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Structured abstract
Chronic enteropathy (CE) in dogs is common worldwide, but little data is available from
Australia. The aim of this study was to describe treatment response and long-term outcome in
a cohort of dogs with CE.
Dogs were prospectively enrolled at Murdoch University and the University of Melbourne.
After diagnostic investigation to rule out diseases other than CE, dogs underwent sequential
therapeutic trials until achieving a clinical response (diet then antibiotics, and finally
immunosuppressants). Success was defined as 75% reduction of clinical severity for a
minimum of five weeks.
A total of 21 dogs were enrolled, and 19 completed the study. One dog was euthanised for
lack of response to treatment and one excluded for lack of owner compliance. Most dogs
responded to diet (n=10), followed by antibiotics (n=7) and immunosuppressants (n=2).
Long-term remission (median 21.1 months, [3.0-44.7]) was achieved in eight out of ten
dietary responders without additional treatment. In contrast, only two dogs with antibiotic
response remained in long-term remission, of which one needed on-going antibiotic
treatment. Longer term remission was achieved in the two dogs treated with
immunosuppressants with on-going low dose therapy.
This study concludes that most dogs referred for CE in Australia respond to dietary treatment
(even after previous dietary interventions), and remission is long-term compared to dogs
treated with an antibiotic. Furthermore, the need for long-term antibiotics in some dogs to

3

This article is protected by copyright. All rights reserved.

maintain response may lead to antibiotic resistance. This study supports adequate dietary
trials for CE in dogs, and a need for alternative second-line treatments.
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Abbreviation
ARE: antibiotic-responsive enteropathy.
BCS: body condition score.
CCECAI: canine chronic enteropathy clinical activity index.
CE: Chronic enteropathy.
FRE: food-responsive enteropathy.
IBD: inflammatory bowel disease.
IRE: immunosuppressant-responsive enteropathy
MU: Murdoch University.
UoM: University of Melbourne.
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Introduction
Chronic enteropathy (CE) is defined as primary gastrointestinal disease of at least three
weeks duration, with no evidence of infectious aetiologies.1 The aetiology of CE is thought to
be similar to inflammatory bowel disease (IBD) in humans, and arises from an imbalance
between the microbiota, genetics, environment (including diet), and immune system of the
host.2
In contrast to adult people, where immunomodulation is needed to treat IBD, dogs with CE
may respond to a diet trial or an antibiotic trial without requiring immune suppression.3 This
is similar to findings in paediatric Crohn’s disease where a meta-analysis report similar
success with enteral nutrition than corticosteroid in a paediatric population.4 Interestingly, in
a referral setting, several studies report that a majority of dogs respond to diet alone. This has
been the case in North America, several European countries, and Japan, but to the best of our
knowledge, no information is currently available in Australia.5–10 There is evidence that IBD
in people is affected by geographical location, dietary intake, and genetic background.11–13
For this reason, it cannot be assumed that studies in dogs in Europe and North America
reflect the clinical findings in Australia, without further analysis.
Typical treatment includes stepwise trials starting with diet, then antibiotics, and finally the
use of immune-suppressive drugs, such as prednisolone, in non-responders. Dogs are
retrospectively classified as having food-responsive enteropathy (FRE), antibiotic-responsive
enteropathy (ARE), or immunosuppressant-responsive enteropathy (IRE).14
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Although most dogs will respond to one of these treatment trials initially, their long-term
response has not been as well characterised. Only a few studies have had follow-up over six
months with prolonged response in a majority of FRE dogs, but not in dogs with ARE or
IRE.1,7,9 This raises a concern that dogs with ARE or IRE might require pulse or on-going
antibiotic or immunosuppressant treatment to maintain clinical response. This is of particular
concern when considering the risk of antibiotic resistance development, as described in
people with IBD.15
The aims of our prospective study were to (1) describe treatment response in a cohort of dogs
with CE in an Australian referral setting and (2) to determine long-term response to the
different trials.

Material and methods
Prospective enrolment took place at Murdoch University (MU) and the University of
Melbourne (UoM). Full Animal Ethics Committee institutional approval was obtained for all
dogs used in these two institutions (respectively MU, R2262/09 and UoM, UMVH 2014-06).
Inclusion criteria - Dogs with signs consistent with chronic enteropathy (weight loss,
hyporexia, diarrhoea and/or vomiting), of three weeks or longer duration, were included in
this study after ruling out extra-intestinal disease as described elsewhere.16 All dogs also had
a negative faecal flotation examination (performed with saturated sodium nitrate, specific
gravity of 1.2, and a centrifugation step) and were wormed with fenbendazole (Coopers®,
NSW, Aust; 50mg/kg PO q24 for three days,) prior to enrolment. No diet change, treatment
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with antibiotics or immune-suppressive drugs were allowed in the four weeks preceding
enrolment.
Parameters collected at time of inclusion included breed, age, sex, weight, body condition
score (BCS), clinical signs (upper, lower, or mixed gastrointestinal signs), dietary history and
duration of signs. Extra-intestinal disease was ruled out with a combination of laboratory
testing and abdominal ultrasound. Laboratory examination included haematology and
biochemistry, serum trypsin-like immunoreactivity (TLI), and canine pancreatic lipase (cPL).
Cobalamin was either supplemented with subcutaneous injections once a week for 6 weeks
with one additional injection after a month (Troy Laboratories Pty Ltd, NSW, Aust; 250µg to
1000µg per injection according to weight) or measured to determine the need for
supplementation at clinician discretion. Basal cortisol or adrenocorticotropic hormone
(ACTH) stimulation test was performed in cases where hypoadrenocorticism was considered
possible. A basal cortisol concentration >55nmol/L was used to rule out hypoadrenocorticism
as described previously.17
Clinical investigation included upper and lower gastro-intestinal endoscopy at the time of
enrolment including histology grading, and again after clinical response. Histology results for
this cohort of dogs has been already published and the reader is referred to this article for
further detail.18 In brief, all dogs had 12 to 15 biopsies taken from the stomach, duodenum,
and colon. Ileal biopsies were taken in the last dogs enrolled (n=6). Histology grading was
performed using the criteria from the World Small Animal Veterinary Association for
intestinal histopathology assessment.19 A summary of the histology scores is available in
Supplement 1.
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Following this work up, all dogs were diagnosed with chronic enteropathy with the
combination of clinical signs, exclusion of extra-intestinal disease or parasitic disease, and
presence of gastro-intestinal inflammation on histology. The canine chronic enteropathy
clinical activity index (CCECAI) was used to determine the clinical severity at enrolment and
throughout the study.1
The first trial consisted of a diet trial (hydrolysed or selected protein diets not previously
prescribed) for a minimum of 2 weeks. The diets selected included Hill’s z/d™ (Hill’s Pet
Nutrition, NSW, Australia), Royal Canin™ Sensitivity Control, and Royal Canin™
Hypoallergenic (Royal Canin™, VIC, Australia). Responders were classified as FRE. Nonresponders were then treated with oxytetracycline (Slade Pharmacy, VIC, Australia) at a dose
of 10mg/kg PO q12h. Responders were classified as ARE. If there was continued poor to no
response for a minimum of 2 weeks, then prednisolone (Apex Laboratories Pty Limited,
NSW, Australia) was started at a dosage of 2mg/kg PO q24h for dogs less than 20kg and
40mg/m2 for dogs 20kg or more. Dogs could also be treated with chlorambucil at an initial
dosage of 2 to 4mg/m2 q24h (Leukeran, Aspen Australia, VIC, Australia) as necessary.
Responders were classified as IRE rather than steroid-responsive enteropathy to account for
the combined therapy. The same diet was continued throughout the trial. Treatment success
for each trial was defined as a 75% reduction in CCECAI maintained for a minimum of 5
weeks.1 At that point, the dog exited the study.
At the end of the trial, the owners were given the choice of continuing to feed the same diet
or to transition to a new one. An attempt was made to wean ARE dogs off antibiotics with
reduction in frequency monthly. If the dogs relapsed, the last effective dosing was re-started.
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Similarly, immunosuppressants were weaned off monthly, but if the dogs relapsed, the last
effective dosing was re-started. Most dogs were returned to their primary care giver after the
end of the study. No repeat diagnostic, including cobalamin concentration determination, was
performed after finishing the study.
Long-term follow-up was performed at 2 to 3-month intervals either at the respective clinics,
or by phone after successful treatment was achieved. The outcome was defined as (1)
remission for dogs with on-going 75% reduction in CCECAI, (2) partial remission for dogs
with self-limiting CE signs < once a month, (3) relapse for dogs with signs more frequent or
CCECAI with less than 75% reduction compared to pre-enrolment.
IBM SPSS Statistics for Windows was used for statistical analysis (IBM Corp. 2016. Version
24.0. Armonk, NY). Given that some of the variables were not normally distributed (using
the Shapiro-Wilk Test), non-parametric analyses were used. For comparison of age, weight,
body condition score, duration of signs, CCECAI at diagnosis and follow up between
treatment groups (FRE vs ARE), the Mann-Whitney U test was used. For comparison of
outcome and odds ratio calculation (remission vs partial remission or relapse), a two-sided
Fisher’s exact was used. For comparison of CCECAI before and after treatment for each
group, a Wilcoxon Signed Rank Test was used. A P-value of less than 0.05 was considered
significant.

Results
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A total of 21 dogs were included in the study. Six dogs were enrolled at MU from June until
October 2010 and 15 at UoM from June 2012 until June 2015. Two dogs were excluded from
the study. One MU dog did not complete the treatment trial (marked hypoalbuminaemia at
enrolment and euthanasia because of lack of response with immune-suppressive treatment),
and one UoM dog did not complete the trial because of poor owner compliance. The
remaining 19 dogs responded to one of the three treatment trials for a minimum of five weeks
(i.e. reduction of at least 75% of CCECAI). Ten dogs had a diagnosis of FRE, seven of ARE,
and two of IRE. As the sample size of IRE dogs was small (only 2 dogs), statistical analysis
was limited to FRE and ARE dogs. A summary of the study design and outcome is available
in figure 1.
Signalment, clinical history, clinical scoring before and after treatment, and histology scoring
before and after treatment for each dog (including the two dogs that were excluded) are
summarised in Supplement 1. The most represented breeds included German shepherd dogs
(n=4), followed by Labrador retriever (n=3) and golden retriever (n=2). All remaining breeds
were represented by one dog each.
Comorbidities in the FRE group included atopy or otitis externa (n=3). In the ARE group,
two dogs were treated for behavioural problems (one with fluoxetine) and one dog was
treated for incontinence with oestriol. In the IRE group, one dog had previously been
diagnosed with auto-immune retinopathy and polyarthropathy but was not receiving medical
therapy at the time of enrolment.
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Only mild abnormalities were noted on haematology and biochemistry. The most common
finding was an absence of stress leukogram (five FRE and three ARE dogs), and eosinophilia
was noted in three dogs (two FRE and one ARE dogs). Only two dogs were
hypoalbuminaemic: one dog from the IRE group (dog 17, 16g/L [24 - 38]) and the dog
excluded due to lack of response to all treatments.
Both cTLI (n=15) and cPL (n=14) were normal in all dogs tested. Hypoadrenocorticism was
ruled out in fifteen dogs via basal cortisol (n=11) or an ACTH stimulation test (n=4). Seven
dogs had cobalamin measured, which was within normal limits and the remaining dogs
received supplementation.
There was no significant difference in age, weight, BCS, duration of clinical signs, CCECAI
at diagnosis, histology score at diagnosis and after response, and follow up duration between
FRE dogs and ARE dogs. Results per group are summarised in table 1. The inflammation
was characterised by a lymphocytic or lympho-plasmacytic infiltrate in 15 of 19 dogs.
The different diets used for the diet trial are listed in table 2. In the FRE group, eight dogs
were fed strictly dry food of which five responded to hydrolysed diets and three to a single
protein diet. One dog was fed a mix of canned and dry hydrolysed diet and one dog a mix of
dry hydrolysed and canned single protein diet.
At the last follow up, the owners of six out of ten FRE dogs had decided to continue the trial
diet long term. Of these six dogs, five were in remission and one in partial remission. Of the
four dogs with diet change, three were transitioned from a hydrolysed to either a single
protein diet (n=2) or commercial diet (n=1) and the diet was not recorded for one . At the last
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follow up of dogs with diet change, three dogs remained in remission (including the dog
without diet recorded) and one was in partial remission.
The median follow-up for all dogs was 32 months (range three to 59 months). There was no
significant difference between groups in the length of follow-up (table 1).
Remission was reported at the last follow-up in eight out of ten dogs with FRE, in two out of
seven dogs with ARE, and in both dogs with IRE. Partial remission (self-limiting signs once
or less a month) was reported in two FRE dogs and four ARE dogs. One dog in the ARE
relapsed while on treatment with antibiotics q48h and was then lost to follow up (at five
months). The odds ratio for FRE dogs to go into remission compared to ARE dogs was 10
(95%-confidence interval: 0.73 – 162.7) but did not reach significance (p=0.058). The power
of our study to assess the outcome was 0.41, and a total of 36 dogs would be required to
reach a power of 0.82.
In the ARE group, apart from the dog lost to follow up, two dogs were still receiving
antibiotics at the last follow up (respectively 14 and 23 months) at dosing intervals ranging
from q12h to q72h, and one dog as pulse therapy, when clinical signs were recurring.
Antibiotic was stopped completely in only three dogs of which one was in remission and two
in partial remission.
In the IRE group, both dogs were receiving a low dose of prednisolone (<0.3mg/kg q48h) and
chlorambucil (2mg q48-72h). Neither dog could be weaned off these medications without
recurrence of clinical signs.
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Discussion
This study describes a population of dogs diagnosed with CE recruited at two universities in
Australia. Similar to reports from other countries, a majority of dogs with CE were foodresponsive, despite having had previous dietary intervention.5,7,8,16,20 In our population, the
second most frequent presentation of CE was ARE, and immunosuppressant treatment was
needed in only two dogs. A step-up approach (sequential treatment trials) was selected in this
group of dogs as none had severe signs (for example a dog with hypoalbuminaemia, ascites,
and decreased appetite) where a step-down approach with steroid treatment earlier would
have potentially been considered.21
Dogs with FRE and ARE had a median age of less than three years old and there was no
statistically significant difference between both groups as previously reported.1,22 However,
of note is that two dogs with FRE in the present study were over nine years old and for this
reason, a diet trial should be considered regardless of the age in dogs that are otherwise well.
FRE dogs of similar age have also been previously reported.8
Similarly, the CCECAI was consistent with severe disease (>8) in four dogs, of which two
responded to diet alone and one to antibiotics. A dietary trial was commenced despite the
severity of clinical signs in these cases, as the dogs’ general demeanour was good, and their
appetite remained adequate. The last dog, which was also hypoalbuminaemic, did not
respond to any treatment and euthanasia was elected by the owners.
As previously described, treatment response was achieved in dogs with FRE by feeding either
single protein or hydrolysed diet.20 Remission was achieved for a long duration in a majority
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of dogs with FRE (eight out of ten dogs) and no dogs relapsed during the follow-up period
(median 21 months; range 3-45 months). The remaining two dogs with FRE achieved partial
remission with infrequent GI signs. Overall, the owners considered the dogs to be clinically
much improved compared to enrolment and did not feel the need to achieve better control.
This long-term response in FRE dogs is consistent with a recent study from the UK.7
Mucosal healing is the gold standard to assess treatment response in human IBD with reduced
risk of relapse when achieved.23 FRE dogs have been shown to have improvement in their
mucosal ultrastructure after successful response to a diet trial, which is likely to account for
this long-term response despite the lack of resolution of histological changes reported in other
studies.1,24,25
To determine if the diet response was due to eliminating hypersensitivity (by removing or
altering protein antigens) would require a dietary rechallenge. Diet re-challenge was not part
of our study protocol, and the decision to continue feeding the same diet or change to another
diet was left to the owners at the end of the study period. Three dogs did transition to new
diets after successful response, with two remaining in remission and one in partial remission.
Most owners elected not to change the diet as their dogs were clinically well. Due to the lack
of recrudescence in some of our dogs, it is possible that other dietary factors contributed to
success, such as alteration of the microbiome or improvement of mucosal health due to
dietary macronutrients.
Another interesting aspect of the dogs with FRE is that many of them had undergone dietary
trials prior to referral to the study institutions, yet still responded to an alternate diet. This
mirrors the situation worldwide, where the majority of dogs with CE have been classified as
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FRE for over ten years in referral centres.9,1,5,7,8 A reason for the improved success after
referral may be that clients willing to seek referral are more receptive to following a strict diet
trial. Therefore, it would be beneficial to develop strategies in general practice to improve
client compliance when prescribing a diet trial, so that diagnosis of FRE is made earlier
during the disease. It would be of interest to see if strategies used in people with coeliac
disease to increase dietary compliance, such as education, professional support and use of
online tools, could also be implemented in veterinary medicine.26,27 .
In contrast to dogs with FRE, only a minority of dogs with ARE achieved long-term
remission (two out of seven dogs). Three dogs were receiving on-going antibiotic treatment
to maintain remission or partial control of their clinical signs. This is again very similar to the
findings in the UK study.7 Although the odds ratio between FRE and ARE dogs was elevated,
our study was underpowered to reach significance, and a larger number of dogs would be
necessary to confirm the poorer outcome in ARE dogs long-term. The power of our study to
assess the outcome was 0.41, and a total dog of 36 would have been required to reach a
power of 0.82.

Although antibiotics have been used widely in human medicine, their real benefit in IBD
remains uncertain, except for specific entities such as pouchitis or in cases with infectious
complications.15 Conversely, the use of antibiotics has been shown to be a risk factor for the
development of Clostridium difficile associated diarrhoea and the development of antibiotic
resistance both in human and veterinary medicine. 28–30
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Antibiotics such as tylosin and oxytetracycline have been shown to be effective in some dogs
with CE. However, the response is typically short-lived after cessation of treatment with one
report of over 80% of dogs relapsing within a month.31,32 It remains unclear if response to
treatment is due to modification of the microbiota via an antibiotic effect or other
mechanisms such as anti-inflammatory properties as shown in vitro for tylosin and
oxytetracycline.30,33–35 However, there is a paucity of in vivo studies to support this effect and
conflicting in vitro results for oxytetracycline.36 Studies using members of the tetracycline
family in mice models of colitis (acute inflammation) showed that tetracyclines not only
affect the gut microbiota composition, but also have immunomodulatory properties that can
secondarily alter the microbiota.37 A pronounced decrease in the proportion of reads of
Actinobacteria was observed in antibiotic-treated mice. An additional concern is the
metabolic effect of using antibiotics over a long period, either at low dose or with pulse
therapy. Both tylosin and metronidazole has been shown to cause marked alterations of the
jejunal and colonic microbiome and metabolome in healthy dogs.38–40 There is limited
information in dogs with CE, but no significant changes in the bacteria species studied were
observed in ten healthy dogs treated with a combination of metronidazole and prednisolone
after a 30 day washout.41
Only one antibiotic, oxytetracycline, was used in our study. Metronidazole, oxytetracycline,
and tylosin are the most frequently used antibiotics for trials in dogs with CE.21 There is no
literature available to determine if one type should be favoured or to support the use of a
different one in the absence of response with the first one. For this reason, it was decided to
limit the trial to one type of antibiotic.
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The limited success of antibiotics and the need of on-going antibiotic treatment in some dogs
in our study raises the question on whether antibiotics should play a role in the treatment of
CE, or if alternative methods of manipulating the microbiome should be used instead. In one
study in dogs, the use of a probiotic after tylosin treatment or of steroids after relapse was not
successful in achieving long-term remission.42 Similarly, sporadic studies of the benefit of
probiotics in dogs with CE have not shown any tangible benefit.41,43,44
In the past decade, faecal microbiota transplantation (FMT) has been used to treat people
affected by recurrent Clostridium difficile associated diarrhoea.45 The evidence is sparse for
FMT in the treatment of people with IBD, and there is currently no published information in
small animal medicine for dogs with CE.45 This treatment needs to be further assessed
especially in dogs not responding to diet trials as an alternative to antibiotic trial.46
In our study, only two dogs required immunosuppressant treatment and a good outcome was
achieved for both. However, ongoing low dose treatment was required. Chlorambucil was
added as a steroid-sparing agent in one case that was diagnosed with protein-losing
enteropathy and in the other case due to the requirements of long-term immunosuppressant
treatment to control the polyarthropathy and excessive side-effects of steroids. Interpretation
of this data remains limited given the small number of dogs in the IRE group.
Limitations of our study include the relatively small number of dogs that could be enrolled
over several years. Another limitation was the case distribution (FRE vs ARE vs IRE) could
not be predicted prior to starting the study. As a result, only two dogs with IRE were
recruited precluding statistical analysis for this group. Recruitment occurred in two
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universities with a majority of FRE in both centres. The same core group investigators were
present in both institutions so that the findings from this study is likely to be a true reflection
of dogs’ response rather than differences between institutions.
Another limitation includes the use of different food for the diet trials. However, as seen in
our study, there is evidence that both hydrolysed and non-hydrolysed diet can be successful
although long-term result is reported to be better with hydrolysed diet.20 This flexibility also
allowed for the use of dry and tinned food to accommodate for the preference of each dog,
and was important in ensuring good compliance from the owners during the first two weeks
of diet trial.
We did not use the option of home-cooked diet, but only commercially available diets. In a
recent review, mislabelling (additional ingredients found) was reported in 33 to 83% of
limited antigen diets tested, which could preclude the success of a diet trial.47 We cannot
exclude that some of the dogs that did not respond to our diet trial would have benefited from
a home-cooked, limited-antigen diet.
Finally, some of the cases had a long-term follow up obtained by phone rather than a clinical
assessment mostly due to travel distance. Although the information obtained cannot be
verified, the assessment of the pet by the owner is the most important criteria of success.
In summary, our study suggests that in Australia, most dogs diagnosed with CE in a referral
population have FRE. Strategies should be implemented to improve diagnosis and
management of FRE dogs in general practice, as a majority of FRE dogs go into remission
for a long duration. Also like other reports, ARE dogs were the second most represented
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group and although a good response was noted in the short term, the long-term remission was
rare. Only two dogs required immunosuppressant treatment, and both were stabilised longterm on a low dose of prednisolone and chlorambucil.

Acknowledgments
JRSD funding for his PhD while undertaking this project includes the Melbourne
International Research Scholarship (MIRS) and Melbourne International Fee Remission
(MIFR).

20

This article is protected by copyright. All rights reserved.

References
1.

Allenspach K, Wieland B, Grone A et al. Chronic enteropathies in dogs: evaluation of
risk factors for negative outcome. J Vet Intern Med 2007;21:700–8.

2.

Jergens AE, Simpson KW. Inflammatory bowel disease in veterinary medicine. Front
Biosci Elite Ed 2012;4:1404–19.

3.

Grevenitis P, Thomas A, Lodhia N. Medical Therapy for Inflammatory Bowel Disease.
Surg Clin North Am 2015;95:1159–82.

4.

Swaminath A, Feathers A, Ananthakrishnan AN et al. Systematic review with metaanalysis: enteral nutrition therapy for the induction of remission in paediatric Crohn’s
disease. Aliment Pharmacol Ther 2017;46:645–656.

5.

Marks SL, Laflamme DP, McAloose D. Dietary trial using a commercial hypoallergenic
diet containing hydrolyzed protein for dogs with inflammatory bowel disease. Vet Ther
2002;3:109–18.

6.

Luckschander N, Allenspach K, Hall J et al. Perinuclear antineutrophilic cytoplasmic
antibody and response to treatment in diarrheic dogs with food responsive disease or
inflammatory bowel disease. J Vet Intern Med 2006;20:221–7.

7.

Allenspach K, Culverwell C, Chan D. Long-term outcome in dogs with chronic
enteropathies: 203 cases. Vet Rec 2016;178:368.2-368.
http://veterinaryrecord.bmj.com/lookup/doi/10.1136/vr.103557.

8.

Kawano K, Shimakura H, Nagata N et al. Prevalence of food-responsive enteropathy
among dogs with chronic enteropathy in Japan. J Vet Med Sci 2016;78:1377–80.

9.

Nelson RW, Stookey LJ, Kazacos E. Nutritional Management of Idiopathic Chronic
Colitis in the Dog. J Vet Intern Med 1988;2:133–137.
http://onlinelibrary.wiley.com/doi/abs/10.1111/j.1939-1676.1988.tb02809.x.

10. Craven M, Simpson JW, Ridyard AE et al. Canine inflammatory bowel disease:
retrospective analysis of diagnosis and outcome in 80 cases (1995-2002). J Small Anim
Pr 2004;45:336–42.
11. Hou JK, Abraham B, El-Serag H. Dietary intake and risk of developing inflammatory
bowel disease: a systematic review of the literature. Am J Gastroenterol 2011;106:563–
73.
12. Ng SC, Bernstein CN, Vatn MH et al. Geographical variability and environmental risk
factors in inflammatory bowel disease. Gut 2013;62:630–649.
http://gut.bmj.com/lookup/doi/10.1136/gutjnl-2012-303661.

21

This article is protected by copyright. All rights reserved.

13. Park SJ, Kim WH, Cheon JH. Clinical characteristics and treatment of inflammatory
bowel disease: A comparison of Eastern and Western perspectives. World J
Gastroenterol WJG 2014;20:11525–11537.
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4155345/.
14. Dandrieux JRS. Inflammatory bowel disease versus chronic enteropathy in dogs: are
they one and the same? J Small Anim Pract 2016;57:589–599.
http://onlinelibrary.wiley.com/doi/abs/10.1111/jsap.12588.
15. Nitzan O. Role of antibiotics for treatment of inflammatory bowel disease. World J
Gastroenterol 2016;22:1078. http://www.wjgnet.com/1007-9327/full/v22/i3/1078.htm.
16. Luckschander N, Hall JA, Gaschen F et al. Activation of nuclear factor-kappaB in dogs
with chronic enteropathies. Vet Immunol Immunopathol 2010;133:228–36.
17. Lennon EM, Boyle TE, Hutchins RG et al. Use of basal serum or plasma cortisol
concentrations to rule out a diagnosis of hypoadrenocorticism in dogs: 123 cases (2000–
2005). J Am Vet Med Assoc 2007;231:413–416.
http://avmajournals.avma.org/doi/abs/10.2460/javma.231.3.413.
18. Dandrieux JR, Martinez Lopez LM, Stent A et al. Changes in duodenal CD163-positive
cells in dogs with chronic enteropathy after successful treatment. Innate Immun
2018;24:400–410. http://journals.sagepub.com/doi/10.1177/1753425918799865.
19. Day MJ, Bilzer T, Mansell J et al. Histopathological standards for the diagnosis of
gastrointestinal inflammation in endoscopic biopsy samples from the dog and cat: a
report from the World Small Animal Veterinary Association Gastrointestinal
Standardization Group. J Comp Pathol 2008;138 Suppl 1:S1-43.
20. Mandigers PJ, Biourge V, van den Ingh TS et al. A randomized, open-label, positivelycontrolled field trial of a hydrolyzed protein diet in dogs with chronic small bowel
enteropathy. J Vet Intern Med 2010;24:1350–7.
21. Simpson KW, Jergens AE. Pitfalls and progress in the diagnosis and management of
canine inflammatory bowel disease. Vet Clin North Am Small Anim Pr 2011;41:381–98.
22. Munster M, Horauf A, Bilzer T. Assessment of disease severity and outcome of dietary,
antibiotic, and immunosuppressive interventions by use of the canine IBD activity index
in 21 dogs with chronic inflammatory bowel disease. Berl Munch Tierarztl Wochenschr
2006;119:493–505.
23. Dave M, Loftus EV. Mucosal healing in inflammatory bowel disease-a true paradigm of
success? Gastroenterol Hepatol N 2012;8:29–38.

22

This article is protected by copyright. All rights reserved.

24. Garcia-Sancho M, Rodriguez-Franco F, Sainz A et al. Evaluation of clinical,
macroscopic, and histopathologic response to treatment in nonhypoproteinemic dogs
with lymphocytic-plasmacytic enteritis. J Vet Intern Med 2007;21:11–7.
25. Walker D, Knuchel-Takano A, McCutchan A et al. A comprehensive pathological
survey of duodenal biopsies from dogs with diet-responsive chronic enteropathy. J Vet
Intern Med 2013;27:862–74.
26. Pietzak MM. Follow-up of patients with celiac disease: Achieving compliance with
treatment. Gastroenterology 2005;128:S135–S141.
http://linkinghub.elsevier.com/retrieve/pii/S0016508505001940.
27. Sainsbury K, Mullan B, Sharpe L. A Randomized Controlled Trial of an Online
Intervention to Improve Gluten-Free Diet Adherence in Celiac Disease. Am J
Gastroenterol 2013;108:811–817. http://www.nature.com/articles/ajg201347.
28. Brown KA, Fisman DN, Moineddin R et al. The Magnitude and Duration of
Clostridium difficile Infection Risk Associated with Antibiotic Therapy: A Hospital
Cohort Study. PLoS ONE 2014;9.
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4144891/.
29. Kothary V, Scherl EJ, Bosworth B et al. Rifaximin Resistance in Escherichia coli
Associated with Inflammatory Bowel Disease Correlates with Prior Rifaximin Use,
Mutations in rpoB, and Activity of Phe-Arg-β-Naphthylamide-Inhibitable Efflux
Pumps. Antimicrob Agents Chemother 2013;57:811–817.
http://aac.asm.org/content/57/2/811.
30. Kilpinen S, Rantala M, Spillmann T et al. Oral tylosin administration is associated with
an increase of faecal enterococci and lactic acid bacteria in dogs with tylosin-responsive
diarrhoea. Vet J 2015;205:369–374.
http://linkinghub.elsevier.com/retrieve/pii/S1090023315001732.
31. Kilpinen S, Spillmann T, Westermarck E. Efficacy of two low-dose oral tylosin
regimens in controlling the relapse of diarrhea in dogs with tylosin-responsive diarrhea:
a prospective, single-blinded, two-arm parallel, clinical field trial. Acta Vet Scand
2014;56:43.
32. German AJ, Hall EJ, Day MJ. Immune cell populations within the duodenal mucosa of
dogs with enteropathies. J Vet Intern Med 2001;15:14–25.
33. Cao X, Dong M, Shen J et al. Tilmicosin and tylosin have anti-inflammatory properties
via modulation of COX-2 and iNOS gene expression and production of cytokines in
LPS-induced macrophages and monocytes. Int J Antimicrob Agents 2006;27:431–438.
http://linkinghub.elsevier.com/retrieve/pii/S0924857906000628.

23

This article is protected by copyright. All rights reserved.

34. Shah SA, Ishinaga H, Takeuchi K. Oxytetracycline Inhibits Mucus Secretion and
Inflammation in Human Airway Epithelial Cells. Chemotherapy 2017;62:301–306.
35. Hall EJ. Antibiotic-responsive diarrhea in small animals. Vet Clin North Am Small Anim
Pr 2011;41:273–86.
36. Di Cerbo A, Palatucci AT, Rubino V et al. Toxicological Implications and
Inflammatory Response in Human Lymphocytes Challenged with Oxytetracycline. J
Biochem Mol Toxicol 2016;30:170–177.
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5063161/.
37. Garrido-Mesa J, Algieri F, Rodríguez-Nogales A et al. Immunomodulatory tetracyclines
ameliorate DNBS-colitis: Impact on microRNA expression and microbiota composition.
Biochem Pharmacol 2018;155:524–536.
https://linkinghub.elsevier.com/retrieve/pii/S0006295218303137.
38. Igarashi H, Maeda S, Ohno K et al. Effect of Oral Administration of Metronidazole or
Prednisolone on Fecal Microbiota in Dogs. White BA, editor. PLoS ONE
2014;9:e107909. http://dx.plos.org/10.1371/journal.pone.0107909.
39. Suchodolski, J, Olson E, Honneffer J et al. Effects of a hydrolyzed protein diet and
metronidazole on the fecal microbiome and metabolome in healthy dogs. J Vet Intern
Med 2016;30:1455.
40. Suchodolski JS, Dowd SE, Westermarck E et al. The effect of the macrolide antibiotic
tylosin on microbial diversity in the canine small intestine as demonstrated by massive
parallel 16S rRNA gene sequencing. BMC Microbiol 2009;9:210.
http://bmcmicrobiol.biomedcentral.com/articles/10.1186/1471-2180-9-210.
41. Rossi G, Pengo G, Caldin M et al. Comparison of microbiological, histological, and
immunomodulatory parameters in response to treatment with either combination therapy
with prednisone and metronidazole or probiotic VSL#3 strains in dogs with idiopathic
inflammatory bowel disease. PLoS One 2014;9:e94699.
42. Westermarck E, Skrzypczak T, Harmoinen J et al. Tylosin-responsive chronic diarrhea
in dogs. J Vet Intern Med 2005;19:177–86.
43. Sauter SN, Benyacoub J, Allenspach K et al. Effects of probiotic bacteria in dogs with
food responsive diarrhoea treated with an elimination diet*. J Anim Physiol Anim Nutr
2006;90:269–277. http://onlinelibrary.wiley.com/doi/abs/10.1111/j.14390396.2005.00595.x.

44. Schmitz S, Glanemann B, Garden OA et al. A Prospective, Randomized, Blinded,
Placebo
‐Controlled Pilot St
Activity and Intestinal Gene Expression in Canine Food
‐Responsive Chronic

24

This article is protected by copyright. All rights reserved.

Enteropathy. J Vet Intern Med 2015;29:533–543.
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4895498/.
45. Brandt LJ, Aroniadis OC. An overview of fecal microbiota transplantation: techniques,
indications, and outcomes. Gastrointest Endosc 2013;78:240–9.
46. Garcia-Mazcorro JF, Chaitman J, Jergens A et al. Commentary on key aspects of fecal
microbiota transplantation in small animal practice. Vet Med Res Rep 2016;
47. Olivry T, Mueller RS. Critically appraised topic on adverse food reactions of companion
animals (5): discrepancies between ingredients and labeling in commercial pet foods.
BMC Vet Res 2018;14:24.

25

This article is protected by copyright. All rights reserved.

Tables
Table 1. Differences in demographics, duration of clinical signs, CCECAI, and follow up time between dogs diagnosed with FRE, ARE, and
IRE.

n

FRE (N=10)
Median
Min

Max

n

ARE (N=7)
Median Min Max

n

IRE (N=2)
Median
Min

Max

Age
(months)

10

30

14

114

7

26

18

60

2

90

60

120

Weight
(kg)

9

29.5

4.1

72.7

7

29.2

9.4

38.9

2

12.5

11.3

13.7

BCS
(out of 9)

9

4

2

6

6

4

2

5

2

2.5

1

4

Duration of signs
(months)

10

11.5

2

36

7

5

3

36

2

14

12

16

CCECAI before

10

6

3

12

7

7

5

12

2

6.5

6

7

CCECAI after

10

0

0

3

7

1

0

2

2

0

0

0

Follow up
(months)

10

21.1

3.0

44.7

7

32.9

5.1

59

2

33.5

25.0

41.9
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ARE, antibiotic-responsive enteropathy; BCS, body condition score; CCECAI, canine chronic enteropathy clinical activity index (maximum score 24); IRE,
immune-suppressive enteropathy; N, number in each group; n, number of dogs within each group.
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Table 2. Diet and long term follow up of dogs with CE after response to empiric trial.
Dog

Length (mo)

Follow up
Current therapy

Outcome1

S
H
S
S
H
H + S3
H
z/d
H
H + z/d3

NR
H
S
S
S
H
H
z/d
Commercial
S

3
36
3
3
32
4
45
34
39
11

None
None
None
None
None
None
None
None
None
None

R
R
R
R
PR2
R
R
PR
R
R

S
H+S
H+S

S
H
H

5
33
23

Relapse
PR
PR

H+S

Limited antigen

59

11
12
18

H+S
H
H + z/d

Commercial
H + chicken
Commercial

34
14
33

AB q48h
None
AB q12h
AB pulse therapy
Fluoxitine
None
AB q72h
None

14

H + z/d + SP

Commercial

42

Pred 2.5mg q48h

R4

FRE

2
3
4
5
6
9
13
15
16
19

Trial

Diet
At follow up

I
R
E

10

ARE

1
7
8
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PR
R
R
PR

Chlorambucil 2mg q72h
17

z/d

z/d

25

Pred 5mg q48h
Chlorambucil 2mg q48h
Pancreatic enzymes
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R5

Supplement 1. Demographics, clinical signs, diagnosis, and clinical scoring of the dogs enrolled. Nineteen dogs responded to treatment and two dogs were
excluded (dog 20 and 21).
Dog

Origin

Breed

Sex

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21

MU
MU
MU
MU
MU
UoM
UoM
UoM
UoM
UoM
UoM
UoM
UoM
UoM
UoM
UoM
UoM
UoM
UoM
MU
UoM

Labrador R.
Great Dane
SBT
GSD
Toy Poodle
Weimaraner
Japanese Spitz
GSD
Maltese cross
GSD
Basset Hound
Border Collie
Golden R.
Spoodle
Labrador R.
GSD
Labrador R.
Greyhound
Chihuahua
Rottweiler
Whippet

FS
MC
MC
M
MC
MC
FS
M
FS
FS
M
MC
MC
M
FS
FS
FS
FS
MC
M
FS

Age
(Mo)
26
30
29
15
30
21
18
44
60
18
35
60
60
60
114
14
120
24
108
60
48

Weight
(kg)
29.2
72.7
23
31.3
6.7
27.6
9.4
38.9
NR
25.4
33.2
21.0
30.8
11.3
40.2
29.5
13.7
29.2
4.1
30.5
9.5

BCS
(out of 9)
5
5
5
4
5
2
5
4
NR
2
NR
3
4
4
6
3
1
4
3
3
3

Signs
Localisation
Duration (Mo)
Lower GI
5
Lower GI
25
Mix GI
24
Upper GI
2
Lower GI
18
Mix GI
3
Mix GI
4
Upper GI
3
Upper GI
12
Mix GI
3
Mix GI
24
Mix GI
36
Mix GI
36
Lower GI
12
Mix GI
11
Lower GI
6
Upper GI
16
Upper GI
12
Mix GI
2
Mix GI
1
Mix GI
12

Outcome
ARE
FRE
FRE
FRE
FRE
FRE
ARE
ARE
FRE
ARE
ARE
ARE
FRE
IRE
FRE
FRE
IRE
ARE
FRE
NA
NA
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CCECAI
Before After
7
1
4
0
11
2
3
0
9
0
4
0
8
2
9
0
6
0
12
1
5
0
5
1
7
1
6
0
12
3
6
0
7
0
7
1
6
0
12
NA
9
NA

Histology
Before
After
2
0
3
3
4
1
1
4
5
0
2
0
1
0
2
0
3
4
1
1
4
4
3
0
3
3
2
1
4
2
2
0
4
1
2
2
2
4
NA
NA
NA
NA

ARE, antibiotic-responsive enteropathy; BCS, body condition score; CCECAI, canine chronic enteropathy clinical activity index; F, female; FRE, foodresponsive enteropathy; FS, female spayed; GI, gastro-intestinal; GSD, German shepherd dog; IRE, immunosuppressant-responsive enteropathy; M, male;
MC, male castrated; Mo, months; UoM, University of Melbourne; MU, Murdoch University; NA, not applicable; NR, not recorded; SBT, Staffordshire bull
terrier.
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Supplementary material
Supplement 1. Demographics, clinical signs, diagnosis, and clinical scoring of the dogs
enrolled. Nineteen dogs responded to treatment and two dogs were excluded (dog 21 and 22).

Legends
Figure 1. Flow chart of the treatment trials used in 19 dogs diagnosed with chronic
enteropathy. ARE, antibiotic-responsive enteropathy (initial dosage: oxytetracycline 10mg/kg
PO q12h); FRE, food-responsive enteropathy (selected protein or hydrolysed protein diet);
IRE, immunosuppressant-responsive enteropathy (initial dosage: prednisolone 1mg/kg PO
q24h + chlorambucil 2-4mg/m2 PO q24h).
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