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Evaluation of Serum 3-Bromotyrosine Concentrations in Dogs with

Steroid-Responsive Diarrhea and Food-Responsive Diarrhea

P. Sattasathuchana (), K. Allenspach, R. Lopes, J.S. Suchodolski, and J.M. Steiner

Background: The clinical usefulness of serum 3-BrY concentrations for subclassifying dogs with food-responsive diarrhea
(FRD) and steroid-responsive diarrhea (SRD) has not been studied.

Hypothesis/Objectives: To compare serum 3-BrY concentrations in dogs with FRD, dogs with SRD, and healthy control
dogs.

Animals: 38 dogs with FRD, 14 dogs with SRD, and 46 healthy dogs.

Methods: Prospective study. Measurement of 3-BrY concentration in serum samples was performed by gas chromatogra-
phy/mass spectrometry.

Results: There was no association of peripheral eosinophilia in dogs with FRD, SRD, and healthy control dogs
(P =0.069). There was no significant correlation between peripheral eosinophil counts and serum 3-BrY concentrations
(p = —0.15, P = 0.13). Serum 3-BrY concentrations in dogs with SRD (median [range] = 3.27, 0.9-26.23 pumol/L) were signifi-
cantly higher than in dogs with FRD (median [range] = 0.99, 0.62-8.82 pmol/L; P = 0.007) or in healthy dogs (median
[range] = 0.62, 0.62—1.79 umol/L; P < 0.001). Also, serum 3-BrY concentrations in dogs with FRD were significantly higher
than in healthy dogs (P = 0.025). There was no significant correlation between the canine chronic enteropathy clinical activity
index and serum 3-BrY concentrations (p = 0.17, P = 0.23).

Conclusions and Clinical Importance: Measurement of serum 3-BrY concentrations, but not the peripheral eosinophil

count, is helpful for detecting dogs with SRD and FRD.
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anine chronic enteropathy (CE) is a chronic inflam-

matory condition of unknown cause.' Clinical
signs in dogs with CE may include anorexia, depression,
diarrhea, vomiting, weight loss, or ascites in severe
cases.>* The diagnosis of CE can be achieved through
treatment trials, such as dietary change, antibiotic treat-
ment, and anti-inflammatory drug treatment. Dogs with
CE that show a clinical response to a hydrolyzed protein
diet or a restricted diet are classified as having food-
responsive enteropathy or food-responsive diarrhea
(FRD). Canine patients with CE that do not respond
successfully to a hydrolyzed protein diet but show a
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Abbreviations:

3-BrY 3-bromotyrosine

ARD antimicrobial-responsive diarrhea
CCECAI canine chronic enteropathy activity index
CE chronic enteropathy

EGE eosinophilic gastroenteritis

FRD food-responsive diarrhea

GI gastrointestinal

LPE lymphocytic-plasmacytic enteritis

SRD steroid-responsive diarrhea

clinical response to metronidazole or tylosin administra-
tion are classified as having antimicrobial-responsive
enteropathy or  antimicrobial-responsive  diarrhea
(ARD). Dogs with CE that have failed to respond to a
hydrolyzed protein diet and also have failed to respond
to metronidazole or tylosin at standard dosages, but
show a clinical response to immunosuppressive drug
treatment are classified as having steroid-responsive
enteropathy or steroid-responsive diarrhea (SRD) or
idiopathic inflammatory bowel disease.' > Studies have
shown that among dogs with CE, FRD is the most com-
mon type, followed by SRD and ARD.>*® Dogs with
FRD have less severe clinical signs and better outcomes
when compared to dogs with other types of CE.°

Histopathology of mucosal inflammation in the small
intestine in dogs with CE has most commonly been
reported as lymphocytic-plasmacytic enteritis (LPE),”®
with eosinophilic gastroenteritis (EGE) being the second
most common form. Neutrophilic enteritis, granuloma-
tous colitis, and histiocytic ulcerative colitis also have
been reported as minor forms of histopathologic find-
ings in dogs with CE.”® An immune response to para-
sites or to dietary antigens is believed to be the cause of
the recruitment of eosinophils into the GI tract.>*!
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The canine chronic enteropathy activity index (CCE-
CAI) has been utilized to investigate the prognostic out-
come in dogs with CE.> CCECAI is a combination of 9
variables including dog’s attitude, appetite, vomiting,
fecal consistency, fecal frequency, weight loss, albumin
concentration, ascites and peripheral edema, and
pruritus.> A high CCECAI is a negative prognostic
indicator in dogs with CE.** CCECAI scores were not
correlated with the histological score in 1 study.'!

Various noninvasive tools and markers have been
studied to identify eosinophil activation in the GI tract,
including peripheral eosinophil counts and serum 3-bro-
motyrosine concentrations (3-BrY).'>'* A durable and
specific by-product of hypobromous acid, 3-BrY, is gen-
erated during a reaction catalyzed by eosinophil peroxi-
dase (EPO) that occurs after the activation of
eosinophils in the tissues.'>™'7 Serum 3-BrY concentra-
tions have been studied in both humans and canine
patients with eosinophilic-related diseases.'*'®!” There
are increased serum 3-BrY concentrations in dogs with
LPE and EGE, suggesting a pathophysiological role of
eosinophil activation in dogs with these 2 forms of
CE." In the present study, we evaluated the clinical
diagnostic value of peripheral eosinophil counts and
serum 3-BrY concentrations in dogs with 2 forms of
CE. Therefore, the objectives of this study were (1) to
evaluate a possible association of peripheral eosinophi-
lia in dogs with FRD, SRD, and healthy control dogs,
(2) to determine the correlation between serum 3-BrY
concentrations and peripheral eosinophil counts, (3) to
compare serum 3-BrY concentrations between dogs
with FRD, SRD, and healthy control dogs, and (4) to
determine the relationship between CCECALI scores and
serum 3-BrY concentrations.

Materials and Methods
Ethical Approvals

All serum samples of healthy control dogs were collected after
approval by the Texas A&M University Institutional Animal Care
and Use Committee (#2012-101), and informed consent from clients
was obtained in all cases. Before enrolling healthy dogs into the
study, a thorough clinical history was taken and a general physical
examination was performed by veterinarian. All healthy dogs were
regularly dewormed by being given anti-parasitic prevention. All
clinical serum samples of dogs with FRD and SRD used for this
study consisted of residual diagnostic serum samples. They were used
after obtaining the written consent of the clients and were collected
according to the guidelines of the Royal Veterinary College of Sur-
geons and the Veterinary Protection Act of 1966. In addition, the
Royal Veterinary College Ethics and Welfare Committee approved
(unique reference number 2013 1210) the use of these residual diag-
nostic serum samples for the purpose of clinical research.

Inclusion Criteria

Forty-six dogs without clinical abnormality or concurrent ill-
ness/disease were enrolled as healthy control dogs. The 52 dogs
enrolled in the CE group, consisting of dogs with FRD and SRD,
showed chronic diarrhea, vomiting, and/or chronic weight loss for
more than 3 weeks for an unknown cause. Dogs that had clinically
responded to an elimination diet or a hydrolyzed protein diet

within 2 weeks after initiating dietary change and that had been
kept on a strict dietary regimen for 12 weeks after diagnosis were
classified as having FRD (n = 38). Dogs with ARD were defined
as having failed to respond to a novel antigen of hydrolyzed diet-
ary trial before referral that subsequently responded to metronida-
zole or tylosin within 2 weeks after initiation of treatment. Dogs
that did not show a clinical response to dietary and antimicrobial
trial with either metronidazole or tylosin before referral, and
required immunosuppressive treatment to control their clinical
signs, were classified as having SRD (n = 14). Dogs that were
being treated with a number of combination treatments, such as
prednisolone, cyclosporine, and azathioprine, were included in this
group. All dogs with FRD and SRD were evaluated for CCECAI
score at the time of collection. The CCECALI score for each patient
was combined from 9 variables (animal’s attitude, appetite, vomit-
ing, fecal consistency, fecal frequency, weight loss, serum albumin
concentration, ascites and peripheral edema, and pruritus).® Each
variable is assessed with a score 0-3, with 0 being normal and 3
being severely abnormal. Mild, moderate, severe, and very severe
clinical disease scoring corresponded to a total CCECALI score of
4-5, 6-8, 9-11, and >12, respectively.3

The blood sample for counting peripheral eosinophils and for
the preparation of serum for the measurement of serum 3-BrY con-
centration was collected at the same time. The time point of blood
collected was at the time of CE diagnosis and before performing
any therapeutic trails. An automated hematology analyzer® was
used to perform a CBC for each dog within 12 h after sample col-
lection. The differential cell counts for all dogs were performed
manually based on microscopic evaluation of a blood smear. Dogs
with a peripheral eosinophil count of more than 1,250 cells/uL were
classified as having peripheral eosinophilia, whereas dogs with
peripheral eosinophil counts between 0 and 1,250 cells/uL were clas-
sified as having a normal peripheral eosinophil count.

Measurement of Serum 3-BrY Concentrations

All serum samples were stored at —80°C until analysis. Serum
3-BrY concentrations were measured by stable isotope dilution
with electron ionization gas chromatography/mass spectrometry
using Ds-BrY as an internal standard, as described elsewhere.'>°

Statistical Analyses

A normality test (Shapiro-Wilk test) was performed on all data-
sets. A parametric statistical method was used for evaluation of
data that passed normality testing; otherwise, a nonparametric sta-
tistical method was used. The distribution of age and sex for all
groups was compared by a Kruskal-Wallis test and a Pearson chi-
square test, respectively.

A possible association of peripheral eosinophil counts with
FRD, SRD, or being a healthy control dog was evaluated by a
Fisher’s exact test. The Spearman rank sum correlation was
applied to determine the relationship of serum 3-BrY concentra-
tions with peripheral eosinophil counts and CCECAI scores. The
Kruskal-Wallis test also was performed to compare serum 3-BrY
concentrations between dogs with FRD, dogs with SRD, and
healthy control dogs. A Dunn’s post-test was applied to determine
differences of serum 3-BrY concentrations among groups. Statisti-
cal significance was set at a P value of <0.05. All statistic methods
were performed by commercially available software package.®™

Results

Among the 38 dogs with FRD, 14 dogs with SRD,
and 46 healthy control dogs, there were no differences
in age distribution (median ages [range]: dogs with
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FRD, 2.1 years [0.5-11.1]; dogs with SRD, 5.7 years
[0.6-10.7]; healthy control dogs, 4 years [1-10];
P =0.12) and sex distribution (male [neutered]/female
[spayed]: dogs with FRD, 14 [6]/24 [16]; dogs with
SRD, 5 [4]/9 [5]; healthy control dogs, 19 [18]/27 [26];
P =0.89).

Of the 38 dogs with FRD, 35 were purebred. The
breeds were Boxer (5), Labrador Retriever (4), West
Highland White Terrier (3), Cocker Spaniel (2), English
Springer Spaniel (2), Golden Retriever (2), Rottweiler
(2), Staffordshire Bull Terrier (2), American Bulldog (1),
Bearded Collie (1), Border Terrier (1), Chow Chow (1),
English Bull Terrier (1), German Shepherd (1), Grey-
hound (1), Italian Spinone (1), Miniature Dachshund
(1), Miniature Poodle (1), Old English Sheepdog (1),
Pointer (1), and Rhodesian Ridgeback (1). The remain-
ing 3 dogs were of mixed breed.

The breeds of the 14 dogs with SRD were Doberman
Pinscher (2), Labrador Retriever (2), Bichon Frise (1),
Bull Terrier (1), Cairn Terrier (1), Hungarian Vizsla (1),
Irish Setter (1), Miniature Schnauzer (1), Old English
Sheepdog (1), Standard Poodle (1), Weimaraner (1),
and Yorkshire Terrier (1).

Of the 46 healthy control dogs, 13 were mixed breed
and 33 were purebred. The most common breeds were
Australian Shepherd (6), Labrador Retriever (5), Chi-
huahua (3), Beagle (2), German Shepherd (2), Miniature
Schnauzer (2), and Shih Tzu (2). All other breeds were
represented by a single dog each: Basset Hound, Boston
Terrier, Brittany Spaniel, Catahoula Hog Dog, Dachs-
hund, English Cocker Spaniel, Poodle, Red Bone
Hound, Siberian Husky, St. Bernard, and Weimaraner.

The median (range) of peripheral eosinophil counts in
dogs with FRD, dogs with SRD, and healthy control
dogs was 300 (0-2,280), 60 (0-1,820), and 456.5 (0-
1,170) cells/uL, respectively. However, there was no
association of peripheral eosinophilia in dogs with
FRD, dogs with SRD, and healthy control dogs
(P =0.069; Fig 1). Also, there was no significant corre-
lation between peripheral eosinophil counts and serum
3-BrY concentrations (p = —0.15, P = 0.13; Fig 2).

The median (range) of serum 3-BrY concentrations in
dogs with FRD, SRD, and healthy control dogs was
0.99 (0.62-8.82) umol/L, 3.27 (0.9-26.23) pmol/L, and
0.62 (0.62—1.79) umol/L, respectively. There was a sta-
tistically significant difference in serum 3-BrY concen-
trations between dogs with FRD, dogs with SRD, and
healthy control dogs (P < 0.001; Fig 3). The Dunn’s
post-test revealed that serum 3-BrY concentrations in
dogs with SRD were significantly higher than those in
dogs with FRD (P = 0.007) or in healthy control dogs
(P < 0.001). In addition, serum 3-BrY concentrations in
dogs with FRD were significantly higher than those in
healthy control dogs (P = 0.025). Because clinical scor-
ing by CCECAI was useful for assessing severity and
prognostic outcome of CE,’ the Spearman rank test
was applied to identify the strength of the relationship
between CCECAI score and serum 3-BrY concentra-
tions. However, there was no significant correlation
between CCECALI scores and serum 3-BrY concentra-
tions (p = 0.19, P = 0.23; Fig 4).
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Fig 1. Scatter plot showing peripheral eosinophil counts in dogs
with FRD, dogs with SRD, and healthy control dogs. There was
no association between peripheral eosinophilia in dogs with FRD,
dogs with SRD, and healthy dogs (P = 0.069). The gray area rep-
resents the reference interval for peripheral eosinophil counts in
dogs (0-1,250 cells/pL). The gray dashed line shows the median of
peripheral eosinophil counts for each group of dogs.
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Fig 2. Scatter plot, showing the relationship between serum
3-BrY concentrations (pmol/L) and peripheral eosinophil counts
(cells/uL) for all dogs enrolled in this study. The Spearman rank
sum correlation test showed no significant correlation between
3-BrY concentrations and peripheral eosinophil counts (p = —0.15,
P =0.13).

Discussion

Diagnosing dogs with CE with no obvious cause is
challenging and requires empirical treatment trials,
including dietary trials, followed by antimicrobial trials,
and finally antiinflammatory trials. Empirical treatment
trials are time-consuming and may lead to worsening of
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Fig 3. Scatter plot showing serum 3-BrY concentrations in dogs
with FRD, dogs with SRD, and healthy control dogs. The medi-
ans for 3-BrY concentrations are shown with dashed lines. There
was a statistically significant difference in serum 3-BrY concentra-
tions between dogs with FRD, dogs with SRD, and healthy con-
trol dogs (P < 0.001).
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Fig 4. Scatter plot, showing the relationship between serum 3-
BrY concentrations (umol/L) and CCECALI in all dogs. The Spear-
man rank sum correlation test showed no significant correlation
between 3-BrY concentrations and CCECAI scores (p =0.17,
P =0.23).

the disease, which may necessitate invasive intestinal
biopsy. Thus, the development of noninvasive biomark-
ers to diagnose canine CE is important for clinical prac-
tice. Furthermore, differentiating the subtypes of CE is
valuable for determining an appropriate treatment trial
for affected patients. This study examined 3-BrY and

peripheral eosinophilia as possible biomarkers for 2
subtypes of CE: FRD and SRD.

Measuring 3-BrY concentrations in animal serum is
useful in evaluating eosinophil activation in the body
and monitoring disease progression. Collecting serum
samples from dogs is easy and quick. Whereas periph-
eral eosinophil counts were not different among dogs
with FRD or SRD and healthy control dogs in the cur-
rent study, serum 3-BrY concentrations in dogs with
either FRD or SRD were significantly higher than those
in healthy control dogs. Furthermore, serum 3-BrY
concentrations in dogs with SRD were higher than
those in dogs with FRD. Therefore, serum 3-BrY con-
centrations may have clinical usefulness for diagnosing
dogs with CE.

Although the peripheral eosinophil counts in healthy
dogs were slightly higher than in dogs with CE, eosino-
phil counts were within the reference limit for all
healthy control dogs (0—1,250 cell/uL). Thus, this differ-
ence in eosinophil counts between groups was not con-
sidered to be clinically important. There was no
association between peripheral eosinophil counts and
FRD or SRD, which is consistent with previous studies
investigating dogs with CE.'* In the present study,
peripheral eosinophilia was found in 2 of the 38 dogs
with FRD and 2 of the 14 dogs with SRD (Fig 1). This
suggests that although peripheral eosinophil counts are
easy to perform, their usefulness for differentiating dogs
with SRD and FRD is relatively low.

Eosinophils only remain for a short period in circula-
tion and predominantly dwell in the tissues.>'** A pre-
vious study failed to show a correlation between
infiltrated eosinophils in the intestinal mucosa and eosi-
nophil counts in the peripheral blood.'* Because the
peripheral eosinophil count does not necessarily repre-
sent the level of activation of eosinophils, the relation-
ship between serum 3-BrY concentration and eosinophil
count was evaluated by Spearman’s rank correlation
test (Fig 2). We were unable to identify any correlation
between serum 3-BrY concentration and peripheral
eosinophil count, suggesting that the clinical implication
of the peripheral eosinophil count and the serum 3-BrY
concentration is not synonymous.

Previous studies have compared the type of CE iden-
tified by treatment trial with histological results.'’>3*
An increased cellularity with various inflammatory cells
with either localized or diffuse infiltration of the lamina
propria of the small and large intestines have been
reported in dogs with both FRD and SRD.*!!:23:25:26
Although the most commonly reported inflammatory
cell type in dogs with CE are lymphocytes and plasma
cells, eosinophils have also been commonly reported in
dogs with CE.>»!'"?>2* In the present study, we evalu-
ated eosinophil activation using serum 3-BrY concentra-
tions in dogs with FRD, dogs with SRD, and healthy
control dogs. The increase in 3-BrY concentrations in
serum samples of dogs with FRD and SRD could sug-
gest an activation of eosinophils. Moreover, serum
3-BrY concentrations in dogs with SRD were higher
than in dogs with FRD. This may be because the
severity of inflammation in dogs with SRD is higher
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than in dogs with FRD, as a previous study has shown
that the CCECAI in dogs with SRD was higher than in
dogs with FRD.? In the present study, the relationship
between CCECAI and serum 3-BrY concentrations was
evaluated. There was no significant correlation between
the CCECALI and serum 3-BrY concentrations. Both of
these 2 variables were independent predictors of CE. A
combination of these variables may improve the
specificity for diagnosis and prognosis of CE. Further
studies should be performed to evaluate the synergistic
usefulness of both variables.

One limitation of this study was that dogs were clas-
sified based on clinical signs at time of presentation and
clinical response to treatment along and gastrointestinal
tissue biopsies were not available for these dogs. How-
ever, previous studies have shown that histopathologic
findings did not always correlate with clinical signs or
response to treatment in dogs with CE.*'!?® This may
be explained by the fact that inflammatory lesions in
the gastrointestinal tract can be multifocal. Therefore,
the tissue sample may accidentally miss lesions during
sample collection.’® Moreover, the interpretation of his-
tological samples may vary between pathologists.?’ >
Further studies should be performed to determine the
relationship between serum 3-BrY concentrations,
histopathologic findings, and clinical response to treat-
ment in dogs with CE.

Under physiological conditions, 3-BrY is a highly
specific marker for eosinophils.*® However, 3-BrY can
also be generated by neutrophils, which use chlorine to
produce hypochlorous acid and chlorotyrosine, when
chloride is lacking in the body or when acidosis
occurs.'® For example, in an in-vivo experiment of mice
with severe sepsis, neutrophils generated 3-BrY due to a
lack of chloride.?! Fortunately, because chloride is the
halide with the highest abundance in physiological fluid,
a lack of chloride over bromide is unlikely to occur.’!
Another limitation of using serum 3-BrY concentrations
as a marker is that serum concentrations do not allow
deduction of the affected organ. Moreover, a low level
of eosinophil activation may not be detected by evaluat-
ing serum 3-BrY concentrations, as a large number of
samples from the healthy dogs in this study had 3-BrY
concentrations below the detection limit.

Conclusions

In the present study, we evaluated the role of periph-
eral eosinophil counts and 3-BrY concentrations as
markers for CE in dogs. We were unable to identify an
association between peripheral eosinophilia and FRD
or SRD in dogs. In contrast, serum 3-BrY concentra-
tions were higher in dogs with SRD than in those with
FRD or healthy control dogs. Activation of eosinophils
may play a crucial role in the complex process of
immune- and inflammatory response of the gut mucosa
in dogs with SRD and FRD, and our findings suggest
that 3-BrY may potentially serve as a noninvasive bio-
marker for diagnosing dogs with SRD and FRD or
may be useful to evaluate progression of these diseases
in dogs. Further studies are needed to further evaluate

the clinical usefulness of measuring serum 3-BrY
concentrations in dogs with various forms of CE.

Footnotes

# Cell-Dyn 3700; Abbott Diagnostics, Lake Forest, Illinois

> JMPPro 10, SAS Institute Inc., Cary, North Carolina
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