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C o m p a ri son of Or al Pr edn i s on e a n d Pr e d n i s o n e C o m b i n e d w i t h
Me t r o n i d azole f or Induction Th e r a p y o f C a n i n e I n fla m m a t o r y B o w e l
Disease: A Rand o m i z e d - C o n t r o l l e d Tr i a l
A.E. Jergens, J. Crandell, J.A. Morrison, K. Deitz, M. Pressel, M. Ackermann, J.S. Suchodolski,
J.M. Steiner, and R. Evans
Background: Although prednisone and metronidazole are commonly used to treat canine inflammatory bowel disease
(IBD), no randomized-controlled trials have been performed.
Hypothesis: Combination drug therapy with prednisone and metronidazole will be more effective than prednisone alone for
treatment of canine IBD. Reduction in disease severity will be accompanied by decreased canine IBD activity index (CIBDAI)
scores and serum C-reactive protein (CRP) concentrations.
Animals: Fifty-four pet dogs diagnosed with IBD of varying severity.
Methods: Dogs were randomized to receive oral prednisone (1 mg/kg; n 5 25) or prednisone and metronidazole (10 mg/kg;
n 5 29) twice daily for 21 days. Clinical (CIBDAI) scores and serum CRP were determined at diagnosis and after 21 days of
drug therapy. The primary efficacy measure was remission at 21 days, defined as a 75% or greater reduction in baseline CIBDAI
score.
Results: Differences between treatments in the rate of remission (both exceeding 80%) or the magnitude of its change over
time were not observed. CRP concentrations in prednisone-treated dogs were increased because of many dogs having active
disease. Both treatments reduced CRP in comparison with pretreatment concentrations. An interaction between CIBDAI and
CRP was identified in 42 of 54 dogs (78%), whereas 8 of 54 dogs (15%) showed disagreement between these indices.
Conclusions and Clinical Importance: Prednisone is as effective as combined treatment with prednisone and metronidazole
for induction therapy of canine IBD. CRP may be normal or increased in dogs with IBD and may be useful in assessing the
response of individual dogs to treatment along with changes in the CIBDAI.
Key words: C-reactive protein; CIBDAI; Drug treatment; IBD.

I

diopathic inflammatory bowel disease (IBD) is a common cause of chronic gastrointestinal disease in
dogs.1–3 Medical treatment for induction of clinical remission is largely empirical and consists of dietary
management and use of nonspecific anti-inflammatory
drugs, with corticosteroids providing the most consistent
benefit.1,2,4 Accumulating evidence in human IBD and
experimental colitis in animal models suggests that the
resident microbiota contribute to the pathogenesis of
chronic immunologically mediated intestinal inflammation.5–7 Dogs with IBD have distinctly different
duodenal microbial communities compared with healthy
dogs.8,9 Additionally, canine histiocytic ulcerative colitis
now is recognized to be associated with adherent and invasive Escherichia coli,10 and affected dogs frequently
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respond to fluoroquinolone antimicrobial treatment.11
Thus, there appears to be a sound rationale for evaluating canine IBD treatment protocols that target enteric
bacteria and the harmful immune responses that they
might evoke.
Clinical trials in human IBD (eg, patients with Crohn’s
disease and ulcerative colitis) consistently demonstrate
response to 5-aminosalicylates (5-ASA) and corticosteroids as mainstays of treatment.12–14 Antibiotic
treatment with metronidazole and ciprofloxacin is commonly used for Crohn’s disease, although controlled
trials to support this practice are limited.15,16 Many clinicians include metronidazole into the treatment
protocol for canine IBD, and metronidazole often is
combined with immunosuppressive drugs in dogs having
moderate to severe clinical signs or histopathologic lesions.4,17,18 However, no controlled trials have evaluated
the efficacy of prednisone in combination with metronidazole for the treatment of IBD in dogs. The objective of
the present study was to compare the efficacy of prednisone and metronidazole combination therapy versus
prednisone monotherapy for the treatment of canine
IBD. Moreover, serum concentrations of C-reactive protein (CRP) were evaluated before and after induction
drug therapy to assess their utility as therapeutic monitoring tools.
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Materials and Methods
Dogs
The randomized-controlled trial was conducted at the Veterinary
Teaching Hospital at Iowa State University (ISU) from January
2004 to February 2008. The protocol was approved by the ISU
Institutional Animal Care and Use Committee. All clients gave
written or verbal informed consent. Investigators were unaware of
the treatment assignment until a final diagnosis was made.
All dogs were diagnosed with idiopathic IBD according to previously published clinical criteria.1,19 In brief, these variables included
persistent (43 weeks) gastrointestinal signs; failed responses to dietary (commercial intact protein elimination diet) or symptomatic
(parasiticides, antibiotics, anticholinergics, gastrointestinal protectants) therapies alone; thorough diagnostic evaluation with exclusion
of other causes of gastroenteritis; and, histopathologic diagnosis of
intestinal inflammation. Each dog was fed the elimination diet for a
minimum of 3 weeks to eliminate adverse food reactions (ie, foodresponsive enteropathy) as a cause for gastrointestinal signs. Additionally, metronidazole or amoxicillin with clavulinic acid was
administered to every dog for 14 days if the dogs failed to respond
to dietary intervention alone. The minimum diagnostic evaluation
performed on all dogs included a CBC, serum biochemistry profile,
urinalysis, trypsin-like immunoreactivity, direct (wet mount) and
indirect (zinc sulfate flotation) examination of feces for nematode
and protozoan parasites, survey abdominal radiographs, and histopathologic review of mucosal biopsy specimens obtained via
gastroduodenoscopy, colonoscopy, or both. The performance of a
particular endoscopic procedure was dictated by the history and
predominant clinical signs (ie, small intestinal, large intestinal, or
mixed clinical signs) exhibited by each dog. Intestinal inflammation
was defined on the basis of recently described World Small Animal
Veterinary Association histopathologic guidelines.20 Additional
tests such as abdominal ultrasonography (n 5 14 dogs), pancreatic
lipase immunoreactivity (n 5 11 dogs), serum cobalamin and folate
measurements (n 5 32 dogs), or some combination of these tests
also were performed in some dogs at the clinician’s discretion. Furthermore, none of the dogs could show evidence of extra-alimentary
tract inflammation (based on results obtained from initial diagnostic testing) nor could they have received immunosuppressive drugs
(eg, corticosteroids, metronidazole, or sulfasalazine) or antibiotics
within 14 days of clinical examination.

Baseline Studies
Dogs with IBD were assigned a pretreatment clinical disease severity score calculated by use of a numerical activity index, the
canine IBD activity index (CIBDAI).19 This index incorporates the
following items: general attitude and activity, appetite, frequency of
vomiting, stool consistency, stool frequency, and weight loss. The
overall score may range from 0 to 18, with disease activity interpreted as being clinically insignificant (score 0–3), mild (score 4–5),
moderate (score 6–8), or severe (score 9 or greater). Only dogs having a baseline CIBDAI score of at least 4 were included in the trial.
At the time of randomization, a blood sample was collected for measurement of serum CRP by a solid phase sandwich immunoassaya
validated for dogs.21 The reference range for CRP concentrations in
healthy dogs by this assay is 0–7.6 mg/L.b

Randomization and Drug Administration for IBD
The IBD dogs were randomly assigned, by means of a computergenerated schedule, to receive either oral prednisone (1 mg/kg q12h)
or oral prednisone and metronidazole (10 mg/kg q12h) for 21 days.
In some instances, a coin flip was used to determine which treatment
arm was administered to a patient. The use of a coin flip was

reserved for 5 dogs whose biopsy results were returned after hours
or on weekends, when the study technician and access to the randomization schedule were unavailable. All dogs were exclusively fed
1 of 2 commercial elimination (intact protein) dietsc,d during the 21day induction treatment period. The elimination diets chosen were
of similar composition with respect to high digestibility and low fat
content, and clients additionally were instructed to avoid feeding
dog treats or table scraps to their pets during the drug treatment
period. All hypocobalaminemic dogs received SC cobalamin supplementation (500 mg cobalamin per injection in dogs 5–15 kg; 500–
1200 mg cobalamin per injection in dogs 4 15 kg) weekly during the
trial. Those dogs exhibiting large bowel signs with histopathologic
evidence of colitis additionally were treated with fiber supplementatione (1–3 tsp) at each feeding. Owner compliance to drug and
dietary recommendations was assured by weekly telephone consultations performed by the study technician.

Clinical Response and Measures of Outcome
Dogs were re-evaluated at the ISU clinic 3 weeks after initiation
of drug therapy. Clinical assessment was performed by calculation
of the posttreatment CIBDAI score, and blood was obtained for repeat CRP analysis. Study medications were continued or tapered
based on the presence or absence of presenting gastrointestinal
signs. The primary measure of response was clinical remission at 21
days posttreatment. Remission was defined as a 75% or greater reduction in posttreatment CIBDAI score as compared with its
corresponding pretreatment value. Partial clinical remission was defined as a treatment response resulting in a posttreatment CIBDAI
score o75% but 425% of its pretreatment determination. Secondary measures included the mean change in serum CRP concentration and any adverse drug reactions.

Data Analysis and Statistics
Two treatment groups (prednisone versus prednisone and metronidazole) were compared on 2 outcome measures (CIBDAI score
and serum CRP) after 21 days of treatment. First, descriptive statistics and graphs (means, medians, standard deviations, box plots,
and histograms) were used to evaluate the data distributions and
provide data summaries for all variables. Change (posttreatment
minus pretreatment) variables corresponding to CIBDAI and CRP
were constructed. Two dogs with a CRP change 44 standard deviations from the mean change were removed from the analysis
because they were considered statistical outliers. Second, the treatment groups were compared on the change variables with
Wilcoxon’s nonparametric tests. Third, matched-pairs t-tests were
used to test the change in outcome variable over time (ie, post-pre)
by treatment group. Finally, the agreement of the change scores was
summarized with Pearson’s correlation. Statistical analyses were
performed with the JMP software package.f
It was estimated that 50% of dogs treated with prednisone alone
would be in remission at 21 days. This hypothesis was based on
results from previous canine IBD studies that showed that use of
steroids (eg, prednisone or prednisolone administered at an identical
dosage to that utilized in the present study) resulted in clinical
remission (monitored by the CIBDAI) posttreatment in the majority of diseased dogs.17,19,22,23 A minimum clinically significant
difference in the occurrence of this outcome was considered to be
25%. Therefore, a remission rate of 75% in the prednisone and
metronidazole group was anticipated. Randomization of 15 dogs
per group would give a power of 80% to detect this difference at the
0.05 significance level. Additional dogs were enrolled to allow for a
noncompliance rate up to 25%.
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Results
Study Population
The characteristics of the study populations generally
were balanced for all factors examined (Table 1). Body
weights in IBD dogs ranged from 6 to 48 kg and from 4 to
43 kg in prednisone-treated and prednisone and metronidazole-treated dogs, respectively. Disease severity based
on CIBDAI scoring showed that the prednisone treatment group comprised 9 mild, 13 moderate, and 7 severe
IBD dogs, whereas the prednisone and metronidazole
treatment group contained 11 mild, 12 moderate, and 2
severe IBD dogs. Both groups had mean clinical (CIBDAI) scores indicative of moderate IBD, but disease
flares (ie, presence of overt clinical signs within 24 hours
of hospitalization) were reported in 75% of dogs assigned to prednisone versus 38% of dogs assigned to
prednisone and metronidazole. Decreased serum albumin concentrationg was found in 31% (9 of 29; mean,
2.1 g/dL; range, 1.7–2.5 g/dL) and 36% (9 of 25; mean,
2.5 g/dL; range, 1.0–3.1 g/dL) of dogs treated with prednisone or prednisone and metronidazole, respectively.
Hypocobalaminemiah was observed in 39% (7 of 18;
mean, 191 ng/L; range, 99–248 ng/L) of prednisonerandomized dogs and 21% (3 of 14; mean, 204 ng/L;
range, 160–228 ng/L) of dogs randomized to prednisone
and metronidazole. Survey abdominal radiography confirmed fluid-distended small intestinal bowel loops,
suggestive of nonspecific enteritis, in 18 of 54 dogs.
Abdominal ultrasound examination showed mild mesenteric lymphadenopathy and increased thickness of the
intestinal wall in 3 of 14 and 5 of 14 dogs, respectively.

Endoscopy and Histology
Gastroduodenoscopy was the most commonly performed endoscopic procedure in both treatment groups
(Table 2). Mucosal lesions of increased friability, granularity, erosions or some combination of these predominated
Table 1. Baseline characteristics of the IBD dogs overall with associated complications. Characteristics of the
54 dogs enrolled in the study.
Parameter
Age (years)
Weight (mean, kg)
n (male/female)
CIBDAI scorea
Organsb
Disease duration (mo)
Flarec
Complications
Hypoalbuminemia n (%)
Hypocobalaminemia n (%)
a

Prednisone
Monotherapy

Prednisone/
Metronidazole

6.8
19.5
29 (9/20)
7.1
SI, colon
5.0
Yes (75%)
—
9/29 (31)
7/18 (39)

6.5
19.9
25 (11/14)
6.0
SI, colon
6.3
Yes (38%)
—
9/25 (36)
3/14 (21)

Mean disease activity at diagnosis; range 0–18.
Histopathologic confirmation of mucosal inflammation.
c
Active gastrointestinal signs within 24 hours of presentation.
IBD, inflammatory bowel disease; CIBDAI, canine IBD activity
index.
b
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in the intestines of most diseased dogs. Histologically, all
dogs showed variable infiltration of the lamina propria
with lymphocytes, plasma cells, and eosinophils which
were accompanied by morphologic and inflammatory
changes in the mucosa.1,20
Twenty-eight dogs had mild inflammation and 26 dogs
had moderate to severe intestinal inflammation on histopathologic review of biopsy specimens. The severity of
inflammation in the small intestine was similar for both
treatment groups, with prednisone-treated dogs diagnosed as having mild (n 5 14) or moderate to severe (n
5 13) IBD in comparison with dogs receiving combination drug therapy, which were diagnosed with mild (n 5
13) or moderate to severe (n 5 12) enteritis. Colonoscopy
with endoscopic biopsy was performed in 16 dogs that
completed the study. Histopathologic lesions in the colonic mucosa were observed in 3 of 8 prednisone-treated
dogs (2 dogs having moderate IBD colitis and 1 dog diagnosed with mild IBD colitis) and 4 of 8 combination
treatment dogs (mild or moderate to severe IBD colitis
diagnosed in 2 dogs each, respectively). Some dogs were
observed to have histopathologic lesions of IBD in both
the small and large intestines.

Randomization
During the study period, 101 dogs were screened for eligibility and 80 dogs were randomized into the drug trial
(Fig 1). Twenty-one dogs were not enrolled because
they had normal histology or were diagnosed with
non-IBD causes for gastrointestinal disease, including
parasites, Helicobacter spp. gastritis, lymphosarcoma,
histoplasmosis, pancreatitis, idiopathic megaesophagus,
or other illnesses. Of the 80 dogs enrolled, 45 were
randomized to treatment with prednisone and 35 to prednisone and metronidazole. A total of 26 dogs (32%) did
not complete the 3 weeks of study medications including
16 dogs (35%) in the prednisone group and 10 dogs
(40%) in the prednisone and metronidazole group. In
dogs treated with prednisone, 14 were excluded from final
analysis because of noncompliance and 2 dogs were lost
to follow-up. The reasons for exclusion in dogs treated
with prednisone and metronidazole included noncompliance in 8 dogs, and 2 dogs were lost to follow-up. Overall,
54 dogs completed the full trial and reached week 3.

Primary and Secondary Outcomes
After 3 weeks of drug therapy, the proportion of dogs
in remission was 24 of 29 (83%) in the prednisone and
metronidazole group and 22 of 25 (88%) of dogs that
received prednisone alone. Five (n 5 2 prednisonetreated, n 5 3 prednisone and metronidazole-treated) of
7 dogs with colitis that received fiber supplementation
achieved full clinical remission. Two other dogs with colitis were treated with fiber and prednisone and
metronidazole but achieved only partial remission (ie, at
least 50% reduction in CIBDAI score pre- versus posttreatment). For the population as a whole, no difference
(P 5 .38) was noted between the treatment groups in the
rate of remission or its magnitude of change over time
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Table 2. Endoscopic procedures performed in 54 dogs randomized to receive drug therapy for canine inflammatory
bowel disease.
Gastrointestinal Endoscopic Procedures
Treatment Group
Prednisone (n 5 29)
Prednisone 1 metronidazole (n 5 25)

Gastroduodenoscopy

Gastroduodenoscopy 1 Colonoscopy

Colonoscopy

21
17

7
7

1
1

(Fig 2). All hypocobalaminemic dogs (n 5 10) in both
treatment groups achieved full remission by the end of
the treatment period. Conversely, IBD dogs with hypoalbuminemia (eg, 9 of 29 prednisone-treated dogs and 9
of 25 prednisone and metronidazole-treated dogs)
showed lower remission rates with 4 of 5 nonresponsive
dogs in both treatment groups failing to achieve even
partial clinical remission.
At the baseline visit, the mean CRP in prednisonetreated dogs was significantly (P o .001) higher than the
mean CRP observed in dogs treated with prednisone and
metronidazole, 22.5 and 7.5 mg/L, respectively (Fig 3).
Both prednisone and prednisone and metronidazole
groups showed significant (P o .001) reduction in CRP
concentrations pre- versus posttreatment. However, prednisone-treated dogs showed a significantly (P 5 .013)
greater magnitude of decrease in CRP concentrations
over time as compared with CRP concentrations in dogs
treated with prednisone and metronidazole. Collectively,
the interactions between CIBDAI and CRP over the 3week trial were in agreement in 42 of 54 dogs (78%),
whereas 8 of 54 dogs (15%) showed disagreement between these indices. Four dogs had pretreatment and
posttreatment CRP values of 0 mg/L.

Adverse Effects
Overall, both treatments were well tolerated. Systemic
adverse effects (ie, polyphagia, polyuria, and polydipsia,
restlessness, panting) attributable to prednisone were
noted in 6 of 54 (9%) of dogs in both treatment groups.

Anxiety and panting were observed in 3 large breed (4
27 kg) dogs. None of these signs were severe enough to
cause owners to discontinue treatment and withdraw
their dogs from the study. Adverse signs associated with
metronidazole toxicity (eg, nausea, vomiting, diarrhea,
neurologic disorders) were not observed in any dog
receiving this medication.

Discussion
The limited understanding of the etiopathogenesis and
disease course of canine IBD has prompted therapeutic
decisions based on clinical experience and data derived
from uncontrolled case series and trials. The present
study represents the first randomized-controlled trial
evaluating the efficacy of prednisone versus prednisone
and metronidazole in combination for the treatment of
canine IBD. The rate of remission after 21 days of treatment was similar for both treatment groups. Furthermore,
drug treatment with either prednisone or prednisone and
metronidazole was associated with significantly decreased
mean CRP concentrations posttreatment, but the magnitude of CRP reduction was greatest in dogs receiving
prednisone monotherapy. Because antibiotics are commonly used alone4,24,25 or in combination with glucocorticoids1,17–19,25 or aminosalicylates1,18,19,25 as treatment
of canine IBD, the results of this study are highly relevant
to the care of these patients.
It was the goal of this study to critically compare the
hypothetically more potent treatment regimen of prednisone and metronidazole to treatment with prednisone

Fig 1. Study enrollment and drug treatment of canine inflammatory bowel disease dogs.
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Fig 2. Effect of drug therapy on clinical remission according to
canine inflammatory bowel disease activity index (CIBDAI) scores.
Remission was defined by a 75% or greater reduction in the
CIBDAI value posttreatment versus pretreatment. Box plots show
the mean, range, 25 and 75% quartiles for CIBDAI scores. !P o .05
compared with pretreatment value. Tx, treatment. Data derived
from analysis of 54 inflammatory bowel disease dogs.

alone in IBD dogs having clinically significant (ie,
CIBDAI score ! 4) disease. The design of our trial excluded dogs with food-responsive enteropathy (ie,
clinical signs that improved or resolved when fed an
elimination diet for at least 21 days) and dogs that had
received antibiotic or immunosuppressive drug therapy
within 2 weeks of initial diagnostic evaluation. Clinical
assessment of IBD activity was performed using
both clinical (CIBDAI) and biologic (CRP) indices after
histopathologic confirmation of idiopathic intestinal

Fig 3. Effect of drug therapy on serum C-reactive protein (CRP)
concentrations. Box plots show the mean, range, 25 and 75% quartiles for CRP concentrations. !P o .05 compared with pretreatment
value. #Magnitude of prednisone group CRP change is significant
(P o .05) compared with prednisone/metronidazole group. Tx,
treatment. Data derived from analysis of 52 inflammatory bowel
disease dogs.
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inflammation. Furthermore, randomization was performed by computer generation of a randomization
sequence to assign dogs to treatment groups, and clinicians were masked to the intervention until a diagnosis of
IBD was made.26,27
Practical guidelines for the treatment of human IBD
are dictated by the disease (ulcerative colitis versus
Crohn’s disease), course (active versus quiescent, presence of flares), site (small intestine versus colon or
rectum), and severity of clinical disease.12,28–31 Mild
IBD is treated with 5-ASA, which function as a free radical scavenger and as an anti-inflammatory drug.32,33
Corticosteroids, such as prednisone, are potent, rapidly
acting anti-inflammatory agents used for acute treatment
of moderate to severe active disease.12,13 Induction
dosing averages 7–14 days13 but long-term maintenance
therapy is undesirable because of adverse effects (eg,
Cushing’s disease, osteoporosis, cardiomyopathy).34,35
Immunomodulators such as azathioprine, 6-mercaptopurine, methotrexate, and cyclosporine are useful in the
maintenance of remission in IBD patients with chronic
active disease. Most recently, biological therapies, especially anti-TNF agents, have shown efficacy in treatment
of Crohn’s disease patients who have failed to respond to
more conventional treatment options.13,36
Antibiotics are used as a primary or adjuvant treatment option for active Crohn’s disease and ulcerative
colitis, although controlled clinical trials supporting use
of these agents are lacking.37–39 The rationale for this selective therapeutic manipulation is based on animal
model observations that the gut microbiota provide the
stimulus for intestinal inflammation.5–7,38–42,i There is
presumptive evidence that metronidazole, ciprofloxacin,
or the combination of these antibiotics are effective in
Crohn’s colitis and ileocolitis, but not in isolated ileal
disease.43–46 The use of antibiotics as a primary treatment for ulcerative colitis currently is not justified based
on available studies. However, other studies suggest that
long-term administration of ciprofloxacin47 or the nonabsorbable broad-spectrum antibiotic rifaximinj might
have a possible benefit as an adjunct to standard antiinflammatory treatment in these patients.
Several different combinations of glucocorticoids and
antimicrobials have been used for treatment of canine
IBD in different trials. In a retrospective analysis of 80
dogs with IBD, Craven et al18 reported that treatment
with prednisolone, sulfasalazine, metronidazole, or tylosin
was not associated with a favorable long-term outcome.
The initial treatment chosen in this trial consisted of
multiple drugs and various combinations were administered, which confounded interpretation of response rates.
The authors characterized remission status as full (26%),
partial with cyclical signs (50%), or incomplete (4%) at
follow-up examination, but scoring indices were not utilized. Jergens et al19 reported that treatment with
prednisone and metronidazole for 21 days significantly
decreased the CIBDAI and CRP from baseline values
in 58 IBD dogs, although sulfasalazine also was administered to some dogs with colitis. Similarly, the combination of prednisone and metronidazole administered
at tapering doses over 90 days was associated with both
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clinical (CIBDAI) and endoscopic improvement in dogs
with nonhypoproteinemic lymphocytic-plasmacytic enteritis.17 In another study, Munster et al25 evaluated the
association among drug treatment, clinical response, and
histologic severity of inflammation at the time
of diagnosis. Dogs with IBD were treated with multiple
drugs (metronidazole, prednisolone, azathioprine, sulfasalazine, or some combination of these) with efficacy
assessed 3 times over a 12-week treatment period. Overall, 15 of 21 dogs with IBD of varying severity showed
good therapeutic responses based on clinical (CIBDAI)
scores. However, the effect of metronidazole treatment in
a subset (n 5 5) of IBD dogs with low disease activity was
questionable. Moreover, there was no significant association between efficacy of treatment and age, CIBDAI
score, or serum albumin concentration. Finally, Allenspach et al48 showed that 10 of 21 dogs with chronic
enteropathies that received oral prednisone responded to
the initial treatment and failed to show any relapses for
the next 3 years.
Other single and combination drug regimens have
been reported to treat canine IBD effectively. Cyclosporine was a useful rescue agent in 11 of 14 IBD dogs
that were previously refractory to prednisolone and intermittent antibiotic treatment.49 Luckschander et al50
reported that a 10-week trial of prednisolone reduced
clinical (CIBDAI) scores in IBD dogs post treatment.
Of interest, 54% of IBD dogs in this study were hypoalbuminemic at diagnosis, but the glucocorticoid
responsiveness of these dogs in comparison with the nonhypoproteinemic IBD dogs was not reported. A small
case series also suggested that tylosin may have a role in
treating canine chronic diarrhea based on improved fecal
consistency scores after antibiotic and dietary therapy.24
Antimicrobials, such as tylosin or metronidazole, may
exert their anti-inflammatory actions in IBD through one
of several mechanisms. One theory is that changing the
intestinal microbiota prevents colonization by pathogenic bacteria.40 Another potential mechanism is that in
genetically susceptible hosts there is a lack of tolerance to
commensal bacteria in the intestines, leading to activation of the gut immune system.5,6,39,40 Suppression of the
microbiota might lead to down-regulation of aberrant
host responses directed against microbial antigens that
trigger and perpetuate chronic mucosal injury. Antibiotics such as amoxicillin-clavulinic acid and metronidazole
also might have direct anti-inflammatory effects independent of their antimicrobial activity, including
suppression of cell-mediated immunity.51–53
The clinical results of this study indicate a beneficial
role for prednisone as part of an induction protocol in
dogs with moderate to severe IBD. Both treatment arms
resulted in significant reduction of CIBDAI scores after
drug therapy with the greatest rate of remission observed
in the monotherapy (prednisone) group. Furthermore,
these data are in broad agreement with previous investigations in which glucocorticoids were of proven efficacy
for treatment of canine IBD when used alone or in combination with metronidazole.1,17–19,25,50 Interestingly,
both treatment groups in the present study contained numerous IBD dogs that had disease flares within 24 hours

of presentation. These dogs comprised 75 and 38% of
prednisone-treated and prednisone and metronidazoletreated dogs, respectively, and represent new data of disease expression which has not previously been reported.
Thus, our study lends further support to the utility of
oral prednisone for treatment of dogs with active IBD.
We did not study metronidazole as monotherapy and
therefore cannot exclude the possibility that this drug is
beneficial in canine IBD when used on its own.4
Hypoalbuminemia and low serum cobalamin concentration have been reported previously to be associated with
negative outcome in canine chronic enteropathies.18,48
Both hypoalbuminemia and hypocobalaminemia were
common clinicopathologic variables observed in the
IBD dogs of this study. However, in contrast to earlier
reports, IBD remission rates in both treatment groups
exceeded 83% despite the presence of active clinical disease. The reasons for this difference in outcome between
the present and earlier studies may be related to several
factors. First, the magnitude of hypoalbuminemia in our
dogs (mean, 2.3 g/dL) was not as severe as that (o2.0 g/dL)
noted in earlier reports. Secondly, ascites associated with
overt protein-losing enteropathy was not a salient feature
observed on physical examination in the dogs of this
study. Thirdly, the short duration of clinical follow-up
(ie, 21 days versus median long-term outcome assessments of 1718 and 3648 months) may have biased our
results toward a positive outcome because this 3-week
time frame might have been too short to detect clinical
relapse.
Serum CRP was used as an indirect marker of intestinal inflammation in IBD dogs of this study. CRP
repeatedly has been shown to be a useful inflammationsensitive biomarker to determine the acute phase response in humans with IBD, especially those with
Crohn’s disease.54–57 Our data showed that CRP concentrations were increased in 23 of 54 (43%) dogs on initial
presentation, with the prednisone treatment group showing the highest mean CRP concentration. This finding of
increased baseline CRP in a proportion of IBD dogs is in
accordance with 2 earlier reports19,58 but is in disagreement with another report,48 which categorized chronic
enteropathy dogs into food-responsive, steroid-treated,
and PLE groups. In this latter study, CRP was measured
in less than half of the dogs described raising the possibility that high CRP concentrations may have been
missed in some animals at the time of diagnosis. Interestingly, the increased CRP concentrations in these dogs
decreased posttreatment to within the reference range. It
should be noted that many human IBD patients have
CRP concentrations within the normal range at diagnosis with wide overlap observed between values for
patients with Crohn’s disease and ulcerative colitis.56,59
CRP concentrations were significantly increased in the
prednisone-treated dogs of this study, likely as a consequence of recent inflammatory activity (flare) which was
observed in 75% of dogs in this group. Both interventions were associated with decreased serum CRP
concentrations after completion of drug therapy, but the
magnitude of change pre- versus posttreatment was
greatest in dogs that received prednisone alone. This
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difference (fold-change) in CRP concentrations of prednisone-treated dogs partially may have been because of
their high baseline (eg, pretreatment) concentrations. A
similar observation showing a positive response to treatment paralleled by decreased CRP concentrations was
made by Jergens et al19 in a subset (n 5 28) of dogs having moderate to severe IBD. Collectively, these
observations suggest that CRP may be normal or increased in dogs with IBD and may be most useful in
assessing the response of individual dogs to treatment
along with changes in clinical indices.56
The present study has some potential limitations. Although considered unlikely, we cannot conclusively
exclude bacterial enteropathogens as contributing to intestinal inflammation in some IBD dogs because fecal
cultures and bacterial toxin assays were not performed in
all animals. Most of the IBD dogs had histopathologic
lesions involving the small intestinal mucosa, which is
different than human IBD where histopathologic inflammation typically involves the colon alone (ulcerative
colitis) or less commonly involves the small intestine
(Crohn’s disease).5,6,31 The effect of prednisone in reducing gut inflammation may not have been entirely because
of its anti-inflammatory actions, but also because of steroid-induced enhancement of small intestinal digestive
and absorptive functions that could contribute to resolution of clinical signs.2 Subtle variability in the specific
novel protein source, extent of digestibility, relative fat
content of the elimination diet fed to a given dog or some
combination of these also may have influenced outcome
to some extent. Although the use of elimination diets for
treatment of food-responsive enteropathies is well established2,4,17,22,23,48–50 we are unaware of previous studies
that have shown the superiority of 1 novel intact protein
source over another in the dietary management of canine
IBD. Fiber (eg, Metamucil, which contains psyllium seed
husk as an active ingredient) supplemented to the elimination diets of dogs with colitis also could have provided
a protective effect on intestinal health because of its prebiotic activity. Prebiotics can stimulate the growth and
metabolism of a beneficial enteric microbiota and stimulate the production of colonic short-chain fatty acids
(such as butyrate) attributable to fermentation by colonic bacteria.60,61 Studies using prebiotics have been
performed mostly in animal (rodent) models of intestinal
inflammation, but not all studies using prebiotics have
resulted in positive outcomes.62,63 To our knowledge, the
use of prebiotics as primary treatment for canine IBD has
not been reported.
Our clinical trial was designed to evaluate the effects of
induction drug therapy for canine IBD. Reevaluations
were performed after 21 days of diet and pharmacotherapy, which is standard practice at our institution and
generally is adequate to assess response to medical treatment.19 Furthermore, this interval encouraged owner
compliance. We observed very good to excellent control
of gastrointestinal signs in most prednisone-treated dogs
during the 3-week treatment period. However, additional
studies are warranted to evaluate the effects of prolonged
drug therapy because it is possible that gastrointestinal
signs could recur when the prednisone dosage is tapered.
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In this regard, metronidazole could have a prednisonesparing effect that is only documented when prednisone
is administered at a lower dosage.
Cobalamin deficiencies in some IBD dogs also may
have affected the drug and dietary therapy in those animals. Not all dogs in our study had baseline serum
cobalamin concentrations assessed. Some of the reasons
for this included client financial constraints, previous
cobalamin supplementation at the time of referral, and
the fact that not all dogs had gastrointestinal signs (eg,
cachexia with poor appetite, weight loss, watery small
bowel diarrhea) indicative of severe small intestinal disease which might be associated with hypocobalaminemia
and negative outcome.48 The 10 dogs with hypocobalaminemia in this study were successfully treated
with weekly cobalamin injections, which returned serum
cobalamin concentrations into the normal range within 6
weeks after initiating vitamin treatment.
In conclusion, the results of this study show that oral
prednisone monotherapy is as effective as combined
treatment with prednisone and metronidazole for treatment of canine IBD. Adverse effects of either drug are
uncommon, and both medications are well tolerated
when used as part of an IBD induction therapy regimen.
Although CRP may be normal or increased in dogs with
IBD, a change in CRP concentration after treatment
is useful to assess the effect of the drug therapy on the
severity of clinical disease.

Footnotes
a

Tri-Delta-Phase, Tri-Delta Diagnostic Inc, Boonton Township,
NJ
b
Gastrointestinal Laboratory, College of Veterinary Medicine and
biomedical Sciences, Texas A&M University, College Station, TX
c
Potato and duck formula, Royal Canin USA Inc, St. Charles, MO
d
Potato and whitefish formula, Royal Canin USA Inc
e
Metamucil, Proctor and Gamble, Cincinnati, OH
f
JMP 7.0.1, SAS Institute, Cary, NC
g
Iowa State University CVM reference range: 3.2–4.3 g/dL
h
TAMU GI Laboratory reference range: 252–908 ng/L
i
Kim SC, Tonkonogy SL, Albright CA, et al. Regional and host
specificity of colitis in mice monoassociated with different nonpathogenic bacteria. Gastroenterology 2003;124:A485 (abstract)
j
Lukas M, Konecny M, Zboril V. Rifaximin in patients with mild to
moderate activity of ulcerative colitis: An open labeled study. Am J
Gastroenterol 2003;98:A434 (abstract)
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