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Abstract

Background: Asthma in horses is associated with nonspecific respiratory clinical

signs and may be manifested only as exercise intolerance. Its diagnosis relies on

bronchoalveolar lavage fluid (BALF) cytology in the presence of compatible clinical

signs. The identification of blood biomarkers for this condition would facilitate diagno-

sis in the field, because there are regional areas where BAL is not routinely performed

in clinical practice.

Objective: Identification of blood biomarkers for the diagnosis of asthma in horses.

Animals: Fourteen horses with asthma with increased neutrophil numbers in BALF

(neutrophilic asthma), 9 healthy control horses, and 10 horses with other pathologic

conditions (pathologic controls).

Methods: Physical examination, clinical score, hematology, and BALF cytology (in a

subset of horses) were performed. Serum concentrations of surfactant protein D (SP-

D), haptoglobin, and secretoglobin (SCGB) were measured using commercial ELISA

assays.

Results: Serum concentration of SP-D > 43 ng/mL, serum concentration of haptoglo-

bin >5730 ng/mL, and serum concentration of SCGB <19 ng/mL allowed differentia-

tion of horses with neutrophilic asthma from horses of the control groups (healthy

and pathologic) with sensitivity of 55, 95, and 75%, and specificity of 67, 28, and

60%, respectively. Specificity of 100% and sensitivity of 45% were obtained with the

combination of SP-D, haptoglobin, and SCGB at the serum concentrations indicated

above. Specificity of 95% and sensitivity of 45% were obtained with the combination

of SP-D and SCGB serum concentrations.

Conclusions and Clinical Importance: Haptoglobin, SCGB, and SP-D may be diagnos-

tic aids in horses with clinical signs of lower airway disease and neutrophilic pulmo-

nary inflammation.
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1 | INTRODUCTION

Mild to moderate asthma (also known as inflammatory airway dis-

ease) is associated with lower airway obstruction and inflammation

with high prevalence in the equine population worldwide.1-3 The

term “mild equine asthma” may be used to describe the condition

affecting horses with lower airway inflammation and obstruction,

but without obvious clinical signs suggestive of lung disease. The

term “moderate equine asthma” then refers to horses with clinical

signs (eg, cough) or clinical findings (abnormal lung sounds) of lung

disease. Asthma is believed to be underdiagnosed in the field

because the clinical signs are nonspecific, and sensitive and porta-

ble means of evaluating lung function of horses are not available.

Currently, the diagnosis most often is based on the finding of

abnormal bronchoalveolar lavage fluid (BALF) cytology (increased

numbers of neutrophils, mast cells, eosinophils, or some combina-

tion of these) in horses with compatible clinical signs. Because

there remain regional areas where BAL is not performed routinely

in the field, a need exists for easily accessible sensitive and specific

means of diagnosis.

Blood biomarkers of lung inflammation have been studied, but

few are pathognomonic for a given condition. Racehorses without

respiratory clinical signs but with mildly increased numbers of BALF

neutrophils and mast cells have a detectable increase in serum sur-

factant protein D (SP-D) concentration, suggesting its possible use

for the diagnosis of mild asthma in horses.4 The combined serum

concentrations of SP-D and haptoglobin were reported to differen-

tiate horses with moderate asthma from healthy horses with no

overlap between groups (sensitivity and specificity of 100%).5

Serum haptoglobin concentration or other serum acute phase pro-

tein concentrations such as serum amyloid A or C-reactive protein

do not appear to be altered in exercise-intolerant racehorses with

mild to moderate asthma.6 None of these 3 studies investigated

the specificity of these biomarkers by integrating other conditions

responsible for exercise intolerance. Blood biomarkers with high

specificity for the lungs would represent ideal molecules for the

diagnosis of asthma. Secretoglobin (SCGB) is a novel candidate pro-

tein, because it is decreased in BALF of severely asthmatic horses

when compared to age-matched controls because of destruction of

club cells.7,8

We therefore aimed to investigate the concentrations of SP-D,

haptoglobin, and SCGB in the serum of horses with mild to moderate

asthma and controls (healthy or pathologic horses). We hypothesized

that the combined serum concentrations of these biomarkers would

predict mild to moderate asthma in horses.

2 | MATERIALS AND METHODS

This prospective study was performed in accordance with the guide-

lines of the Canadian Council on Animal Care and the protocol was

approved by the Ethics Committee of the Université de Montréal

(#Rech-1647).

2.1 | Animals

Horses with asthma were selected from cases referred to the Equine

Hospital of the Université de Montréal between August 2014 and July

2016. These horses were included in the study if they were presented

for evaluation of coughing episodes, exercise intolerance, or both, and

had an increased percentage of at least 1 type of granulocyte (neutro-

phils [>5%], mast cells [≥2%], or eosinophils [>1%]) on evaluation

of BALF cytology.1 Healthy control horses were owned by the

Université de Montréal or by the personnel of the university. Another

control group consisted of horses referred to the Equine Hospital of the

Université de Montréal with conditions other than asthma possibly

responsible for exercise intolerance. These horses were included in the

study if they were presented for evaluation of a musculoskeletal or car-

diovascular disease. Horses from both control groups had no evidence

of systemic inflammation based on clinical examination, results of a

CBC and serum biochemistry or both. Cytology of BALF was performed

and found to be within the reference range (neutrophils [≤5%], mast

cells [<2%], eosinophils [≤1%], or some combination of these) in all

healthy controls and in all the pathologic controls for which this proce-

dure was performed (40%). Bronchoalveolar lavage could not be per-

formed in the other horses because the procedure was declined by the

owners or the horses were scheduled for surgery. Racehorses in training

or racing were excluded, as were horses with a history of increased

respiratory efforts at rest, or horses that had received any drugs within

15 days before admission. All owners signed an informed consent form.

2.2 | Questionnaire

The Horse Owner Assessed Respiratory Signs Index (HOARSI) is a vali-

dated standardized questionnaire based on the frequency of cough, the

presence of nasal discharge after exercise, the presence of abnormal res-

piration, and an evaluation of the performance of the horse by the

owner.9 It is a 4-point scoring system: 1 for horses without clinical signs

of respiratory disease, 2 and 3 for horses with mild or moderate signs,

and 4 for horses with severe signs of respiratory disease, compatible with

severe asthma.

2.3 | Blood collection

Twenty milliliters of blood were collected from a jugular vein by

means of 18G needles into sterile tubes (serum tube and EDTA tube

[BD Vacutainer, Franklin Lakes, New Jersey]) within the first hour

after arrival. Within 2 hours after collection, plasma and serum were

separated and stored in 1.5 mL aliquots at −80�C until analysis.

2.4 | Protein expression studies

Surfactant protein D, haptoglobin, and SCGB were quantified in

serum samples using commercially available ELISA kits validated for

horses. The human SP-D ELISA (Biovendor, Asheville, North Carolina),

the equine haptoglobulin ELISA (Cederlane, Burlington, Ontario,

Canada) and equine uteroglobin (SCGB1A1, SCGB 1A1) ELISA
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(MyBioSource, San Diego, California) previously were validated by the

manufacturer and used accordingly to their instructions. Plates were

washed using an automatic plate washer and absorbance was

obtained using a microplate reader. The assay standard curves ranged

from 1.56 to 100 ng/mL for SP-D (serum dilution, 1:10), 9.38 to

600 ng/mL for haptoglobin (serum dilution, 1:32 000), and 1.56 to

100 ng/mL for SCGB. When SCGB concentrations exceeded the assay

quantification range, they were attributed the higher or lower limit

value of the linear part of the curve.

2.5 | Bronchoalveolar lavage

Bronchoalveolar lavage was performed as previously described with

2 × 250 mL of sterile isotonic saline.10 Cytopreparations from unfil-

tered BALF were stained with May Grünwald Giemsa. Differential

counts of 400 cells (excluding epithelial cells) were performed by a

board-certified clinical pathologist (C. Grimes) who was blinded to the

clinical status of the horses.

2.6 | Experimental protocol

All horses were transported to the hospital on the day of examination.

Physical examination and hematology were performed on all horses

during the first hour of arrival. The HOARSI questionnaire was admin-

istered by 1 author (C. Gy) for all owners. Blood for ELISA also was

withdrawn 1 hour after arrival in all horses.

3 | STATISTICS

Statistical analyses were performed using Prism 7 (GraphPad Software

Inc., La Jolla, California). All data were analyzed after log-10 transfor-

mations. Group size was based on a previous study,5 which showed

with statistical significance that, when combined, the serum concen-

trations of SP-D and haptoglobin allow differentiation of horses with

mild to moderate asthma from healthy horses, with no overlap

between groups. The Mantel-Haenszel test was used for detecting cor-

relations between the HOARSI score and the classification of the horse

population based on history and physical examination. Student’s t tests

or 1-way analysis of variance with Turkey's post-tests were used to

compare the variables studied in the different groups (BALF cytology,

hematology, and serum biochemistry). The asthma group was further

subjectively classified based on the severity of neutrophilic inflamma-

tion in BALF (≤5%, >5 to <15% versus 15 to 20%) to determine whether

the blood biomarkers varied according to the severity of the airway

neutrophilic inflammation. Pearson tests were used for detecting corre-

lations between serum biomarker concentrations and BALF cytology.

The area under receiver operating characteristic curves was determined

for the different biomarkers and combinations. Sensitivity and specific-

ity were calculated for all biomarkers alone, and in combination. Neutro-

philic asthmatic horses (>5 to 20%) were compared to the combination

of both control groups (healthy and pathologic).

4 | RESULTS

Fifty-four horses were evaluated. Three, 6, and 4 horses of the asth-

matic, healthy, and pathologic groups, respectively, were excluded

from the study because the BALF cytology inclusion criteria were not

met. Two additional horses from the pathologic control group were

excluded because of evidence of systemic inflammation based on clin-

ical examination and results of the CBC and serum biochemistry pro-

file. Because of the small number of horses with increased of BALF

mast cells and eosinophils, only neutrophilic asthmatic horses were

studied.

Fourteen horses withmild tomoderate neutrophilic asthma, 9 healthy

controls, and 10 pathologic controls were finally included in the study

(Table 1).

4.1 | Animals

The mild to moderate asthma group consisted of 9 Quarter Horses

and associated breeds, 4 Warmbloods, and 1 Shire. There were

6 females, 7 geldings, and 1 male. Disease duration was <2 years

except for 1 horse (5 years' duration). Horses were fed dry hay while

being stabled (n = 10) or kept in a paddock or pasture (n = 4). Horses

had been presented with a history of cough (12 horses), exercise intol-

erance (1 horse), or both clinical signs (1 horse).

The healthy control group consisted of 6 Quarter Horses and

associated breeds, 1 Warmblood, 1 Thoroughbred, and 1 Draft

horse. There were 4 females and 5 geldings. They were fed hay

while being stabled (n = 5) or kept in a paddock or pasture (n = 4).

Two horses were part of a teaching herd owned by the Université

de Montréal.

The pathologic control group consisted of 3 Quarter Horses and

associated breeds, 5 Warmbloods, and 2 cross breeds. There were

5 females, 4 geldings, and 1 male. They were fed hay while being sta-

bled (n = 9) or kept in a paddock or pasture (n = 1). Three horses had

osteochondrosis of the hock, 2 had navicular disease in the front limb,

2 had osteoarthritis (hip [n = 1]; hock [n = 1]), 1 had septic tenosyno-

vitis, 1 had motor neuron disease, and 1 had myositis.

4.2 | Horse Owner Assessed Respiratory Signs Index

The 14 horses that had a history consistent with asthma had a

HOARSI score of 2, the 19 horses that had a history consistent with

being controls had a HOARSI score of 1 (Table 1). The HOARSI score

showed good agreement with the history and physical examination in

this horse population (P < .001).

4.3 | Bronchoalveolar lavage fluid cytology

Figure 1 and Table 1 summarize the BALF cytology findings. Only the

percentage of neutrophils in BALF was significantly increased in asth-

matic horses in comparison to healthy control horses (P = .007) and

both control groups combined (P = .004).
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4.4 | Blood analysis

Blood lymphocytes, total solids, and fibrinogen concentrations were

similar among the 3 groups of horses. Blood leukocytes (P = .0006)

and neutrophils (P < .0001) were within normal limits but were signifi-

cantly increased in horses with asthma in comparison with healthy

horses, but not with the pathological control horses (P = .13 and .33,

respectively; Table 1).

4.5 | Blood biomarkers

The serum concentration of SP-D was significantly increased in horses

with asthma with ≥15% neutrophils in BALF compared to healthy

(P = .006) and pathologic controls (P = .03; Figure 2). No other significant

difference was found among groups for the other 2 biomarkers (haptoglo-

bin, P = .5; SCGB, P = .8).

A cutoff of 43 ng/mL for SP-D allowed differentiation of horses with

neutrophilic asthma from controls (healthy and pathologic) with sensitivity

and specificity of 55 and 67%, respectively, and the area under the curve

(AUC) was 0.7 (95% confidence interval [CI], 0.55-0.84; P = .02; Figure 3

and Table 2). Horses with haptoglobin concentration >5730 ng/mL were

more likely to have neutrophilic asthma with sensitivity and specificity of

95 and 28%, respectively, and the AUC was 0.55 (95% CI, 0.40-0.71;

P = .5). Horses with SCGB concentration <19 ng/mL were more likely to

have neutrophilic asthma, with sensitivity of 75% and specificity of 60%

and the AUC was 0.63 (95% CI, 0.47-0.79; P = .2).

Sensitivity of 45% and specificity of 100% were obtained with the

combination of SP-D >43 ng/mL, haptoglobin >5730 ng/mL, and SCGB

<19 ng/mL (Table 2) for the diagnosis of neutrophilic asthma (AUC, 0.6;

95% CI, 0.41-0.80; P = .3). Sensitivity of 45% and specificity of 95%

were obtained with the combination of SP-D >43 ng/mL and SCGB

<19 ng/mL (AUC, 0.69; 95% CI, 0.49-0.89; P = .07).

Sensitivity and specificity of the biomarker combinations all were

increased with inclusion of the criterion HOARSI = 2 (Table 2). The com-

bination of SP-D >43 ng/mL, haptoglobin >5730 ng/mL, and SCGB

<19 ng/mL or the combination of SP-D >43 ng/mL and SCGB

<19 ng/mL showed sensitivity of 45% and specificity of 100%. Hapto-

globin >5730 ng/mL or SCGB <19 ng/mL had sensitivity and specificity

of 75 and 100%, respectively.

5 | DISCUSSION

Evaluation of blood biomarkers specific for lung inflammation could

facilitate the diagnosis of asthma in horses. Previous studies have
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F IGURE 1 Bronchoalveolar lavage fluid concentration of
neutrophils, mast cells, and eosinophils in 20 asthmatic horses and

13 control horses

TABLE 1 Description of the 3 groups

Asthma (n = 14) Healthy controls (n = 9)
Pathologic controls
(n = 10 including 4 with BALF cytology)

Median Range Median Range Median Range

Age 8 3-14 9 5-20 8 2-16

HOARSI score 2 2 1 1 1 1

BALF

Neutrophil (%) 14 6.0-21 2.2 1.6-4.2 3.0 1.2-5.0

Mast cell (%) 0.9 0.0-3.2 1.0 0.0-1.8 1.5 1.0-1.8

Eosinophil (%) 0.0 0.0-1.0 0.0 0.0-0.8 0.0 0.0

Lymphocyte (%) 44 29-71 57 18-60 41 40-43

Macrophage (%) 37 15-58 40 34-79 53 48-57

CBC

Leukocytes (×109/L) 8.6 6.1-10 5.7 5.1-8.2 6.4 3.6-10

Neutrophils (×109/L) 5.5 3.3-8.0 3.3 2.4-4.2 4.5 2.4-6.8

Lymphocytes (×109/L) 1.9 1.4-4.1 2.3 1.9-4.0 1.9 0.9-3.7

Total solids (g/L) 68 61-76 65 59-69 68 60-82

Fibrinogen (g/L) 2.0 1.0-3.0 2.0 2.0-3.0 2.0 1.0-5.0

Abbreviations: BALF, bronchoalveolar lavage fluid (differential cell count performed on 400 cells); HOARSI, Horse Owner Assessed Respiratory Signs Index.
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identified blood biomarkers predictive of mild to moderate asthma in

horses when compared to healthy control horses. However, to be clin-

ically useful as a diagnostic tool, the biomarkers should have adequate

sensitivity and specificity for asthma in horses when compared with

other diseases causing exercise intolerance in horses. Our study

attempted to identify blood biomarkers capable of accomplishing this

goal. Results indicated that the serum concentration of SP-D was

increased in horses with neutrophilic asthma compared to controls
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F IGURE 2 Serum
concentration of surfactant
protein D (SP-D) (A), haptoglobin
(B), and SCGB (C) in horses with
neutrophilic asthma (n = 14) and
controls (healthy [n = 9] and
pathologic [n = 10]). Values were
log transformed for analysis

F IGURE 3 Receiver
operating characteristic curves
of the biomarkers surfactant
protein D (SP-D) (A),
haptoglobin (B), and SCGB (C)
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(healthy and pathologic). Moreover, the combination of the serum

concentrations of SP-D, haptoglobin, and SCGB was highly suggestive

of neutrophilic asthma. Integrating the HOARSI score with these bio-

markers further supports the diagnosis of neutrophilic asthma in

horses that cannot have BALF analysis performed.

Mainly synthesized in the lungs by alveolar type II cells, SP-D is a

protein that plays an important role in protecting the lungs against vari-

ous inflammatory processes. In our study, in agreement with previous

reports,4,5 horses with mild to moderate asthma had higher serum con-

centrations of SP-D than did healthy controls, but only in horses with

neutrophilic inflammation >15%. Moreover, serum SP-D concentration

was significantly increased in neutrophilic asthmatic horses when com-

pared to horses with exercise intolerance from other causes.

Haptoglobin is an acute phase protein produced by the liver, which

increases in serum in response to inflammatory stimuli. Circulating hap-

toglobin concentration increases 1-10 times in the 12-24 hours after an

injury and peaks 72 hours later.11 In previous studies,4,5 serum hapto-

globin concentration was found to be increased on average 2-fold in

horses with mild to moderate asthma in comparison to that of healthy

control horses. In our study, serum haptoglobin concentrations of asth-

matic horses and healthy and pathological controls were not signifi-

cantly different. These divergent results possibly could be explained by

the milder airway inflammation in the present population as compared

to that of a previous study.4 Indeed, in our study, BALF neutrophil per-

centage ranged from 6 to 21% (14 ± 4.6%), in comparison with results

obtained previously,4 with BALF neutrophils percentage ranging from

6 to 53%. Ideally, the specificity of serum haptoglobin as a biomarker

for asthma in horses should be ascertained in the presence of exercise-

induced pulmonary hemorrhage (EIPH), because haptoglobin is a scav-

enger for hemoglobin.5 The horse population we studied did not allow

determining whether or not EIPH was a confounding factor for the

diagnosis of asthma. The combined serum concentrations of SP-D and

haptoglobin were reported to differentiate horses with moderate

asthma from healthy horses with no overlap between groups (sensitiv-

ity and specificity of 100%).5 These biomarkers only showed a sensitiv-

ity of 55% and specificity of 86% when combined in our population of

horses. As indicated above, the milder airway inflammation and the

inclusion of pathological controls in our study may have contributed to

the apparent discrepancies between the 2 studies.

Secretoglobin is a small anti-inflammatory protein mainly secreted by

mucosal epithelial cells of the lungs, the so-called club cells (formerly Clara

cells). This protein represents a major constituent of airway surface fluid.7

In previous reports, BALF SCGB expression was significantly decreased in

severely asthmatic horses,12,13 as well as in humans with asthma,14 when

compared to healthy controls. We had postulated that combining bio-

markers that are both increased and decreased in the blood of asthmatic

horses would increase the sensitivity and specificity for diagnosis.

Although no significant decrease in the serum concentration of SCGB

was found in asthmatic horses compared to our 2 control groups, when

combined with a HOARSI score >2, it had high sensitivity and specificity

for the diagnosis of asthma, making it possibly a suitable field biomarker.

Blood biomarkers possibly could be directed toward the diagnosis

of the phenotype of asthma in horses (neutrophilic, mastocytic, and

eosinophilic) given the growing interest in targeted treatment, espe-

cially in human medicine. The majority of the horses in our study had

an increased percentage of neutrophils in BALF, preventing the exam-

ination of such a possible link.

In our study, HOARSI was used to complement the history and

clinical signs for disease classification purposes. A previous study

found good discrimination only between severely asthma-affected

horses and non-affected horses using HOARSI, but we found good

agreement (P < .001) between HOARSI and classification of horses

based on history and physical examination in our population of mod-

erately asthmatic horses.15 This finding was a useful addition, consid-

ering that for ethical and logistical considerations, BALF cytology

could only be performed in a subset of our pathological controls.

Lastly, a significant difference was found in blood leukocyte and

neutrophil counts between asthmatic and healthy horses. These results

suggest systemic inflammation, but it remains to be determined if it rep-

resents a spillover of lung inflammation into the bloodstream or an

intrinsic feature of the disease as suggested for horses with severe

asthma.16

TABLE 2 Sensitivity and specificity for all biomarkers and
combination. Sensitivity and Specificity were calculated using 14
neutrophilic asthmatic horses, 9 healthy controls, and 10 pathologic
controls

Criteria
Sensitivity
(%)

Specificity
(%)

SP-D > 43 ng/mL 55 67

SP-D > 43 ng/mL and HOARSI = 2 55 100

Haptoglobin >5730 ng/mL 95 28

Haptoglobin >5730 ng/mL and

HOARSI = 2

75 100

SCGB <19 ng/mL 75 60

SCGB <19 ng/mL and HOARSI = 2 75 100

SP-D > 43 ng/mL and haptoglobin

>5730 ng/mL

55 86

SP-D > 43 ng/mL and haptoglobin

>5730 ng/mL and HOARSI = 2

55 100

SP-D > 43 ng/mL and SCGB

<19 ng/mL

45 95

SP-D > 43 ng/mL and SCGB

<19 ng/mL and HOARSI = 2

45 100

Haptoglobin >5730 ng/mL and SCGB

<19 ng/mL

70 80

Haptoglobin >5730 ng/mL and SCGB

<19 ng/mL and HOARSI = 2

70 100

SP-D > 43 ng/mL and haptoglobin

>5730 ng/mL and SCGB

<19 ng/mL

45 100

SP-D > 43 ng/mL and haptoglobin

>5730 ng/mL and SCGB

<19 ng/mL and HOARSI = 2

45 100

Abbreviations: HOARSI, Horse Owner Assessed Respiratory Signs Index;

SP-D, Surfactant protein D.
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6 | CONCLUSIONS

Haptoglobin, SCGB, SP-D, and their combination are potential diagnos-

tic aids for the diagnosis of neutrophilic asthma in horses. More studies

are needed to correlate biomarkers with the phenotype of asthma and

potentially develop specific treatments for mild to moderate asthma.
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