

local anesthesia of nerve endings in the pharynx and larynx 

by lidocaine (Yu et al. 2013). While there were no 

differences in the extent of the decreases, UACS patients 

still showed higher cough sensitivity than the other two 

groups following local anesthesia. These data suggest that 

although cough receptors in the larynx were probably 

involved in the heightened cough sensitivity shown by 

UACS patients, local sensitivity was not significantly 

higher than in the other two groups, and was not the main 

cause of cough. Instead, stimulation of lower respiratory 

cough receptors to an excited state may have been the main 

cause for the increased cough sensitivity in UACS patients 

(Yu et al. 2013). 

 

Cough hypersensitivity syndrome 

 

Concept of cough hypersensitivity syndrome 

(CHS) was proposed and suggested that the majority of 

patients with chronic cough can be incorporated into this 

syndrome (Morice 2010). Cough hypersensitivity 

syndrome is defined as a clinical entity characterized by 

cough as a major component, which is often triggered by 

low levels of thermal, mechanical, or chemical exposure 

(Song and Morice 2017). Patients with CHS usually 

present with one of three different phenotypes: (1) patients 

with a predominant phenotype of rhinal symptoms (such 

as UACS), (2) patients with a Th2-cell dominant 

phenotype (cough variant asthma or nonasthmatic 

eosinophilic bronchitis), and (3) patients with 

a predominant phenotype characterized by acid reflux and 

heartburn (chronic cough caused by gastroesophageal 

reflux) (Morice 2010). Cough hypersensitivity is 

demonstrated either as the lowered intensity of a stimulus 

required to trigger cough or as enhanced coughing in 

response to a stimulus with the constant intensity. The 

increased sensory nerve sensitivity allowed even 

a minimal stimulation to cause a cough, which was 

included in the category of sensory neuropathy (Chung et 

al. 2013). It has been demonstrated that the pathological 

change associated with both sensory hyperreactivity and 

cough hypersensitivity is the up-regulation of TRPV1 

expression in sensory nerves and that TRPV1 antagonists 

are effective for improving the symptoms of sensory 

hyperreactivity and decreasing cough sensitivity (Gibson 

and Ryan 2011, Khalid et al. 2014). There is some 

evidence that suggests that the sensitivity of the cough 

reflex is higher in patients with UACS-induced cough 

(Pratter 2006). The sensitization of the cough reflex can be 

demonstrated as the lowered intensity of a stimulus 

required to trigger cough or enhanced coughing in 

response to a stimulus with the constant intensity (Tatar et 

al. 2009). Chronic nasal symptoms attributable to sensory 

nerve activation in patients with rhinitis implicate that the 

inflammation leads to repeated activation of sensory 

nerves. The repeated activation and mediators associated 

with inflammation in patients with rhinitis can induce 

sensitization at multiple levels of sensory pathways (Tatar 

et al. 2009) and may lead to altered central neural 

processing in cough control (Song and Morice 2017). In 

a guinea pig experiment, intranasal parainfluenza-3 virus 

infection significantly increased transient receptor 

potential vanilloid-1 (TRPV1) expression in tracheal 

nodose Aδ neurons. These neuronal phenotypic switches 

are significantly correlated with cough responses to 

tussigens, such as capsaicin and citric acid, and have also 

been associated with increased expression of neurotrophic 

factor receptors in the neurons (Zaccone et al. 2016). 

Allergic rhinitis is one of the most common 

causes of UACS – induced cough (Pratter 2006). 

Inflammatory mediators, neurotrophic factors and other 

signals emanating from the nose during the symptomatic 

period could, in theory, initiate long-lasting neural plastic 

changes in the circuits regulating the cough reflex (Tatar 

et al. 2009). The sensitization of the cough reflex also lasts 

in subjects without the pollen season (Pecova et al. 2008). 

Mechanistically, it is suggested that allergic rhinitis 

modulates two distinct types of cough–either cough 

induced by stimulation of putative TRPV1-expressing 

capsaicin-sensitive fibers, or cough initiated by capsaicin-

insensitive mechanosensitive Aδ nodose fibers (Plevkova 

and Song 2013). 
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Conclusion 

 

Cough reflex is a vital defensive reflex. In some 

disease conditions, including upper airway diseases, a state 

of hypersensitivity is created. Cough hypersensitivity 

syndrome is still a conceptual entity. However, 

accumulating evidence supports the notion that 

neuropathology is the key pathophysiology underlying this 

syndrome (Song and Morice 2017). The cough 

hypersensitivity during infections may be a protective 

strategy to prevent the spread of diseases from upper 

respiratory tract to other parts but this mechanism also 

leads to excessive distressing coughing. The cough 

demonstrated by UACS patients is probably due to 

hypersensitivity of the upper airways sensory nerve or 

lower airways sensory nerve, or a combination of both. 

Further studies are needed to clarify this mechanism. 
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