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1 | INTRODUCTION

Gastroesophageal reflux (GER), defined as a return of gastric contents

into the esophagus, is a usual cause of esophagitis in humans but can

Background: Gastroesophageal reflux and microaspiration (MA) of gastric juice are associated
with various human respiratory diseases but not in dogs.

Objective: To detect the presence of bile acids in bronchoalveolar lavage fluid (BALF) of dogs
with various respiratory diseases.

Animals: Twenty-seven West Highland White Terriers (WHWTSs) with canine idiopathic pulmo-
nary fibrosis (CIPF), 11 dogs with bacterial pneumonia (BP), 13 with chronic bronchitis (CB),
9 with eosinophilic bronchopneumopathy (EBP), 19 with laryngeal dysfunction (LD), 8 Irish
Wolfhounds (IWHSs) with previous BPs, 13 healthy WHWTs, all privately owned dogs, and
6 healthy research colony Beagles

Methods: Prospective cross-sectional observational study with convenience sampling of dogs.
Bile acids were measured by mass spectrometry in BALF samples. Total bile acid (TBA) concen-
tration was calculated as a sum of 17 different bile acids.

Results: Concentrations of TBA were above the limit of quantification in 78% of CIPF, 45% of BP,
62% of CB, 44% of EBP, 68% of LD, and 13% of IWH dogs. In healthy dogs, bile acids were
detected less commonly in Beagles (0/6) than in healthy WHWTSs (10/13). Concentrations of TBA
were significantly higher in CIPF (median 0.013 uM, range not quantifiable [n.q.]-0.14 uM,
P < .001), healthy WHWTs (0.0052 uM, n.q.-1.2 pM, P =.003), LD (0.010 uM, n.g.-2.3 pM,
P = .015), and CB (0.0078 uM, n.q.-0.073 uM, P = .018) groups compared to Beagles (0 pM, n.q.).
Conclusion and Clinical Importance: These results suggest that MA occurs in various respiratory
diseases of dogs and also in healthy WHWTs.
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also cause extraesophageal manifestations, such as cough and laryngi-
tis.X Normally, the respiratory tract is well protected from aspiration
by several esophagopharyngolaryngeal reflexes as well as by the
cough reflex and mucociliary barrier.? However, recent evidence in

people suggests that GER with microaspiration (MA) of small amounts

Abbreviations: BALF, bronchoalveolar lavage fluid; BP, bacterial pneumonia;
CB, chronic bronchitis; CIPF, canine idiopathic pulmonary fibrosis; EBP, eosino-
philic bronchopneumopathy; GER, gastroesophageal reflux; IWH, Irish Wolf-
hounds; LD, laryngeal dysfunction; MA, microaspiration; n.q., not quantifiable;
TBA, total bile acid; WHWT, West Highland White Terriers

of gastric juice plays an important role in the induction and exacerba-

tion of respiratory diseases. Microaspiration occurs in several diseases

including idiopathic pulmonary fibrosis (IPF),®>* asthma,®™” cystic

fibrosis,® and chronic obstructive pulmonary disease (COPD).6’9 It has
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been strongly suggested that IPF develops after repeated, chronic MA
and that the use of medical or surgical treatment of GER delays its
progression.1® Detection of MA includes assessment of gastrointesti-
nal compounds such as bile acids and pepsin in bronchoalveolar lavage
fluid (BALF).21* Bile acids in BALF are used in several studies as a
marker of reflux aspiration in humans.? Gastric juice contents cause
injury in lungs of human patients,'2 and bile acids have been cytotoxic
to the lung in studies with experimental rats,*® supporting the need to
look for similar effects in dogs with respiratory disease.

Dogs develop a number of respiratory conditions similar to those
that occur in humans, however the role of MA in these disorders has
not been evaluated and the etiology of inflammatory conditions of the
lung remains unknown. Of the respiratory diseases affecting dogs,
canine idiopathic pulmonary fibrosis (CIPF) shares many clinical and

pathological similarities with human IPF4-1¢

and has a similarly poor
prognosis, with no specific treatment modalities available. Canine
eosinophilic bronchopneumopathy (EBP) and chronic bronchitis (CB),
the 2 most common inflammatory lung diseases, are typically steroid
responsive yet the cause for disease exacerbations, which result in
progressive lung dysfunction, has not been fully evaluated. Laryngeal
dysfunction (LD) is a predisposing factor for aspiration pneumonia in
dogs, 718 however the role of MA in these cases has not been exam-
ined. Specific treatment for GER is increasingly used in human
patients with respiratory disease because of the recognized connec-
tions between the gastro-intestinal and respiratory tracts, however
the evidence is still quite limited.? If such a relationship could be
described in dogs, it would provide a basis for institution of similar
treatment in affected individuals.

The aim of this study was to measure bile acid concentrations in
BALF samples of dogs with respiratory diseases and determine exis-
tence of MA in different respiratory diseases. We assessed the preva-
lence of MA in BALF in dogs with typical respiratory diseases, including
CIPF, bacterial pneumonia (BP), EBP, CB, LD, and Irish Wolfhounds
(IWHSs) with recurrent BPs and compared results to findings in BALF of
healthy dogs. We hypothesized that many respiratory diseases can be
associated with MA, as evidenced by detection of bile acids in BALF.

2 | MATERIALS AND METHODS

2.1 | Study subjects

Stored BALF samples from privately owned pet dogs and from healthy
experimental Beagles (Helsinki University colony) were used. Dogs with
respiratory tract disease were grouped accordingly: West Highland
White Terriers (WHWTs) with CIPF (n = 27), dogs with acute BP
(n=11),CB (n = 13),EBP (n = 9), LD (n = 19), and IWHs with previous
recurrent BPs (n = 8). Of the dogs in the LD group, 6/19 were exam-
ined at the Veterinary Teaching Hospital of the University of Helsinki,
Finland and 13/19 at the William R. Pritchard Veterinary Medical
Teaching Hospital of University of California, Davis. Healthy WHWTSs
(n = 13) and Beagles (n = 6) exhibited no signs, clinical examination
findings or radiological findings suggestive of lung disease.

Diagnostic work-up included hematology, serum biochemistry,

arterial blood gas analyses, cervicothoracic radiographs, laryngoscopy,
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and bronchoscopy with BALF sampling, at the discretion of the
attending clinician. High-resolution computed tomography (HRCT)
was performed in 24/27 of CIPF dogs, in all healthy WHWTs and in
all IWHs. Detailed history was asked from all dog owners and none of
the dogs had signs of acute or chronic gastric diseases at the
sampling time.

Inclusion criteria were defined separately for each group. The
diagnosis of CIPF was based on typical findings in clinical examina-
tions of progressive respiratory difficulty, tachypnea, and crackles on
auscultation along with either HRCT findings of ground glass opacities
(24/27) or postmortem lung histopathology (14/27). Diagnoses of BP
were based on typical signs (including fever, cough, lethargy, tachyp-
nea), radiological findings (alveolar or interstitial consolidation), BALF
bacterial growth or intracellular bacteria, and response to antimicro-
bial treatment.? IWHSs included here had experienced at least 2 previ-
ous episodes of BPs characterized by an acute onset of clinical signs
and findings suggestive of BP in clinical examinations and thoracic
radiographs but were asymptomatic during sampling for this study.
Dogs with CB had a history of cough (duration >2 months during a
year) and airway inflammation for which other respiratory and cardiac
causes were excluded. EBP diagnosis was based on sterile eosinophilic
inflammation in BALF (eosinophils >17%) and exclusion of other
causes for eosinophilia (eg, parasites). LD was diagnosed by the pres-
ence of laryngeal paresis or paralysis before and after doxapram stim-
ulation when indicated. In LD dogs, 13/19 had additional lower
respiratory tract diseases including CB (4), BP (6), EBP (2), and brachy-
cephalic obstructive airway syndrome (1) but were grouped as LD

dogs for total bile acid (TBA) assessment.

2.2 | Sample collection

Bronchoscopy was performed and BALF samples were collected from
left and right caudal lobes with physiological saline (2 mL/kg/lobe,
divided to 2 aliquots) except in IWHSs, BP and part of the LD dogs. In
IWHSs, the right middle and left caudal lobe were lavaged. In BP dogs,
samples were collected at the onset of clinical signs and the most
affected lobe was selected based on radiographs and bronchoscopy
findings and the amount of saline used was 0.5-1 mL/kg once or twice
except for 1 dog that underwent a transtracheal wash.!? In LD dogs
examined at the University of California, BALF samples were collected
with individual aliquots of 5-20 mL per site depending on body size
(mean and SD 1.93 + 0.65 mL/kg, range 0.93-3.29 mL/kg) and were
collected from 2 to 3 sites considered most abnormal on visual inspec-
tion or on radiographic evaluation. The supernatant was separated by
centrifugation (10 min, 100g) and stored at —112°F (-80°C).

2.3 | Bile acid concentration analysis

Bile acids analyzed included 17 different bile acids. Total bile acid
concentration was calculated as a sum of these. Bile acids were ana-
lyzed in the laboratory HUSLAB, Helsinki University Central Hospital,
by high pressure liquid chromatography-tandem mass spectrometry.?°
All measurements were carried out by a Nexera X2 UPLC system
(Shimazdu, Kyoto, Japan) coupled to a 5500 Qtrap mass spectrometer

interfaced with an electrospray ion source (ABSciex, Toronto, Ontario,



MAATTA eT AL

A Call

Veter ernal Medicine

2076 | Journal of Veterinary Internal Medicine AC\%‘/l M

Canada). Before liquid chromatographic-mass spectrometric quantifi-
cation, the BALF samples were purified by solid phase extraction by a
Strata-X polymeric reversed-phase 96-well plate (10 mg/well, Phe-
nomenex, Torrance, California). In brief, the samples (150 uL) were
mixed with 50 pL of deuterium labeled internal standard solution and
0.005% formic acid to a final volume of 250 pL and drawn through
the preconditioned extraction plate. The wells were washed with
100 pL 0.005% formic acid and 100 pL 5% methanol, and the analytes
were then eluted with 100 uL methanol followed by 100 pL acetoni-
trile. Finally, the sample extracts were dried with a centrifugal evapo-
rator (GeneVac, Thermo Fisher Scientific) and reconstituted in 100 pL
of 60% methanol. The BA reference samples (quality controls and cali-
bration standards) were prepared in water. The extraction recoveries
were over 65% for all compounds except for Lithocholic acid (55%)
and 7-OH-4-cholesten-3-one (40%). The relative poor extraction
recoveries for lithocholic acid and 7-alpha-hydroxy-4-cholesten-3-one
were corrected using corresponding deuterium labeled internal stan-
dards. All bile acids showed a good linearity (r > 0.999) over the con-
centration levels from limit of quantification to 5 uM, and the day-to-
day (n = 6) coefficient of variation was below 10% at 0.01 and 1.0 yM
for all bile acids. The chromatographic separation was achieved on
Atlantis T3 (2.1 x 100 mm, 3 um particle size; Waters. Corp., Milford,
Massachusetts), and the mass spectrometer was operated in negative
multi reaction monitoring mode, except for 7-OH-4-cholesten-3-one
that was analyzed in positive mode (ion transition m/z 401 > 177).
The chromatographic conditions and the mass spectrometric parame-
ters for individual compounds are previously described in detail
elsewhere.?°

The limit of quantification was 0.001 uM for tauroursodeoxy-
cholic acid, glycocholic acid, glycolithocholic acid, chenodeoxycholic
acid, glycoursodeoxycholic acid, deoxycholic acid, glycodeoxycholic
acid, taurolithocholic acid, taurochenodeoxycholic acid, and cholic
acid. For the remaining bile acids (ursodeoxycholic acid, glycocheno-
deoxycholic acid, taurocholic acid, hyodeoxycholic acid, taurodeoxy-
cholic acid, lithocholic acid, and 7-OH-4-cholesten-3-one), the limit of
quantification was 0.005 pM.

2.4 | Statistical analysis

All statistical analyses were performed by SAS System for Windows,
version 9.3 (SAS Institute, Inc, Cary, North Carolina). The transformed
data satisfied normality assumptions based on Shapiro-Wilk tests and
Normal QQ-plots.

For WHWTs, differences in TBA between CIPF and healthy
WHWTs were analyzed by analysis of variance (ANOVA). When the
TBA concentration was below the limit of quantification, the value
was replaced with half of the limit of quantification to minimize the
error in estimating mean values. Imputed data for all variables were
logarithmically transformed to meet the normality-assumption of the
ANOVA-analyses. The ANOVA-models included health status (CIPF/
healthy WHWTs), age, sex, and the storage time of BALF samples as
fixed effects.

In all dog groups when compared to the control group (Beagles),
bile acid data were dichotomized (zero-concentrations versus others),

because of the large number of concentrations below the lower limit

of quantification in the control group. Pair wise association of the
group (CIPF/healthy WHWTs/BP/IWHs/CB/ EBP/LD versus Beagles)
and the dichotomized bile acid variable were analyzed by Fisher's
exact test. Correlation analysis was made by Spearman’s rank correla-
tion coefficient (rg).

The effect of possible confounding factors (sex, age, and storage
time of BALF samples) was analyzed by logistic regression within each
dog group. The model included sex, age, and storage time as fixed
effects and the dichotomized bile acid variable as the response. P-

values <.05 were considered statistically significant in all analyses.

3 | RESULTS

A total of 106 BALF samples were analyzed from dogs clinically diag-
nosed with CIPF (27), LD (19), CB (13), BP (11), EBP (9), and from
IWHSs (8), healthy WHWTs (13), and Beagles (6). Dogs with BP, CB,
EBP, and LD were comprised of different breeds (listed in Supporting
Information Table S1). In all dog groups, age, sex, or storage time did
not affect detection of TBA in BALF (Supporting Information
Table S2).

Concentrations of TBA are presented in Figure 1. These concen-
trations were above the limit of quantification in 78% of WHWTs
with CIPF (21/27, binomial confidence interval [Cl] 58%-91%), 68% of
dogs with LD (13/19, Cl 43%-87%), 62% of dogs with CB (8/13, CI
32%-86%), 45% of dogs with BP (5/11, Cl 17%-77%), 44% of dogs
with EBP (4/9, Cl 14%-79%), and 13% of IWHs (1/8, Cl 0.3%-53%) as
well as in 77% of healthy WHWTSs (10/13, Cl 46%-95%) and in 0% of
healthy Beagles (0/6, Cl 0%-46%). Concentrations of TBA were signif-
icantly higher in CIPF (median 0.013 pM, range not quantifiable [n.q.]-
0.14 uM, P <.001), healthy WHWT (0.0052 pM, n.q.-1.2 pM,
P =.003), LD (0.010 pM, n.q.-2.3 pM, P = .015), and CB (0.0078 uM,
n.q.-0.073 uM, P = .018) groups compared to Beagles (0 upM, n.q.). In
WHWTs, TBA concentrations did not differ significantly between
CIPF and healthy dogs (P = .373).

Correlations between TBA concentrations and BALF cytologic
values are shown in Table 1. In BP group, strong positive correlations
were found between TBA concentrations and total cell counts, neu-
trophils, eosinophils, and lymphocytes. There were no significant cor-
relations between TBA concentrations and arterial blood gas values
(Supporting Information Table S3). In dogs with BP there were strong
positive correlation between TBA concentrations and hospitalization
days (median 1 day, range 0-5 days; P = .017,r, = 0.72).

4 | DISCUSSION

This study was designed to detect the presence of bile acids in BALF
of dogs with various respiratory diseases with the goal of investigating
the potential role of MA in these diseases. We were able to detect
presence of bile acids in BALF in dogs from all disease groups but not
in any of 6 control Beagles. Bile acids were found in 60% of diseased
dogs and were most prevalent in group of WHWTSs with CIPF (detect-
able TBA concentrations in 78% of dogs). Although not detected in
BALF of healthy Beagle dogs, bile acids were present in the BALF in
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FIGURE 1 Total bile acid (TBA) concentrations in bronchoalveolar
lavage fluid (BALF) samples of different dog groups. CIPF, canine
idiopathic pulmonary fibrosis; WHWTs, West Highland White
Terriers; BP, bacterial pneumonia; IWHs, Irish Wolfhounds; CB,
chronic bronchitis; EBP, eosinophilic bronchopneumopathy; LD,
laryngeal dysfunction. In LD group colors are used to express the
additional respiratory disease diagnosis of each dog. Red, BP; Blue,
CB; Green, Brachycephalic obstructive airway syndrome (BOAS);
Purple, EBP; Black, no additional respiratory disease diagnosis

an equal proportion of healthy WHWTs (77%). Bile acids, gastrointes-
tinal compounds that are produced in the canine liver and secreted in
bile into the gut, should not be present in the pulmonary epithelial lin-
ing fluid, thus suggesting that GER followed by MA is common in
respiratory conditions of dogs.

Gastroesophageal disease (ie, GER with signs such as heartburn
and regurgitation) is common in humans?! and MA of GER has been
detected in various respiratory diseases in humans, including IPF, cys-
tic fibrosis, COPD, and asthma.>*¢~? GER occurs commonly in dogs

22-24 and a

under anesthesia and with various disease processes,
recent study suggests that GER disease might be more common in
dogs than previously suspected.?® In healthy dogs GER without MA
has been shown to occur (Grobman et al. Abstract, 27th ECVIM-CA
Congress, 2017).

Bile acids and gastric pepsin are commonly used for detection of

MA from different type of samples including BALF, tracheal aspirates,
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exhaled breath condensate, and sputum.2 We chose the most com-
monly used sample type, BALF, to investigate bile acid detection as
evidence for possible MA. Samples were collected by techniques com-
monly used clinically and with small variations in the lavage volumes.
Bile acid concentrations were measured by mass spectrometry,?®
because other techniques, such as enzymatic methods, are less sensi-
tive for low concentrations.2¢%”

It is likely that GER and MA occur as a consequence of impair-
ment in protective barriers (including esophageal sphincters, normal
esophageal motility, and upper airway reflexes that exclude material
from the airways, such as laryngospasm and cough).? It has been spec-
ulated that the detection of MA can be affected by variation in the
duration of MA as well as by the frequency, volume, and gastric juice
contents in each episode of GER and MA.X° Also, clearance of gastric

1013 and can

juice contents from the lung can vary among individuals
decrease because of primary respiratory disease resulting in variable
resistance to disease related to MA. Finally, underlying respiratory dis-
ease can result in additional challenges to protective barriers and can
augment the predisposition to MA.2 Therefore, it remains unclear
whether GER and MA are primary causes of respiratory disease or
represent factors that aggravate or potentiate lung diseases.

In this study, TBA concentrations were significantly higher in both
CIPF and healthy WHWTs compared to Beagles, and no significant
differences in TBA concentrations existed between healthy and CIPF
WHWT groups. Canine IPF shares many similarities with human IPF,
both histopathologically and in clinical features.*4=1¢ Proximal GER is

common in people with IPF,*?5%°

and it has been suggested that MA
is an etiological factor in IPF leading to direct injury of lung alveolar
epithelium, dysregulated wound healing, and finally to lung fibro-
sis.1930 The severity of GER and presence and concentration of gas-
tric content in BALF are positively correlated with the degree of
pulmonary fibrosis.* Bile acids are cytotoxic and induce inflammation
and fibrosis, noted both in cell cultures and in experimental aspiration
studies in rats.2>3! The finding that progression of IPF in some human
cases can be delayed with anti-reflux drugs and anti-reflux surgery

that targets reduction of GER,%273°

supports the hypothesis that MA
can be a contributing factor in IPF. The presence of bile acids in BALF
in 77% of healthy WHWTSs could be an indication that MA is a predis-
posing factor for development of fibrosis in CIPF. Peribronchiolar
accentuation of fibrosis has been described in CIPF WHWTSs, which
could suggest involvement of inhaled etiological factors® such as bile
acids. Usually CIPF is found in WHWTSs at middle to old age,***° but
the disease development might have started several years earlier. This
could explain why apparently healthy WHWTs, which median age
was 2 years lower, also had increased concentrations of TBA in BALF.
Two WHWTs in this study that were healthy at the time of BALF
sampling and had TBA concentrations in the lowest third of the group,
were subsequently diagnosed with CIPF 4 and 6 years after sampling,
both at the age of 15 years. Unfortunately, BALF was not available
for analysis after the diagnosis had been made to allow further investi-
gation of the role for MA in CIPF.

In the LD group, TBA concentrations were significantly higher
compared to Beagles, with values above the detectable level in 68%
of the dogs. Idiopathic polyneuropathy, the most common cause of

laryngeal paralysis, is related to the presence of both laryngeal and
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TABLE1 Correlations between total bile acid (TBA) concentrations and total cell count and differential cell counts of bronchoalveolar lavage

fluid (BALF)

Variable

RV (%)
Median
Range

TCC, n/pL
Median

Range

I's

Mac, n/uL
Median

Range

I's

Mac %
Median

Range

I's

Neu, n/pL
Median

Range

I's

Neu (%)
Median

Range

I's

Eos, n/pL
Median

Range

I's

Eos (%
Median)

Range

I's

Mast, n/uL
Median

Range

I's

Mast (%)
Median

Range

I's

Lymp n/pL
Median

CIPF
WHWTs
(n =27)

35
14-69
860

220-2600
0.30

650*

156-2340
0.41

77

26-96
0.05

52

2.6-370
0.24

64

0.7-38
0.17

1.2

0.5-22
—-0.038

0.2

0-2.4
-0.13

4.8

0-64
0.33

0.70

0-25
0.27

60

Healthy
WHWTs
(n =13)

54
33-74
360

270-630
0.12

280

190-470
0.01

79

69-86
-0.28

16

3.0-110
0.17

4.1

1.0-10
043

1.8

0-12
0.08

0.5

0-6.0
-0.11

0.8

0-3.0
0.42

0.20

0-0.9
0.12

56

CB
(n=13)

26
13-48
350

20-1380
0.17

250

9.0-560
0.09

71

31-95
0.31

24

0.4-78
-0.11

4.2

0.4-52
0.003

9.0

0-110
0.31

14

0-22
0.28

3.0

0-9.0
0.42

1.0

0-2.6
0.38

34

BP
(n=11)

54
33-74
220%*

70-3670
0.82

87

31-6130
0.57

48*

3.0-64
-0.66

30+

5.0-30 400
0.87

12w

3.4-98
0.90

9.1

0-260
-0.21

3.6%*

0-21
-0.82

0.0%*

0-7.3
-0.73

O

0-4.4
-0.73

25

IWHs
(n=28)

22
7.8-45
175

30-470
041

125

7.0-270
0.41

65

24-79
-0.41

6,2

1.9-20
0.58

4.6

0.4-16
0.25

14

0-17
0.43

0.9

0-11
0.09

13

0-4.3
0.42

0.4

0-24
0.26

41

EBP
(h=9)

27
12-52
620

100-1920
0.64

180

77-880
0.24

46

18-77
-0.30

48

1.4-680
0.38

57

1.0-14
-0.11

310

17-940
0.62

34

17-69
0.57

9.7

0-36
0.25

0.70

0-7.7

74

LD
(n=19)

49°
26-64
1046

60-33 600
-0.02

570

45-4900
-0.02

55

12-91
-0.21

106

1.6-26 900
-0.27

9.5

0.7-87
-0.33

37

0-1600
—-0.006

4.5

0-62
-0.11

2.3

0-38
0.22

0.50

0-3.0
0.22

112

(Continues)
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CIPF Healthy
WHWTs WHWTs CB BP IWHSs EBP LD
Variable (n =27) (n =13) (n=13) (n=11) (n=28) (n=9) (n=19)
Range 12-340 40-93 3.0-710 0-150 3.0-190 4.0-150 7.0-2030
rs 0.14 0.064 0.31 -0.19 0.41 0.35 -0.06
Lymp % 7.4 15.7 9.7 20%* 21 11 8.3
Median
Range 0.9-30 10-21 3.7-52 0-30 10-42 4.0-16 1.0-35
rs -0.14 -0.11 0.051 -0.85 0.58 -0.18 0.013

Statistically significant difference * <.05 and ** <.01.

Abbreviations: BP, bacterial pneumonia; CB, chronic bronchitis; CIPF, canine idiopathic pulmonary fibrosis; EBP, eosinophilic bronchopneumopathy; Eos,
Eosinophil; IWHs, Irish Wolfhounds; LD, laryngeal dysfunction; Lymp, Lymphocyte; Mac, Macrophage; Mast, Mast cell; Neu, Neutrophil; r;, Spearman’s
rank correlation coefficient; TCC, total cell count; RV, Recovered volume; WHWTSs, West Highland White Terriers.

@ Data available only from 6 dogs.

esophageal dysfunction, which can both predispose to aspiration.?%¢

Most of the LD dogs had other simultaneous respiratory tract dis-
eases, including BP and CB. It is interesting to note that 3 of the
4 highest TBA values in LD dogs were from dogs with BP. LD is often
found in dogs with cough lacking other obvious neurological deficits
and the most typical signs of LD, such as stress related inspiratory
effort or stridor.®” Unfortunately, the effect of LD on MA cannot be
evaluated further in other groups in which laryngeal function was not
examined.

Bile acids were detected in BALF of 62% of CB dogs, and TBA
concentrations were significantly higher compared to Beagles. The eti-
ology of CB in dogs is unknown. Disease is characterized by cough
and inflammation, similar to its closest corresponding disease in
humans, COPD.® The specific cause and effect relationship between
GER and COPD has not been clarified, but it has been noted that GER
can increase severity of disease and cause acute exacerbation,3” 4!
and this could also occur in canine CB. Further study is needed to
evaluate the potential role of MA as a contributor to chronic respira-
tory disease or even as an etiological factor in development and pro-
gression of CB. Interestingly, bile acids were also detected in the
other inflammatory disease process diagnosed here (EBP) although
there was no specific difference in this proportion compared to
healthy Beagle control dogs. Also, there was no correlation between
TBA concentrations and BALF neutrophils or eosinophils in these
inflammatory conditions.

Almost half of the dogs with BP demonstrated bile acids in BALF
although there was no statistical difference compared to control Bea-
gles. The limited number of dogs might have impacted these results,
however, detection of bile acids in some cases of BP could support
aspiration as 1 possible etiology of pneumonia.

IWHs were all healthy at the time of sampling, and a low concen-
tration of bile acids was detected in BALF of only 1 dog. In a study by
Greenwell and Brain,*? IWHSs had a high incidence of BP and were
suspected to be predisposed to aspiration. Possible predisposing fac-
tors for aspiration including abnormal laryngeal and esophageal func-
tion were not examined thoroughly in their study.*? Analysis of BALF
TBA during times of BP in IWHs could assist in determining the role

of aspiration injury in this disease.

We evaluated correlations between TBA and BALF cytology in
different dog groups and found strong positive correlations between
TBA concentrations and BALF total cell, neutrophil, eosinophil, and
lymphocyte counts only in BP group. Airway neutrophilia has been
detected in the acute phase of lung injury after gastric fluid aspiration
in experimental animal models.'? However, because neutrophilia is
the key change in BP dogs” BALF, the noted correlation can be only
incidental and refer to the severity of BP. The finding of strong posi-
tive correlation between TBA concentrations and hospitalization days
indicate that bile acid aspiration increases the severity of disease,
either because of aspiration associated with respiratory distress or
because bile acids increase the severity of inflammation in BP. In
humans, there are limited data available about correlations between
MA biomarkers and BALF cytology in corresponding diseases.

Limitations of the study include the small number of dogs in some
groups (especially in the healthy Beagles group), the heterogeneity in
the LD group, and that laryngeal function was specifically evaluated
only in the LD group. Storage time could affect bile acid concentra-
tions, although, we did not find this effect in statistical analysis.
Finally, bile acids were commonly present in BALF of healthy WHWTSs
and whereas we propose that this could reflect a role for MA in the
pathogenesis or exacerbation of disease, further studies are required
to investigate this hypothesis.
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