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Abstract

Equine asthma is increasingly recognised as a biologically heterogeneous syndrome in which 
similar clinical manifestations may arise from distinct molecular mechanisms. Although clinical 
phenotypes have substantially improved disease classification, increasing evidence indicates that 
molecular endotypes more accurately reflect the biological mechanisms underlying disease  
heterogeneity.

This review summarises current knowledge regarding the pathophysiological mechanisms  
of equine asthma, with particular emphasis on inflammatory pathways, molecular endotypes, 
genetic susceptibility, airway remodelling and emerging neuroimmune interactions. Special  
attention is given to the transition from phenotype-based disease classification towards  
mechanism-based endotyping and its potential implications for future diagnostics and targeted 
therapeutic strategies.

The review was based on a comprehensive search of the PubMed and Scopus databases using 
the terms “equine asthma”, “diagnostics”, “phenotypes”, “endotypes”, “genetic background” and 
“neuroimmune pathophysiology”. Following predefined selection criteria, 146 publications were 
included in the review.

Current evidence demonstrates that persistent airway inflammation, structural remodelling, 
genetic background and neuroimmune signalling interact throughout disease progression and 
cannot be fully explained by clinical phenotypes alone. Improving our understanding of these 
biological mechanisms will facilitate more precise disease classification and may provide the 
foundation for future biomarker-guided diagnosis and precision medicine in equine asthma.

Keywords: equine asthma, asthma endotypes and phenotypes, lower airway obstruction,  
endoscopy, horse
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Introduction

Respiratory diseases are among the most common 
health disorders affecting horses worldwide and repre-
sent one of the leading causes of impaired athletic per-
formance, reduced welfare and premature retirement 
from sport. Disorders of the lower respiratory tract are 
second only to orthopaedic diseases in terms of their 
impact on equine health and performance (Martin et al. 
2000, Allen et al. 2006, Kozłowska et al. 2022,  
Lo Freudo et al. 2023). Equine asthma has been  
described in horses of different breeds and management 
systems, including high-performance sport horses and 
primitive breeds maintained under semi-feral condi-
tions, indicating that the disease is widespread despite 
differences in environmental exposure and genetic 
background (Niedźwiedź et al. 2014, Borowska et al. 
2021).

Equine asthma is currently recognised as a hetero-
geneous syndrome encompassing mild-to-moderate 
equine asthma (MEA) and severe equine asthma (SEA), 
both characterised by chronic inflammation of the  
lower airways, albeit with considerable variation in 
clinical presentation, inflammatory cell populations and 
disease progression (Couëtil et al. 2016, Couëtil et al. 
2024). The most common clinical manifestations  
include chronic or intermittent coughing, mucus accu-
mulation within the airways, increased respiratory  
effort, exercise intolerance and, in severe cases, respira-
tory distress at rest (Sasse 1971, Robinson 2001, Couëtil 
et al. 2016). Although neutrophilic inflammation pre-
dominates in most affected horses, mastocytic and  
eosinophilic inflammatory patterns have also been  
described, suggesting that apparently similar clinical 
phenotypes may arise through distinct biological  
mechanisms (Robinson 2001, Bullone and Lavoie 
2020, Janssen et al. 2022).

Over the past decade, increasing evidence has shift-
ed the focus of equine asthma research from clinical 
phenotypes towards molecular endotypes that more  
accurately reflect the underlying pathophysiological 
mechanisms. Environmental bioaerosols, including  
organic dust, fungal spores and bacterial endotoxins, 
remain the principal triggers of airway inflammation; 
however, disease expression is also influenced by  
genetic susceptibility, dysregulated immune responses, 
airway remodelling and, more recently, neuroimmune 
interactions (Robinson 2001, Pirie et al. 2003, Couëtil 
et al. 2020, Wierzbicka et al. 2026). Consequently, the 
concept of equine asthma has evolved from a classifica-
tion based primarily on clinical presentation and bron-
choalveolar lavage fluid cytology towards a more inte-
grated biological framework that incorporates 
inflammatory, molecular, and genetic mechanisms.

The aim of this review is to summarise current 
knowledge on the immunological and molecular mecha- 
nisms underlying equine asthma, with particular  
emphasis on the relationship between clinical pheno-
types and molecular endotypes, airway remodelling, 
genetic susceptibility and emerging neuroimmune path-
ways. We also discuss how these advances may contrib-
ute to improved disease classification and support the 
future development of precision-medicine approaches 
for equine respiratory disease.

Methodology

Electronic databases of published scientific litera-
ture were the main source for this review. PubMed and 
Scopus were searched for equine lower respiratory tract 
disorders. Additional articles of interest were obtained 
through cross-referencing of published literature.  
The primary key terms used were “equine asthma”, 
which resulted in 571 search hits. Papers related to  
the treatment of the disease “equine asthma, treatment” 
were excluded (208 search hits). Articles containing the 
phrase combinations “equine asthma” and “diagnos-
tics” (260 results), “phenotypes” (39 results), “endo-
types” (6 results), and “genetic background” (7 results) 
were preliminarily included in the preparation of  
the current material. In addition, we used the phrase 
“asthma, neuroimmune pathophysiology” to search  
for 56 articles, 14 of which informed a subsection on 
the involvement of neurotransmitters and neuromodu-
lators in asthma development. Only English-language 
papers were taken into consideration. Pre-selection  
of articles from the database using the aforementioned 
phrases yielded a final selection of 146 publications, 
which form the basis of this review.

Scope of the review

This narrative review summarises current knowl-
edge regarding the clinical presentation, immunopatho-
genesis, molecular endotypes, airway remodelling,  
genetic background and emerging neuroimmune  
mechanisms involved in equine asthma.

Special emphasis was placed on studies published 
during the last decade that have contributed to a better 
understanding of disease heterogeneity and the transi-
tion from phenotype-based to endotype-based classifi-
cation.

Because pharmacological management has been 
extensively reviewed elsewhere, treatment strategies 
were intentionally excluded from the present review.
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Phenotypes of equine asthma and pathophysiological 
mechanisms

Phenotype refers to the observable clinical and bio-
logical characteristics of an individual resulting from  
interactions between genetic background and environ-
mental influences (Agache 2019). In equine asthma, phe-
notypes are defined primarily by clinical presentation, 
triggering factors, endoscopic findings, and broncho- 
alveolar lavage fluid (BALF) cytology. This distinction 
is particularly important in equine asthma, where horses 
with similar clinical manifestations may differ consi- 
derably in their inflammatory and molecular profiles.

Clinical phenotype classification

Current international consensus recognises two  
principal clinical phenotypes of equine asthma: mild-to- 
moderate equine asthma (MEA) and severe equine asth-
ma (SEA). Their differentiation is based on the severity 
of clinical signs, environmental triggers, endoscopic 
findings and BALF cytology (Couëtil et al. 2008, Couëtil 
et al. 2020).

Horses with MEA typically present with reduced 
athletic performance, occasional coughing and mild  
airway inflammation, whereas SEA is characterised by 
chronic cough, increased expiratory effort, excessive 
mucus accumulation and persistent airway obstruction 
(Christley et al. 2001, Léguillette 2003, Holcombe et al. 
2010, Koblinger et al. 2011).

In healthy horses, BALF is composed predominantly 
of macrophages and lymphocytes, whereas neutrophils, 
eosinophils and mast cells are present only in low num-
bers. During asthma exacerbation, neutrophils become 
the predominant inflammatory cell population, making 
BALF cytology the cornerstone of phenotypic classifica-
tion (Vrins et al. 1991, Winder et al. 1991, Couëtil et al. 
2008).

Bronchoalveolar lavage fluid cytology

In healthy horses, BALF is composed predominantly 
of macrophages (approximately 60%) and lymphocytes 
(approximately 35%), whereas neutrophils, eosinophils 
and mast cells are present only in small numbers (Vrins 
et al. 1991, Winder et al., 1991, Couëtil et al. 2008). 
During asthma exacerbation, BALF cytology changes 
markedly, with neutrophils becoming the predominant 
inflammatory cell population. Less frequently, increased 
eosinophil or mast cell counts are observed, reflecting 
distinct inflammatory phenotypes. Neutrophilic inflam-
mation is associated with epithelial injury, airway wall 
remodelling and progressive impairment of respiratory 
function (Couëtil et al. 2007). BALF cytology remains 
the reference method for classifying inflammatory  

phenotypes, as differential cell counts provide an  
objective assessment of lower airway inflammation  
(Fernandez et al. 2013, Janssen et al. 2022). According 
to the current ACVIM consensus, a neutrophil propor-
tion exceeding 20% of nucleated BALF cells is consis-
tent with SEA (Couëtil et al. 2007, Couëtil et al. 2020).

Clinically, horses with MEA usually present exercise 
intolerance, occasional coughing and airway hyperres-
ponsiveness, and the condition may occur at any age 
(Christley et al. 2001, Holcombe et al. 2010, Koblinger 
et al. 2011). In contrast, SEA affects approximately  
14-17% of horses in temperate climates and occurs pre-
dominantly in animals aged seven years or older (Couëtil 
et al. 2003, Hotchkiss et al. 2007, Wasko et al. 2011). 
Horses with SEA typically exhibit chronic cough,  
increased expiratory effort, excessive mucus accumula-
tion and structural airway remodelling, reflecting  
persistent lower airway inflammation (Léguillette 2003). 
The clinical characteristics of both phenotypes are sum-
marised in  1.

Upper airway disorders associated with equine 
asthma

Growing evidence suggests that equine asthma may 
coexist with disorders affecting the upper respiratory 
tract, suggesting that inflammation within the respiratory 
system should be considered a functional continuum 
rather than two entirely independent disease processes 
(Kozłowska et al. 2024). Among these disorders, pharyn- 
geal lymphoid hyperplasia (PLH) has been reported  
significantly more frequently in horses with asthma,  
particularly in animals older than five years (Kozłowska 
et al. 2025). Soft palate dysfunction, including dorsal 
displacement of the soft palate (DDSP) and palatal insta-
bility (PI), has also been associated with both MEA and 
SEA (Kozłowska et al. 2023). Interestingly, the preva-
lence of PI and DDSP increases during disease exacerba-
tion and decreases markedly after remission, supporting 
the hypothesis that these abnormalities may develop  
secondary to lower airway inflammation rather than  
representing independent disorders. During exacerba-
tion, palatal abnormalities were identified in 67.4%  
of horses with SEA, whereas after remission, DDSP  
persisted in only 8.7% of affected animals (Kozłowska  
et al. 2023).

Pathophysiological mechanisms

The pathogenesis of equine asthma is complex and 
involves interactions among environmental exposures, 
host immune responses, and genetic susceptibility.  
Although considerable progress has been made over the 
past two decades, the biological mechanisms responsible 
for disease initiation and progression remain incomp- 
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letely understood. Current evidence suggests that equine 
asthma should be regarded as a multifactorial syndrome 
rather than a single disease entity (Rosenthal et al. 2006, 
Riihimäki et al. 2008, Woodruff et al. 2009).

Several environmental and host-related factors influ-
ence disease development, including housing conditions, 
exposure to respirable dust and mould spores, nutritional 
management, seasonal changes, previous respiratory  
disease and inherited predisposition. However, among 
these factors, chronic inhalation of organic dust remains 
the most consistently recognised trigger of lower airway 
inflammation (Gerber et al. 2003, Robinson et al. 2003, 
Millerick-May et al. 2013, Ivester et al. 2014b). Al-
though bacterial and viral respiratory infections, includ-
ing Streptococcus equi subsp. zooepidemicus, equine  
influenza virus and equine herpesvirus may contribute  
to the development or exacerbation of MEA; current  
evidence indicates that non-infectious environmental  
exposure plays the dominant role in disease pathogenesis 
(Cardwell et al. 2014).

Experimental studies have demonstrated that expo-
sure of healthy horses to stable dust induces airway  
obstruction accompanied by marked neutrophilic inflam-
mation, confirming that organic dust is not merely 
associated with equine asthma but actively participates 
in disease initiation (Robinson et al. 2003).

Poorly ventilated stables expose horses to complex 
bioaerosols containing respirable dust particles, endo-
toxins, fungal spores and microbial products. Hay  
represents one of the major sources of these inhaled 
particles and frequently contains moulds such as Asper-
gillus fumigatus, Saccharopolyspora rectivirgula and 
Thermoactinomyces vulgaris, all of which have been 
implicated in airway inflammation (Pirie et al. 2002, 

Wasko et al. 2011, Ivester et al. 2014a, Jentsch et al. 
2024). Collectively, these findings indicate that equine 
asthma results primarily from repeated inhalation  
of environmental bioaerosols in genetically susceptible 
horses rather than from a single infectious or allergic 
trigger. This concept explains both the chronic nature  
of the disease and the marked variability in clinical  
presentation observed among affected horses.

Hay represents one of the major sources of respira-
ble organic dust to which stabled horses are exposed. 
Besides plant particles, hay contains fungal spores,  
endotoxins, β-glucans and microbial products that  
collectively create a complex pro-inflammatory bio-
aerosol. Among the best-characterised fungal compo-
nents are Aspergillus fumigatus, Saccharopolyspora  
rectivirgula and Thermoactinomyces vulgaris, all of 
which have been associated with the development  
of lower airway inflammation (Pirie et al. 2002, Wasko 
et al. 2011, Samadi et al. 2009, Jentsch et al. 2024). 
However, the biological effects of inhaled organic dust 
depend not only on its composition but also on the con-
centration and aerodynamic properties of inhaled 
particles. Respirable particles smaller than 4 µm are 
capable of reaching the distal airways and have been 
associated with eosinophilic airway inflammation in 
young racehorses (Ivester et al. 2014a). In contrast, 
higher levels of respirable endotoxins promote neutro-
philic inflammation and enhance the pro-inflammatory 
response in the lower respiratory tract (Pirie et al. 2003). 

Interestingly, not all inhaled microbial products  
exert exclusively detrimental effects. Experimental 
studies have demonstrated that low concentrations of 
inhaled endotoxins may transiently reduce the risk  
of neutrophilic airway inflammation, whereas higher 

Table 1. Clinical characteristics of the currently recognized phenotypes of equine asthma.

Feature Mild Equine Asthma (MEA) Severe Equine Asthma (SEA)
Previous terminology Inflammatory Airway Disease (IAD) Recurrent Airway Obstruction (RAO, Heaves)

Typical age Usually young or middle-aged horses, but may 
occur at any age Typically 7 years of age or older

Environmental association Present Present

Predominant clinical signs Poor performance, occasional cough, exercise 
intolerance, mild mucus accumulation

Chronic cough, respiratory distress at rest, 
increased expiratory effort, excessive mucus 
accumulation

Predominant inflammatory 
pattern (BALF)

Mild-to-moderate neutrophilia (typically 
5–20% neutrophils); mastocytic or eosinophilic 
inflammation may also occur

Predominantly neutrophilic inflammation 
(>20% neutrophils)

Airway hyperresponsiveness Present Marked

Airway remodelling Limited evidence; may occur during early 
disease

Well documented (epithelium, smooth muscle 
and extracellular matrix)

Reversibility Usually reversible after environmental 
management

Often only partially reversible in advanced 
disease

References: Couëtil et al. 2003, Couëtil et al. 2007, Couëtil et al. 2008, Hotchkiss et al. 2007, Holcombe et al. 2010, Koblinger et al. 
2011, Bullone & Lavoie 2020, Dupuis-Dowd & Lavoie 2022.
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concentrations have the opposite effect, amplifying  
pulmonary inflammation (Pirie et al. 2003, Ivester et al. 
2018). These observations suggest that the relationship 
between environmental exposure and disease develop-
ment is dose-dependent rather than simply the conse-
quence of exposure itself. Rather than acting individu-
ally, these environmental factors constitute  
the respiratory exposome, whose cumulative effects in-
fluence airway inflammation, immune responses and 
disease progression in genetically susceptible horses.

Although stable-associated exposure to organic dust 
is considered the principal environmental trigger of 
equine asthma, a distinct clinical presentation has also 
been described in horses maintained predominantly at 
pasture. This form, referred to as equine pasture asthma 
(EPA), occurs mainly in hot, humid regions and is  
characterised by recurrent episodes of reversible airway 
obstruction during the grazing season (Beadle 1983). 
Pasture-associated asthma has subsequently been rec-
ognised not only in tropical and subtropical regions but 
also in temperate European climates. Clinical exacerba-
tions typically occur during the summer months and  
coincide with periods of increased environmental expo-
sure to pollens, fungal spores and plant-derived bioaero-
sols associated with flowering and harvesting (Mair 
1996, Costa et al. 2006). Symptoms usually improve fol-
lowing seasonal reductions in temperature and humidity, 
further supporting the role of environmental exposure  
in disease expression (Costa et al. 2006).

Immune mechanisms underlying airway 
inflammation

Current evidence indicates that equine asthma  
is characterised by several distinct inflammatory path-
ways rather than a single uniform immune response.  
The relative contribution of individual T-helper cell sub-
sets determines the predominant inflammatory pheno-
type and influences airway remodelling and disease  
severity.

Type 2-associated immune responses are characte- 
rised predominantly by increased expression of inter-
leukin-5 (IL-5) and interleukin-13 (IL-13), cytokines 
that promote eosinophilic airway inflammation, mucus 
hypersecretion and structural remodelling of the air-
ways (Cordeau et al. 2004). Although eosinophilic  
inflammation is relatively uncommon in horses, these 
cytokines play an important role in specific asthma  
endotypes.

In contrast, SEA is predominantly associated with  
a Th17-driven immune response characterised by  
increased interleukin-17 (IL-17) expression and marked 
neutrophilic airway inflammation (Lavoie et al. 2011, 
Beekman et al. 2012). IL-17 not only promotes neutro-

phil recruitment but also prolongs neutrophil survival, 
thereby sustaining chronic inflammation and contribut-
ing to the limited responsiveness of neutrophilic asthma 
to corticosteroid therapy (Debrue et al. 2005, Murcia  
et al. 2016).

Further evidence supporting persistent activation  
of innate immune responses is provided by increased 
expression of tumour necrosis factor-α (TNF-α),  
interleukin-1β (IL-1β) and interferon-γ (IFN-γ).  
Elevated mRNA expression of these cytokines, together 
with increased protein concentrations of TNF-α and 
IFN-γ, correlates with the proportion of inflammatory 
cells in BALF, regardless of whether overt clinical signs 
are present (Hughes et al. 2011, Lavoie et al. 2011, 
Richard et al. 2014). These findings indicate that mole- 
cular inflammatory activity may persist even during  
periods of clinical remission.

Remodelling

Chronic neutrophilic inflammation contributes not 
only to airway obstruction but also to structural remodel-
ling of the bronchial wall. Similar to human asthma, 
horses with SEA develop airway remodelling character-
ised by smooth muscle alterations, extracellular matrix 
deposition and fibrosis. Importantly, at least part of these 
structural changes appears to be reversible following 
elimination of environmental triggers, suggesting that 
early intervention may limit disease progression (Leclere 
et al. 2012).

Immune heterogeneity of equine asthma

Although equine asthma has traditionally been  
associated with chronic exposure to organic dust, grow-
ing evidence suggests it involves multiple distinct  
inflammatory pathways rather than a single immuno-
logical mechanism. Human asthma provides a useful 
comparative model because its inflammatory endotypes 
have been extensively characterised. In humans, aller-
gic (Type 2) asthma is driven predominantly by Th2 
lymphocytes and is associated with eosinophilic airway 
inflammation, increased expression of IL-5 and IL-13, 
and a personal or family history of atopic disease 
(Moore et al. 2010). Similar mechanisms have also 
been proposed in a subset of horses with MEA.  
However, unlike human asthma, eosinophilic inflam-
mation appears to represent only one of several inflam-
matory phenotypes observed in horses. Prospective 
studies have demonstrated that stabling young horses 
induces an MEA phenotype characterised primarily  
by increased neutrophil proportions in BALF, accompa-
nied by occasional coughing and reduced athletic  
performance (Holcombe et al. 2001). These observa-
tions suggest that neutrophilic inflammation may  
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already predominate during the early stages of equine 
disease.

Inflammatory pathways and effector cells

Current evidence indicates that both innate and  
adaptive immune responses participate in the pathogene-
sis of equine asthma. While Th2-associated cytokines 
contribute to eosinophilic and mastocytic inflammation, 
activation of Th1- and Th17-mediated pathways pre-
dominates in neutrophilic disease. Increased expression 
of IFN-γ mRNA in BALF-derived cells reflects activa-
tion of Th1-associated immunity, whereas elevated  
IL-17 and IL-23 expression correlates closely with 
BALF neutrophilia, supporting a central role for Th17 
responses in neutrophilic airway inflammation (Hughes 
et al. 2011, Lavoie et al. 2011, Beekman et al. 2012a).

Mast cells also contribute to airway inflammation. 
Although classically associated with IgE-mediated aller-
gic responses, they may also be activated by non-aller-
genic stimuli, including cytokines, proteases and  
Toll-like receptor ligands (Machado et al. 1996,  
Okumura et al. 2003). Importantly, mast cells can selec-
tively release mediators without complete degranulation, 
indicating that their role extends beyond immediate  
hypersensitivity reactions (Beasley et al. 1989, Theoha-
rides et al. 2007).

Persistent neutrophilic inflammation distinguishes 
SEA

SEA is characterised by persistent neutrophilic  
airway inflammation that differs fundamentally from the 
transient inflammatory response observed in healthy 
horses following inhalation of environmental dust. 
Chronic activation of innate immune mechanisms,  
accompanied by sustained expression of TNF-α, IL-1β 
and IFN-γ, correlates with increased proportions  
of inflammatory cells in BALF, irrespective of the  
presence of overt clinical signs (Hughes et al. 2011,  
Lavoie et al. 2011, Richard et al. 2014). This persistent 
inflammatory activation probably explains why horses 
affected by SEA develop more severe and prolonged  
disease than those with MEA. Whereas experimentally 
induced neutrophilic inflammation in healthy horses  
usually resolves within hours or days despite continued 
exposure, pulmonary inflammation may persist for  
several weeks or even months in horses with SEA  
exposed to ongoing antigenic stimulation (Holcombe  
et al. 2001, Leclere et al. 2011, Lavoie-Lamoureux et al. 
2012, Wood et al. 2012).

The recognition of distinct inflammatory pathways 
has shifted attention from clinical phenotypes towards 
molecular endotypes, which better reflect the biological 
mechanisms underlying equine asthma.

Endotypes of equine asthma

Recognition of the remarkable clinical and immuno-
logical heterogeneity of equine asthma has shifted  
research from phenotype-based classification towards 
the identification of molecular endotypes. Unlike clinical 
phenotypes, which describe the observable manifesta-
tions of disease, endotypes are defined by the underlying 
biological mechanisms responsible for disease develop-
ment. Consequently, endotype classification provides  
a more precise framework for understanding disease 
pathogenesis and may ultimately facilitate personalised 
diagnostic and therapeutic approaches. This concept was 
extensively discussed during the 2019 Havemeyer 
Workshop, where the applicability of the human endo-
type classification to equine asthma was critically eva- 
luated. The conclusions of these discussions were  
subsequently summarised by Couëtil et al. (2020), who 
highlighted both the similarities and important diffe- 
rences between equine and human asthma. More  
recently, comparative analyses involving horses,  
humans and cats have further strengthened the concept 
that naturally occurring asthma across species shares 
several common immunopathological mechanisms 
while retaining species-specific characteristics  
(Długopolska et al. 2025).

Asthma is therefore no longer regarded as a single 
disease entity but rather as a spectrum of biologically 
distinct disorders characterised by different inflamma-
tory pathways. Depending on the predominant cellular 
response, airway inflammation may be neutrophilic,  
eosinophilic, mastocytic or paucigranulocytic (Sheats 
et al. 2015). These inflammatory patterns constitute the 
biological basis for endotype classification and provide 
a mechanistic explanation for the marked heterogeneity 
observed among horses with apparently similar clinical 
phenotypes.

In human medicine, recognition of asthma endo-
types has revolutionised disease management by  
enabling the development of targeted biological thera-
pies directed against specific inflammatory pathways 
(Wenzel et al. 1999, Wu et al. 2019). Although such  
approaches are not yet available in equine medicine, 
identification of molecular endotypes represents one of 
the most promising directions for future research and 
may ultimately facilitate precision medicine in horses. 
The comparative characteristics of equine asthma endo-
types are summarised in Table 2.

Based on the predominant inflammatory and mole- 
cular mechanisms currently recognised in equine  
asthma, several putative endotypes have been proposed, 
although their biological boundaries remain incom-
pletely defined.
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Neutrophilic endotype

The neutrophilic endotype represents the predomi-
nant inflammatory pattern in equine asthma and is pri-
marily associated with chronic exposure to environ-
mental bioaerosols, including organic dust, endotoxins 
and microbial products. It is characterised by marked 
neutrophilic inflammation within BALF, activation  
of innate immune pathways and increased produc- 
tion of pro-inflammatory cytokines (Uberti and Morán 
2018).

Recruitment and activation of neutrophils are driven 
principally by IL-1β, IL-8 and TNF-α. Activated neu-
trophils amplify airway inflammation by releasing reac-
tive oxygen species, neutrophil elastase, neutrophil ex-
tracellular traps (NETs), and additional pro-inflam- 
matory mediators, resulting in epithelial injury, mucus 
hypersecretion, and progressive airway dysfunction 
(Back et al. 2015, Houtsma et al., 2015).

Persistent neutrophilic activation is accompanied 
by oxidative stress. Although antioxidant defence 
mechanisms normally limit tissue injury, horses with 
SEA exhibit evidence of oxidative-antioxidant imba- 
lance, including reduced ascorbic acid concentrations 
and increased BALF elastase activity (Frossi et al. 
2003, Deaton et al. 2005, Niedźwiedź and Jaworski 
2014).

Resolution of inflammation requires timely apopto-
sis and clearance of activated neutrophils. Dysregula-
tion of neutrophil apoptosis prolongs inflammatory re-
sponses and probably contributes to disease chronicity 
(Ortega-Gómez et al. 2013). Consistent with this  
concept, increased IL-17 expression has been shown  

to inhibit neutrophil apoptosis, thereby extending neu-
trophil survival and potentially contributing to cortico-
steroid resistance observed in severe equine asthma 
(Debrue et al. 2005, Murcia et al. 2016).

Recent transcriptomic studies further support the 
molecular heterogeneity of neutrophilic equine asthma. 
Exposure of peripheral blood mononuclear cells to hay 
dust extract induced differential expression of genes  
involved in neutrophil chemotaxis, immune cell traf-
ficking and apoptosis, with chemokine (C-X-C motif) 
ligand 13 (CXCL13) emerging as one of the most 
strongly upregulated chemokines (Pacholewska et al. 
2015). Similar findings in bronchial epithelial tissue 
suggest that epithelial cells actively perpetuate neutro-
philic inflammation (Tessier et al. 2018).

Airway remodelling and extracellular matrix 
alterations

Persistent neutrophilic inflammation not only sus-
tains airway obstruction but also initiates structural  
remodelling of the bronchial wall. Repeated cycles of 
tissue injury and repair stimulate fibroblast activation, 
smooth muscle remodelling and excessive extracellular 
matrix (ECM) deposition, ultimately leading to airway 
fibrosis. Transforming growth factor-β1 (TGF-β1)  
represents the principal profibrotic cytokine involved  
in airway remodelling. Produced by macrophages, neu-
trophils, platelets and fibroblasts, TGF-β1 promotes 
myofibroblast differentiation, fibroblast proliferation 
and deposition of ECM proteins (Zeisberg and Kalluri 
2013, Kim et al. 2018). Fibrotic remodelling is charac-
terised by excessive deposition of ECM proteins,  

Table 2. Comparative characteristics of the currently recognized inflammatory endotypes of equine asthma.

Feature Neutrophilic endotype Mastocytic endotype Eosinophilic endotype
Predominant BALF cells ↑ Neutrophils ↑ Mast cells ↑ Eosinophils

Typical association Predominantly SEA (may also 
occur in MEA) Mainly MEA Mainly MEA

Dominant immune pathway Th17 / non-Type 2 Th2-associated Th2
Major cytokines IL-1β, IL-8, TNF-α, IL-17 IL-4, IL-5, histamine, PGD₂ IL-4, IL-5, IL-13
Principal biological  
mechanisms

Oxidative stress, NET formation, 
prolonged neutrophil survival

Mast cell activation and 
mediator release

Eosinophil activation and epithelial 
injury

Airway remodelling Strong evidence; fibrosis, smooth 
muscle and ECM remodelling Limited evidence

Associated with eosinophilic 
inflammation; mechanisms incom-
pletely understood

Current knowledge in 
horses Well characterized Limited Limited

References: Cordeau et al. 2004, Debrue et al. 2005, Lavoie et al. 2011, Hughes et al. 2011, Beekman et al. 2012, Bullone & Lavoie 2020, 
Akula et al. 2022, Woodrow et al. 2023, Dupuis-Dowd & Lavoie 2022, Höglund et al. 2024. 
Abbreviations: BALF, bronchoalveolar lavage fluid; ECM, extracellular matrix; IL, interleukin; NETs, neutrophil extracellular traps; 
PGD₂, prostaglandin D₂; SEA, severe equine asthma; MEA, mild equine asthma; TNF-α, tumour necrosis factor alpha.
Table 2. Comparative characteristics of the currently recognized inflammatory endotypes of equine asthma.
Based on: Cordeau et al. 2004, Debrue et al. 2005, Lavoie et al. 2011, Beekman et al. 2012, Akula et al. 2022
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particularly collagen types I and III, together with  
increased expression of fibronectin, hyaluronan syn-
thase 2 (HAS2) and prostaglandin E2 synthase (PGE2S) 
(Reeves et al. 2014). Maintenance of ECM homeostasis 
depends on the balance between matrix metallopro- 
teinases (MMPs) and their endogenous tissue inhibitors 
(TIMPs). Disturbance of this balance favours progres-
sive fibrosis by shifting tissue turnover towards ECM 
accumulation (Hemmann et al. 2007, Vandooren et al. 
2013).

Basement membrane remodelling

One of the earliest structural manifestations of air-
way remodelling is thickening of the epithelial basement 
membrane, a feature observed in both human and equine 
asthma. This process reflects progressive deposition  
of extracellular matrix proteins beneath the airway epi-
thelium and may occur irrespective of age (Barbato et al. 
2006, Malmström et al. 2011).

Airway smooth muscle remodelling

Structural remodelling also affects airway smooth 
muscle. In horses with SEA, airway smooth muscle 
thickening results from both hypertrophy and hyperpla-
sia and is accompanied by altered contractile properties. 
Increasing evidence indicates that smooth muscle  
remodelling is not restricted to the severe form of the 
disease. Although studies investigating MEA have pro-
duced partially conflicting results (Bessonnat et al. 
2022), recent investigations demonstrated that horses 
with MEA exhibit increased expression of smooth  
muscle myosin heavy chain isoforms associated with  
enhanced contractility despite the absence of overt 
smooth muscle hyperplasia or hypertrophy (Dupuis- 
-Dowd and Lavoie 2022, Höglund et al. 2024).

Histopathological evidence

Endobronchial biopsy (EBB) studies further support 
the concept that airway remodelling is closely linked to 
persistent inflammation. Lesions are located predomi-
nantly within the bronchial epithelium and superficial 
mucosa, where inflammatory infiltrates are significantly 
more pronounced during disease exacerbation than 
during remission (Bullone et al. 2016). These observa-
tions indicate that active inflammation persists primarily 
within superficial bronchial tissues and probably contri- 
butes to ongoing structural remodelling. Similar interac-
tions between airway smooth muscle and inflammatory 
cells have also been described in human asthma (Lazaar 
and Panettieri 2005).

Although dysregulation of MMPs and TIMPs has 
been implicated in airway remodelling in human asth-

ma (Ryujiro et al. 2001), their precise role in equine 
asthma remains incompletely understood. Further stud-
ies are required to determine how disturbances in ECM 
turnover contribute to disease progression and whether 
these pathways could serve as future therapeutic targets 
in horses.

Mastocytic endotype

The mastocytic endotype is a less common inflam-
matory subtype of equine asthma, characterised by an 
increased proportion of mast cells in BALF. Although 
considerably less frequent than the neutrophilic endo-
type, mastocytic inflammation is recognised particularly 
in horses with MEA. However, the biological mecha-
nisms underlying mast cell activation in equine airways 
remain incompletely understood.

Insights into mast cell biology have been derived 
primarily from studies in human asthma. Human airway 
mast cells comprise several phenotypically distinct 
populations that differ in their protease expression  
profiles. The predominant population in healthy lungs 
expresses tryptase alone (MCT), whereas mast cells  
expressing both tryptase and chymase (MCTC) account 
for less than 20% of the total mast cell population  
(Balzar et al. 2011). These cells additionally express 
proteases such as cathepsin G and carboxypeptidase A3 
(CPA3), reflecting functional heterogeneity within the 
mast cell compartment (Balzar et al. 2011).

During the progression of human asthma, the mast 
cell phenotype undergoes substantial changes. Whereas 
MCT cells predominate in patients with mild disease, 
increasing asthma severity is associated with expansion 
of the MCTC population, which may account for more 
than half of all mast cells within the airway epithelium 
and submucosa. This phenotypic shift is accompanied 
by enhanced prostaglandin D2 (PGD2) production and 
amplification of airway inflammation, making the 
MCTC/MCT ratio a potential biomarker of severe asth-
ma (Balzar et al. 2011). Current knowledge regarding 
mast cell endotypes in horses remains limited. Recent 
molecular analyses have demonstrated that airway mast 
cells in healthy horses predominantly express tryptase, 
similar to the MCT phenotype described in humans 
(Akula et al. 2022, Woodrow et al. 2023). Interestingly, 
Akula et al. (2022) failed to detect expression of either 
chymase or CPA3 in equine airway mast cells, suggest-
ing potential species-specific differences in mast cell 
biology.

Because only a limited number of horses with 
mastocytic asthma were included in these studies,  
it remains unclear whether mast cell populations  
undergo phenotypic changes comparable to those  
observed in humans. Consequently, extrapolation of  
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human mast cell endotypes to equine asthma should be 
interpreted cautiously until additional equine-specific 
studies become available (Akula et al. 2022, Woodrow 
et al. 2023).

Taken together, current evidence suggests that 
mastocytic inflammation represents a biologically dis-
tinct endotype of equine asthma; however, its molecular 
characteristics remain considerably less well defined 
than those of the neutrophilic endotype.

Eosinophilic endotype

The eosinophilic endotype is one of the least fre-
quently recognised inflammatory patterns in equine 
asthma and is characterised by an increased proportion 
of eosinophils in BALF. Although uncommon, eosino-
philic airway inflammation has been associated primar-
ily with MEA, particularly in young horses exposed to 
respirable dust (Ivester et al. 2014a). Increased eosino-
phil proportions in BALF correlate with airway hyper-
responsiveness, suggesting that eosinophils contribute 
to disease pathogenesis in a subset of affected horses 
(Hare and Viel 1998). Environmental antigen exposure 
appears to contribute to both clinical signs and lower 
airway inflammation in horses with MEA, irrespective 
of the predominant BALF cytological pattern. Repeated 
antigenic stimulation has also been implicated in air-
way remodelling, particularly in horses with severe  
disease (Bullone and Lavoie 2020). Interestingly, eosin-
ophils are virtually absent from the airway wall of hors-
es with SEA, suggesting that eosinophilic inflammation 
is unlikely to be the predominant mechanism in  
advanced disease (Dubuc and Lavoie 2014). In human 
medicine, eosinophilic asthma frequently develops  
as part of the so-called atopic march, characterised  
by sequential progression from atopic dermatitis 
through food allergy and allergic rhinitis to asthma 
(Barnetson and Rogers 2002). Although comparable 
longitudinal evidence is lacking in horses, several ob-
servations suggest that allergic diseases may share 
common immunological mechanisms across different 
organ systems. Support for this hypothesis is provided 
by genetic and epidemiological studies. A significant 
association between SEA and microsatellite markers  
located near the interleukin-4 receptor α (IL-4Rα) gene 
has been reported (Jost et al. 2007). Moreover, horses 
affected by SEA exhibit an increased prevalence  
of insect bite hypersensitivity (IBH) and enhanced  
resistance to gastrointestinal parasites, observations 
that collectively support the involvement of Th2-asso-
ciated immune mechanisms (Neuhaus et al. 2010, Lanz 
et al. 2017).

Despite evidence of Th2 activation, the role of IgE 
in equine asthma remains controversial. Early studies 

demonstrated increased mould-specific serum IgE con-
centrations in horses with SEA (Derksen et al. 1985), 
whereas subsequent investigations failed to confirm 
these findings (Schmallenbach et al. 1998, Tahon et al. 
2009). In contrast, BALF IgE concentrations are con-
sistently elevated in horses with SEA, suggesting  
that local, rather than systemic, IgE responses may be 
of greater biological relevance (Schmallenbach et al. 
1998).

Current evidence indicates that Th2-associated  
cytokines remain central mediators of eosinophilic air-
way inflammation. Increased IL-4 and IL-5 expression 
has been demonstrated in BALF cells obtained from 
horses with mastocytic MEA (Lavoie et al. 2011,  
Beekman et al. 2012), whereas IL-5 promotes eosino-
phil recruitment and activation, leading to epithelial  
injury and progressive airway remodelling (Luo et al. 
2024).

Activated eosinophils release numerous mediators 
capable of inducing epithelial injury, mucus hyperse-
cretion and extracellular matrix deposition. Conse-
quently, chronic eosinophilic inflammation contri- 
butes to airway remodelling through mechanisms that 
partially overlap with those described in neutrophilic 
asthma (Bergeron et al. 2010, Bullone and Lavoie 
2020).

In a subset of horses, SEA is accompanied by acti-
vation of Th2-associated pathways, characterised by 
increased expression of IL-4, IL-5, and IL-13 (Bond  
et al. 2018).

Genetic foundations of equine asthma

Current evidence suggests that equine asthma is a 
complex polygenic disorder in which multiple genes  
of small effect interact with environmental exposures 
rather than a disease caused by a single causal mutation. 

Evidence supporting a hereditary predisposition to 
equine asthma has accumulated for more than 80 years. 
Early pedigree analyses demonstrated familial aggrega-
tion of chronic respiratory disease, suggesting that genet-
ic susceptibility contributes substantially to disease risk 
(Schaeper 1939). These observations were later con-
firmed by epidemiological studies showing that offspring 
of affected parents are significantly more likely to deve- 
lop severe equine asthma (Marti et al. 1991, Ramseyer  
et al. 2007).

Genes involved in oxidative stress and mucus 
production

Genome-wide association studies have identified 
several chromosomal regions associated with severe 
equine asthma, particularly loci located on equine chro-
mosomes 13 and 15 (Racine et al. 2011, Schnider et al. 
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2017). Among these, Thioredoxin Domain Containing 
11 (TXNDC11) has attracted considerable attention  
for its role in oxidative stress regulation and mucus pro-
duction. Increased TXNDC11 activity promotes hydro-
gen peroxide generation and increased Mucin 5 AC 
(MUC5AC) expression, thereby contributing to epitheli-
al injury, oxidative stress, and excessive mucus secretion 
(Gerber et al. 2003b, Kirkham and Rahman 2006,  
Pacquelet et al. 2008).

Immune response genes

Another important susceptibility locus is Suppressor 
of Cytokine Signalling 5 (SOCS5), a regulator of nuclear 
factor of kappa light chain enhancer of activated B cells 
(NF-κB) signalling and T-helper cell differentiation.  
Altered SOCS5 activity may disturb the balance between 
Th1- and Th2-associated immune responses, thereby  
influencing individual susceptibility to airway inflamma-
tion (Racine et al. 2011).

Genes affecting epithelial integrity

Genetic variants identified in NME/NM23 family 
member 7 (NME7), PARK2 co-regulated gene (PACRG) 
and rotatin (RTTN) genes are predicted to impair ciliary 
structure and function, leading to reduced mucociliary 
clearance and prolonged retention of inhaled particles 
within the lower airways (Ghosh et al. 2016, Knowles  
et al. 2016, Tessier et al. 2018a). These findings support 
the hypothesis that impaired epithelial defence mecha-
nisms contribute to disease susceptibility.

Epigenetic regulation

Beyond DNA sequence variation, growing evidence 
indicates that epigenetic mechanisms contribute to the 
pathogenesis of equine asthma. Horses affected by SEA 
exhibit altered expression of E2F transcription factors 
involved in epithelial regeneration together with dysreg-
ulated microRNA profiles (Pacholewska et al. 2017,  
Tessier et al. 2018b).

Reduced expression of miR-128 may impair epithe-
lial apoptosis while simultaneously promoting IL-6 and 
IL-8 production. Likewise, decreased miR-744 expres-
sion may enhance TGF-β signalling and amplify  
Th2/Th17-associated immune responses following  
antigenic stimulation (Adlakha and Saini 2013,  
Adlakha et al. 2013, Pacholewska et al. 2017, Hulliger 
et al. 2020). Collectively, these findings indicate that 
epigenetic regulation represents an additional layer of 
disease susceptibility beyond inherited genetic varia-
tion.

Future research priorities

Over the past two decades, substantial progress has 
been made in understanding the inflammatory and mo-
lecular basis of equine asthma. Nevertheless, important 
questions regarding disease pathogenesis remain unan-
swered. Addressing these gaps will be essential for  
improving disease classification and developing targeted 
therapeutic strategies. Based on current evidence,  
several research priorities can be identified.

1. Is neuroimmune signalling a driver of chronic 
disease progression?

Although interactions between the nervous and  
immune systems have been extensively investigated  
in human asthma, comparable evidence in horses  
remains extremely limited. Current equine data are 
largely restricted to increased airway innervation  
in severe equine asthma and a small number of studies 
describing neurokinin signalling. Whether neuroim-
mune pathways contribute directly to persistent bron-
choconstriction, cough hypersensitivity and airway  
remodelling in horses remains unknown (Leduc et al. 
2024, Wierzbicka et al. 2026).

2. Which molecular biomarkers best define equine 
asthma endotypes?

Current classification continues to rely predomi-
nantly on clinical presentation and BALF cytology.  
Future studies should determine whether transcriptom-
ic, proteomic, epigenetic and neuroimmune biomarkers 
can improve endotype classification and predict disease 
severity or therapeutic response.

3. Why do only some horses develop chronic severe 
disease?

Genetic susceptibility has been demonstrated for 
several candidate genes, including TXNDC11, SOCS5, 
PACRG and RTTN, yet these explain only part of the 
observed variation. The interaction between genetic 
background, environmental exposure and immune  
regulation remains poorly understood. Identifying these 
interactions will be essential for understanding disease 
progression.

4. Can airway remodelling be prevented  
or reversed?

Current evidence suggests that airway remodelling 
begins earlier than previously recognised and may  
involve epithelial cells, fibroblasts, airway smooth  
muscle and extracellular matrix simultaneously.  



11Equine asthma – old disease and new concepts

Whether these structural alterations remain reversible 
during the early stages of disease-and which molecular 
pathways should be targeted therapeutically-remain  
to be investigated.

5. Can precision medicine become a reality  
in equine asthma?

One of the ultimate goals of future research should 
be the transition from phenotype-based diagnosis  
towards biologically defined endotypes. Integration of 
clinical assessment with BALF cytology, molecular 
biomarkers, genetic profiling and neuroimmune mecha-
nisms may enable personalised management strategies 
and facilitate the development of targeted therapies 
comparable to those already implemented in human 
asthma.

Conclusions

Clinical phenotypes describe what we observe, 
whereas molecular endotypes explain why apparently 
similar horses develop fundamentally different forms  
of equine asthma. This distinction represents one of  
the most important advances in our understanding of the 
disease and provides the foundation for a more biologi-
cally meaningful classification of equine asthma.

Although bronchoalveolar lavage fluid cytology  
remains the cornerstone of diagnosis, growing evidence 
indicates that inflammatory cell profiles alone cannot 
fully account for the marked heterogeneity observed 
among affected horses. Integrating molecular, genetic 
and immunological biomarkers with clinical assessment 
offers the opportunity to identify biologically distinct  
endotypes, improve prognostic accuracy and facilitate 
more individualised therapeutic approaches.

Equally important is the recognition that chronic air-
way inflammation extends beyond transient immune cell 
infiltration and initiates progressive structural remodel-
ling involving the airway epithelium, extracellular ma-
trix, smooth muscle, and potentially the airway nervous 
system. A better understanding of the interactions among 
these processes may help identify the point at which air-
way remodelling becomes irreversible, and disease pro-
gresses to a severe, treatment-resistant stage.

Future progress in equine asthma research will there-
fore depend not on identifying additional clinical pheno-
types but on defining the molecular mechanisms that 
underlie them. Bridging clinical phenotyping with  
molecular endotyping will be essential for developing 
biomarker-guided diagnosis, identifying novel therapeu-
tic targets and ultimately introducing precision medicine 
into equine respiratory practice. Understanding the  
biological mechanisms underlying seemingly similar 

clinical phenotypes will be key to the next generation  
of diagnostics and targeted therapies for equine asthma.
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