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Acute Phase Proteins in Racehorses with Inflammatory Airway
Disease

M. Leclere, A. Lavoie-Lamoureux, and J.-P. Lavoie

Background: Systemic inflammation is observed in horses with heaves and could also be present in horses with a lesser

degree of pulmonary inflammation.

Hypothesis/Objectives: It was hypothesized that racehorses with inflammatory airway disease (IAD) have increased con-
centration of circulating acute phase proteins. The objective of this study was to compare serum acute phase proteins of race-

horses with and without lower airway inflammation.

Animals: Serum from 21 client-owned Standardbred racehorses with exercise intolerance and lower airway inflammation
and serum from 10 client-owned Standardbred racehorses with exercise intolerance without lower airway inflammation.

Methods: In a case—control study, serum samples from previously characterized horses presented for exercise intolerance
with or without lower airway inflammation based on bronchoalveolar lavage fluid cytology were analyzed for serum amyloid
A protein (SAA), C-reactive protein (CRP), and haptoglobin using commercial ELISAs.

Results: There was no significant differences between groups for SAA (non-IAD versus IAD, median (range): 3.47 (0.06—
34.94) versus 6.33 (0.06-80) pg/mL, P = .49), CRP (10.87 (2.05-29.03) versus 4.63 (0.02-31.81) pg/mL, P = .23) or haptoglo-
bin (900.36 (607.99-2018.84) versus 749.54 (530.81-1076.95) pg/mL, P = .09).

Conclusions and Clinical Importance: In this population of poorly performing racehorses in training, serum SAA, CRP,
and haptoglobin were not helpful in distinguishing between horses with IAD from horses with exercise intolerance from other

causes.
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Acute phase proteins are involved in the host
response to inflammatory stimuli by modulating
leukocyte function and migration, activating the com-
plement cascade, preventing the loss of iron by the for-
mation of stable complexes with free hemoglobin, and
by having anti-inflammatory properties in some cases.*>
They are produced mainly by hepatocytes following
stimulation by inflammatory mediators including inter-
leukin 1P, interleukin 6, and tumor necrosis factor.?
Their rise is most dramatic following infectious pro-
cesses or severe trauma but they are also present in
noninfectious inflammatory diseases such as arthritis,
allergy, and surgery.* While the main source is the liver,
some acute phase proteins, including serum amyloid A
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Abbreviations:

AST aspartate aminotransferase

CK creatine kinase

CI confidence interval

CRP c-reactive protein

ELISA enzyme-linked immunosorbent assay
IAD inflammatory airway disease

SAA serum amyloid A protein

protein (SAA), C-reactive protein (CRP), and haptoglo-
bin, are also expressed in the lungs.”’ In horses, SAA,
CRP, haptoglobin, a;-acid glycoprotein, and fibrinogen
are the main acute phase proteins that have been stud-
ied. Among those, only SAA is considered a “major”
acute phase protein, with a very rapid (24-48 hours)
and pronounced (10 fold or more) increase with inflam-
mation, while haptoglobin and CRP tend to rise and
decrease more slowly and to a lesser magnitude.> SAA
and haptoglobin were also found to be elevated in
horses with heaves, a condition characterized by severe
airway inflammation and airflow limitation.® In con-
trast, horses with inflammatory airway disease (IAD)
have only mild to moderate pulmonary function impair-
ment (ie, they do not display respiratory difficulty at
rest) expressed clinically by poor performance, exercise
intolerance, or cough.’

The aim of the present study was to measure three
acute phase proteins in serum of poorly performing
racehorses previously characterized as having IAD or
not, to identify blood markers that could help discrimi-
nate horses with and without lower airway inflamma-
tion. The hypothesis was that horses with TAD have
higher serum concentrations of SAA, CRP, and hapto-
globin compared to horses without evidence of pulmo-
nary inflammation.
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Materials and Methods

This case—control study used serum stored at —80°C from
horses recruited in a previous study on the relationship
between bronchoalveolar cells and cytokine gene expression.'
Serum from thirty-one client-owned Standardbred racehorses
were included in the study, 29 of them were part of Lavoie
et al (2011) (some horses were excluded in one or the other
study because serum or cells were not available). Briefly, and
as described previously, horses presented for decreased perfor-
mance and the clinical investigation included a physical exami-
nation, thoracic auscultation, lameness examination, complete
blood count (available for 27 horses), plasma aspartate amino-
transferase (AST) and creatine kinase (CK), upper airway
endoscopy, and bronchoalveolar lavage. Trainers were
requested to train at race speed the day before presentation
and to refrain from administering medication 2 weeks prior to
presentation. There were 13 mares, 12 geldings, and 6 males.
Age ranged from 2 to 10 years in the IAD group (median: 4)
and from 2 to 9 years (median: 3) in the non-IAD group.
Horses were considered as having IAD if, in addition to exer-
cise intolerance, they had increased neutrophils (>5%), eosin-
ophils (>1%), or mast cells (>2%), in their bronchoalveolar
lavage (Exercise intolerant IAD group) while horses without
lower airway inflammation formed the Exercise intolerant
non-IAD group. Horses with lameness or a suspected cardiac
condition were excluded from the study but in both groups
more than one potential cause of poor performance was identi-
fied (exercise-induced pulmonary hemorrhage, suspected dorsal
displacement of the soft palate, mildly elevated muscle
enzymes). Experimental procedures were performed in accor-
dance with the Canadian Council of Animal Care and
approved by the Universit¢ de Montréal Animal Care
Committee.

Quantification of Serum Acute Phase Proteins

Serum amyloid A, CRP, and haptoglobin were quantified using
commercial enzyme-linked immunosorbent assay (ELISA) kits
according to the manufacturer’s instructions and as previously
described.® Serum amyloid A was quantified using an assay® previ-
ously validated in horses.'® C-reactive protein and haptoglobin
were quantified using CRP and haptoglobin ELISAs for equine
biological samples.™ © Plates were washed using an automatic plate
washer? and absorbance was obtained using a microplate scanning
spectrophotometer plate reader. Measuring ranges were 0.625—
40 pg/mL for SAA, 2-320 pg/mL for CRP, and 100-3200 pg/mL
for haptoglobin. Samples with saturated optical density values
were attributed twice the highest standard concentration. An arbi-
trary value corresponding to one-tenth of the lowest standard con-
centration was attributed to samples with undetectable acute phase
proteins.

Statistical Analysis

Data for SAA, CRP, and haptoglobin were not normally dis-
tributed (as assessed by D’Agostino and Pearson omnibus test and
Shapiro-Wilk normality test), nor were log transformed or square
root transformed data. Differences between groups were therefore
analyzed with Mann—Whitney and Kruskal-Wallis tests using a
commercial software.” Correlation between SAA, CRP, haptoglo-
bin, bronchoalveolar lavage cell percentages, muscle enzymes, and
age were explored with Spearman correlation test, with the same
ranks attributed to data outside the quantification range. Fisher’s
exact test was used to compare proportions of horses with abnor-
mally high acute phase proteins when possible. Differences were
considered significant when P values were <.05.

Results

There were no significant differences between groups
(Exercise intolerant IAD versus Exercise intolerant non-
IAD), sex or age for any of the 3 proteins analyzed
(Figs 1A, 2A, 3A and 4), nor was there an association
between the type of inflammation found in bronchoal-
veolar lavage and acute phase proteins (Figs 1B and
3B), except for CRP concentrations in horses with and
without increased neutrophils in their bronchoalveolar
lavage fluid (P = .047) (Fig 2B). More specifically, med-
ian (range) for Exercise intolerant non-IAD versus
Exercise intolerant IAD were 3.47 (0.06-34.94) versus
6.33 (0.06-80) pg/mL (P = .49) for SAA, 10.87 (2.05—
29.03) versus 4.63 (0.02-31.81) pg/mL (P = .23) for
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Fig 1. (A) Serum amyloid A protein (SAA) in horses with inflam-
matory airway disease (IAD, closed circles, n = 21) and exercise
intolerance from other cause (open circles, n = 10). (B) SAA in
bronchoalveolar cytology with (closed circles) or without (open
circles) elevated neutrophils, mast cells, and eosinophils (all
horses). One bronchoalveolar lavage fluid can be classified in more
than one category. Horizontal bar represents the median.
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Fig 2. (A) C-reactive protein (CRP) in horses with inflammatory
airway disease (IAD, closed circles, n = 21) and exercise intoler-
ance from other cause (open circles, n = 10). (B) CRP in bronc-
hoalveolar cytology with (closed circles) or without (open circles)
elevated neutrophils, mast cells, and eosinophils (all horses). One
bronchoalveolar lavage fluid can be classified in more than one
category. Horizontal bar represents the median.

CRP and 900.36 (607.99-2018.84) versus 749.54
(530.81-1076.95) pg/mL (P =.09) for haptoglobin.
Mean £+ SD were 6.52 + 10.18 versus 15.66 + 23.50
pg/mL with a difference between the means of 9.14
(95% confidence interval (CI): —3.24 to 21.52) for
SAA, 12.50 + 9.63 versus 9.23 £+ 10.99 pg/mL with a
difference between the means of 3.27 (95% CI: —4.66 to
11.19) for CRP, and 968.49 + 394.08 versus
766.32 £+ 152.34 ug/mL with a difference between the
means of 202.17 (95% CI: —61.59 to 465.93). Neu-
trophils and other cells percentages in the IAD and the
non-IAD groups are summarized in Table 1. Seven
horses had SAA levels considered above normal values
(> 20 pg/mL?), 6 of which were in the IAD group (no
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Fig 3. (A) Haptoglobin in horses with inflammatory airway dis-
ease (IAD, closed circles, n = 21) and exercise intolerance from
other cause (open circles, n = 10). (B) Haptoglobin in bronchoal-
veolar cytology with (closed circles) or without (open circles) ele-
vated neutrophils, mast cells, and eosinophils (all horses). One
bronchoalveolar lavage fluid can be classified in more than one
category. Horizontal bar represents the median.

significant association, P > .2, Fisher exact test). Two
horses with IAD had concentration above the detection
limit and 5 horses had undetectable levels of SAA, 4 of
them in the IAD group. Four horses had undetectable
level of CRP, all of them in the IAD group. There was
no correlation between concentrations of SAA, CRP,
and haptoglobin, or between these parameters and
peripheral leukocytes, neutrophils, fibrinogen, or bronc-
hoalveolar lavage cytology (P values >.05). Muscle
enzymes CK and AST were not correlated with acute
phase proteins. There was a weak positive correlation
between SAA and age (r = .36; P = .047).

Only one horse with TAD (of 27 with complete
blood count available) had peripheral leukocytes and
neutrophils above the reference range (leukocytes:
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Fig 4. Protein concentrations of serum amyloid A protein (SAA),
C-reactive protein (CRP), and haptoglobin by sex (A) and age
group (in years) (B) (all horses). M: male, G: gelding, F: mare.
Horizontal bar represents the median.

13 x 10°/L (5.5-12.5 x 10°/L), neutrophils 9 x 10°/L
(2.7-6.7 x 10°/L)). This horse had low concentrations
of SAA, CRP, and haptoglobin. All horses had normal
fibrinogen concentration (<4 g/L, n = 27). There was no
difference in age and proportion of mares between
Exercise intolerant IAD and Exercise intolerant non-
IAD horses (Fig 4).

Discussion

The main finding of this study was that in this popu-
lation, SAA, CRP, and haptoglobin concentrations
were not detectably different between exercise intolerant
horses with and without TAD, or between horses with
different types of cell population in their bronchoalveo-
lar lavage, except for slightly lower concentration of
CRP in horses with airway neutrophilia. It is therefore

Table 1. Bronchoalveolar lavages differential cell
count.
Neutrophils % Mast Cells % Eosinophils %
Median: Range  Median: Range = Median: Range
Group (Horses >5%) (Horses >2%) (Horses >1%)
Non-IAD 3:1-5 (0) 1: 0-1 (0) 0:0-0 (0)
IAD 7:1-19 (12) 2: 0-3 (14) 0:0-5 (3)

Non-IAD: Exercise intolerant horses without inflammatory air-
way disease (n = 10). IAD: Exercise intolerant horses with inflam-
matory airway disease (n = 21). Neutrophils %: percentage of
neutrophils. Horses >5%: number of horses with percentage of
neutrophils above 5%. Same for other cell types.

unlikely that these 3 acute phase proteins would be use-
ful as a diagnostic marker of lower airway inflammation
in horses presented for exercise intolerance.

Acute phase proteins can increase in blood with non-
infectious and infectious respiratory conditions. High
SAA concentration has been documented in horses with
influenza virus, Streptococcus zooepidemicus, and Rho-
dococcus equi infections," ™ and CRP is elevated in
horses with pneumonia."* Among noninfectious condi-
tions, both SAA and haptoglobin are increased in
horses with heaves compared to controls kept in the
same environment.® The lack of differences between
IAD and non-IAD horses studied here could be because
of the lesser degree of inflammation in IAD compared
to heaves,” or because of a relatively high baseline level
of inflammation in this population of poor performers.
The higher levels and frequency of detection of SAA in
this study compared to levels and frequency previously
reported in heaves supports the latter hypothesis (90
and 81% of non-IAD and IAD horses had detectable
SAA in this population, while only in 17% of controls
and 67% of heaves-affected horses had detectable SAA
levelsg). Nevertheless, the lack of difference in SAA,
CRP, and haptoglobin between horses with and without
lower airway inflammation in the present study is in
agreement with, and further extends, the previous find-
ings that SAA and fibrinogen concentrations are not
different between poorly performing coughing and non-
coughing thoroughbred racehorses in training.'” Train-
ing alone should not result in high concentrations of
acute phase proteins but they might increase in a popu-
lation of poor performers maintained in training.
Specifically, SAA do not increase with acute strenuous
exercise alone'® or following training of experienced
horses.!” However, it increases following prolonged
strenuous endurance exercise and in inexperienced
endurance horses.'”'® Similarly, haptoglobin and fibrin-
ogen increased only at the end of a 2.5-month training
program, suggesting that fatigue or subclinical disease
developed over time.'” This suggests that training in
adverse conditions could lead to an increase in acute
phase protein concentrations and could account for the
apparent high baseline SAA in our population of
horses. Interestingly, haptoglobin was found to decrease
2 and 7 days following acute strenuous exercise in Stan-
dardbred racehorses.'® Since trainers were asked to
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train horses at race pace before presentation, it could
have created an unexpected confounding factor for hap-
toglobin in our population. Other potential confound-
ing factors that could have modified acute phase
protein blood levels are the administration of anti-
inflammatory drugs and the presence of exercise-
induced pulmonary hemorrhage. Even if trainers were
requested to refrain from administering medication
2 weeks prior to presentation, horses were not tested
for anti-inflammatory drugs (or other medication)
before entering the study. Evidence of exercise-induced
pulmonary hemorrhage was very common in this popu-
lation of racehorses in training, independently of their
group (8/10 and 19/21 horses in the non-IAD and TAD
group, respectively). The lack of difference between
groups, whether it is because the pulmonary inflamma-
tion causes little systemic inflammation or because our
non-IAD horses were also exercise intolerant would be
interesting to explore but nevertheless, in a clinical set-
ting where one would try to differentiate IAD from
non-IAD in poorly performing horses, the acute phase
proteins studied here are not promising. More specific
markers of lung inflammation such as serum surfactant
protein D might be more interesting in that context.?
There was a small positive correlation between age
and SAA concentration in this population and a trend
for a difference between horses of 2-5 years of age and
6-10 years of age. Variation of SAA with age in healthy
human adults is not considered clinically relevant,?' but
in one study, horses over 8 years of age had higher level
of SAA than horses of other age groups (except for
neonates).”> The lower CRP concentrations in horses
with bronchoalveolar lavage neutrophilia (Fig 2B),
when compared to other horses from the study was
unexpected, especially since neutrophilic asthma is asso-
ciated with systemic inflammation and increased CRP
in humans.”® The difference observed here was small
and of unknown biological significance. Finally, from
the data available on record, it was not possible to
identify the origin of increased acute phase protein in
outlier individuals, not even in the one horse who had a
2.2-3.1 times increase compared to control’s mean in all
three acute phase proteins measured. Of note, all horses
had normal fibrinogen concentrations and this could
support the use of other acute phase proteins in a popu-
lation of horses with undetected inflammatory condi-
tions without overt signs of infections, and in which no
other cause of counter performance can be identified.
One potential pitfall of this study is the small number
of samples available, which could have prevented the
identification of a significant difference between groups
(type II error). A posteriori power calculation shows
that with this sample size and the variation observed, a
50% change would have been unlikely to be detected
for SAA and CRP (effective power: 8% and 31%) and
likely to be detected for haptoglobin (effective power:
99%). Therefore, further studies with larger sample
sizes could find differences of this magnitude between
groups. While such potential findings could be helpful
in understanding the pathophysiology of IAD, it
remains that the large overlap observed between groups

make these proteins unlikely diagnostic tools on an
individual case level.

In conclusion, in this population of horses, there were
no difference in the acute phase proteins measured
between horses with inflammatory airway disease and
other horses with exercise intolerance. Serum amyloid
A, CRP, and haptoglobin are unlikely to be useful
markers of IAD in that context.

Footnotes

#SAA Tridelta Phase™ ELISA, Tridelta Development Limited,
Maynooth, Kildare, Ireland.

® Horse CRP ELISA, K-Assay®, Kamiya Biomedical Company,
Seattle, WA.

© Horse Haptoglobin ELISA, K-Assay®, Kamiya Biomedical
Company, Seattle, WA.

4 ELX50 Autostrip washer, Thomas Scientific, Swedesboro, NJ.

¢ PowerWave™ X340, Biotek instruments, Inc, Winooski, VT.

f Prism 6.0, GraphPad Software, Inc, La Jolla, CA.

Acknowledgments

The authors acknowledge Guy Beauchamp for statis-
tical review.

Conflict of Interest Declaration: Authors disclose no
conflict of interest.

Off-label Antimicrobial Declaration: Authors declare
no off-label use of antimicrobials.

References

1. Lavoie JP, Cesarini C, Lavoie-Lamoureux A, et al. Bronc-
hoalveolar lavage fluid cytology and cytokine messenger ribonu-
cleic Acid expression of racehorses with exercise intolerance and
lower airway inflammation. J Vet Intern Med 2011;25:322-329.

2. Jain S, Gautam V, Naseem S. Acute-phase proteins: As diag-
nostic tool. J Pharm Bioallied Sci 2011;3:118-127.

3. Crisman MV, Scarratt WK, Zimmerman KL. Blood proteins
and inflammation in the horse. Vet Clin North Am Equine Pract
2008;24:285-297, vi.

4. Jacobsen S, Andersen PH. The acute phase protein serum
amyloid A (SAA) as a marker of inflammation in horses. Equine
Vet Educ 2007;19:38-46.

5. Upragarin N, Landman WJ, Gaastra W, et al. Extrahepatic
production of acute phase serum amyloid A. Histol Histopathol
2005;20:1295-1307.

6. Yang F, Friedrichs WE, Navarijo-Ashbaugh AL, et al. Cell
type-specific and inflammatory-induced expression of haptoglobin
gene in lung. Lab Invest 1995;73:433-440.

7. Ramage L, Proudfoot L, Guy K. Expression of C-reactive
protein in human lung epithelial cells and upregulation by cyto-
kines and carbon particles. Inhal Toxicol 2004;16:607-613.

8. Lavoie-Lamoureux A, Leclere M, Lemos K, et al. Markers
of systemic inflammation in horses with heaves. J Vet Intern Med
2012;26:1419-1426.

9. Couetil LL, Hoffman AM, Hodgson J, et al. Inflammatory
airway disease of horses. J Vet Intern Med 2007;21:356-361.

10. Pollock PJ, Prendergast M, Schumacher J, et al. Effects of
surgery on the acute phase response in clinically normal and dis-
eased horses. Vet Rec 2005;156:538-542.



Acute Phase Proteins in IAD 945

I1. Hulten C, Sandgren B, Skioldebrand E, et al. The acute
phase protein serum amyloid A (SAA) as an inflammatory marker
in equine influenza virus infection. Acta Vet Scand 1999;40:323-333.

12. Hulten C, Demmers S. Serum amyloid A (SAA) as an aid
in the management of infectious disease in the foal: Comparison
with total leucocyte count, neutrophil count and fibrinogen.
Equine Vet J 2002;34:693-698.

13. Hobo S, Niwa H, Anzai T. Evaluation of serum amyloid A
and surfactant protein D in sera for identification of the clinical
condition of horses with bacterial pneumonia. J Vet Med Sci
2007;69:827-830.

14. Takiguchi M, Fujinaga T, Naiki M, et al. Isolation, charac-
terization, and quantitative analysis of C-reactive protein from
horses. Am J Vet Res 1990;51:1215-1220.

15. Kusano K, Hobo S, Ode H, et al. Tracheal endoscopic and
cytological findings and blood examination results in thorough-
bred racehorses suspected to have lower respiratory tract disease. J
Equine Sci 2008;19:97-102.

16. Kristensen L, Buhl R, Nostell K, et al. Acute exercise does
not induce an acute phase response (APR) in Standardbred trot-
ters. Can J Vet Res 2014;78:97-102.

17. Cywinska A, Witkowski L, Szarska E, et al. Serum amyloid
A (SAA) concentration after training sessions in Arabian race and
endurance horses. BMC Vet Res 2013;9:91.

18. Cywinska A, Szarska E, Gorecka R, et al. Acute phase pro-
tein concentrations after limited distance and long distance endur-
ance rides in horses. Res Vet Sci 2012;93:1402-1406.

19. Fazio F, Assenza A, Tosto F, et al. Modifications of some
acute phase proteins and the white blood cell count in thorough-
breds during training. Vet Rec 2010;167:370-373.

20. Richard EA, Pitel PH, Christmann U, et al. Serum concen-
tration of surfactant protein D in horses with lower airway inflam-
mation. Equine Vet J 2012;44:277-281.

21. Malle E, De Beer FC. Human serum amyloid A (SAA)
protein: A prominent acute-phase reactant for clinical practice.
Eur J Clin Invest 1996;26:427-435.

22. Nunokawa Y, Fujinaga T, Taira T, et al. Evaluation of
serum amyloid A protein as an acute-phase reactive protein in
horses. J Vet Med Sci 1993;55:1011-1016.

23. Wood LG, Baines KJ, Fu J, et al. The neutrophilic inflam-
matory phenotype is associated with systemic inflammation in
asthma. Chest 2012;142:86-93.



