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Airway remodeling in horses with mild and moderate asthma
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Abstract

Background: There is a remodeling of the central airways in horses with severe

asthma but whether a similar process occurs in horses with the mild or moderate

asthma (MMA) is unknown.

Objectives: To evaluate lesions affecting the central airways of horses with MMA.

Animals: Twelve horses with MMA and 8 control horses.

Methods: Case-control retrospective study of horses classified as MMA affected or

controls based on history and bronchoalveolar lavage fluid cytology. Endobronchial

biopsies were analyzed using histomorphometry and a semiquantitative histologic

scoring system.

Results: Histomorphometry identified epithelial hyperplasia (47 μm2/μm [34-57 μm2/

μm]; P = .02), a thickened lamina propria (166 μm [73-336 μm]; P = .04), and smooth

muscle fibrosis (42% [33%-78%]; P = .04) in horses with MMA when compared to

controls horses (24 μm2/μm [21-80 μm2/μm]; 76 μm [36-176 μm]; and 33% [26%-

52%], respectively). The semiquantitative score results indicated, in horses with

MMA, the presence of epithelial hyperplasia (7 of the 12 horses with MMA and only

1 of the 8 control horses had a score of 1/1), and submucosal inflammatory

leucocytes in the central airway (11 of the 12 horses with MMA and only 4 of the

8 control horses had a score ≥ 1/2).

Conclusions and Clinical Relevance: Tissue remodeling of the bronchial lamina

propria, epithelium, and smooth muscle was present in horses with MMA.
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1 | INTRODUCTION

Mild or moderate asthma (MMA; also known as inflammatory airway

disease) in horses is associated with lower airway obstruction1,2 and is

a common cause of exercise intolerance in performance horses of all

ages.3,4 Eighty percent of racehorses in their first year of training

experience lower airway inflammation5 and airway inflammation is

associated with decreased racing speed.6 The condition could be

underdiagnosed because affected horses often do not have clinical

signs suggestive of a lower airway disease.7

In clinical practice, the diagnosis of MMA is based on the

presence of compatible clinical signs combined with abnormal

bronchoalveolar lavage (BAL) fluid cytology.8 Laboratory studies reveal

abnormal lung function at rest,9 decreased PaO2,
10 and decreased VO2

Abbreviations: ASM, airway smooth muscle; BAL, bronchoalveolar lavage; HEPS,

hematoxylin-eosin-phloxine-saffron; MMA, mild or moderate equine asthma; SA, severe

asthma.
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peak during exercise.11 Although diagnostic tools are helpful to study

the physiological effects of MMA, use is currently limited by the spe-

cialized equipment and expertise required. Bronchoalveolar lavage,

however, can easily be performed in the field.

Remodeling in the central and peripheral airways of horses with

severe asthma (SA) affect the epithelium, the lamina propria, and the

bronchial smooth muscle layer.12–20 These structural changes corre-

late with decreased lung function in horses with SA, and could

contribute to the impaired gas exchanged during exercise in

MMA.17,20–23 Airway inflammation and obstruction are usually man-

aged therapeutically and airway remodeling in SA is only partially

reversed by antigen avoidance, and administration of corticosteroids

and bronchodilators.21,24 Although there is limited information about

airway remodeling in horses with MMA, the presence of histological

changes might be associated with the severity of the clinical

signs.20,25,26

Considering the presence of lower airway obstruction in horses

with asthma of all severities, we postulated that lesions are present in

central airways of horses with MMA. Our objective was to assess the

histologic alterations in the central airways of horses with MMA using

histomorphometry and a semiquantitative scoring system.

2 | MATERIAL AND METHODS

History, CBC, serum biochemistry, BAL cytology differential count,

and endobronchial biopsies from horses with MMA and control

horses from the Equine Respiratory Tissue Bank were studied. Char-

acteristics of horses with MMA were previously reported.27 This

exploratory study was retrospective, controlled, and blinded. The

experimental protocol was approved by the University of Montreal's

Animal Care Committee (Rech-1647) and informed consent was pro-

vided by all owners.

2.1 | Horses

Thirty-four client-owned horses were examined at the Equine Hospital

of the Faculty of Veterinary Medicine between 2015 and 2016 (1 horse

in 2014) for coughing at rest or during exercise, exercise intolerance, or

breathing difficulties. Horses with MMA were included if BAL cytology

was inflammatory with at least 1 of the following parameters: neutro-

phils ≥5%; mast cells ≥2%; or eosinophils ≥1%. Twenty-four control

horses that were client-owned or from the research/teaching herd were

examined between 2015 and 2016 (1 horse in 2013), had no history of

clinical signs of airway disease. Control horses were included if BAL

cytology was normal. Horses from both groups had normal CBC and

serum biochemistry results and were considered otherwise healthy

based on a complete physical examination. Horses were excluded if BAL

cytology or endobronchial biopsy, or both diagnostic tests were not

available, if they had a history of labored breathing at rest (dyspnea) sug-

gestive of SA, if BAL neutrophilia was severe (>25%),28 or if horses had

a known concomitant disease.

2.2 | BAL fluid collection and analysis

Collection of BAL fluid was performed as described.28 The BAL differ-

ential count was made on archived samples blindly and in accordance

with previously described methods27 by a board-certified clinical

pathologist (C. Grimes).

2.3 | Endobronchial biopsies

Endobronchial biopsies were obtained by videoendoscopy after collection

of the BAL fluid. Briefly, the bronchoscope was advanced until it wedged

to the most distal airway, and a smooth oval disposable biopsy forceps

(FB-234U, Olympus, Richmond Hill, Canada; diameter, 2.85 mm) was

used to sample sequentially the most caudal to the most cranial carina

until reaching the main carina.13 Samples were fixed in 10% neutral-

buffered formalin for 48 to 72 hours before paraffin embedding.29

2.4 | Histopathologic analysis

Biopsies were stained with alcian blue and hematoxylin-eosin-phloxine-

saffron (HEPS) and with modified Russell-Movat's pentachrome as pre-

viously described.30 Twenty-four biopsies in horses with MMA (2 biop-

sies/horse) and 18 biopsies of control horses (from 2 to 4 biopsies/

horse) reaching the inclusion criteria were stained by modified Russell-

Movat's pentachrome and were scored based on quality (1-5/5).13 The

quality score evaluates the orientation, architecture, structure preserva-

tion, and presence of airway smooth muscle (ASM) in the biopsies. A

score of 1/5 represents a poor-quality tissue where the continuity

between epithelium, extracellular matrix (ECM), and smooth muscle is

lost. A score of 2/5 represents a well-oriented tissue, but its architec-

ture is not completely preserved. A score of 3/5 represents a well-

oriented tissue, and its architecture is preserved at least in 50% of the

biopsy. A score of 4/5 represents an optimal tissue orientation for the

biopsy with of loss of continuity between tissues. Finally, a score of

5/5 represents an optimal tissue orientation for the biopsy, the tissue

architecture is perfectly conserved, and the parenchymal borders of the

smooth muscle layer are clearly identifiable. Biopsies with a score ≥ 3/5

were studied.

Twenty-six biopsies from MMA and control horses were

analyzed.

Twelve horses with MMA were included in the study (biopsies

from 11 horses with Movat staining and 1 horse with HEPS staining).

For the 11 horses with Movat staining, 14 biopsies with a quality

score ≥ 3/5 were included (1 biopsy/horse; n = 8 and 2 biopsies/

horse; n = 3). In addition, for 2 asthmatic horses 1 biopsy with a lower

quality score (2/5; good tissue orientation, tissue architecture not

completely preserved) but acceptable to perform measurement were

also included.

Nine Movat-stained biopsies with a quality score ≥ 3/5 (1 biopsy/

horse; n = 7 and 2 biopsies/horse; n = 1) from 8 control horses were

studied.
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Histologic features assessed included: biopsy total area, smooth

muscle (total and relative area), fibrosis within the smooth muscle,

epithelium (total and relative area), goblet cells in the surface epithe-

lium, airway extracellular matrix (total and relative area), and elastic

fiber in the airway extracellular matrix: They were measured using

point counting (200 points/tissue) in Movat stained biopsies using

newCAST software (Visiopharm [version 6.5.2.2303], Hoersholm,

Denmark).31 Basement membrane thickness, distance between base-

ment membrane and muscle (evaluating lamina propria thickness),

and epithelium area corrected by basement membrane length (evalu-

ating epithelium hyperplasia) were measured on perpendicularly

sliced Movat-stained biopsies using ImageJ software (ImageJ

[version 1.48v and 1.50h], National Institutes of Health, Bethesda,

Maryland). When 2 biopsies per horse were available, the means of

histomorphometric measurements for each criterion were used. The

median value of measurements for each criterion was reported. Dis-

tances were measured in μm, surfaces areas in μm2, and ratios in

percentage.

In 1 asthmatic horse, the histomorphometry analysis was per-

formed on an HEPS stained biopsy; fibrosis within the smooth muscle,

goblet cells in the surface epithelium, and elastic fibers in the airway

extracellular matrix could not be evaluated.

Biopsies were evaluated by a board-certified anatomic patholo-

gist (P. Hélie) blinded to horse identity using a semiquantitative histo-

logic score previously described for horses with SA.14 The pathologist

attributed 0, 1, or 2 points in accordance with 10 predefined criteria.

A 1-scaled score (0 or 1/1) indicates the absence or the presence of

the criterion (0 and 1 respectively), and a 2-scaled score (0, 1 or 2/2)

was used when the criterion was absent (0), moderate (1), or severe

(2). Briefly, the epithelium was evaluated for the presence of hyper-

plasia (/1), inflammatory infiltrate (/2), goblet cell hyperplasia (/1), and

desquamation (<10% of epithelium affected, 10%-50% or >50%; /2).

The extracellular matrix was evaluated for the thickness of the base-

ment membrane (/1), submucosal inflammatory cells (/2), and mucous

glands (/1). Finally, smooth muscle was evaluated for the presence of

fibrosis (/2), mucous glands (/1), and smooth muscle ending visible

(/1). The score was read on Movat-stained biopsies for 18 horses

(11 MMA and 7 control horses). For 1 horse with MMA, the score

was read on a HEPS- and alcian blue-stained biopsy. For 1 control

horse, the score was read on a Movat-stained biopsy completed with

HEPS- and alcian blue-stained biopsies. When 2 biopsies per horse

were available, each parameter of the semiquantitative score was read

on the tissue with the highest quality. Therefore, only 1 semiquantita-

tive score (/14) per horse was obtained.

2.5 | Statistical analysis

The Mann-Whitney U test was used to evaluate difference between

MMA and control groups regarding BAL cytology differential counts,

histomorphometric measurements. A Spearman correlation was used

to evaluate the relationship between the histomorphometric measure-

ments and the duration of disease, age, or BAL cytology differential

counts, as well as the correlation between the histomorphometric

measurements within the same biopsy.

Descriptive statistics (median; range [min-max]) were calculated

for the semiquantitative score and histomorphometric measurements

of the MMA and control horses.

Statistical analysis was performed with Prism software (GraphPad

Software Inc. [version 7.0b], La Jolla, California). Differences were

considered significant for P value ≤ .05.

3 | RESULTS

Twelve horses with MMA, 6 mares and 6 geldings aged (mean ± SD)

7.1 ± 3.3 years (range, 2-11 years) met the inclusion criteria. Eight

horses were living in a stable and 4 in a pasture/paddock. All horses

were fed with hay, had a history of exercise intolerance and 9 horses

had a history of coughing episodes. Clinical signs first appeared when
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horses were aged 5.4 ± 3.1 years (range, 1-9 years) and horses pres-

ented for signs lasting 1.6 ± 1.6 years (range, 1.5 months-5 years).

Thirteen horses were excluded on the basis of a history compatible

with SA (9) and BAL fluid cytology findings (normal [3], and severe

neutrophilia [41%; 1]). An additional 9 horses were excluded because

there was no suitable biopsy available.

Eight control horses (1 research/teaching horse and 7 client-owned)

aged 10 ± 4.8 years (range, 5-20 years), 4 mares and 4 geldings were

included. Three horses were living in a stable, 4 in pasture/paddock and

for 1 horse, the living conditions were not reported. They were all fed

hay. Sixteen horses were excluded because of abnormal BAL fluid cyto-

logic findings (neutrophilic inflammation [4], mast cell inflammation [2]),

known concomitant diseases (9), and no biopsy available (1).

Seven horses with MMA had increased proportion of neutrophils

in the retrieved BAL fluid, 3 horses increased mast cells and 2 horses

had mixed inflammation (simultaneous neutrophilic and eosinophilic).

However, only BAL fluid neutrophils were significantly increased in

horses with MMA (P = .003; Figure 1) when compared with controls.

3.1 | Histomorphometry

The thickness of the lamina propria, evaluated as the distance between

the basement membrane and ASM, was significantly increased in

horses with MMA (166 μm [73-336 μm]) when compared with control

horses (76 μm [36-176 μm]; P = .04; Figure 2A). In horses with MMA

(r = 0.81; P = .007; Figure 2B), but not in control horses (r = �0.60;

P = .24; Figure 2C), this distance correlated with the relative area of

the lamina propria. Ten horses with MMA and 6 control horses were

included for these evaluations, as 2 horses from each group were

excluded because of the low quantity of smooth muscle in the biopsy

precluded performing the measurement.

The ratio of extracellular matrix in the smooth muscle evaluating

smooth muscle fibrosis was significantly increased in horses with

MMA (42% [33%-78%]) when compared with control horses (33%

[26%-52%]; P = .04; Figure 3).

The epithelial hyperplasia evaluated by the corrected area of the

epithelium was significantly increased in horses with MMA (47 μm2/

μm [34-57 μm2/μm]) when compared with control horses (24 μm2/μm

[21-80 μm2/μm]; P = .02; Figure 4). There were no differences in

other histomorphometric measurements. The duration of the clinical

signs was not associated with the remodeling of the airways (results

not presented).
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3.2 | Semiquantitative histologic score

The semiquantitative histologic median score (/14) was 7 [4-10] in

MMA and 5 [3-6] in control horses (Figure 5A).

The semiquantitative median score of epithelium in MMA and

control horses were respectively 1 [0-1] and 0 [0-1] for epithelial

hyperplasia (7 of the 12 horses with MMA and only 1 of the 8 control

horses had a score of 1/1); 1 [0-2] and 1 [0-1] for inflammatory infil-

trate; 0 [0-0] and 0 [0-1] for goblet cell hyperplasia; and 1 [0-2] and

1 [0-2] for epithelial desquamation. The semiquantitative median

score of extracellular matrix in MMA and control horses were respec-

tively 0 [0-1] and 0 [0-1] for the thickness of the basement mem-

brane; 1 [0-2] and 1 [0-1] for submucosal inflammatory cells

(Figure 5B); and 1 [0-1] and 1 [0-1] for mucous glands. Finally, the

semiquantitative median score of ASM in MMA and control horses

were respectively 1 [0-2] and 1 [0-2] for fibrosis; 0 [0-1] and 0 [0-0]

for mucous glands; and 1 [0-1] and 1 [0-1] for smooth muscle ending

visible.

Inflammation in the lamina propria scores and epithelial hyperpla-

sia scores presented the higher difference between MMA and control

medians compared to other criteria (median differences of 0.5 and

1, respectively). When these 2 criteria were combined, the score was

2/3 [0-3] in MMA and 1/3 [0-1] in control horses (Figure 5C).

4 | DISCUSSION

This blinded and controlled study evaluated central airway remo-

deling in client-owned horses with MMA. Results from this study

revealed the presence of alterations of the central airway in horses

with MMA as compared to nonasthmatic control horses. The airway

epithelium, smooth muscle, and lamina propria were most affected,

with epithelial hyperplasia, smooth muscle fibrosis, and thickened

lamina propria being common changes. A rapid semiquantitative

score also suggested remodeling in the epithelium (epithelial hyper-

plasia) and airway inflammation (leucocyte infiltration in the lamina

propria) in MMA.

The thickening of the lamina propria present in horses with MMA

occurs in horses with SA.13 As it is positively correlated with lung

resistance in SA, these findings indicate this thickening of the lamina

propria might also contribute to the airway obstruction in horses with

MMA.17 The thickness of the lamina propria assessed by measuring

the distance between the basement membrane and the smooth mus-

cle layer was positively correlated with the extracellular matrix surface

area, a measurement more difficult to obtain. Therefore, the thickness

of the lamina propria as measured in the current study was appropri-

ate to assess, and was faster to measure, than the surface area of the

extracellular matrix. In control horses, these measurements were not

correlated, possibly due to the small sample size.

The presence of epithelial hyperplasia was assessed by a single

histomorphometric measurement and a semiquantitative histologic

score. Correction of epithelial hyperplasia measurement was achieved
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by dividing the epithelial surface area by the basement membrane

length. This allows for standardization of measurement of biopsies of

different sizes and excludes mechanic desquamation, as only the well-

preserved epithelium areas were measured (rather than measurement

of the entire epithelium surface area). The epithelium hyperplasia was

increased in horses with MMA measured by histomorphometry. Some

of the horses with MMA present no increased epithelial hyperplasia

score (0/1), and a histomorphometric measurement similar to control

horses. This finding could possibly be explained by the presence of

2 groups of horses with MMA related to the epithelial hyperplasia.

The semiquantitative histologic score (/14) developed to evaluate

airway remodeling in the central airways of horses with SA14 revealed

similarities in central airway remodeling in MMA and SA. Leucocyte

infiltration in the lamina propria and epithelial hyperplasia were pre-

sent in both conditions.14 A modified score, evaluating only these

2 parameters was rapidly performed under light microscopy, while the

histomorphometric manual measurements were time consuming and

require digitized images and the used of specialized software. How-

ever, other studies with a greater number of cases are needed to eval-

uate the usefulness of this score in MMA horses.

The smooth muscle surface area in central and peripheral airways

is increased in horses with SA during exacerbation when compared to

the remission state21,24 and to control horses.16 Airway smooth muscle

is central to airway hypersensitivity in humans, and this is likely to be

true in horses.32 In the current study, however, the percentage of

smooth muscle in the endobronchial biopsies was similar in both groups

of horses. A comparable finding in horses with SA is reported.13 A pro-

posed explanation is that the thickening of the lamina propria might

have resulted in incomplete sampling of the smooth muscle layer.13,16

This limits the value of endobronchial biopsies when assessing ASM via

endobronchial biopsies. Evaluation of other indices of smooth muscle

remodeling, such as myocytes density, cell proliferation, and apoptosis

in endobronchial biopsies from horses with MMA would be feasible

using these tissues, as they are found to be altered in horses with SA

and do not require full thickness ASM sampling.16 A prospective study

of horses with MMA using endobronchial ultrasound could also be con-

sidered as a noninvasive alternative to evaluating ASM remodeling,

including progression of the disease over time, and after treatment.12

Bronchial smooth muscle fibrosis was significantly increased in horses

with MMA compared to control horses. In horses with SA, the smooth

muscle fibrosis is increased in peripheral and central airways.24

Although we started with a larger cohort, several horses did not

meet inclusion criteria. A higher number of cases might have allowed

more complete characterization of the remodeling features of MMA,

and the presence of different remodeling phenotypes. Analyzing a

higher number of biopsies by horses would have been preferable,

but this was not possible in this client owned cohort. In a previous

study,24 5 biopsies are examined per horse, in contrast to 1 to 2 biop-

sies in the present study. Last, the exact carinas biopsied were not

recorded. Nevertheless, the biopsies were collected from the most

caudal to the most cranial carina until reaching the main carina, likely

corresponding to 1.9 and 1.2 carina for the right lung and from 2.9

to 2.2 for the left lung.13

ACKNOWLEDGMENT

Funding for this study was provided by the Government of Canada

Natural Sciences and Engineering Research Council of Canada

(NSERC), number RGPIN-2015-04092. This manuscript represents a

portion of a thesis submitted by Dr Bessonnat to the University of

Montreal's Faculty of Veterinary Medicine as partial fulfillment of the

requirements for a Master of Science degree. The authors thank Dr G.

Beauchamp for statistical analyses, Dre C. Gy and Kristine Picotte for

their assistance, and the Respiratory Health Network of the FRQS for

the development of the Equine Tissue Bank.

CONFLICT OF INTEREST DECLARATION

Authors declare no conflict of interest.

OFF-LABEL ANTIMICROBIAL DECLARATION

Authors declare no off-label use of antimicrobials.

INSTITUTIONAL ANIMAL CARE AND USE COMMITTEE

(IACUC) OR OTHER APPROVAL DECLARATION

Approved by the University of Montreal Animal Care Committee,

number Rech-1647.

HUMAN ETHICS APPROVAL DECLARATION

Authors declare human ethics approval was not needed for this study.

ORCID

Amandine Bessonnat https://orcid.org/0000-0003-2763-2916

Jean-Pierre Lavoie https://orcid.org/0000-0003-4655-2102

REFERENCES

1. Richard EA, Fortier GD, Denoix JM, et al. Influence of subclinical

inflammatory airway disease on equine respiratory function evaluated

by impulse oscillometry. Equine Vet J. 2009;41:384-389.

2. Couetil LL, Rosenthal FS, DeNicola DB, et al. Clinical signs, evaluation

of bronchoalveolar lavage fluid, and assessment of pulmonary func-

tion in horses with inflammatory respiratory disease. Am J Vet Res.

2001;62:538-546.

3. Jeffcott LB, Rossdale PD, Freestone J, et al. An assessment of wast-

age in thoroughbred racing from conception to 4 years of age. Equine

Vet J. 1982;14:185-198.

4. Rossdale PD, Hopes R, Digby NJ, Offord K. Epidemiological study

of wastage among racehorses 1982 and 1983. Vet Rec. 1985;116:

66-69.

5. Robinson NE, Hoffman A, Couetil L, et al. Inflammatory airway dis-

ease: Defining the syndrome. Conclusions of the Havemeyer Work-

shop. Equine Vet Educ. 2003;15:61-63.

6. Ivester KM, Couetil LL, Moore GE. An observational study of environ-

mental exposures, airway cytology, and performance in racing thor-

oughbreds. J Vet Intern Med. 2018;32:1754-1762.

7. Lavoie JP, Cesarini C, Lavoie-Lamoureux A, et al. Bronchoalveolar

lavage fluid cytology and cytokine messenger ribonucleic acid expres-

sion of racehorses with exercise intolerance and lower airway inflam-

mation. J Vet Intern Med. 2011;25:322-329.

8. Couetil LL, Cardwell JM, Gerber V, et al. Inflammatory airway disease

of horses—revised consensus statement. J Vet Intern Med. 2016;30:

503-515.

9. Pirrone F, Albertini M, Clement MG, Lafortuna CL. Respiratory

mechanics in Standardbred horses with sub-clinical inflammatory

290 BESSONNAT ET AL.

https://orcid.org/0000-0003-2763-2916
https://orcid.org/0000-0003-2763-2916
https://orcid.org/0000-0003-4655-2102
https://orcid.org/0000-0003-4655-2102


airway disease and poor athletic performance. Vet J. 2007;173:

144-150.

10. Sanchez A, Couetil LL, Ward MP, et al. Effect of airway disease on

blood gas exchange in racehorses. J Vet Intern Med. 2005;19:87-92.

11. Bond SL, Greco-Otto P, MacLeod J, Galezowski A, Bayly W,

Léguillette R. Efficacy of dexamethasone, salbutamol, and reduced

respirable particulate concentration on aerobic capacity in horses

with smoke-induced mild asthma. J Vet Intern Med. 2020;34:979-985.

12. Bullone M, Beauchamp G, Godbout M, et al. Endobronchial ultra-

sound reliably quantifies airway smooth muscle remodeling in an

equine asthma model. PLoS One. 2015;10:1-20.

13. Bullone M, Chevigny M, Allano M, Martin JG, Lavoie JP. Technical

and physiological determinants of airway smooth muscle mass in

endobronchial biopsy samples of asthmatic horses. J Appl Physiol.

2014;117:806-815.

14. Bullone M, Helie P, Joubert P, et al. Development of a semiquantita-

tive histological score for the diagnosis of heaves using endobronchial

biopsy specimens in horses. J Vet Intern Med. 2016;30:1739-1746.

15. Range F, Mundhenk L, Gruber AD. A soluble secreted glycoprotein

(eCLCA1) is overexpressed due to goblet cell hyperplasia and meta-

plasia in horses with recurrent airway obstruction. Vet Pathol. 2007;

44:901-911.

16. Leclere M, Lavoie-Lamoureux A, Gelinas-Lymburner E, et al. Effect

of antigenic exposure on airway smooth muscle remodeling in an

equine model of chronic asthma. Am J Respir Cell Mol Biol. 2011;45:

181-187.

17. Setlakwe EL, Lemos KR, Lavoie-Lamoureux A, Duguay JD, Lavoie JP.

Airway collagen and elastic fiber content correlates with lung function

in equine heaves. Am J Physiol Lung Cell Mol Physiol. 2014;307:252-260.

18. Herszberg B, Ramos-Barbon D, Tamaoka M, et al. Heaves, an asthma-

like equine disease, involves airway smooth muscle remodeling.

J Allergy Clin Immunol. 2006;118:382-388.

19. Boivin R, Vargas A, Lefebvre-Lavoie J, Lauzon AM, Lavoie JP. Inhaled

corticosteroids modulate the (+)insert smooth muscle myosin heavy

chain in the equine asthmatic airways. Thorax. 2014;69:1113-1119.

20. Viel L. Structural-Functional Correlations of the Lung in Horses with

Small Airway Disease [doctoral dissertation]. Guelph, Canada: Univer-

sity of Guelph; 1983.

21. Leclere M, Lavoie-Lamoureux A, Joubert P, et al. Corticosteroids and

antigen avoidance decrease airway smooth muscle mass in an equine

asthma model. Am J Respir Cell Mol Biol. 2012;47:589-596.

22. Christley RM, Hodgson DR, Evans DL, Rose RJ. Effects of training on

the development of exercise-induced arterial hypoxemia in horses.

Am J Vet Res. 1997;58:653-657.

23. Nyman G, Bjork M, Funkquist P. Gas exchange during exercise in

standardbred trotters with mild bronchiolitis. Equine Vet J Suppl.

1999;30:96-101.

24. Bullone M, Vargas A, Elce Y, Martin JG, Lavoie JP. Fluticasone/

salmeterol reduces remodelling and neutrophilic inflammation in

severe equine asthma. Sci Rep. 2017;7:8843.

25. Winder NC, von Fellenberg R. Chronic small airway disease in the

horse: immunohistochemical evaluation of lungs with mild, moderate

and severe lesions. Vet Rec. 1988;122:181-183.

26. Kaup FJ, Drommer W, Deegen E. Ultrastructural findings in horses

with chronic obstructive pulmonary disease (COPD). I: alterations of

the larger conducting airways. Equine Vet J. 1990;22:343-348.

27. Gy C, Leclere M, Vargas A, Grimes C, Lavoie JP. Investigation of blood

biomarkers for the diagnosis of mild to moderate asthma in horses.

J Vet Intern Med. 2019;33:1789-1795.

28. Jean D, Vrins A, Beauchamp G, Lavoie JP. Evaluation of variations in

bronchoalveolar lavage fluid in horses with recurrent airway obstruc-

tion. Am J Vet Res. 2011;72:838-842.

29. Bullone M, Joubert P, Gagne A, et al. Bronchoalveolar lavage fluid

neutrophilia is associated with the severity of pulmonary lesions dur-

ing equine asthma exacerbations. Equine Vet J. 2018;50:609-615.

30. Russell HJ. A modification of Movat's pentachrome stain. Arch Pathol.

1972;94:187-191.

31. Gundersen HJ, Bendtsen TF, Korbo L, et al. Some new, simple and

efficient stereological methods and their use in pathological research

and diagnosis. APMIS. 1988;96:379-394.

32. Lambert RK, Wiggs BR, Kuwano K, Hogg JC, Pare PD. Functional sig-

nificance of increased airway smooth muscle in asthma and COPD.

J Appl Physiol. 1993;74:2771-2781.

How to cite this article: Bessonnat A, Hélie P, Grimes C,

Lavoie J-P. Airway remodeling in horses with mild and

moderate asthma. J Vet Intern Med. 2022;36(1):285-291.

doi:10.1111/jvim.16333

BESSONNAT ET AL. 291

info:doi/10.1111/jvim.16333

	Airway remodeling in horses with mild and moderate asthma
	1  INTRODUCTION
	2  MATERIAL AND METHODS
	2.1  Horses
	2.2  BAL fluid collection and analysis
	2.3  Endobronchial biopsies
	2.4  Histopathologic analysis
	2.5  Statistical analysis

	3  RESULTS
	3.1  Histomorphometry
	3.2  Semiquantitative histologic score

	4  DISCUSSION
	ACKNOWLEDGMENT
	  CONFLICT OF INTEREST DECLARATION
	  OFF-LABEL ANTIMICROBIAL DECLARATION
	  INSTITUTIONAL ANIMAL CARE AND USE COMMITTEE (IACUC) OR OTHER APPROVAL DECLARATION
	  HUMAN ETHICS APPROVAL DECLARATION
	REFERENCES


