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ABSTRACT 

 

 

 

HISTOLOGICAL LUNG EVALUATION OF ACTIVELY RACING HORSES 
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Inflammatory Airway Disease has been reported in young racehorses worldwide. The aim 

of this study was to determine the prevalence of airway inflammation in an actively 

racing population of horses and to describe and quantify the degree of lung lesions in this 

population of horses.  The Ontario Death Registry program provided a unique 

opportunity to evaluate the lungs of actively racing horses that died or were euthanized 

due to catastrophic injuries while racing or training. Lung sections of 95 horses were 

included in the study and evaluated using a previously validated histological airway 

scoring system. Additionally, staining with Toluidine blue and  immunohistochemical 

labeling was performed on a subset of horses to further characterize the inflammation. 
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Inflammatory cell infiltration, smooth muscle hyperplasia and hemosiderin were 

commonly found. The airway lesion scores were significantly higher in the caudal and 

dorsal sections of the lungs than in other areas. There was no correlation between the 

individual scores and either breed, sex, age, cause of death or performance index. The 

inflammatory and smooth muscle scores were normally distributed and the hemosiderin 

score was not. The inflammatory cell infiltration was composed of mononuclear cells, 

with increased number of mast cells and eosinophils in 3/20 and 12/95 horses 

respectively. Immunohistochemical labeling showed the inflammation around the airway 

to be composed of 41.0% CD3-positive T cells and 5.8% CD79a-positive B cells. In 

addition to the airway findings, inflammatory cell aggregates were observed around the 

pulmonary blood vessels and in the alveolar septa in 67/95 and 71/95 horses respectively. 

In conclusion, this study provides a histologic evaluation of a population of actively 

racing horses in which airway inflammation is a common finding. 
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Airway inflammation in young athletic horses has been recognized for over 15 years and has 

been suggested to be an early stage of Recurrent Airway Obstruction (RAO) (Viel, 1997). 

During a workshop aimed at defining the terminology associated with equine chronic airway 

disease (International Workshop on Equine Chronic Airway Disease, Michigan 2000)  

(Robinson, 2001) the participants also recognized a less severe form of inflammation and 

recommended the term Inflammatory Airway Disease (IAD) for this syndrome. Horses with IAD 

would show no clinical signs at rest but had airway inflammation, which may be accompanied by 

cough or poor performance. IAD became the subject of it’s own workshop in 2002 (International 

Workshop on Inflammatory Airway Disease: Defining the Syndrome, Boston 2002)  (Robinson, 

2003) and an ACVIM Consensus statement in 2007 (Couetil et al., 2007). Nevertheless, our 

understanding of the condition remains particularly vague. 

The consensus panel proposed the use of the term IAD for horses presenting a range of clinical 

signs (poor performance, exercise intolerance, or coughing, with or without excess tracheal 

mucus) and evidence of nonseptic inflammation detected on bronchoalveolar lavage (BAL) or 

pulmonary dysfunction based on evidence of lower airway obstruction, airway hyper-

responsiveness, or impaired blood gas exchange at rest and/or during exercise. Horses do not fit 

the definition if they present systemic signs (fever, hematologic abnormalities compatible with 

infection) or increased respiratory efforts at rest (i.e., heaves) (Couetil et al., 2007). Although this 

definition is valuable in bringing together different criteria used to diagnose the condition 
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worldwide, it already hints at the challenges that lie in the diagnosis of the condition. The 

definition does not establish one method as the ideal diagnosis but rather recognizes the validity 

of the BAL, pulmonary function testing and arterial blood gas analysis, demonstrating that there 

is currently is no gold standard for the diagnosis of the IAD.  
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Prior to the publication of the ACVIM consensus statement, many researchers defined the 

condition based on tracheal aspirate (TA) cytology (Sweeney et al., 1992; Christley et al., 2001; 

Christley et al., 2001; Wood et al., 2005; Robinson et al., 2006). The presence of inflammation in 

the tracheal wash of racehorses showed some association with the isolation of bacteria from the 

tracheal wash fluid, most commonly Streptococcus zooepidemicus, Streptococcus pneumoniae 

and Pasteurella/Actinobacillus-like species and local inflammatory cells, particularly neutrophils 

(Wood et al., 1993; Burrell et al., 1996; Chapman et al., 2000) . However, there is strong 

evidence that tracheal cytology doesn’t correlate with the events occurring in the lower airways 

(Derksen et al., 1989; Viel, 1983; Malikides et al., 2003; Allen et al., 2006) . On the contrary, 

BAL cytology was found to relate well to the severity of histological changes and pulmonary 

function testing in horses with RAO (Viel, 1997) and was subsequently applied to horses of the 

IAD phenotype (Fogarty and T. Buckley, 1991; Doucet, 1994; Moore et al., 1995; Hare and L. 

Viel, 1998; Couetil and DB Denicola, 1999) in which it correlated well with clinical signs, 

evidence of impaired gas exchange and airway hyperreactivity (Hoffman et al., 1998; Couetil 

and D. B. Denicola, 1999; Couëtil et al., 2001) . A standardized technique for the BAL was 

published (Hoffman, 1999; Couetil et al., 2007) resulting in its widespread use for the diagnosis 
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of IAD (Malikides et al., 2003; Gerber et al., 2003; Courouce-Malblanc et al., 2010; Allen et al., 

2006) .  

Although the BAL cytology correlates well with classical pulmonary function testing in horses 

with heaves, this is not the case for mild BAL changes as seen in younger horses (Viel, 1983; 

Couëtil et al., 2001). Airway hyperreactivity as measured by the histamine challenge test was 

altered in racehorses with increased eosinophils (Hare and L. Viel, 1998) or mast cells (Hoffman 

et al., 1998; Bedenice et al., 2008) when compared to horses with normal BAL cytology. 

Although BAL neutrophilia was significantly associated with cough in young racehorses, there 

was no significant correlation between BAL neutrophilia and airway hyperresponsiveness as 

measured by the histamine challenge test (Hoffman et al., 1998; Bedenice et al., 2008). This 

discrepancy is yet another factor demonstrating our lack of understanding and diagnosing of the 

condition. 
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The true prevalence of IAD is currently unknown, largely hindered by the limitations of the 

individual diagnostic methods.  The reported prevalence ranges from 24 to 94%, which 

constitutes a tremendous range, particularly when trying to extrapolate this prevalence to the 

entire racehorse population. Studies designed at establishing the prevalence of IAD differ in their 

diagnostic methods, interpretation of the obtained results and study population. The earliest study 

specifically evaluating racehorses examined the tracheal aspirates of 66 Thoroughbreds and 

defined airway inflammation as the presence of eosinophils, the presence of mast cells, or more 

than 20% neutrophils in the TA, resulting in a prevalence of 94%, 83% and 24% respectively 
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(Sweeney et al., 1992). Another large scale study looked at the TA of 100 racehorses with cough 

and compared it to 148 racehorses without cough and found the neutrophils to be increased 

above 20% in 80% of the coughing horses and in 20% of the non-coughing horses (Christley et 

al., 2001). A study defining airway inflammation as a score based on the results of TA cytology 

and tracheal endoscopic findings evaluated 148 racehorses and found a prevalence of 13.8% 

(Wood et al., 2005). The most recent study employing the TA looked at 266 pleasure horses and 

found that 68.3% had tracheal neutrophilia (Robinson et al., 2006). The main limitation of the 4 

described studies lies in their usage of the TA, which was found to correlate poorly with BAL 

findings and was subsequently not recognized by the consensus statement as sufficient for the 

diagnosis of IAD. The main strength of these studies however, is their selection of a random (or 

at least haphazardly selected) population of horses, without a bias towards horses presented for 

poor performance. This in turn is the limitation of the majority of studies complying with the 

ACVIM consensus statement recommendation of using the BAL as the standard diagnostic 

method. However, perhaps due to the perceived invasive nature of this procedure it is difficult to 

convince trainers to consent to a BAL of a successfully racing horse. Increased lymphocytes, 

neutrophils, eosinophils and mast cells have been found in the BAL of young athletic horses 

presented for poor performance (Fogarty and T. Buckley, 1991; Moore et al., 1995; Hoffman et 

al., 1998; Hare and L. Viel, 1998; Couetil and DB Denicola, 1999). The study by Fogarty and 

Buckley in 1991 found a significant difference in BAL neutrophil counts in horses exhibiting 

signs of exercise intolerance. However, the study did not to define “exercise intolerance” and 

used a control group in which 3/11 horses were treated with antibiotics for respiratory disease. 

Moore et al. in 1995 compared the BAL of horses presented for poor performance to controls 

and found them to be significantly different as to their lymphocyte, neutrophil and monocyte 
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percentage. However, this study has a small sample size (32 horses) and the poor performers 

were selected on the basis of endoscopic abnormalities compatible with IAD, resulting in a 

severely biased study population that makes the results inapplicable to the entire racing 

population.  Hoffman et al.in 1998 evaluated 20 horses with a recent decline in performance and 

found none of them to have an increased neutrophil percentage in their BAL. The BAL mast cell 

percentage did correlate well to airway hyperreactivity, although this study was not designed to 

establish a prevalence and did not provide a cut-off value to differentiate affected and non 

affected animals. Additionally, the selection of poorly performing horses prevents extrapolation 

to the remainder of the racing population. The same selection bias applies to the studies by Hare 

et al. (1994), Malikides et al. (2003) and Koblinger et al. (2011). The study of Gerber et al. 

(2003) selected a group of well performing horses without clinical evidence of respiratory 

disease and found airway inflammation to be common in the BAL of 26 horses. Every single one 

had either increased eosinophils, mast cells or neutrophils. It is however dubious whether a 

prevalence of 100% in a small population can be extrapolated to the whole racing population. In 

all fairness, these studies don’t claim to investigate the prevalence of IAD but rather to 

characterize the disease.  

In summary, each of the studies has its strengths and weaknesses: some have used internationally 

accepted criteria to define IAD but have limited their study population to horses with poor 

performance (Couëtil et al., 2001; Malikides et al., 2003; Allen et al., 2006). Other studies have 

evaluated a broader population of horses but with diagnostic methods not widely recognized for 

IAD (Sweeney et al., 1992; Christley et al., 2001; Wood et al., 2005; Robinson et al., 2006), or 

when they did use the criteria set by the ACVIM consensus statement they have limited 

themselves to a small number of horses (Courouce-Malblanc et al., 2010) or a heterogeneous age 
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population (Koblinger et al., 2011). There is currently no published study investigating the 

presence of airway inflammation in a large population of racing horses. 
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Histology has been a valubale tool to investigate inflammatory lung lesions in humans 

(Thompson et al., 1989; Jeffery et al., 1989), the rodent model (Blyth et al., 1996), cats (Padrid et 

al., 1995) and horses (Winder and R. von Fellenberg, 1988; Kaup et al., 1990). The use of a 

scoring system to evaluate lung lesions in horses was largely popularised by studies evaluating 

RAO. The histologic appearance of the lungs collected from horses with clinical signs of heaves 

was found to correspond well to BAL cytology and pulmonary function testing (Viel, 1983). 

This study established the use of a semi-quantitative grading system based on the degree of 

airway lumen occlusion, airway contraction, goblet cell hyperplasia, smooth muscle hypertrophy, 

epithelial cell hyperplasia, alveolar septa thickening, vascular changes and peribronchiolar 

fibrosis. This grading system was subsequently modified and applied to lung biopsies, to classify 

horses with chronic respiratory disease into 6 categories of severity. These histological 

categories related well to lung function mechanics during exercise in Standardbreds with chronic 

bronchiolitis (but not in saddle horses)  (Persson and R. Lindberg, 1991) and to gas exchange at 

exercise (Nyman et al., 1991). Although the histologic lesions associated with RAO have been 

extensively described, no such data are available for IAD. 
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When designing a study looking at racehorse lungs, it’s impossible to ignore Exercise Induced 

Pulmonary Hemorrhage (EIPH). This important condition affecting racehorses has been studied 

for over 30 years and has been the subject of several International workshops and conferences 

(International EIPH Conference, Guelph 1993 and International Workshop on EIPH: State of 

Current Knowledge, Vancouver 2006). The condition can be diagnosed in several ways and one 

study showed that a single post-race endoscopic examination showed that 72.6% (n=168) of 

horses had blood in their trachea.  When considering horses with 2 post-race endoscopic 

examinations, that number increased to 94.7% (n=47), and when considering horses with 3 or 

more (n=44) post-exercise endoscopies, 100% of them had evidence of blood in their tracheas on 

at least 1 of the examinations (Birks et al., 2002). This study selected their horses at random in 

the racing population and is thus unlikely that horses suspected of EIPH would be more likely to 

be submitted to endoscopy more often, but that this rather represents a true occurrence.  The 

histopathological appearance of EIPH has been described in detail (O'Callaghan et al., 1987) 

with lesions occurring primarily in the caudo-dorsal aspect of the lungs. These lesions are 

reported as distorted bronchioles with thick walls, increased numbers of pulmonary alveolar 

macrophages containing large amounts of hemosiderin and an increase in connective tissue. 

These 3 lesions had the same general distribution as the macroscopically observed blue to brown 

coloured lung before fixation. Alveolar macrophages containing large amounts of hemosiderin 

were found in alveolar and bronchiolar lumens and in connective tissue around bronchioles as 

well as in the interlobular and interalveolar septa, in the pleura and in connective tissue around 

the blood vessels (O'Callaghan et al., 1987). With the use of Miller’s elastic tissue stain, 

Callaghan et al. also noted changes in a few small muscular arteries that had fragmented internal 
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and external elastic membranes disrupting the media. Williams et al. discovered a novel lesion of 

veno-occlusive remodeling in the lungs of Japanese racehorses that had career-limiting EIPH. 

The vascular lesions were identified using immunohistochemistry and had the same distribution 

within the lung as those associated with EIPH (reported as hemosiderin, fibrosis and bronchial 

angiogenesis). The thick-walled vessels were located within the pleura and interlobular septa and 

the authors speculate that this could be a response to the high pulmonary pressure that occurs in 

the horse during exercise (Williams et al., 2008).  
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The pulmonary function in the exercising horse has been reviewed in detail (Art et al., 2002) and 

it is not the objective of this chapter to provide an in depth review of the subject. However, some 

aspects are important to understanding the high demand placed on the respiratory system in the 

racing horse and the ways in which subtle changes like low grade airway inflammation can 

dramatically impact lung function during this heightened state of activity. The horse is an 

extraordinary athlete and the respiratory system is an essential component to the adaptation to 

exercise by providing the oxygen necessary for tissue function and eliminating the carbon 

dioxide produced by tissue metabolism. The lung’s capacity for gas exchange depends on the 

ability of air to reach the alveoli (ventilation), how gas gets across the blood-gas barrier 

(diffusion) and on how the pulmonary circulation brings and removes gas to and from the lung 

(perfusion) (West, 2008). During exercise, the demands placed on the lung for gas exchange 

greatly increase, and studies in horses exercised on the treadmill have shown a great increase in 

minute ventilation from 80 L/min at rest to values in the vicinity of 1800 L/min during heavy 
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exercise (Art et al., 1990; Art and P. Lekeux, 1993). Additionally, the horse reduces the amount 

of physiological dead space by recruiting unventilated alveoli (Lekeux et al., 1992). 

Concurrently, pulmonary blood flow increases approximately 8-fold to maintain an adequate 

ventilation/perfusion ratio (Thomas and G. F. Fregin, 1981).  Airway ventilation is heavily 

dependent on the airway’s resistance to airflow. The radius of the airway is of critical importance 

in determining the magnitude of this resistance to flow as directed by the Hagen-Poiseuille 

equation: the resistance to flow is inversely proportional to the radius to the fourth power, 

meaning that when an airway radius is reduced by half, the resistance increases by 16-fold. With 

these components in mind, the impact of even small airway changes on respiratory function in 

the exercising horse becomes evident.  
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The respiratory system is an important source of problems affecting performance. It’s cited in 

several studies as the second most common cause after lameness for a modification in training. 

The first reported epidemiological study accounting for respiratory disease emanated from the 

UK in 1985. This study showed respiratory disease to be responsible for missed training days in 

20.5% of the horses over a 2-year period (Rossdale et al., 1985). A study conducted in South 

Africa found respiratory disease to be a cause of 8.6% of missed training days, a number second 

only to lameness (Olivier et al., 1997). In a study evaluating 169 Australian Thoroughbreds 

during their 2- and 3-year-old racing season, 16 percent of the horses suffered from nasal 

discharge or cough resulting in a reduction in intensity of training, box rest or pasture rest 

(Bailey et al., 1999). The initial studies looking at the impact of IAD on performance employed 
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the TA, finding a good correlation between the presence of nasal discharge and cough with 

tracheal neutrophilia (Christley et al., 2001). However, a subsequent study failed to find a 

negative impact of tracheal neutrophilia and performance, although the presence of moderate or 

severe mucus in the trachea was associated with fewer race starts and lower race place 

(Holcombe et al., 2006). As previously discussed, the TA is not representative of lower airway 

inflammation and therefore these studies say little about the true effect of IAD on performance. 

Based on abnormal BAL cytology as defined by the ACVIM consensus statement, IAD is a 

common finding in horses presented for poor performance, with 39% having increased 

neutrophils and 38% increased mast cells in some reports (Allen et al., 2006; Malikides et al., 

2003), or up to 59% of horses showing increased neutrophils in another study (Allen et al., 

2006). However, a study evaluating poor performance in 275 race horses showed that 84% 

suffered from more than one problem (Morris and HJ Seeherman, 1991). This implies that when 

detecting abnormal BAL cytology in a horse presented for poor performance, there is a strong 

possibility of another concurrent performance-limiting issue (which was of musculoskeletal 

origin in Morris’ study). However, the equine lung is essential to gas exchange at rest and during 

exercise and there is no doubt that morphologic alterations can negatively interfere with this 

function. This was examined in horses qualified as having Small Airway Inflammation in 1999. 

Horses performing poorly and presenting mucus in their trachea on endoscopy had more 

profound hypoxia during exercise than controls (Couetil and DB Denicola, 1999). This was 

subsequently confirmed when comparing 3 groups of horses referred for poor performance and 

submitted to standard treadmill exercise testing. Horses were grouped as having IAD (defined as 

having a moderate amount of mucus in the trachea on endoscopy), EIPH and controls. Horses 

with IAD and EIPH had more profound exercise induce hypoxemia (Sánchez et al., 2005). The 
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limitations of these studies is their case definition of IAD, Couetil et al., reported that horses with 

Small Airway Disease had higher neutrophil percentages in their BAL fluid but individual horse 

numbers were not reported. In the Sanchez et al. study, only 4/25 of the “IAD” horses had 

abnormal BAL cytology and the BAL cytology was not significantly different between groups. 

Although these studies show that horses with tracheal mucus have evidence of impaired gas 

exchange during exercise, they only evaluate a certain subset of horses that are presented for 

poor performance. Nyman et al. (Nyman et al., 1999) employed a more narrow case definition 

and only included horses presenting mild bronchiolitis on post-exercise lung biopsy. When 

comparing the results of the arterial blood gas concentrations during a standardized treadmill 

exercise test, the researchers found no difference from a control group that had no evidence of 

respiratory disease based on clinical examination, airway endoscopy and lung biopsy. The one 

difference detected between groups was the ratio between the horse’s red cell volume and body 

weight, which was significantly higher in the horses with bronchiolitis. The authors speculated 

that this could be a possible adaptation to chronic hypoxemia, which may occur during repeated 

maximal intensity exercise, but this was not evaluated in the study 
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Defining poor performance is an ongoing challenge and was the object of an excellent review at 

the World Equine Airways Symposium in 2009 (Couetil, 2009). Performance can be assessed 

using objective or subjective criteria. Objective criteria include evidence of decreased level of 

performance by comparison to previous competition or events (i.e. slow race times, decreased 
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earnings, finishing position, etc.) or physiological parameters outside the reference range (i.e. 

oxygen consumption, lactate, heart rate, etc.) Subjective criteria refer to opinion from trainer or 

horse owner (i.e. not meeting expectations, abnormal compared to other horses) or specific 

clinical signs (i.e. coughing, inappropriate increase in respiratory effort, abnormal respiratory 

noise). Decreased performance may be quantified in racehorses by examining race times, 

finishing position, earnings and other indices available from race records (Couetil, 2009). 

Various studies have attempted to quantify performance. A study looking at the effect of tracheal 

mucus and inflammation on Thoroughbred performance looked at the race records of the 2 

weeks prior to sampling and compared the race place of the race closest to the sampling and the 

presence or absence of starts in that 2 week period (Holcombe et al., 2006). This study found no 

correlation between tracheal cytology and performance, although the presence of moderate or 

severe mucus in the trachea was associated with fewer race starts and lower race place. The 

limitations of this study are discussed in the previous paragraph. However on the subject of 

quantifying performance, this method does not recognize that many factors could influence 

performance. The horse’s race place and whether it even races at all can be heavily influenced by 

many outside conditions such as the jockey, tack, track conditions, weather and others. This 

difficulty in defining a measure of performance is not unique to IAD. Studies looking at EIPH 

(Doucet, 1994; Hinchcliff et al., 2005), Dorsal Displacement of the Soft Palate (Woodie et al., 

2005; Jean et al., 2011), superficial digital flexor tendonitis (O'meara et al., 2010), cardiac 

chamber size and function (Young et al., 2005) and other physiological parameters such as blood 

lactate after exercise (Evans et al., 1993) have encountered the same obstacle. The studies that 

have likely come the closest to measuring intrinsic horse performance are those looking and pre 

and post treatment racing results. This type of study design is able to compare the horse’s race 
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placing or earnings for a given time before the treatment with race placing for the same time 

after treatment and has been used to study the effect of omeprazole (Johnson et al., 2001), 

furosemide (Hinchcliff et al., 2009) and various treatments for DDSP on performance (Tulleners 

et al., 1997; Parente et al., 2002; Barakzai et al., 2004; Barakzai and PM Dixon, 2005; Woodie et 

al., 2005; Reardon et al., 2008). However, even this method does not take into account the 

myriad of outside factors unrelated to the condition studied that can affect performance, thus 

remaining of questionable value. 
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The Death Registry program is an initiative of the Ontario Racing Commission (ORC) 

established in 2003. This ORC initiative requires notification of any death of a horse having 

occurred within 60 days of having been entered or qualified to race in the province of Ontario. In 

cases where the death occurs within 14 days of the horse having entered or qualified to race, 

post-mortem examination is mandatory. Beyond 14 days, a post-mortem examination may be 

requested at the discretion of the director of racing. All deaths within these time frames must be 

reported, regardless of whether the death occurs on the track, on the racetrack properties or at 

other off-track facilities. The existence of this program provides a unique opportunity to study 

this racehorse population. Until 2007, over 100 horses were submitted per year. Over the 

following 3 years, necropsy requests by the ORC became more selective, with a shift in 

emphasis to non-fracture cases and with increased complexity, resulting in approximately 50 

submissions per year (Delay, 2011). The horses submitted to the ORC Death Registry program 

have provided research material for investigations into the epidemiology of catastrophic 
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musculoskeletal injuries in Thoroughbred racehorses (Cruz et al., 2007) and led to the discovery 

of pulmonary artery calcification in racehorses (Arroyo et al., 2008). From 2003 until 2008, the 

year preceding the initiation of the present study, the most common cause of death was 

catastrophic musculoskeletal injury (56%) followed by gastrointestinal disease (14%) and lesions 

in the respiratory system (13%) (Delay, 2011). Consent was easily obtained from the ORC, in 

stark contrast to the difficulty associated with convincing owners or trainers to allow perceived 

invasive diagnostic techniques in racing horses.  

Based on the challenges associated with the diagnosis of IAD in live horses as detailed above, 

the Death Registry program provided a unique opportunity to evaluate the lungs of a large 

number of actively racing horses. 
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Airway inflammation in young athletic horses has been recognized for over 15 years and was 

initially suggested to be an early stage of Recurrent Airway Obstruction (RAO) (Viel, 1997). 

During a workshop aimed at defining the terminology associated with equine chronic airway 

disease (International Workshop on Equine Chronic Airway Disease, Michigan 2000)  

(Robinson, 2001) the participants also recognized a less severe form of inflammation and 

recommended the term Inflammatory Airway Disease (IAD) for this syndrome. IAD was 

described as a syndrome where horses showed no clinical signs at rest but had airway 

inflammation which may be accompanied by cough or poor performance (Robinson, 2001). IAD 

became the subject of it’s own workshop in 2002 (International Workshop on Inflammatory 

Airway Disease: Defining the Syndrome, Boston 2002)  (Robinson, 2003) and a recent ACVIM 

Consensus statement in 2007 (Couetil et al., 2007). Nevertheless, our understanding of the 

condition remains particularly vague. Prior to the publication of the consensus statement, one of 

the main controversies has been the clinical relevance of inflammatory cells obtained by either 

tracheal aspirate (TA) or bronchoalveolar lavage (BAL), and which lower airway inflammatory 

cell was found to be predominant in these samples. The ACVIM consensus clearly defined 

cytology of the bronchoalveolar lavage (BAL) fluid in favor of the TA and considered an 

increase in percentage of either neutrophils (>5% but less than 20%), lymphocytes, monocytes, 

eosinophils (>0.1%) or mast cells (>2%) to be consistent with IAD. The ACVIM consensus 
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panel proposed the use of the term IAD for horses presenting a range of clinical signs (poor 

performance, exercise intolerance, or coughing) with or without excess tracheal mucus visible on 

endoscopy, and either evidence of nonseptic inflammation detected on BAL, or pulmonary 

dysfunction based on evidence of lower airway obstruction, airway hyper-responsiveness, or 

impaired blood gas exchange at rest or during exercise. Horses would not fit the definition if 

older than 10 years old or if they presented systemic signs (fever, hematologic abnormalities 

compatible with infection) or increased respiratory efforts at rest (i.e. heaves). 

The reported prevalence of IAD depends largely on the study population (i.e. pleasure horses, 

racehorses, horses presented with a perceived poor performance, horses without reported 

problems), the diagnostic method employed (such as TA versus BAL and/or pulmonary function 

testing). The reported prevalence ranges from 24-94%. Although the ACVIM consensus 

definition cites the presence of clinical signs, very little is known about the prevalence of airway 

inflammation in an asymptomatic population of racehorses. Most studies have looked at the 

prevalence of IAD in horses presented for poor performance (Morris and HJ Seeherman, 1991; 

Fogarty and T. Buckley, 1991; Moore et al., 1995; Malikides et al., 2003; Allen et al., 2006; 

Lavoie et al., 2011). There are several studies that examined a larger racehorse population 

regardless of their performance status (Sweeney et al., 1992; Wood et al., 2005; Christley et al., 

2001) using the TA as their main diagnostic method, which was subsequently not recognized as 

sufficient by the 2007 ACVIM consensus statement. A more recent study examined a general 

population of horses (pleasure, performance or racing) to evaluate the correlation between an 

endoscopic scoring system based on tracheal mucus and BAL cytological findings. The BAL of 

these horses contained increased neutrophils or eosinophils in 55% and 19% of the horses 

respectively (Koblinger et al., 2011). However, this study was never designed to evaluate the 
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prevalence of IAD, and cases of neutrophilic and eosinophilic inflammation may have 

overlapped. The age of the study population ranged from 2-20 years, and no effort was made to 

exclude horses with Recurrent Airway Obstruction. The prevalence reported in this study can 

therefor not be applied to the racehorse population. A study investigated the relationship between 

BAL cytology and performance in poor and well performing horses, and found no association 

(McKane et al., 1993). Unfortunately, this study did not report the observed range of cell 

percentages for individual horses and it is unknown how many horses would have fit the current 

criteria for IAD. There is another study that demonstrates the presence of IAD in horses that are 

not presented for poor performance. This study was designed to evaluate the prevalence of IAD 

in racehorses with Dorsal Displacement of the Soft Palate (DDSP) that were presented for poor 

performance, compared to a group of adequately performing horses. In the control group, the 

BAL was abnormal in 10/22 of horses due to elevations in neutrophil, eosinophil, mast cell 

percentage or a combination of these (Courouce-Malblanc et al., 2010). Probably the strongest 

evidence that airway inflammation does not necessarily equate to poor performance is a more 

detailed report on 26 race horses without performance problems (as reported by the rider and 

resident veterinarian) showing an abnormal BAL cytology in every single horse, with elevations 

in either neutrophil, eosinophil or mast cell percentages (Gerber et al., 2003). Although all of 

these horses were exercised daily and “many” competed in dressage or show-jumping, it’s 

unknown whether any of them ever reached the intense exercise required for adequate racing 

performance. In summary, determining the prevalence of IAD has been hampered by a lack of 

standardization of the diagnosis and inconsistent case definition. All of the studies using 

validated diagnostics have focused on a racehorse population selected for poor performance. 
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One of the major obstacles to evaluate the prevalence of IAD in its current definition is the 

inability to obtain consent from owners to perform a BAL in horses that are racing well. This is 

attributed to a perceived fear that the sampling procedure may have an impact on the horse’s 

future performance. The newer pulmonary function testing methods are very useful non-invasive 

and portable tools in the diagnosis of IAD (Couetil et al., 2007; Couetil et al., 2001; Hare and L. 

Viel, 1998; Hoffman et al., 1998). When performed on horses free of overt clinical respiratory 

disease, airway reactivity to inhaled histamine was shown to correlate significantly with 

increased mast cells (Hoffman et al., 1998) or eosinophils (Hare and L. Viel, 1998) on BAL 

cytology. The equipment for this test is portable and could potentially be applied to a wide 

population of racehorses, however this equipment is costly and not widely available. To further 

investigate the prevalence of airway inflammation in actively racing horses we sought to take 

advantage of the Death Registry instituted by the Ontario Racing Commission (ORC). The Death 

Registry program allows access to the histopathology of the lungs from horses that were racing 

or training several hours or days prior to sampling. Histopathology provides a direct visualization 

of changes within the lung, as opposed to other diagnostic techniques that rely on indirect ante-

mortem assessment. The objectives of this histopathological survey of equine lungs were (1) to 

describe the small airway lesions present in actively racing horses, (2) to determine the 

occurrence of airway inflammation in this population of actively racing horses using a semi-

quantitative scoring system and (3) to evaluate a possible relationship between airway 

inflammation and racing performance.
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Sample collection was carried out over 2 periods: the first between January 2006 and December 

2006 and secondly between January 2010 and February 2012. Horses from the ORC Death 

Registry were eligible to be entered into the study if they were presented to the Animal Health 

Laboratory (AHL) for complete necropsy. The ORC death registry program requires notification 

of any death of a horse having occurred within 60 days of having been entered or qualified to 

race in the province of Ontario. In cases where the death occurs within 14 days of the horse 

being entered or qualified to race, post-mortem examination is mandatory. Beyond 14 days, a 

post-mortem examination may be required at the discretion of the director of racing. All deaths 

within these timeframes must be reported, regardless of whether the death occurs on the track, on 

the racetrack properties or at other off track training facilities. Exclusion criteria were advanced 

autolysis of the carcass and lungs specifically, interfering with histological interpretation of the 

lung sections. No specific precautions were taken to prevent artifacts of airway morphometry. 

CI(K'433($43%L@4'%&@(&H#@,8#%,48(#8A(@#7'4374$,7(#$$&#'#87&(49(%"&(5-863((

The necropsies were performed by board certified pathologists within 12 hours of reception of 

the carcass at the necropsy facility. At the time of necropsy, the pathologists’ assessment of the 

macroscopic appearance of the lungs was recorded. For each horse a complete necropsy report 

was established with the final diagnosis determined by the pathologist.  Although the cause of 
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death in the majority of cases was euthanasia, in the remainder of this text, “cause of death” will 

be used to determine the most significant lesion as determined by the pathologist. Age, breed, 

sex and cause of death were recorded at the time of necropsy. The cause of death was further 

classified according to the main affected system into the following categories: musculoskeletal 

catastrophic failures, cardiovascular, pulmonary, gastro-intestinal, neurologic, anaphylactic 

shock or other if the cause was not classifiable into one of the previous categories and unknown 

if after a complete gross post-mortem and histological examination the cause of death could not 

be determined. Further testing beyond the gross necropsy (including lung histology) was 

performed at the pathologist’s discretion. 

7I(+-86(%,33-&(3#@$5&3(#8A(",3%4546,7(&H#@,8#%,48(

Prospective sampling of the horses presented to the ORC Death Registry program was carried 

out between January 2010 and February 2012. Ten samples were taken per horse: 5 from the left 

lung and 5 from the right, i.e. the cranial, dorsal, caudal, lateral and ventral (diaphragmatic) lung 

areas (Figure 1). However, after 1 year of data collection only 20 horses had been included in the 

study which was far out of reach of the estimate of 100 horses/year (based on previous Death 

Registry submissions (Delay, 2011). This was attributed to the ORC becoming more selective 

with its necropsy requests (Delay, 2011) and the exclusion of a large number of horses due to 

advanced autolysis. To increase the number of horses included in the study and thus its 

significance to a wider racehorse population, data and lung samples were obtained 

retrospectively from ORC submissions during the year 2006. Lung samples had been 

systematically taken from these horses as part of an unrelated study (Arroyo et al., 2008) and 

included a left and right caudodorsal section. Preliminary analysis of the data from 10 horses 
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sampled in 2010 with 10 sections/ horse showed that the caudo-dorsal sections were the most 

severely affected and further justified the inclusion of these retrospective samples into the study. 

The final number of horses included 37 horses sampled during the prospectively (10 

sections/horse) and 58 horses examined retrospectively (2 sections/horse) 

Following tissue collection, the remainder of the process was identical for samples collected in 

either protocol. Tissue sections of 1cm3 were was fixed in 10% neutral buffered formalin for 48-

72h. The samples were then trimmed, paraffin embedded, cut in 6-µm sections and processed for 

routine hematoxylin and eosin (H&E) staining. An autolysis score was established from 0 to 2 

with 0 being the absence of any autolysis, 1 being the presence of autolysis while maintaining 

the general architecture of the bronchiole and adequate visualization of the smooth muscle and 

inflammatory cells surrounding the bronchiole, and 2 being autolysis distorting the bronchiolar 

architecture and preventing adequate visualization of the smooth muscle layers and inflammatory 

cells (Figure 2). Sections with advanced autolysis (score 2) were excluded. Horses were only 

included if they had a left and right dorsal lung section free of advanced autolysis. 

AI(J&@,LM-#8%,%#%,.&(374',86(#33&33@&8%(49(%"&(3@#55(#,'/#:3(

 The assessment was performed by a single observer, blinded to the signalment, cause of death 

and performance index of the horse. On each slide, 6 bronchioles were randomly selected to 

encompass all areas of the slide. Cartilaginous airways (bronchi) were not evaluated.  An 

important inclusion criteria was the ability to evaluate the entire bronchiole under a single 40x 

magnification field (500µm by 500µm). The histological score was modeled on the one used by 

Viel (1983) to describe and classify the lesions associated with RAO, with an additional category 

added for the presence of hemosiderin. The score was based on 7 parameters airway obstruction 
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and contraction, the presence of epithelial hyperplasia and goblet cells, thickness of the smooth 

muscle layer, inflammatory cell infiltration and fibrosis (Table 1, Figures 4 and 5). Each variable 

was assigned a score from 0 to 3 as defined by the system previously described and, the presence 

of hemosiderin around each bronchiole was recorded as 0 (absent), 1 (0-10 hemosiderin-laden 

macrophages) or 2 (more than 10 hemosiderin-laden macrophages) – see Figure 3. To avoid 

potential bias, the lung sections were evaluated without knowledge of the results of the post-

mortem examination or the performance status of the animal.  

&I(NA&8%,9,7#%,48(49(,895#@@#%4':(7&553(

In order to further describe bronchiolar inflammation and investigate the presence of mast cells, 

the left and right caudal sections of 20 horses with high inflammatory scores were stained with 

Toluidine blue. 

To further characterize the lymphocytes present around the bronchioles, immunohistochemistry 

(IHC) was performed using a T-cell marker (CD3) and a B-cell marker (CD79a). Ten horses 

with an average inflammatory score equal or greater than 1.5 (out of a maximum average score 

of 3) were selected for further IHC staining. Two of the locations with the highest inflammatory 

scores were selected in each horse: one from the right and one from the left lung, from either the 

dorsal or the caudal location, depending on which had the higher inflammatory score.  

For each tissue sample, four 4-um-thick lung sections were cut from the formalin-fixed, paraffin-

embedded tissues and mounted on silane-treated glass slides, deparaffinized by 3 sequential 

xylene washes and rehydrated by serial graded ethanol washes prior to the IHC procedure. 

Sections were treated with 3% hydrogen peroxide for 10 minutes to block endogenous tissue 

peroxidases. One slide was used for CD3 staining, one for CD79a and the remaining 2 slides 
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served as the respective negative controls. These antibodies had been previously used to detect T 

cells and B cells respectively in equine lymphoma (Meyer et al., 2006). T cells were labeled 

using a polyclonal rabbit antibody to CD3 diluted 1:400 (Dako Canada Inc, Burlington, ON, 

Canada), obtained by the Heat Induced Epitope Retrieval (HIER) method at pH 8. The antibodies 

were detected with goat anti-rabbit anti-mouse alkaline phosphatase-labeled polymer, 

UltraVIEW Red chromogen (Ventana Medical Systems Inc., Tucson, AZ, USA). B cells were 

labelled using a mouse monoclonal antibody to CD79a (HM57) diluted at 1:200 (Dako Canada 

Inc, Burlington, ON, Canada), obtained by the HIER method at pH 9. The antibodies were 

detected with goat anti-mouse horseradish peroxidase-labeled polymer (UltraVisionONE, Lab 

Vision Corp., Fremont, CA, USA.), Nova Red chromogen (Vector Laboratories, Burlington, ON, 

Canada). The negative reagent control slides underwent the same treatment as the test slides, 

with substitution of non-immune rabbit serum (for the rabbit polyclonal antibodies) or antibody 

diluent (for the monoclonal antibodies) in place of the primary antibody. Positive control tissues 

were provided by the AHL and consisted of normal equine lymph node. 

The reader was blinded to the results of the previous histologic assessment. Using the 

microscope’s graduated slide holder on the mechanical stage, the same bronchioles were 

quantitatively assessed for the presence of CD3- and CD79a-positive cells. From each lung tissue 

section, 6 bronchioles were assessed: immunolabeled cells were counted if present in the 

epithelium or in the adventitia immediately surrounding the bronchiole (Figure 6). Non-

immunolabeled inflammatory cells were counted in the adventitia immediately surrounding the 

bronchiole. The limit of the area to count was determined by the limit of accumulation of 

inflammatory cells around that particular bronchiole. 
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Initially, one of the objectives of the study had been to correlate BAL and histology findings. In 

a small pilot study on 5 horses, the process of obtaining a post-mortem BAL resulted in a fluid 

that was red tinged and thus macroscopically different from that obtained on live horses. 

Additionally, the amount of suction required to retrieve the fluid in a non-breathing horse 

resulted in the collection of a majority of epithelial cells and the few obtained inflammatory cells 

were morphologically altered, making them difficult to differentiate under the microscope. The 

suction method included low   (<5 mmHg) and medium (8-10 mmHg) pressure. The postmortem 

BAL fluid was not interpretable even if it was performed 30 minutes after the 

euthanasia.Therefore, this aspect of the study was not pursued. 

6I(P&'94'@#87&(A#%#(

In an attempt to investigate a potential association between airway inflammatory score and 

racing performance, race records were obtained from the Standardbred and Thoroughbred 

databases. Horses were included if the horse had entered at least 3 races in the 3 months 

preceding its death. The performance index (PI) was calculated as previously described (Woodie 

et al., 2005): each horse was assigned a point value for the place of finish: first = 3 points, second 

= 2 points and third = 1 point. The PI was the mean of the points earned in the last 3 races. If the 

horse died during the last race, the performance index was calculated on the 3 preceding races. 

"I(J%#%,3%,7#5(#8#5:3,3(

A general linear mixed model (GLMM) was used to analyse the data. The variables examined in 

the model included sample location within the lung, side of the lung sampled, breed, sex, age, 
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cause of death and performance index with the score as the outcome variable. Linear and 

quadratic interactions were considered; however, if variables were not significant at the 5% 

level, they were removed from the model. A Tukey adjustment was applied to control for type I 

error. To assess the ANOVA assumptions, comprehensive residual analyses were performed. 

The assumption of normality was tested by use of Shapiro-Wilk, Kolmogorov-Smirnov, Cramér-

von Mises, and Anderson-Darling tests. In addition, residuals were plotted against the predicted 

values and explanatory variables used in the model to reveal outliers, bimodal distributions, or 

the need for data transformations. Despite the fact that the scores were anticipated to have a non-

normal distribution, the ANOVA was used since there are no non-parametric tools available to 

include random effects in models with multiple explanatory variables.  Furthermore, the large 

number of observations in this model lead to the application of the central limit theorem, stating 

that the mean of a sufficiently large number of independent random variables, each with finite 

mean and variance, will be approximately normally distributed. 

Correlations were evaluated with a multivariate analysis of variance (MANOVA).  This 

evaluation removes the systematic effect created by an explanatory variable (age, breed, sex, 

cause and PI) to examine the intrinsic relation between the 2 outcome variables (score 1 and 

score 2), which is equivalent to correlating the residuals.  The latter removes correlations 

between mean scores across levels of the explanatory variables.  The overall correlation was also 

computed using the Spearman test, which ignores the systematic effects of the explanatory 

variables. 

For the immunohistochemistry results, the proportion of positive cells equaled the number of 

positive cells divided by the sum of the number of marked and unmarked inflammatory cells. 

Correlations between the CD3 logit and CD79 logit, as well as each logit with the H&E 
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inflammatory, smooth muscle and hemosiderin scores respectively were tested via a Spearman 

correlation.  Statistical analysis for this study was carried out using SAS 9.1.3 (SAS institute 

Inc., 2004, Cary, NC). Statistical significance was set at P < 0.05. 
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During the study period, a total of 185 horses from the ORC Death Registry underwent complete 

post-mortem examination. Of these, 90 horses were excluded due to advanced autolysis evident 

either at gross necropsy or upon evaluation of the histologic sections. Although exact data were 

not recorded, autolysis was more frequent in the summer months when carcasses were more 

likely to wait in the heat for transport (which falls under the responsibility of the owner and not 

the ORC). The remaining 95 horses were included in the study. Breeds recorded were 

Thoroughbred (39 horses), Standardbred (53 horses) and Quarter Horse (3 horses). The 

population included 56 geldings, 28 mares and 11 stallions. Ages ranged between 2 and 9 years 

with a mean of 4.3 years. 

CI(K'433($43%L@4'%&@(&H#@,8#%,48(#8A(@#7'4374$,7(#$$&#'#87&(49(%"&(5-863((

The number of horses in each cause of death category is detailed in Table 2. Acute 

musculoskeletal injuries included fractures (n=46) of the distal limbs (n=38), basilar skull (n=3), 

pelvis (n=2), thoracic vertebra (n=2) and scapula (n=1). Other cases classified as musculoskeletal 

failure (n=3) were tendon laceration (n=2) and sesamoid osteomyelitis from an open wound 

(n=1). Deaths or euthanasias attributed to the gastrointestinal system were due to colitis (n=5), 

small intestinal accident (n=5), large colon torsion (n=2), diaphragmatic hernia (n=1) or 

iatrogenic rectal tear (n=1). Cardiovascular causes of death included aortic root rupture (n=3), 

artery laceration (1 of an unidentified intra-abdominal artery and 1 of the carotid artery following 

a laryngeal injection procedure), cardiac tamponade with hemopericardium for which a specific 
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cause was not found (n=2), jugular vein thrombophlebitis and ensuing complications (n=2) and 

myocarditis (n=1). Deaths classified as pulmonary were attributed to severe Exercise Induced 

Pulmonary Hemorrhage (7 horses) and one horse with severe pulmonary congestion, edema and 

hemorrhage, which the pathologist attributed to cardiovascular failure. Of the horses in the 

neurologic category, the specific diagnosis was Equine Protozoal Myeloencephalitis (n=1), 

Equine Degenerative Myelopathy (n=1) and unknown (n=1) for a horse that reportedly seizured 

and fell over fracturing it’s skull. Of the 3 horses in the category “other”, the post-mortem 

findings were consistent with disseminated intravascular coagulation and sepsis (n=2), and 

severe acute cellulitis of the head and neck requiring euthanasia (n=1). In 2 horses, the cause of 

death was not apparent after a complete post-mortem exam. The pathologists noted the lungs to 

be grossly unremarkable in 61 horses and a further 25 horses had lungs that were noted as 

congested. The remaining horses included the 8 whose death was classified as “pulmonary”, 

which had gross lesions described as pulmonary hemorrhage, edema and congestion. One horse 

that died of colic had lungs described as presenting congestion and hemorrhage. 

7I(+-86(%,33-&(3#@$5&3(#8A(,8,%,#5(",3%4546,7(&H#@,8#%,48(C:($#%"4546,3%3(

From the 95 horses, 37 lungs were sampled and processed according to the initial protocol (10 

samples per horse) and 58 lungs had 2 samples per horse available.  Histologic lesions were not 

detected by the attending pathologist in 25 horses. The 8 horses that died of pulmonary causes 

had histologic evidence of pulmonary hemorrhage. One horse that was euthanized because of a 

P1 fracture also had concurrent pneumonia, with microscopic lesions of scattered neutrophil 

infiltrates throughout the lung. Perivascular lymphocytic infiltrate, peribronchiolar lymphocytic 

infiltrate or both were reported in 3, 2 and 5 horses respectively. Six of these horses died because 
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of “pulmonary” causes and had other lesions described as above, the remaining 3 died of acute 

musculoskeletal injuries (n=2) or colic (n=1) and had gross pulmonary lesions described as 

congestion and mild hemorrhage. 

AI(<&6'&&(49(#-%45:3,3(

The autolysis score of the included sections was either 0 or 1 (since a score of 2 resulted in 

exclusion of the section) and there was no correlation between autolysis score and either the 

inflammatory (r=-0.06), smooth muscle, (r=0.12) or hemosiderin (r=0.08) score. Thus it was 

concluded that autolysis did not affect the score. There were only 7 sections with an autolysis 

score of 2 (as a reminder, the horses from protocol 2 (n=58) were only included if they had a 

score 1 or less in both locations, whereas the horses from protocol 1 (n=37) were only included if 

they had a score of 1 or less in both left and right caudal or dorsal locations, and therefore only 

the horses from protocol 2 could possibly have had an autolysis score of 2 in one or more 

sections and still be included in the study). This number was too small to give meaningful results 

in the ANOVA: therefore the autolysis was analyzed as a binomial response (present or absent). 

The analysis gave identical results, both while excluding the 7 sections with a score of 2, and by 

including them as “present”.  With either method of analysis, there was a significant effect on the 

autolysis score of location (p<0.001), breed (p=0.03) and cause of death (p=0.02). It appeared 

that horses that died or were euthanized for colic, colitis or anaphylactic shock were in a more 

advanced state of autolysis than those dying or euthanized because of neurologic causes.   
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In all of the racehorses, there was some degree of inflammatory cell infiltration around the 

bronchioles, which in severe cases infiltrated through the smooth muscle layers into the 

epithelium. Other commonly observed features were increased smooth muscle thickness around 

the bronchioles and the presence of hemosiderin-laden macrophages adjacent to bronchioles. 

The ANOVA was performed on the smooth muscle layers, inflammatory cell infiltration and 

hemosiderin scores combined, as well as on the individual scores to evaluate the possibility of 

different effects on individual scores. The ANOVA assumptions of normality appeared to be 

adequately met, with the exception of the hemosiderin score.  

&0)0(J@#55(#,'/#:(374'&(

The mean total airway scores (obtained by adding the inflammatory cell infiltration, smooth 

muscle and hemosiderin scores) by location, side, breed, sex and cause of death are reported in 

Figure 7, with their respective means in Table 3. There was a significant effect of lung section 

location (p=<0.0001): scores for the caudal and dorsal locations were significantly greater than 

for the other locations, but not different from each other. There was no effect of side (left or 

right) of sampling, breed, sex, age or cause of death and this was identical when the individual 

components of the score (inflammatory cell infiltration, smooth muscle hyperplasia and 

hemosiderin) were analyzed separately. 

Airway obstruction and constriction were observed in a small number of horses (5 and 4 

respectively) and at a score of 1 out of 3 or less.  Epithelial hyperplasia and goblet cells were not 

observed in any horses Even in those horses where autolysis was minimal and the epithelium 

was intact, epithelial hyperplasia or goblet cells were not observed.  These features could not be 
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adequately assessed in most slides due to autolysis, which modifies the appearance of the 

epithelium and the luminal content, leaving the other parameters (smooth muscle layers, 

inflammatory cell infiltration and hemosiderin) adequately assessable.   The observed airway 

constriction was mild (score 1), and in the 5 cases where airway obstruction was noted there was 

a mix of proteinaceous material and sloughed epithelial cells.  

 

&010(J@#55(#,'/#:(,8A,.,A-#5(374'&(

The mean scores for inflammatory cell infiltration, thickness of airway smooth muscle, and 

amount of hemosiderin are reported in Figures 7-9, with their respective means presented in 

Tables 4-6.  The effect of lung section location (p=<0.0001) remained for each of the individual 

scores although the highest affected locations varied. 

For inflammatory cell infiltration, scores of the caudal and dorsal sections were greater than 

those for all other sections but not different from each other. The means were normally 

distributed (Figure 11). When looking at maximal scores (maximal score present around at least 

one bronchiole) 59 out of 95 horses have a maximal score of 2/3 and 23 out of 95 had a maximal 

score of 3/3.  

For smooth muscle thickness, scores of the caudal and dorsal sections were greater than those for 

all other sections but not different from each other. Scores for the cranial sections were 

significantly lower than those for the lateral and ventral sections. There was a significant breed 

effect (p=0.007) with the Standardbreds having higher scores than the Thoroughbreds. The 

means were normally distributed (Figure 12). A maximal score of 2/3 was noted in 50 horses and 

a maximal score of 3/3 was present in 43 horses. 
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For hemosiderin, scores of the caudal and dorsal sections were greater than all other sections, 

and the caudal sections had a higher score than the dorsal sections. Age also had an effect on the 

hemosiderin score: when including all the variables (location, age, sex, breed, cause of death and 

PI), age was a significant factor explaining the variation of the hemosiderin score (p=0.02).  

However, when retaining only the significant variables in the model (location and age), age 

became marginally significant (p=0.05), with a 0.4 increase in score with each increase in year of 

age. However, the data were not normally distributed (Figure 13) and the application of a square 

root transformation removed the age effect. A maximal score of 1/2 was noted in 44 horses and a 

maximal score of 2/2 was present in 27 horses. 

&0=0(!4''&5#%,48(C&%/&&8(374'&3(

For overall (Spearman) correlations, the closest correlation was observed between inflammatory 

cell infiltration and smooth muscle thickness scores (r= 0.569, p<0.0001). There was poor 

correlation between scores of inflammatory cell infiltration and hemosiderin (r=0.190, 

p<0.0001).  For partial correlations (removing the systematic effect created by an explanatory 

variable), there was moderate correlation between scores of inflammatory cell infiltration and 

smooth muscle thickness (r=0.419, p<0.0001), but poor correlation between scores of 

hemosiderin and inflammatory cell infiltration (r=0.096, p<0.0001). 

&0Q0(24@46&8&,%:(/,%",8(5-86(3&7%,483(

The inflammatory, smooth muscle and hemosiderin scores of a given location represented an 

average of 6 bronchioles examined  per location. There was considerable heterogeneity: scores 

on the same slide varied from 0 to 3.  
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Mononuclear cells were the dominant cell type surrounding the bronchioles in all horses, and 

their morphologic features suggested both lymphocytes and macrophages. In addition, 

eosinophils were a prominent feature (defined as more then 2 eosinophils per 100 inflammatory 

cells) around the bronchioles of 12 out of 95 horses as visualized on the H&E stain. The 

Toluidine blue stain identified mast cells around the bronchioles of 7 out of 20 horses. Only 3 of 

those had more than 2 mast cells per 100 inflammatory cells, with a maximum of 5 cells per 100 

inflammatory cells in one horse. Given the small numbers of mast cells seen in these 20 horses 

specifically selected for their inflammatory scores, further Toluidine blue staining was not 

performed on the remaining horses.  

The type of cell (eosinophils, mast cells, mononuclear cells) had no significant correlation with 

age, breed, sex or cause of death. 

The percentage of peribronchiolar CD3-positive and CD79a-positive cells were quantified in 

horses with an average inflammatory score !1.5 (see annex). The average of CD3-positive and 

CD79-positive cells was 41.0% and 5.8%, respectively. The CD3-positive cells were mainly 

located in the adventitia, with occasional cells infiltrating the epithelium. The CD79-positive 

cells were located in the adventitia, with only exceptionally a CD79-positive cell infiltrating the 

epithelium. 
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The perivascular inflammation was observed as distinct perivascular cuffs and poorly 

demarcated inflammatory cell infiltration of the alveolar septa and thus in contact with the 

capillaries.  

In 69 out of 95 horses, inflammatory cells accumulated around the small vessels in the lung 

parenchyma. These small vessels with surrounding inflammatory cells were both muscular and 

non-muscular, of a diameter between 20 and 100 μm and distributed haphazardly throughout the 

lobule and the lung. Indeed, in some instances the small vessel was very close to the bronchiole, 

and peribronchiolar and perivascular inflammation coalesced (Figure 14A).  However, in other 

instances, the vessels surrounded by inflammation were not adjacent to any bronchiole (Figure 

14B). In the most severe cases, the affected vessels represented subjectively 30-40% of the 

similarly sized vessels on the slide. The presence of these lesions was not affected by location, 

age, breed, sex, cause of death or performance index. The cell infiltration consisted mainly of 

mononuclear cells and in some cases eosinophils or mast cells. Further, it appeared that when 

eosinophils or mast cells were an important component of the peribronchiolar inflammation, this 

was the same around the vessels. Although not quantitatively assessed, the perivascular 

inflammation was subjectively composed of 60% CD3-positive and less than 5% of CD79-

positive cells. 

The second appearance of perivascular inflammation found in 71/95 horses was not associated 

with airways or airway-associated vessels, and had some tendency to occur in proximity to small 

non-capillary vessels in the alveolar septa. The inflammatory cell infiltration was multifocal but 

poorly demarcated, typically 50-100 μm in diameter, composed of either lymphocytes or 
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neutrophils or both with a tendency for leukocytes to cluster along alveolar septa (Figures 15 and 

16).  

 

"I(P&'94'@#87&(N8A&H(

Of the 95 horses, 80 had completed 3 or more races in the 3 months preceding their deaths (51 

Standardbreds, 29 Thoroughbreds). The performance index was entered in the multivariate 

model (ANOVA) and was not of significance with regards to the total airway score, scores for 

inflammatory cells, smooth muscle, or hemosiderin, the predominant cell type or the presence of 

vascular inflammation.  
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This histopathological survey of equine lungs has (1) described the small airway lesions 

present in actively racing horses, (2) determined the occurrence of airway inflammation in this 

population of horses using a semi-quantitative scoring system and (3) evaluated a possible 

relationship between airway inflammation and performance prior to death.  

 

Small airway inflammatory cell infiltration 

The small airway lesions observed were varying degrees of inflammatory cell infiltration 

around the bronchioles, smooth muscle hyperplasia and the presence of hemosiderin-laden 

macrophages. The mean inflammatory score for the dorsal and caudal sections was 1.1 out of 3 

versus 0.7 out of 3 for the cranial, lateral and ventral sections. The higher score in the 

caudodorsal area of the lung may reflect the increased airflow in this area during exercise (Art et 

al., 1988; Art et al., 2002). This mean score of 1.1 indicates that on histopathology, the average 

racehorse has moderate cellular infiltration of the bronchiolar adventitia (see Table 1 and Figure 

4 for the criteria of inflammatory score 1). However, this represents an average of 6 bronchioles 

with significant heterogeneity, meaning scores can vary from 0 to 3 in the same sample of lung 

tissue. When looking at the maximal inflammatory scores (the highest score out of the 6 

bronchioles scored on the slide), it becomes clear that compared to the baseline score of 0, 59 out 

of 95 horses have increased cellular density and mild epithelial infiltration (score 2, see Table 1 

and Figure 4); and 23 out of 95 have massive infiltration with inflammatory cells at the periphery 

of the bronchiole, between the smooth muscle fibres, within the lamina propria and infiltrating 

the epithelium (score 3, see Table 1 and Figure 4). In total, all racehorses have some degree of 
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inflammatory cell infiltration around the bronchioles, and in 82 out of 95 this results in at least a 

2-fold thickening of the adventitia. The mean inflammatory score was normally distributed 

(Table 11), which suggests a difference in severity of response in the individual to a ubiquitous 

exposure, rather than the presence or absence of an inciting cause. The cause of the inflammation 

was not addressed in this study. However, the presence of inflammation in the lungs of these 

racehorses suggests that these horses are exposed to inhalant irritants, bacteria or viruses 

(Caswell and K. J. Williams, 2007). However, systemically absorbed toxins, such as 3-

methylindole, have also been shown to induce peribrionchiolar mononuclear cell infiltration in 

horses(Turk et al., 1983). Several studies have focused on gaseous and particulate matter, such as 

endotoxin, as risk factors for airway inflammation in stabled horses (Pirie et al., 2003; Berndt et 

al., 2010). A recent study on the seasonal environmental changes in Swedish racehorses showed 

an up-regulation of inflammatory cytokines associated with increases in respirable dust, 1,3-"-

glucan and cold ambient air during the winter months (Riihimäki et al., 2008). Most racetracks in 

Ontario are located in dense urban areas (one in close vicinity to the international airport) and 

although some although some stables appear to be kept reasonably well, the ventilation and 

management of bedding and feeding remains a serious contributing factor to acceptable air 

quality. 

 

The types of inflammatory cells observed around the bronchioles (mononuclear cells) 

correspond to the observations in a study evaluating small numbers of racehorse lungs (Wisner et 

al., 1993). Additionally, some horses had eosinophils or mast cells in their lung tissue, which 

could correspond to those that clinically have eosinophils or mast cells in their BAL, although 

the present study was not designed to investigate this possibility. There is a group of horses with 
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IAD that have increased neutrophils in their BAL (Fogarty and T. Buckley, 1991; Couëtil et al., 

2001), and an overwhelming neutrophil infiltration was not observed in the bronchioles of any 

horse in the present study (except in 1 horse that was diagnosed with pneumonia where the 

neutrophils also invaded the alveolar septa). In RAO, where neutrophils are the hallmark feature 

in the BAL fluid, the inflammatory cells surrounding the bronchioles are also lymphocytes, mast 

cells and sometimes eosinophils (Gerber, 1973; Viel, 1983; Kaup et al., 1990; Nyman et al., 

1991). This indicates that neutrophils are not a prominent feature of peribronchiolar 

inflammation even in a disease where neutrophils are a prominent feature on the BAL. It’s worth 

to note that the evaluation of mast cells was performed on formalin fixed tissues, which is 

inferior to tissue fixed in Carnoy's solution for evaluating mast cells. Indeed, Winder and von 

Fellenberg (Winder and R. von Fellenberg, 1990) found that in the equine lung, formalin-

sensitive cells predominated implying that the present study would have underestimated the 

presence of mast cells.  

The present study showed that the peribronchiolar infiltration consisted of very few B cell 

lymphocytes (5.8% CD79a-positive) and a large number of T cell lymphocytes (41% CD3-

positive). There is no study of racehorse lungs available for comparison. In a study of lung 

biopsies of 3 RAO and 3 control horses after stabling (Watson et al., 1997), the CD3+ CD4- 

CD8- cells were the predominant population in the lung biopsies but not in the BAL fluid or 

peripheral blood. In Watson’s study the cells were not counted but rather scored on a 3+ scale 

(with 3+ representing >25cells/hpf and being observed in 6/10 horses), preventing actual 

numerical comparison with the present study. Another difference with the present study was the 

use of CD4 and CD8 markers, which was possible in the frozen biopsy sections but not 

applicable to our formalin-fixed tissue. CD4 positive cells were observed in a minority of 
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samples and although CD8 positive cells were present in all of the lung biopsies, it was generally 

at a lower score than the CD3+ CD8- CD4- cells. The CD3 marker in Watson’s study was 

actually UC F6G-3, an equine-specific CD3 marker described and validated previously 

(Blanchard-Channell et al., 1994). The present study used an antibody that detects CD3 on T 

cells of multiple species (Meyer et al., 2006) and found similar results. The existence of a 

significant proportion of CD3- CD79a- cells around the bronchioles of these horses can be 

explained in several ways: the remaining population could represent neutrophils, macrophages, 

or non-B non-T lymphocytes. Given their morphological appearance and localization, the most 

likely explanation is that these are in fact macrophages, which have previously been described as 

an important component of the resident equine lung immune system (Atwal et al., 1992). 

  

Perivascular inflammatory cell infiltration 

The inflammation observed around the small blood vessels has not previously been 

described in racehorses.  Although briefly mentioned in studies investigating RAO and EIPH 

(Gerber, 1973; Viel, 1983; Doucet, 1994), this vascular inflammation has not been further 

addressed. Gerber (1973) suggested that the lesions were similar to those seen in human asthma. 

Indeed, mice exposed to ovoalbumin developed eosinophilic infiltrates around the bronchi and 

pulmonary vessels(Törmänen et al., 2005). However, in humans, eosinophilic vasculitis of the 

pulmonary vessels is a feature of Churg-Strauss syndrome. In both mice and humans the 

inflammation is eosinophilic and no equivalent of the equine perivascular mononuclear cell 

infiltrate has been described in other species. Doucet (1994) noted the lesions in both control 

horses (3/9) and horses with EIPH (3/8) but does not further individually address their presence. 

The present study was not designed to address the cause of this inflammation, although one 
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could speculate about the pro-inflammatory state in which the lungs are (as evidenced by 

lymphocyte accumulation around the bronchioles) or a possible response to intravenously 

administered products. 

The pulmonary vasculature has been extensively investigated in studies on horses with EIPH, 

although none describe perivascular inflammatory cell infiltration(O'Callaghan et al., 1987; 

O'Callaghan et al., 1987; O'Callaghan et al., 1987; Oikawa, 1999). With the use of Miller’s 

elastic tissue stain, Callaghan et al. noted changes in a few small muscular arteries that had 

fragmented internal and external elastic membranes disrupting the media. Williams et al. (2008) 

described veno-occlusive remodeling of the intralobular veins in the caudodorsal lungfield of 

horses with EIPH. The vascular lesions had the same distribution within the lung as those 

associated with EIPH. The thick-walled vessels were located within the pleura and interlobular 

septa and the authors speculate that this could be a response to the high pulmonary pressure that 

occurs in the horse during exercise (Williams et al., 2008). This lesion was not observed in the 

present study. It is tempting to speculate that inflammatory cell infiltration around the vessels 

makes them more prone to rupture and ensuing EIPH, however this was not supported by the 

results of the statistical analysis which did not find a correlation between the presence of 

inflammation around the vessels and hemosiderin.  

 

Small airway smooth muscle hyperplasia 

 Smooth muscle hyperplasia was observed to some degree in all but 2 horses. Although 

this phenomenon has been described in other species and other conditions, its  significance in 

race horses is not clear. An increase in airway smooth muscle mass has been observed in humans 

with asthma and can be experimentally reproduced in rodent models of allergic sensitization and 
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repeated airway challenge (Sapienza et al., 1991; Xu et al., 2002; Ellis et al., 2003). Smooth 

muscle hyperplasia is also a histological component of RAO (Viel, 1983; Winder and R. von 

Fellenberg, 1988; Kaup et al., 1990) and a study comparing RAO to control horses showed that 

horses with RAO have significantly higher airway smooth muscle area mass as assessed by 

morphometric analysis and are a feature of airway remodeling (Herszberg et al., 2006). 

Classically, airway smooth muscle cells have been regarded as contractile tissue, responding to 

proinflammatory mediators, neurotransmitters, and bronchodilators to regulate airway 

caliber(Schmidt and K. F. Rabe, 2000). However, it has become increasingly clear that these 

cells are also a source of proinflammatory cytokines, chemokines, and growth factors (Johnson 

and A. J. Knox, 1997; Halayko and J. Solway, 2001) although this has not been the object of a 

detailed study in horses.  

  

Exercise-Induced Pulmonary Hemorrhage 

The presence of hemosiderophages was a common occurrence: in 71 out of 95 horses, at 

least one of these cells was present around a bronchiole, and 24 of those horses had more than 5 

hemosiderophages per high power field. However, the present study may have underestimated 

their presence. O’Callaghan (1987) described the hemosiderin-laden macrophages to be present 

in the alveolar and bronchiolar lumen as well as the connective tissue around the bronchioles. 

Since the lumen was largely unassessed in this study due to autolysis, the amount of horses with 

hemosiderin and the severity of its occurrence were likely underestimated. The lack of 

correlation between the hemosiderin and inflammatory score adds another piece to the puzzle 

that is the relationship between EIPH and inflammation although the limitation noted above 

applies. An excellent review of the evidence was presented at the Havemeyer Foundation 
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Workshop on EIPH (Couetil, 2006). A comprehensive study of the histological lesions 

associated with EIPH (O'Callaghan et al., 1987) demonstrated the presence of bronchiolitis, 

hemosiderophages and increased connective tissue in the caudodorsal lung of racehorses with a 

history of EIPH. Derksen et al. were able to produce EIPH by instilling ovalbumin in horses’ 

lungs (and thus experimentally inducing neutrophilic bronchiolitis), although the bleeding in 

these cases was not concentrated in the caudodorsal lungs (Derksen et al., 1992). A study 

evaluating 148 racehorses concluded that there was a relationship between EIPH and IAD with a 

3–12 fold increase in the odds of observing blood endoscopically in horses with mild to severe 

IAD (Newton and J. L. Wood, 2002). However, IAD in this study was defined on a score 

computed from tracheal mucus, TA cell count and neutrophil percentage which doesn’t represent 

the events occurring in the lower airways (Malikides et al., 2003; Derksen et al., 1989; Viel, 

1983). A study that performed lung biopsies on 9 racehorses with EIPH and 8 control racehorses 

found no significant difference in their histology scores. Horses with EIPH tended to have higher 

scores for peribronchiolar inflammatory cell infiltration and smooth muscle hypertrophy but this 

difference was not statistically significant (Doucet, 1994). Horses with EIPH had BAL cell 

counts that were no different from controls, although the horses in the EIPH group presented a 

higher eosinophil percentage in their BAL fluid (Doucet and L. Viel, 2002). Although this 

difference was statistically significant, the control group had 0.4% and the EIPH group 0.8% 

which is considered normal under current guidelines established in the ACVIM consensus 

statement. Several other epidemiological studies failed to find a link between EIPH and airway 

inflammation (Christley et al., 2001; Chapman et al., 2000), which appears to be supported by 

the present study in which the presence and degree of peribronchiolar hemosiderin is not 

correlated with increased peribronchiolar inflammatory cell infiltration. 
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This is the first study to apply a semi-quantitative scoring system to the lungs of actively 

racing horses. The use of a scoring system to evaluate lung lesions was largely popularised by 

studies in the evaluation of RAO (Viel, 1983; Winder and R. von Fellenberg, 1988) that found it 

corresponded well to BAL cytology (Viel, 1983). Our histology score was not compared to BAL 

findings due to the post-mortem nature of the study.  

The histologic features of the lymphoid tissue of the equine respiratory tract were described in 

1987 (Mair et al., 1987) following a study on 10 horses of which 5 samples were taken of the 

lower airway, one of which focused on bronchioles: lymphoid tissue was described as a cellular 

cuff spread beneath the muscular layer and partially or completely circumscribing the 

bronchiole, at some points extending through a gap in the muscle to approach the epithelium, 

which was locally infiltrated with larger numbers of intra-epithelial lymphocytes. This 

description corresponds well to the inflammation observed in the racehorses of the present study. 

The horses used by Mair et al. were characterized as normal by the absence of respiratory disease 

history or gross post-mortem lesions suggestive of respiratory disease. However, the study did 

not specify how many of the horses presented the described lesions. Given the current definition 

of IAD, Mair’s study population likely included horses with subclinical inflammatory disease.  

 There are 2 studies that employed the same semi quantitative scoring system to which the 

present work can be compared (Viel, 1983; Doucet, 1994). One major difference between the 2 

studies mentioned and the present study is that those lung samples were well preserved either 

through in vivo collection (Doucet, 1994) or via adequate control over the euthanasia and timing 

of necropsy (Viel, 1983). In the study reported here, horses died under uncontrollable 
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circumstances and the time lapse between death and necropsy was extremely variable. This 

resulted in significant autolysis and exclusion of over 50% of the horses presented for necropsy 

(90 out of the 185 carcasses), and also some degree of autolysis in the 95 horses included in the 

study. The degree of autolysis didn’t affect the result of the inflammatory, smooth muscle and 

hemosiderin score as evidenced by the absence of correlation between autolysis score and these 

scores. However, it did severely affect the bronchiolar lumen and epithelium which consequently 

could not be assessed in the present study. In Viel’s study, horses with RAO were found to have 

an increase in goblet cells in the terminal bronchioles as well as mucosal epithelial metaplasia 

and partial or total obstruction of the lumen by mucus (Viel, 1983). Doucet’s study on EIPH and 

control racehorses also found some degree of these features although they were present at a mild 

degree and not significantly different between EIPH and control horses (Doucet, 1994). The 

level of autolysis present in the racehorses entered in the ORC Death Registry program, and the 

subsequent limitation to the evaluation of the small airway epithelium and lumen content in this 

study, constitutes a major limitation when attempting to compare total scores with those found in 

other studies. 

  

When attempting to compare the present study to others, two studies stand out as using the same 

methodology. First, Viel’s (1983), who developed the scoring system of which a modification 

was employed here. Eight sections of the small airways (with 10 variables scored) and 2 of the 

larger airways (with 3 variables scored) were examined. The actual numerical score is not 

comparable to the present study, which did not evaluate large airways and focused on 3 

variables.  Although 10 variables and hemosiderin were initially examined in the present study, 

only inflammatory cell infiltration, smooth muscle hyperplasia and hemosiderin were present in 
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a large enough number of horses to analyse). However, it is tempting to speculate that the horses 

evaluated in this study correspond to the 4 horses in “group II” of Viel’s 1983 study. The study 

evaluated horses ranging from normal to those with clinical signs of RAO, and grouped them 

according to the pathology score (including gross pathology and histologic scoring of the large 

and small airways). “Group I” were normal horses and “group III” and “group IV” were horses 

with clinical RAO. “Group II” was very similar to the present racehorse population: it included 4 

horses with a mean age of 4.3 years, no clinical signs of respiratory disease, histological scores 

in the range of 1/3rd of the maximum score (90 out of 258 = 29%), and mean age of 6 years.  In 

the present study, the mean age was 6 years and the mean combined score was also close to 1/3rd 

of the total score (1.0 out of 2.7 = 27%). The presence of respiratory signs prior to death was not 

recorded.  

Doucet performed the study with perhaps the most readily comparable results to the present 

work.  Doucet’s study was designed to compare clinical, hematologic, radiographic, lung biopsy, 

BAL, and histamine challenge test findings between 10 EIPH and 10 control horses. Control 

horses were defined as not having shown blood in the trachea on 3 consecutive post-exercise 

endoscopic examinations, and all horses were actively racing at the time of the study with no 

history of reduced performance. Lung biopsies of the caudodorsal lung field were performed on 

9 EIPH and 8 control horses and scored according to the criteria defined in Viel’s study and also 

employed in the present study. In both groups, the author noted inflammatory cell infiltration 

around the small airways and described it as “small airway disease”. The numerical score 

obtained in Doucet’s study is actually very similar to the one in the present study: the mean score 

for inflammatory cell infiltration was 1.4 out of 3 in the control and 2.0 out of 3 in the EIPH 

group (not significantly different) (Doucet, 1994). In the present study we employed the same 
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methodology and found a mean inflammatory score for the caudodorsal lung location of 1.1 out 

of 3. Doucet scored smooth muscle hyperplasia at 1.8 in controls and 2.1 in horses with EIPH, 

while the present study found 1.3 out of 3. Hemosiderin cannot be compared between the studies, 

since it was not noted or scored on the lung biopsies in the Doucet study (it was however the 

object of a detailed investigation and scoring system in the BAL fluid).  

Not all studies have supported the ability of airway histology to distinguish between healthy and 

diseased animals. One study evaluating lung biopsies from controls and horses with heaves after 

an environmental challenge was unable to classify the horses in groups based on histology alone 

(Watson et al., 1997). However, this study employed a subjective severity scale from 0-4 to 

grade the presence of different inflammatory cells, without set criteria for each level. Another 

study that was presented at the World Equine Airway Symposium found poor agreement among 

board-certified pathologists on the histological scoring of lesion severity with regards to 

bronchiolitis, smooth muscle hyperplasia and peribronchial fibrosis when blindly evaluating lung 

samples from RAO and control horses (Robinson et al., 2009). However, the pathologists were 

not given guidelines and left to apply their personal interpretation of normal, mild, moderate and 

severe, making the assessment highly subjective. Because of this, the results are not applicable to 

the present study that set clearly defined criteria for each score (see Table 2). Despite this, the 

present authors recognize the limitations of a subjective scoring system versus an objective 

measurement such as morphometric analysis, and an attempt was made to limit the subjectivity 

by assigning specific criteria to each score. However, to perform morphometric analysis, the 

lesion to analyse must be specified, and the common lesions in racehorse lungs were not 

identified prior to this study. Now that the main features of racehorse lungs have been identified 
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(namely inflammatory cell infiltration around the bronchioles and small vessels, smooth muscle 

hypertrophy around the bronchioles) these may be the object of further morphometric studies. 

 

Limitations of this study 

 The lack of correlation of the inflammatory score with performance index is hardly 

surprising: although the ACVIM consensus statement defines IAD as present in horses with poor 

performance, several studies have found abnormal BAL cytology in normally performing horses 

(McKane et al., 1993; Courouce-Malblanc et al., 2010). The present study strengthens the 

hypothesis that mild bronchiolar inflammation in racehorses does not appear to be detrimental to 

their racing performance. However, extreme caution is required when interpreting performance 

data. Poor performance may be defined using subjective or objective data (Couetil, 2009). In the 

present study, subjective evaluation was considered in the form of a trainer questionnaire asking 

about the horse’s failure to meet an expected performance level, however this was halted by the 

obvious recall bias that would induce trainers to recall dead horses as being poor performers 

(especially with the largest time gap between the horse’s death and data collection being 4 

years). Objective criteria provided in the racelines that include race placing, finish time and 

earnings avoid this bias but do not reflect the fact that a horse’s performance can be heavily 

influenced by uncontrollable conditions such as the jockey, track, weather and others. Since this 

study is based on postmortem samples, it is not possible to compare the timing of the onset of 

histologic lesions and the change in racing performance, and this comparison must instead be 

done between horses.  In this case, the performance index (PI) developed by Woodie et al.  

(Woodie et al., 2005) was chosen because of it’s simplicity and it’s ability to apply to both 

Standardbred and Thoroughbred races. The PI is based on finishing place only and can uniformly 
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be compared between different race distances, which is not the case for race times and race 

earnings. However, the present study compares the PI of one horse to that of other horses in the 

same population, whereas the PI was developed to evaluate performance before and after upper 

airway surgery, so the use of this parameter in this study may not have been appropriate. The 

authors are aware that no objective measure can truly evaluate performance and therefore results 

must be interpreted with caution. 

   

 The establishment of the Death Registry program presented a unique opportunity to 

evaluate the lungs of actively racing horses on a histopathological level. However, by selecting a 

population of horses that died on the racetrack, a natural bias appears leaving the lungs of horses 

that survived the racetrack unevaluated. One could argue that airway inflammation makes horses 

more likely to die, thus artificially increasing the obtained prevalence, but this would be highly 

speculative as there is no evidence in the literature to support this. The majority of horses died of 

causes unrelated to the respiratory system. The 8 horses that died of pulmonary causes were not 

excluded from the study to maintain the random selection and the inclusion of all cases in this 

study. The failure to find a significant difference in scores between causes of death supports the 

fact that severe pulmonary lesions causing death do not affect the subtle inflammatory changes.  

 

 The relationship between inflammatory cell infiltration as seen on histology and changes 

on BAL cytology is unclear and therefore caution must be interpreted when assimilating the 

results of the present study with Inflammatory Airway Disease.   

 

Establishing a prevalence 
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This study provides an epidemiological cross-sectional study of the histopathological 

features of the lungs of actively racing horses. The prevalence of a condition is the measure of 

the number of cases in a population at a given time and although these horses were sampled over 

an extended period (which would imply the result to be an incidence rather than a prevalence), 

they still provide a snapshot of the population at the time of death, and not the occurrence of 

cases over a period of time. This does constitute a prevalence and not an incidence since the 

sampling over time was dictated by the choice of study population (horses that die on the 

racetrack), and not by the occurrence of new cases of airway inflammation. In order to define a 

prevalence, there needs to be a cut-off point below which animals are free of disease and above 

which they are considered affected. The establishment of such a cut-off point would have been 

entirely arbitrary in this study and different cut-off points (for example, an inflammatory score 

over 1.5/3 or simply the presence of inflammatory cells around the bronchioles at all) would 

have resulted in different numerical values for the prevalence of airway inflammation in this 

population. There is no defined baseline for the histopathology of racehorse lungs. Although the 

histological features and semi-quantitative scores of control horses have been described in many 

RAO studies (Gerber, 1973; Viel, 1983), these are not appropriate for comparison since they are 

established on older horse populations living under very different conditions than the racehorse 

population. The objective of the present study was not to compare racehorses to other horses, but 

rather to provide an overview of the bronchiolar inflammation present in the racehorse 

population. Although this study was not designed to provide a numerical value, it does show that 

small airway inflammation is a common feature of racehorses.  
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Clinical significance 

It is evident from the present study that bronchiolar inflammation is not uniformly 

distributed throughout the lungs. The caudal and dorsal regions have more inflammation than the 

cranial, ventral and lateral sections. Clinically, the BAL samples only a small area of the lung, 

which in horses with RAO is representative of the entire lung (McGorum et al., 1993). When a 

BAL is performed blindly, the procedure provides samples from the right caudodorsal area of the 

lung (Fogarty, 1990; McKane and RJ Rose, 1993), and this is also the default placement when 

using an endoscope. However, in the present study, the histological lesions were not uniformly 

distributed throughout the lung, in which case a BAL sample may not be representative of the 

entire lung (although it does sample the area with the highest histological score). Additionally, 

the inflammatory scores varied from 0-3 within the same section, which indicates that sampling 

one bronchiole versus another, even in very close proximity, may not yield the same results. 

Caution must be exerted however when attributing these lesions to IAD, as there is no evidence 

to demonstrate that the observed histopathological lesions would result in an abnormal BAL or 

pulmonary function test or even poor performance. However, it may help explain why in some 

instances the results of the BAL don’t correlate with the histamine challenge test assessing 

airway hyperreactivity. 

 

In conclusion, this study demonstrates that inflammatory cell infiltration, smooth muscle 

hyperplasia and hemosiderin are common findings in the lungs of actively racing horses, and are 

not evenly distributed throughout the lung but affect the caudodorsal region more severely. The 

most frequent inflammatory cells are mononuclear cells although in some horses there are 

eosinophils or mast cells. There was no correlation between inflammatory cell and hemosiderin 
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scores and no effect of score or type of cells on the performance index, although this may not be 

an accurate measure of performance. Although bronchiolar inflammation may have important 

consequences on the physiology of respiration during exercise, this inflammation is widespread 

in the population amongst both well- and poor-performing horses.  
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• Morphometric analysis of the airways of actively racing horses to reduce observer bias 

and provide a truly objective measure of inflammatory cell infiltration and smooth 

muscle hyperplasia. However, this would require specific precautions to be taken at the 

time of euthanasia and necropsy to prevent certain artifacts that may alter the histological 

appearance of parameters like smooth muscle. 

• Correlation between histological findings and BAL results in racehorses. Although this 

has been done in horses with RAO, the histological lesions in horses with RAO. There is 

currently no study evaluating the correlation between the lesions observed in this study 

and BAL findings. This may be achieved by performing a BAL from the right lung and a 

lung biopsy from the same area in the left lung (since there was no significant difference 

between sides in the present study). However, it’s doubtful whether owner consent would 

be obtained to perform these procedures on actively racing horses. 

• Further investigation into the inflammation around the vessels and in the alveolar septa. 

This may include further elastin staining to identify the type of vessels affected and 

investigation into the potential relationship between these lesions and previous 

intravenous treatments. 
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Table 1: Histological variables and grading score for the evaluation of equine small 
airways, adapted from Viel 1983 
Degree of airway contraction 
Score Description 
0 Mild folding of the epithelial surface with large spaces between constricted 

epithelium, and less than 10% occlusion of the lumen 
1 Epithelial foldings with a villus-like shape, with reduced spaces between foldings 

and 30-40% occlusion of the lumen. There is also mild smooth muscle 
hypertrophy and peri-bronchiolar cellular infiltration with 40-50% occlusion of the 
lumen. 

2 As in Grade 1, contraction of the airways with obliteration of more than 75% of 
the airway lumen, edema, cellular infiltration of the sub-epithelium and mild 
epithelial hyperplasia and metaplasia. 
 

3 Airway almost completely occluded by the airway constriction with addition of a 
prominent epithelial metaplasia, leaving less than 10% of the lumen functional. 
 

 
Goblet epithelial cell hyperplasia 
Score Description 
0 Absent in the terminal bronchioles. Less than 10% of epithelial cells in 

bronchioles 
1 Occasional goblet cells in terminal bronchioles (less than 5%). Less than 20% in 

bronchioles and small bronchi with increased cellular density in the epithelium. 
Thin layer of mucus occasionally present on epithelial surface. 

2 10% goblet cells in terminal bronchioles and small bronchi, epithelium is twofold 
its normal thickness. Mucus with cellular debris present in several airways 

3 More than 20% goblet cells in terminal bronchioles, bronchioles and small 
bronchi. Marked metaplasia with 3-4 times normal epithelial thickness occluding 
more than 50% of the airway lumen. Mucus and cellular debris partially or totally 
obliterate the lumen 

 
Degree of smooth muscle hypertrophy or hyperplasia 
Score Description 
0 1-2 discontinuous layers of smooth muscle fibres 
1 2-3 discontinuous layers of smooth muscle fibres 
2 3-4 continuous and dense layers 
3 > 4 layers and very dense 



!

!

)(!

Table 1 continued 
 
Degree of inflammatory cell infiltration 
Score Description 
0 Occasional mononuclear cells seen in the airway adventitia 
1 Moderate cellular infiltration (lymphocytic, eosinophilic) of the bronchiolar 

adventitia with no or little infiltration of the lamina propria; adventitia is not 
thickened by the infiltration 

2 As in Grade 1 but with increased cellular density and twofold thickness of the 
adventitia. Mild epithelia infiltration. Infiltration is either lymphocytic, 
eosinophilic or with neutrophils and/or a combination of these. 
 

3 Massive infiltration of either eosinophils or lymphocytes with increased 
neutrophils at the periphery of the airway, as well as adjacent to blood vessels, 
between the smooth muscle fibres, within the lamina propria and epithelium. 
Neutrophils or eosinophils present in large numbers in the airway lumen. 
Adventitia is 3 times normal thickness. 
 

 
Degree of peribronchiolar fibrosis 
Score Description 
0 Loose fibres of connective tissue compose the adventitia (2-3 fibres in thickness) 
1 Increased fibre density without increased adventitial thickness. 

 
2 Well-formed fibrous tissue 3-5 fibres in thickness, accompanied by mononuclear 

and neutrophil cell infiltration. Evident smooth muscle hypertrophy. Little 
involvement in the lamina propria. 
 

3 Lamina propria and adventitia are replaced totally by connective tissue, adventitia 
is 2-3 times its normal thickness. There is smooth muscle atrophy. There are few 
inflammatory cells present but marked epithelial metaplasia. 
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Table 2: Categories of pathologic diagnoses in the Ontario Racing Commission Death 
Registry program  
 
Cause of death Number of horses (n=95) 

Acute musculoskeletal failure 49 

Gastrointestinal 14 

Cardiovascular 11 

Pulmonary 8 

Anaphylactic shock 5 

Neurologic 3 

Other 3 

Unknown 2 

 
 
Table 3: Total mean airway score, in different locations in equine lung. Combined for right 
and left lung. 
 
Location Mean ± SEM Lower confidence 

interval 
Upper confidence 
interval 

Caudal 1.3 ± 0.06 1.2 1.4 
Cranial 0.8 ± 0.08 0.6 0.9 
Dorsal 1.4 ± 0.08 1.3 1.6 
Lateral 1.0 ± 0.08 0.9 1.2 
Ventral 1.0 ±  0.08 0.9 1.1 
 
 

Table 4: Mean inflammatory cell infiltration score, in different locations in equine lung. 
Combined for right and left lung. 
 
Location Mean ± SEM Lower confidence 

interval 
Upper confidence 
interval 

Caudal 1.1 ± 0.05 1.0 1.2 
Cranial 0.7 ± 0.07 0.5 0.8 
Dorsal 1.1 ± 0.07 1.0 1.3 
Lateral 0.8 ± 0.07 0.6 0.9 
Ventral 0.7 ± 0.07 0.6 0.9 
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Table 5: Mean smooth muscle score, in different locations in equine lung. Combined for 
right and left lung. 
 
Location Mean ± SEM Lower confidence 

interval 
Upper confidence 
interval 

Caudal 1.3 ± 0.06  1.2 1.4 
Cranial 0.8 ± 0.08 0.6 0.9 
Dorsal 1.4 ± 0.08 1.3 1.6 
Lateral 1.0 ± 0.08 0.9 1.2 
Ventral 1.0 ± 0.08 0.8 1.1 

(
Table 6: Mean hemosiderin score, in different locations in equine lung. Combined for right 
and left lung 
 
Location Mean ± SEM Lower confidence 

interval 
Upper confidence 
interval 

Caudal 1.3 ± 0.05 1.2 1.4 
Cranial 0.8 ± 0.08 0.6 0.9 
Dorsal 1.4 ± 0.08 1.3 1.6 
Lateral 1.0 ± 0.08 0.9 1.2 
Ventral 1.0 ± 0.08 0.8 1.1 

(
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Figure 1: Diagram representing the selected locations for histologic analysis. The 
selected locations are cranial (1), lateral (2), dorsal (3), caudal (4) and ventral (5). 
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Score 0 

Score 2 

Score 1 

Figure 2: Range of scores for autolysis, in cross-sections of equine bronchioles. 
Showing airway lumen (asterisk), epithelium (arrow), smooth muscle (blocked arrow) and 
peribronchiolar inflammatory cells (arrowhead).  
Score 0: Minimal autolysis.  
Score 1: Autolysis is present, but the general architecture of the bronchiole is maintained, the 
epithelium is present, and the smooth muscle and inflammatory cells surrounding the 
bronchiole can be adequately visualized.  
Score 2: Autolysis has resulted in loss of the epithelium, and the smooth muscle layers and 
inflammatory cells cannot be adequately visualized. 
Heamatoxylin and Eosin staining. 
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Figure 3: Range of scores for hemosiderin, in and around cross-sections of equine 
bronchioles. 
Showing airway lumen (asterisk), epithelium (arrow), smooth muscle (blocked arrow) and 
peribronchiolar inflammatory cells (arrowhead).  
Score 0: No hemosiderin is observed at the periphery of the bronchiole. 
Score 1: 0-10 hemosiderin-laden macrophages (triangles) in the adventitia of a bronchiole. 
Score 2: More than 10 hemosiderin-laden macrophages (triangles), in the adventitia of a 
bronchiole. 
Heamatoxylin and Eosin staining. 
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Figure 4: Range of scores for inflammatory cell infiltration, in cross-sections of equine 
bronchioles. Showing airway lumen (asterisk), epithelium (arrow), smooth muscle (blocked 
arrow) and peribronchiolar inflammatory cells (arrowhead).  
Score 0: Occasional mononuclear cells present in the airway adventitia. 
Score 1: Moderate cellular infiltration (lymphocytic, eosinophilic) of the bronchiolar 
adventitia (accolade) with no or little infiltration of the lamina propria.  The adventitia is not 
thickened by the leukocyte infiltration. 
Score 2: As in Score 1 but with increased cellular density and twofold thickening of the 
adventitia (accolade). Mild infiltration of leukocytes into the epithelium. Infiltration is 
lymphocytic, eosinophilic and/or neutrophilic. 
Score 3: Massive infiltration of either eosinophils or lymphocytes with increased 
inflammatory cells at the periphery of the airway (accolade), as well as around adjacent blood 
vessels, between the smooth muscle fibres (red arrow), within the bronchiolar mucosa. The 
adventitia is 3 times normal thickness. 
Heamatoxylin and Eosin staining. 
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Score 3 Score 2 
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Score 0 Score 1 

Figure 5: Range of scores for smooth muscle, in cross-sections of equine bronchioles. 
Showing airway lumen (asterisk), epithelium (arrow), smooth muscle (blocked arrow) and 
peribronchiolar inflammatory cells (arrowhead).  
Score 0: 1-2 discontinuous layers of smooth muscle cells (blocked arrow). 
Score 1: 2-3 discontinuous layers of smooth muscle cells (accolade). 
Score 2: 3-4 continuous and dense layers of smooth muscle cells (accolade). 
Score 3 : more than 4 very dense layers of smooth muscle cells (accolade). 
Heamatoxylin and Eosin staining. 
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Figure 6: Labeling of T lymphocytes in cross sections of equine bronchioles.  
Immunohistochemistry for CD3, UltraVIEW Red chromogen, Nova Red chromgen.  
A: Showing areas within which cells are counted 
B: Showing a CD3 positive cell (blocked arrow) and a CD3 negative cell (arrowhead) 
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Figure 7: Mean (± SEM) total bronchiolar histologic score of samples from caudal, 
cranial, dorsal, lateral and ventral areas of equine lung. The cranial and caudal lung 
samples (a) are significantly different from the cranial, lateral and ventral samples (b) 
P<0.0001 

 Figure 8: Mean (± SEM) score for inflammatory cell infiltration of samples from 
caudal, cranial, dorsal, lateral and ventral areas of equine lung. The cranial and 
caudal locations (a) are significantly different from the cranial, lateral and ventral 
locations (b) P<0.0001 
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Figure 9:  Mean (± SEM) score for hemosiderin of samples from caudal, cranial, 
dorsal, lateral and ventral areas of equine lung. The caudal (a) section is significantly 
differenc from the cranial, lateral and ventral sections (b) and both a and b are 
significantly different from the dorsal section (c) 
 

Figure 10: Mean (± SEM) score for smooth muscle of samples from caudal, cranial, 
dorsal, lateral and ventral areas of equine lung. The caudal and dorsal locations (a) are 
significantly different from the cranial, lateral and ventral locations (b) P<0.0001 
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Figure 12: Distribution of mean inflammatory scores reporting the number of 
horses with the given mean inflammatory score. Shapiro-Wilk, Kolmogorov-Smirnov, 
Cramér-von Mises, and Anderson-Darling tests indicated normally distributed data. 

Figure 11: Distribution of mean smooth muscle scores reporting the number of 
horses with the given mean smooth muscle score. Shapiro-Wilk, Kolmogorov-
Smirnov, Cramér-von Mises, and Anderson-Darling tests indicated normally distributed 
data. 
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Figure 13: Distribution of mean hemosiderin scores reporting the number of horses 
with the given mean hemosiderin score. The data was analyzed with and without the 2 
apparent outliers with the same result. Shapiro-Wilk, Kolmogorov-Smirnov, Cramér-von 
Mises, and Anderson-Darling tests indicated the data was not normally distributed. 
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Figure 14: Histologic section of equine lung, showing perivascular inflammatory cell 
infiltration 
A: Adjacent to an airway, showing airway lumen (asterisk), blood vessel lumen (square) 
compatible with a pulmonary artery and inflammatory cells (blocked arrow) 
B: Not adjacent to an airway, showing blood vessel lumen (square) and inflammatory cells 
(blocked arrow) 

* 

A 

B 



!

!

*,!(

Figure 15: Histologic section of equine lung, showing mixed inflammatory cell infiltration 
of the alveolar septa. 
Hematoxylin and Eosin stain. 
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Figure 16: Histologic section of equine lung, showing multifocal neutrophil 
infiltration of the alveolar septa. Hematoxylin and Eosin stain. 
 



!

!

+.!

?&9&'&87&3(

ALLEN K.J., TREMAINE W.H. and FRANKLIN S.H., 2006, Prevalence of inflammatory airway disease in 
national hunt horses referred for investigation of poor athletic performance. Equine Vet.J.Suppl., (36)(36) 529-534. 

ARROYO L., HAYES M., DELAY J., RAO C., DUNCAN B. and VIEL L., 2008, Arterial calcification in race 
horses. Veterinary Pathology Online, 45(5) 617-625. 

ART T., BAYLY W. and LEKEUX P., 2002, Pulmonary function in the exercising horse. Equine Respiratory 
Diseases, IVIS Ithaca NY, 

ART T. and LEKEUX P., 1993, Training‐induced modifications in cardiorespiratory and ventilatory measurements 
in Thoroughbred horses. Equine Vet.J., 25(6) 532-536. 

ART T., ANDERSON L., WOAKES A., et al., 1990, Mechanics of breathing during strenuous exercise in 
Thoroughbred horses. Respir.Physiol., 82(3) 279-294. 

ART T., SERTEYN D. and LEKEUX P., 1988, Effect of exercise on the partitioning of equine respiratory 
resistance. Equine Vet.J., 20(4) 268-273. 

ATWAL O.S., SINGH B., STAEMPFLI H. and MINHAS K., 1992, Presence of pulmonary intravascular 
macrophages in the equine lung: Some structuro‐functional properties. Anat.Rec., 234(4) 530-540. 

BAILEY C., REID S., HODGSON D. and ROSE R., 1999, Impact of injuries and disease on a cohort of two-and 
three-year-old thoroughbreds in training. Vet.Rec., 145(17) 487-493. 

BARAKZAI S. and DIXON P., 2005, Conservative treatment for thoroughbred racehorses with intermittent dorsal 
displacement of the soft palate. Vet.Rec., 157(12) 337-340. 

BARAKZAI S., JOHNSON V., BAIRD D., BLADON B. and LANE J., 2004, Assessment of the efficacy of 
composite surgery for the treatment of dorsal displacement of the soft palate in a group of 53 racing Thoroughbreds 
(1990–1996). Equine Vet.J., 36(2) 175-179. 

BEDENICE D., MAZAN M. and HOFFMAN A., 2008, Association between cough and cytology of 
bronchoalveolar lavage fluid and pulmonary function in horses diagnosed with inflammatory airway disease. 
Journal of Veterinary Internal Medicine, 22(4) 1022-1028. 

BERNDT A., DERKSEN F.J. and EDWARD ROBINSON N., 2010, Endotoxin concentrations within the breathing 
zone of horses are higher in stables than on pasture. The Veterinary Journal, 183(1) 54-57. 

BIRKS E., SHULER K., SOMA L., et al., 2002, EIPH: postrace endoscopic evaluation of Standardbreds and 
Thoroughbreds. Equine Vet.J., 34(S34) 375-378. 

BLANCHARD-CHANNELL M., MOORE P. and STOTT J., 1994, Characterization of monoclonal antibodies 
specific for equine homologues of CD3 and CD5. Immunology, 82(4) 548. 

BLYTH D.I., PEDRICK M.S., SAVAGE T.J., HESSEL E.M. and FATTAH D., 1996, Lung inflammation and 
epithelial changes in a murine model of atopic asthma. Am.J.Respir.Cell Mol.Biol., 14(5) 425-438. 



!

!

+%!

BURRELL M., WOOD J., WHITWELL K., CHANTER N., MACKINTOSH M. and MUMFORD J., 1996, 
Respiratory disease in thoroughbred horses in training: the relationships between disease and viruses, bacteria and 
environment. Vet.Rec., 139(13) 308-313. 

CASWELL J. L. and WILLIAMS,K. J., The respiratory system, 2007, Maxie M.G., Jubb, Kennedy and Palmer's 
Pathology of Domestic Animals, 5th ed., Elsevier, Edinburgh, 523-655. 

CHAPMAN R.S., GREEN C., MAIN J., et al., 2000, Retrospective study of the relationships between age, 
inflammation and the isolation of bacteria from the lower respiratory tract of thoroughbred horses. Vet.Rec., 146(4) 
91-95. 

CHAPMAN P.S., GREEN C., MAIN J.P., et al., 2000, Retrospective study of the relationships between age, 
inflammation and the isolation of bacteria from the lower respiratory tract of thoroughbred horses. Vet.Rec., 146(4) 
91-95. 

CHRISTLEY R.M., HODGSON D.R., ROSE R.J., HODGSON J.L., WOOD J.L. and REID S.W., 2001, Coughing 
in thoroughbred racehorses: risk factors and tracheal endoscopic and cytological findings. Vet.Rec., 148(4) 99-104. 

CHRISTLEY R.M., HODGSON D.R., ROSE R.J., et al., 2001, A case-control study of respiratory disease in 
Thoroughbred racehorses in Sydney, Australia. Equine Vet.J., 33(3) 256-264. 

COUETIL L.L., How do we define poor performance? World Equine Airways Symposium 2009, Berne, 
Switzerland. 

COUETIL L.L., HOFFMAN A.M., HODGSON J., et al., 2007, Inflammatory airway disease of horses. 
J.Vet.Intern.Med., 21(2) 356-361. 

COUETIL,L. L. Inflammatory airway disease and EIPH: Is there a link? Proceedings of a Workshop on Exercise-
Induced-Pulmonary-Haemorrhage: state of current knowledge, Vancouver. 

COUETIL L.L., ROSENTHAL F.S., DENICOLA D.B. and CHILCOAT C.D., 2001, Clinical signs, evaluation of 
bronchoalveolar lavage fluid, and assessment of pulmonary function in horses with inflammatory respiratory 
disease. Am.J.Vet.Res., 62(4) 538-546. 

COUETIL L.L. and DENICOLA D.B., 1999, Blood gas, plasma lactate and bronchoalveolar lavage cytology 
analyses in racehorses with respiratory disease. Equine Vet.J.Suppl., 30 77-82. 

COUROUCE-MALBLANC A., DENIAU V., ROSSIGNOL F., et al., 2010, Physiological measurements and 
prevalence of lower airway diseases in Trotters with dorsal displacement of the soft palate. Equine Vet.J., 42 Suppl 
38 246-255. 

CRUZ A.M., POLJAK Z., FILEJSKI C., et al., 2007, Epidemiologic characteristics of catastrophic musculoskeletal 
injuries in Thoroughbred racehorses. Am.J.Vet.Res., 68(12) 1370-1375. 

DELAY J., 2011, Ontario Racing Commission Death Registry: 2003-2010 necropsy summaries. Animal Health 
Laboratory (AHL) Newsletter, 15(1) 7. 

DERKSEN F.J., SLOCOMBE R.F., GRAY P.R. and ROBINSON N.E., 1992, Exercise-induced pulmonary 
hemorrhage in horses with experimentally induced allergic lung disease. Am.J.Vet.Res., 53(1) 15-21. 



!

!

+&!

DERKSEN F.J., BROWN C.M., SONEA I., DARIEN B.J. and ROBINSON N.E., 1989, Comparison of 
transtracheal aspirate and bronchoalveolar lavage cytology in 50 horses with chronic lung disease. Equine Vet.J., 
21(1) 23-26. 

DOUCET M.Y. and VIEL L., 2002, Clinical, radiographic, endoscopic, bronchoalveolar lavage and lung biopsy 
findings in horses with exercise-induced pulmonary hemorrhage. Can.Vet.J., 43(3) 195-202. 

DOUCET M.Y., 1994, Clinical findings, airway responsiveness and effect of furosemide in horses with exercise-
induced pulmonary hemorrhage (EIPH). 

ELLIS R., LEIGH R., SOUTHAM D., O'BYRNE P.M. and INMAN M.D., 2003, Morphometric analysis of mouse 
airways after chronic allergen challenge. Laboratory investigation, 83(9) 1285-1291. 

EVANS D., HARRIS R. and SNOW D., 1993, Correlation of racing performance with blood lactate and heart rate 
after exercise in thoroughbred horses. Equine Vet.J., 25(5) 441-445. 

FOGARTY U. and BUCKLEY T., 1991, Bronchoalveolar lavage findings in horses with exercise intolerance. 
Equine Vet.J., 23(6) 434-437. 

FOGARTY U., 1990, Evaluation of a bronchoalveolar lavage technique. Equine Vet.J., 22(3) 174-176. 

GERBER H., 1973, Chronic pulmonary disease in the horse. Equine Vet.J., 5(1) 26-33. 

GERBER V., ROBINSON N.E., LUETHI S., MARTI E., WAMPFLER B. and STRAUB R., 2003, Airway 
inflammation and mucus in two age groups of asymptomatic well-performing sport horses. Equine Vet.J., 35(5) 491-
495. 

HALAYKO A.J. and SOLWAY J., 2001, Invited Review: Molecular mechanisms of phenotypic plasticity in smooth 
muscle cells. J.Appl.Physiol., 90(1) 358-368. 

HARE J.E. and VIEL L., 1998, Pulmonary eosinophilia associated with increased airway responsiveness in young 
racing horses. Journal of Veterinary Internal Medicine, 12(3) 163-170. 

HARE J.E. and VIEL L., 1998, Pulmonary eosinophilia associated with increased airway responsiveness in young 
racing horses. J.Vet.Intern.Med., 12(3) 163-170. 

HERSZBERG B., RAMOS-BARBÓN D., TAMAOKA M., MARTIN J.G. and LAVOIE J.P., 2006, Heaves, an 
asthma-like equine disease, involves airway smooth muscle remodeling. J.Allergy Clin.Immunol., 118(2) 382-388. 

HINCHCLIFF K.W., MORLEY P.S. and GUTHRIE A.J., 2009, Efficacy of furosemide for prevention of exercise-
induced pulmonary hemorrhage in Thoroughbred racehorses. J.Am.Vet.Med.Assoc., 235(1) 76-82. 

HINCHCLIFF K.W., JACKSON M.A., MORLEY P.S., et al., 2005, Association between exercise-induced 
pulmonary hemorrhage and performance in Thoroughbred racehorses. J.Am.Vet.Med.Assoc., 227(5) 768-774. 

HOFFMAN A., 1999, Bronchoalveolar lavage technique and cytological diagnosis of small airway inflammatory 
disease. Equine Veterinary Education, 11(6) 330-336. 

HOFFMAN A.M., MAZAN M.R. and ELLENBERG S., 1998, Association between bronchoalveolar lavage 
cytologic features and airway reactivity in horses with a history of exercise intolerance. Am.J.Vet.Res., 59(2) 176-
181. 



!

!

+'!

HOFFMAN A.M., MAZAN M.R. and ELLENBERG S., 1998, Association between bronchoalveolar lavage 
cytologic features and airway reactivity in horses with a history of exercise intolerance. Am.J.Vet.Res., 59(2) 176-
181. 

HOLCOMBE S., ROBINSON N., DERKSEN F., et al., 2006, Effect of tracheal mucus and tracheal cytology on 
racing performance in Thoroughbred racehorses. Equine Vet.J., 38(4) 300-304. 

JEAN D., PICANDET V., CÉLESTE C., et al., 2011, Palatal sclerotherapy for the treatment of intermittent dorsal 
displacement of the soft palate in 51 standardbred racehorses. The Canadian Veterinary Journal, 52(11) 1203. 

JEFFERY P., WARDLAW A., NELSON F.C., COLLINS J. and KAY A., 1989, Bronchial biopsies in asthma: an 
ultrastructural, quantitative study and correlation with hyperreactivity. American Journal of Respiratory and Critical 
Care Medicine, 140(6) 1745-1753. 

JOHNSON J., VATISTAS N., CASTRO L., FISCHER T., PIPERS F. and MAYE D., 2001, Field survey of the 
prevalence of gastric ulcers in Thoroughbred racehorses and on response to treatment of affected horses with 
omeprazole paste. Equine Veterinary Education, 13(4) 221-224. 

JOHNSON S.R. and KNOX A.J., 1997, Synthetic functions of airway smooth muscle in asthma. Trends 
Pharmacol.Sci., 18(4) 288-292. 

KAUP F.J., DROMMER W., DAMSCH S. and DEEGEN E., 1990, Ultrastructural findings in horses with chronic 
obstructive pulmonary disease (COPD) II: pathomorphological changes of the terminal airways and the alveolar 
region. Equine Vet.J., 22(5) 349-355. 

KOBLINGER K., NICOL J., MCDONALD K., et al., 2011, Endoscopic assessment of airway inflammation in 
horses. J.Vet.Intern.Med., 25(5) 1118-1126. 

LAVOIE J.P., CESARINI C., LAVOIE-LAMOUREUX A., et al., 2011, Bronchoalveolar lavage fluid cytology and 
cytokine messenger ribonucleic Acid expression of racehorses with exercise intolerance and lower airway 
inflammation. J.Vet.Intern.Med., 25(2) 322-329. 

LEKEUX,P., ART,T. and DESMECHT,D. Effect of exercise on equine alveolar ventilation, Proceedings of the 
Eleventh Veterinary Respiratory Symposium, Champaign, Illinois,  

MAIR T.S., BATTEN E.H., STOKES C.R. and BOURNE F.J., 1987, The histological features of the immune 
system of the equine respiratory tract. J.Comp.Pathol., 97(5) 575-586. 

MALIKIDES N., HUGHES K.J., HODGSON D.R. and HODGSON J.L., 2003, Comparison of tracheal aspirates 
and bronchoalveolar lavage in racehorses. 2. Evaluation of the diagnostic significance of neutrophil percentage. 
Aust.Vet.J., 81(11) 685-687. 

MCGORUM B., DIXON P., HALLIWELL R. and IRVING P., 1993, Comparison of cellular and molecular 
components of bronchoalveolar lavage fluid harvested from different segments of the equine lung. Res.Vet.Sci., 
55(1) 57-59. 

MCKANE S. and ROSE R., 1993, Radiographic determination of the location of a blindly passed bronchoalveolar 
lavage catheter. Equine Veterinary Education, 5(6) 329-332. 

MCKANE S.A., CANFIELD P.J. and ROSE R.J., 1993, Equine bronchoalveolar lavage cytology: survey of 
thoroughbred racehorses in training. Aust.Vet.J., 70(11) 401-404. 



!

!

+(!

MEYER J., DELAY J. and BIENZLE D., 2006, Clinical, laboratory, and histopathologic features of equine 
lymphoma. Veterinary Pathology Online, 43(6) 914-924. 

MOORE B.R., KRAKOWKA S., ROBERTSON J.T. and CUMMINS J.M., 1995, Cytologic evaluation of 
bronchoalveolar lavage fluid obtained from standardbred racehorses with inflammatory airway disease. 
Am.J.Vet.Res., 56(5) 562-567. 

MORRIS E.A. and SEEHERMAN H., 1991, Clinical evaluation of poor performance in the racehorse: the results of 
275 evaluations. Equine Vet.J., 23(3) 169-174. 

NEWTON J.R. and WOOD J.L., 2002, Evidence of an association between inflammatory airway disease and EIPH 
in young Thoroughbreds during training. Equine Vet.J.Suppl., (34)(34) 417-424. 

NYMAN G., BJORK M. and FUNKQUIST P., 1999, Gas exchange during exercise in standardbred trotters with 
mild bronchiolitis. Equine Vet.J., 31(S30) 96-101. 

NYMAN G., LINDBERG R., WECKNER D., et al., 1991, Pulmonary gas exchange correlated to clinical signs and 
lung pathology in horses with chronic bronchiolitis. Equine Vet.J., 23(4) 253-260. 

O'CALLAGHAN M.W., PASCOE J.R., TYLER W.S. and MASON D.K., 1987, Exercise-induced pulmonary 
haemorrhage in the horse: results of a detailed clinical, post mortem and imaging study. VIII. Conclusions and 
implications. Equine Vet.J., 19(5) 428-434. 

O'CALLAGHAN M.W., PASCOE J.R., TYLER W.S. and MASON D.K., 1987, Exercise-induced pulmonary 
haemorrhage in the horse: results of a detailed clinical, post mortem and imaging study. V. Microscopic 
observations. Equine Vet.J., 19(5) 411-418. 

O'CALLAGHAN M.W., PASCOE J.R., TYLER W.S. and MASON D.K., 1987, Exercise-induced pulmonary 
haemorrhage in the horse: results of a detailed clinical, post mortem and imaging study. II. Gross lung pathology. 
Equine Vet.J., 19(5) 389-393. 

OIKAWA M., 1999, Exercise-induced haemorrhagic lesions in the dorsocaudal extremities of the caudal lobes of 
the lungs of young thoroughbred horses. J.Comp.Pathol., 121(4) 339-347. 

OLIVIER A., NURTON J. and GUTHRIE A., 1997, An epizoological study of wastage in thoroughbred racehorses 
in Gauteng, South Africa. J.S.Afr.Vet.Assoc., 68(4) 125-129. 

O'MEARA B., BLADON B., PARKIN T., FRASER B. and LISCHER C., 2010, An investigation of the relationship 
between race performance and superficial digital flexor tendonitis in the Thoroughbred racehorse. Equine Vet.J., 
42(4) 322-326. 

PADRID P., SNOOK S., FINUCANE T., et al., 1995, Persistent airway hyperresponsiveness and histologic 
alterations after chronic antigen challenge in cats. American journal of respiratory and critical care medicine, 
151(1) 184-193. 

PARENTE E.J., MARTIN B.B., TULLENERS E.P. and ROSS M.W., 2002, Dorsal Displacement of the Soft Palate 
in 92 Horses During High‐Speed Treadmill Examination (1993–1998). Veterinary Surgery, 31(6) 507-512. 

PERSSON S. and LINDBERG R., 1991, Lung biopsy pathology and exercise tolerance in horses with chronic 
bronchiolitis. Equine Exercise Physiology, 3 457-464. 



!

!

+)!

PIRIE R., COLLIE D., DIXON P. and MCGORUM B., 2003, Inhaled endotoxin and organic dust particulates have 
synergistic proinflammatory effects in equine heaves (organic dust‐induced asthma). Clinical & Experimental 
Allergy, 33(5) 676-683. 

REARDON R., FRASER B., HELLER J., LISCHER C., PARKIN T. and BLADON B., 2008, The use of race 
winnings, ratings and a performance index to assess the effect of thermocautery of the soft palate for treatment of 
horses with suspected intermittent dorsal displacement. A case‐control study in 110 racing Thoroughbreds. Equine 
Vet.J., 40(5) 508-513. 

RIIHIMÄKI M., RAINE A., ELFMAN L. and PRINGLE J., 2008, Markers of respiratory inflammation in horses in 
relation to seasonal changes in air quality in a conventional racing stable. Canadian Journal of Veterinary Research, 
72(5) 432. 

ROBINSON N.E., 2003, Inflammatory airway disease: defining the syndrome. Conclusions of the Havemeyer 
Workshop. Equine Veterinary Education, 15(2) 61. 

ROBINSON,N. E., ACKERMAN,M. R., CASWELL,J. L., et al. Blinded comparaison of RAO lesion scoring by 
pathologists reveals regional differences in lesion severity, World Equine Airways Symposium, Berne, Switzerland. 

ROBINSON N.E., KARMAUS W., HOLCOMBE S.J., CARR E.A. and DERKSEN F.J., 2006, Airway 
inflammation in Michigan pleasure horses: prevalence and risk factors. Equine Vet.J., 38(4) 293-299. 

ROBINSON N.E., 2001, International Workshop on Equine Chronic Airway Disease. Michigan State University 16-
18 June 2000. Equine Vet.J., 33(1) 5-19. 

ROSSDALE P., HOPES R. and DIGBY N., 1985, Epidemiological study of wastage among racehorses 1982 and 
1983. Vet.Rec., 116(3) 66-69. 

SÁNCHEZ A., COUËTIL L., WARD M. and CLARK S., 2005, Effect of airway disease on blood gas exchange in 
racehorses. Journal of veterinary internal medicine, 19(1) 87-92. 

SAPIENZA S., DU T., EIDELMAN D., WANG N. and MARTIN J., 1991, Structural changes in the airways of 
sensitized brown Norway rats after antigen challenge. American Journal of Respiratory and Critical Care Medicine, 
144(2) 423-427. 

SCHMIDT D. and RABE K.F., 2000, Immune mechanisms of smooth muscle hyperreactivity in asthma. J.Allergy 
Clin.Immunol., 105(4) 673-682. 

SWEENEY C.R., HUMBER K.A. and ROBY K.A., 1992, Cytologic findings of tracheobronchial aspirates from 66 
thoroughbred racehorses. Am.J.Vet.Res., 53(7) 1172-1175. 

THOMAS D.P. and FREGIN G.F., 1981, Cardiorespiratory and metabolic responses to treadmill exercise in the 
horse. J.Appl.Physiol., 50(4) 864-868. 

THOMPSON A.B., DAUGHTON D., ROBBINS R.A., GHAFOURI M.A., OEHLERKING M. and RENNARD 
S.I., 1989, Intraluminal airway inflammation in chronic bronchitis: characterization and correlation with clinical 
parameters. American Journal of Respiratory and Critical Care Medicine, 140(6) 1527-1537. 

TÖRMÄNEN K.R., ULLER L., PERSSON C.G.A. and ERJEFÄLT J.S., 2005, Allergen exposure of mouse airways 
evokes remodeling of both bronchi and large pulmonary vessels. American journal of respiratory and critical care 
medicine, 171(1) 19-25. 



!

!

+*!

TULLENERS E., STICK J., LEITCH M., TRUMBLE T. and WILKERSON J., 1997, Epiglottic augmentation for 
treatment of dorsal displacement of the soft palate in racehorses: 59 cases (1985-1994). J.Am.Vet.Med.Assoc., 211(8) 
1022. 

TURK M.A., BREEZE R.G. and GALLINA A., 1983, Pathologic changes in 3-methylindole-induced equine 
bronchiolitis. The American Journal of Pathology, 110(2) 209. 

VIEL L., 1997, Small airway disease as a vanguard for chronic obstructive pulmonary disease. Vet.Clin.North 
Am.Equine Pract., 13(3) 549-560. 

VIEL L., 1983, Structural-functional correlations of the lung in horses with small airway disease. 

WATSON J.L., STOTT J.L., BLANCHARD M.T., et al., 1997, Phenotypic characterization of lymphocyte 
subpopulations in horses affected with chronic obstructive pulmonary disease and in normal controls. Vet.Pathol., 
34(2) 108-116. 

WEST J.B., 2008, Respiratory physiology: the essentials. 

WILLIAMS K.J., DERKSEN F.J., DE FEIJTER-RUPP H., PANNIRSELVAM R.R., STEEL C.M. and 
ROBINSON N.E., 2008, Regional pulmonary veno-occlusion: a newly identified lesion of equine exercise-induced 
pulmonary hemorrhage. Vet.Pathol., 45(3) 316-326. 

WINDER N.C. and VON FELLENBERG R., 1990, Mast cells in normal and pathological specimens of the equine 
lung. Zentralbl.Veterinarmed.A., 37(9) 641-650. 

WINDER N.C. and VON FELLENBERG R., 1988, Chronic small airway disease in the horse: 
immunohistochemical evaluation of lungs with mild, moderate and severe lesions. Vet.Rec., 122(8) 181-183. 

WISNER E.R., O'BRIEN T.R., LAKRITZ J., PASCOE J.R., WILSON D.W. and TYLER W.S., 1993, Radiographic 
and microscopic correlation of diffuse interstitial and bronchointerstitial pulmonary patterns in the caudodorsal lung 
of adult thoroughbred horses in race training. Equine Vet.J., 25(4) 293-298. 

WOOD J., BURRELL M., ROBERTS C., CHANTER N. and SHAW Y., 1993, Streptococci and Pasteurella spp. 
associated with disease of the equine lower respiratory tract. Equine Vet.J., 25(4) 314-318. 

WOOD J.L., NEWTON J.R., CHANTER N. and MUMFORD J.A., 2005, Inflammatory airway disease, nasal 
discharge and respiratory infections in young British racehorses. Equine Vet.J., 37(3) 236-242. 

WOODIE J.B., DUCHARME N.G., KANTER P., HACKETT R.P. and ERB H.N., 2005, Surgical advancement of 
the larynx (laryngeal tie-forward) as a treatment for dorsal displacement of the soft palate in horses: a prospective 
study 2001-2004. Equine Vet.J., 37(5) 418-423. 

XU K., VLAHOS R., MESSINA A., BAMFORD T., BERTRAM J. and STEWART A., 2002, Antigen-induced 
airway inflammation in the Brown Norway rat results in airway smooth muscle hyperplasia. J.Appl.Physiol., 93(5) 
1833-1840. 

YOUNG L., ROGERS K. and WOOD J., 2005, Left ventricular size and systolic function in Thoroughbred 
racehorses and their relationships to race performance. J.Appl.Physiol., 99(4) 1278-1285. 

 



!

!

++!

G$$&8A,H(

Table A1: Data collected on 95 horses, including case number, age, cause of death category 

(COD), breed, sex, performance index (PI), mean inflammatory cell score (II), mean smooth 

muscle score (Sm), mean hemosiderin score (Hem), mean total score (Tot) and the type of 

inflammatory cells observed around the bronchiole (Cells). 

COD is classified as musculoskeletal failure (MSF),  cardiovascular (Car), gastrointestinal (GI), 

pulmonary (Pul), neurologic (Neu), anaphylactic chock (Ana), other (Oth) and unknown (Unk). 

Cells are indicated as mononuclear cells (N), eosinophils (Eo) or mast cells (Mast) 
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Figure A1: The effect of racing performance index on mean (±SEM) inflammatory score. The 

differences are not statistically significant. The performance index was obtained by adding points 

attributed for race place finish in the last 3 races (1st place = 3 points, 2nd place = 2 points, 3rd 

place = 1 point) and dividing the sum by 3. 

 
 
Table A2: Frequency distribution of racing performance indices (PI) in this study. 
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Figure A2: The effect of age on mean (±SEM) inflammatory score. The differences are not 

statistically significant. 

 
 
 
Table A3: Frequency of distribution of age in this study 
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Table A4a: CD3+ T lymphocytes, as a percentage of bronchiolar and peri-bronchiolar 

leukocytes.  Data are for the left lung (L), right lung (R) and average (avg). Data reported are the 

minimum value (min), lower confidence interval (Lower CI), mean, median, upper confidence 

interval (Upper CI), maximal value (max) and number of bronchioles evaluated on the slide (n)  

 

/0123! ;":3! >"H! Q0R31!6=! C3EH!68'! C3:"EH!68'! MSS31!
6=!

>E$! H!

.*B'-,-+! Q! &*F*! '.F&! (%F*! (%F*! )(! )(F-! *!
! T! &.F)! &)F(! '-F%! ',F,! )(F+! *%F-! *!
.*B(&(%%! Q! ''F)! ')F'! (.F+! (%F'! (*F&! (+! *!
! T! ',! ',! (*F%! ()F,! )(F(! ),F%! *!
.*B(*)',! Q! %-F'! &%F%! &*F+! &,F'! ''F%! '&F)! *!
! T! (F-! )F,! %*F,! %-F'! '-F-! '-F&! *!
.*B(*-*%! Q! %*F+! %*F&! &-F&! &'F'! (*F,! )+F'! *!
! T! '*F*! '*F%! (*F-! ('F%! )+F-! *.F,! *!
.*B)(,%(! Q! '&F-! ')F)! (*F(! (+F'! )+F*! *%F%! *!
! T! '+F&! '+F&! (+! ('F&! )+F%! *&F%! *!
.*B))*'-*! Q! '%F%! '%F(! (.F*! '-F'! ).F)! )'F*! *!
! T! (%F+! ('F*! )&F%! ).! *.F)! *&F,! *!
%.B%.&,,-! Q! '-F%! '-F*! ((F*! ((F)! (-F+! )%F+! *!
! T! ')F+! ',F+! (*F+! (+F'! )(F-! )*F(! *!
%%B.)*,*! Q! &&F'! &-F&! (,F(! (-F)! *,! *+F,! *!
! T! &)F)! &*F-! '(! ''F%! (%F,! ((F-! *!
%%B'&+'&! Q! '.F(! '*F-! )&F)! )&F%! *+F+! *-F(! *!
! T! '&F'! '&F*! (&F)! (&F&! )'F%! )'F,! *!
%%B*..('! Q! &(F-! &(F)! '-F+! (.F%! )+F&! *+F%! *!
! T! &'F+! &,F*! ',F-! '-F*! ).F'! )'F-! *!
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Table A4b: CD79a+ T lymphocytes, as a percentage of bronchiolar and peri-bronchiolar 

leukocytes.  Data are for the left lung (L), right lung (R) and average (avg). Data reported are the 

minimum value (min), lower confidence interval (Lower CI), mean, median, upper confidence 

interval (Upper CI), maximal value (max) and number of bronchioles evaluated on the slide (n)  
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! T! '! '! *F+! *F'! %(F%! &&F(! *!
.*B(&(%%! Q! 'F*! (F%! *F&! *F&! -F(! %%F(! *!
! T! .F*! %F&! (F'! *F&! %(F)! %&F(! *!
.*B(*)',! Q! (F,! )F+! %%! %%F'! &.F%! &+F%! *!
! T! 'F,! )F(! %%F+! %*F'! &'F'! %-F-! *!
.*B(*-*%! Q! .F)! .F,! 'F'! )F&! %&F,! %.F)! *!
! T! (! (F,! ,F*! %.F&! %(F,! %)F,! *!
.*B)(,%(! Q! .F'! .F*! &F%! &F'! +F(! %'F&! *!
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! T! .F'! .F'! .F-! .F,! &F*! 'F(! *!
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%%B.)*,*! Q! .F'! .F&! .F+! .F+! &F&! &F+! *!
! T! %F&! &F'! )F,! +F%! %(F&! %&F-! *!
%%B'&+'&! Q! %F-! 'F'! %.F%! %&F'! &*F-! &(F&! *!
! T! &F-! '! (F*! (F*! +! +F'! *!
%%B*..('! Q! .F&! .F*! &F+! (F+! %.F-! *F(! *!
! T! )F-! +F%! -F(! -F*! %&F(! %&F*! *!
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Figure A3: Illustration of the H&E and Toluidine blue stains, and immunohistochemistry (IHC) 

labeling for CD3 and CD79a from the same horse. 

 

A and B: Equine bronchiole, H&E stain, showing airway lumen (asterisk), epithelium (arrow), 

smooth muscle (blocked arrow) and peribronchiolar inflammatory cells (arrowhead). 

 

C and D: Labeling of lymphocytes in cross sections of equine bronchioles, showing a positive 

inflammatory cell (blocked arrow) and a negative inflammatory cell (arrowhead) 

C: IHC for T cells (CD3-positive), UltraVIEW Red chromogen. 

D: IHC for B cells (CD 79a-positive), Nova Red chromogen. There is additional labeling of the 

airway smooth muscle.  

 

E: Equine bronchiole, Toluidine blue stain, showing airway lumen (asterisk), epithelium (arrow), 

smooth muscle (blocked arrow) and peribronchiolar inflammatory cells (arrowhead). There are 

no mast cells identified on this image. 
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Figure A4: Equine bronchiole, Toluidine blue, showing airway lumen (asterisk), blood 

vessel lumen (square), epithelium (arrow), smooth muscle (blocked arrow) and mast cells 

(arrowhead). 


