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Disease severity Mild Moderate Moderate-Severe
albumin >2g/dl albumin >2g/dl albumin <2g/dl
endo,histo N-mild endo,histo Mod endo,histo,Mod-Sev

Diet + + +

Antibiotics + + +

Steroids + + +

Other immuno + + +

Treatment by Therapeutic Trial

?
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Antibiotic Responsive Enteropathy
• Diarrhea, wt loss, failure to gain wt.

• Absence of a stagnant loop

• Absence of severe mucosal inflammation and EPI

• Breed predisposition: GSD

• Bacterial numbers > (105 aerobes, 104anaerobes)

• May have high folate, low cbl 

• Variable mucosal IgA
• Oral antibiotic treatment was effective in 77% (23/30 

dogs), but prolonged treatment (> 4 weeks) was 
required to control signs and prevent recurrence in 50% 
(15/30)

Res Vet Sci. 1983,35(1):42-6., Gut. 1984,25(8):816-23 J Am Vet Med Assoc. 
1995, 15;206,187-93,Gastroenterology. 1987,93:986-93

? SIBO = 10
5

total or 10
4

anaerobes?

Antibiotic Responsive Enteropathy

• Loss of tolerance to normal flora?

• Innate or adaptive immune 
defects? IgA deficiency?

• Dysbiosis?- predominant cultivable 
bacteria were E.coli, Enterococcus

• Genetic Predisposition?
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Vet Microbiol. 2010 Dec 15;146(3-4):326-35. Epub 2010 May 
27.
Evaluation of mucosal bacteria and histopathology, clinical 
disease activity and expression of Toll-like receptors in 
German shepherd dogs with chronic enteropathies.
Allenspach K, et al

• Duodenum, colon and ileum of 13 affected GSD and 10 
healthy greyhounds. 
• 16S rRNA gene libraries. 

• PLoS One. 2010 Dec 23;5(12):e15740.

•Polymorphisms in the TLR4 and TLR5 gene are significantly associated with inflammatory 
bowel disease in German shepherd dogs.

•Kathrani A,  et al

Bacilli, and Erysipelotrichi, and to the orders of 
Lactobacillales, Actinomycetales and 
Erysipelotrichales

TLR4 expression was > in GSD 
TLR5 expression was < in GSD

PLoS One. 2012;7(1):e30117. 2012 Jan 18.TLR5 risk-associated 
haplotype for canine inflammatory bowel disease confers hyper-

responsiveness to flagellin.Kathrani A, et al

�increase in NF-kB activity when cells 
transfected with the risk-associated TLR5 
haplotype were stimulated with flagellin
�whole blood taken from risk-associated TLR5 
haplotype produced significantly more TNF
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Tylosin-responsive enteropathy

J Vet Intern Med. 2005 Nov-Dec;19(6):822-7. Westermarck E et al. 

Effect of diet and tylosin on chronic diarrhea in beagles
Seven beagles in a colony of dogs had chronic diarrhea for at least 30 days reponded to

tylosin 20 mg/kg BW q24h PO for 10 days.

J Vet Intern Med. 2005 Mar-Apr;19(2):177-86. Westermarck E et al.

Tylosin-responsive chronic diarrhea in dogs.
Tylosin-responsive diarrhea (TRD) affects typically middle-aged, large-breed dogs with

both small and large intestinal signs. Tylosin eliminated diarrhea in all dogs within 3 days,

most within 24 hours.

Dysbiosis:

IKK

NF- B

TNF      IL8

­ Functional change in resident flora,
e.g. adherent and invasive E. coli – AIEC

­ Altered balance of beneficial/protective and harmful bacteria

Mel Craven
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Molecular-phylogenetic characterization of microbial communities imbalances 
in the small intestine of dogs with inflammatory bowel disease.Xenoulis et

al.FEMS Microbiol Ecol. 2008 Jul 21

• Duodenal brush cytology samples from 10 IBD and 9 healthy 

• 16S rRNA gene was amplified using universal bacterial primers.

• Species richness was significantly lower in the IBD group (P=0.038).
• Enrichment in Enterobacteriaceae in IBD

Molecular analysis of the bacterial microbiota in duodenal biopsies from 
dogs with idiopathic inflammatory bowel disease.Suchodolski JS et al. Vet Microbiol.
2010 May 19;142(3-4):394-400. Epub 2009 Nov 10.

• Duodenal biopsies from 7 IBD and 7 healthy

• IBD: Cairn terrier, Yorkshire terrier, Basset hound, Afghan hound, miniature Dachshund, 
Shih Tzu, and Golden Retriever. 

Controls:2 Beagles and 5 were mixed-breed Hound dogs

Dogs with IBD had higher abundance of  Alpha-, Beta-, and Gamma-proteobacteria
(p<0.0001 for all classes), and lower abundance of Clostridia (p<0.0001).
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Let’s just give them antibiotics …
Dysbiosis is present in dogs with Food Responsive Disease

• Treat the underlying cause

Antimicrobials may amplify dysbiosis

• Metronidazole and E.coli and Enterococcus

Antimicrobial Resistance is RAMPANT
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HOPE !

Probiotics: 

– May increase in feces of dogs and cats being supplememented

– May impact immune responses in healthy dogs and cats

– May improve fecal consistency and /or  shorten duration of 

acute diarrhea/gastroenteritis in dogs and cats

– May improve fecal consistency in chronic diarrhea in cats

– May decrease the frequency of diarrhea in cats in Shelters

– May have a protective effect against racing induced diarrhea in 

dogs

– No clinical trials in IBD

– Do not maintain remission for tylosin responsive enteropathy
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Disease severity Mild Moderate Moderate-Severe
albumin >2g/dl albumin >2g/dl albumin <2g/dl
endo,histo N-mild endo,histo Mod endo,histo,Mod-Sev

Diet + + +

Antibiotics + + +

Steroids + + +

Other immuno + + +

Treatment by Therapeutic Trial

?

• Hypoalbuminemia

• *Albumin <2mg/dl poorer 
prognosis, OR 11.4

• liver enzymes

• Hypocholesterolemia

• Hyperkalemia / 
hyponatremia

*JSAP 2004, 45,336-343, Craven et al 80 dogs retrospective
*JVIM 2007,21,703-708, Allenspach et al 70 dogs prospective
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Immunosuppression

• Prednisolone 

@ 2 mg / kg / day PO q 10-21d then taper

• Azathioprine  

@ 2mg / kg PO SID-EOD - dog

• Cyclosporine

5mg/kg PO q24hrs 10 wks JVIM 2006,20,239-244

Pharmacokinetics and clinical efficacy of cyclosporine treatment 
of dogs with steroid-refractory inflammatory bowel disease

J Vet Intern Med. 2006 Mar-Apr;20(2):239-44..Allenspach K,

• Pharmacokinetics and clinical efficacy of PO cyA treatment in dogs with steroid-
refractory IBD (n = 14). 

• cyA 5 mg/kg PO q24h for a period of 10 weeks. 

• Improvement of clinical signs was observed in 12 of 14 dogs with IBD. 

• Median clinical activity score was significantly reduced from a median score of 9 
to a median score of 5 (P = 0.001). 

• T cell numbers in decreased after treatment : in the villous region 28 (19-30) 
cells/10,000 microm2 to  7 (0-10)/10,000 microm2, P = 0.01; crypt region 15 
(6-23) cells/10,000 microm2 before versus 4 (0-9)/10,000 microm2 P = 0.02, 

• implies T cell lysis as a possible mechanism of action. 

• cyA may be an alternative drug in dogs with IBD that are refractory to 
immunosuppressive doses of steroids.
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Does Immunosuppression work?
• Prednisolone 

– @ 2 mg / kg / day PO q 10d then taper

– 10/21 diet unresponsive dogs responded to prednisolone, no 
relapse after taper for up to 3 years

– 3 euthanased after steroids  JVIM 2007 21,703-708

• Cyclosporine

– 5mg/kg PO q24hrs 10 wks JVIM 2006,20,239-244

– 2/8 steroid refractory responded to cyclosporine, 6/8 
euthanased

– 7/10 hypoalbuminemia and ascites responded to cyclosporine

61/70 (87%) and 31/41 (76%) dogs with IBD have 
had a positive response to sequential therapy

5yo MN Yorkie   

Presenting complaint:

Wight loss

Distended abdomen

Occasional diarrhea

Hx: no response to diet alteration, deworming

PE: poor body condition, ascites
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• PCV .39
• MCV 67
• retics 0.0

•
• WBC 11.0
• Neut 10.0
• Band 0.0
• Lymph 0.6
• Mono 0.2
• Eos 0.2
• PLT 900,000
• TP 68

• UA: 1.03, pH 7.0, no protein

• Na 145
• K 3.8

• urea 25 (8.9)
• creat 0.9 (80)

• TP 4.2
• ALB 2.0
• GLOB 2.2

• GLUC 99 (5.5)
• ALT 120
• AST 75
• ALP 111

Imaging
Ultrasound: ascites, hyperechoic speckles 
and linear striations in SI. 
Endoscopy: dilated lymphatics
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YORKSHIRE TERRIER ENTEROPATHY M Craven, et al

• 14 YT with PLE, median age 96mo.

• Vomiting (7), diarrhea (6) and inappetance (6). Bicavity effusions in 5 dogs, and

ascites alone in 3.

• Hypoalbuminemia (< 3.1g/dl) in all 12 dogs (median 1.6g/dl), and hypoglobulinemia

(<1.9g/dl) in 7 (median 1.7g/dl).

• Duodenal biopsies from all affected YT contained cystic intestinal crypts.

• Lymphangiectasia, crypt hyperplasia and villus blunting were less consistent features.

Mucosal infiltration of lymphocytes and plasma cells and eosinophils was common.

• Empirical therapy with corticosteroids (11/12), azathioprine (2/12), antibiotics,

plasma and diuretics had a poor outcome.

• 7/12 cases died or were euthanased within 3m of diagnosis.

• Long-term survival in 3 dogs, (36, 24, and 8m), and 2 are alive at 3m and 4m after

diagnosis.

• FISH showed no evidence of a bacterial association

J Vet Intern Med. 2014 Mar-Apr;28(2):331-7. Zimmerson et al.
Clinical features, intestinal histopathology, and outcome in protein-losing 
enteropathy in Yorkshire Terrier dogs.

ANIMALS:Thirty client-owned Yorkshire Terrier dogs with PLE.
• Females outnumbered males (20/30). Median age was 7 years (range 1-12). 
• Common clinical signs were diarrhea (20/30), vomiting (11), ascites and 

abdominal distension (11), and respiratory difficulty (8).
• Histopathology : villous lymphatic dilatation, crypt lesions, villous stunting, 

and variable increases in cellularity of the lamina propria. 
• All dogs were treated with glucocorticoids. 
• Of 23 dogs with long-term follow-up, 9 had complete, and 3 had partial, 

resolution of signs, and 11 failed to respond to treatment. 
• Median survival of responders was 44 months and of nonresponders was 

12 months, with 4 dogs experiencing peracute death.
• Vomiting, monocytosis, severity of hypoalbuminemia, low blood urea 

nitrogen concentration, and villous blunting were predictive of survival 
<4 months.
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Lymphangiectasia
• Fat restricted, high quality protein diet

• MCT oil  @ 1-2ml/kg (or diet compounded with it)

• Prednisolone  @ 1mg/kg/day PO

– Injectable pred, Dexamethasone?

• Cyclosporine 5mg/kg PO q24hrs 10 wks 

JVIM 2006,20,239-244

• Diuretics 

– lasix 0.5mg/k po bid 2-3d

– Spironolactone0.5-1mg/kg po bid

• Aspirin 0.5mg/kg po sid

• Antibiotics e.g. tylosin

Treatment

Prognosis is Unpredictable
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Adam J. Rudinsky, John C. Rowe, Valerie J. Parker. JAVMA , 2018, Vol. 253, No. 5, Pages 570-
578

Nutritional management of chronic enteropathies in dogs and cats

“Dietary modification can induce clinical remission in quite a lot 
of dogs with chronic enteropathy”
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Neutrophilic or Granulomatous Inflammation
• Much less common than lymphocytic plasmacytic

• May be secondary to infection 
– Bacterial

– Fungal

• Additional diagnostics warranted
– Special stains / FISH analysis

– Radiographs

– Titers

• Prognosis
– Depends on underlying cause

– Typically guarded to poor

‘Lucy’

• 7 yo FN Bichon Frise

• Hx: chronic vomiting, reduced appetite

• rDVM biopsies (surgical):
– Duodenum: moderate LPE, mild nos. eos &

neuts, mild lymphatic dilation

– Ileum: mild LP & neutrophilic
inflammation. TRANSMURAL. Occasional
granulomas

– Mesenteric node: unremarkable

– PAS, Gram and acid-fast stains negative
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Lucy – ileal FISH
EUB338 Cy3 (red), non-EUB-6FAM (green)

Lucy: mesenteric node FISH

GRAM
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2yo FS Shar-Pei Sukie

• Hx: 3 months chronic diarrhea, 2 llb weight loss

• rDVM diagnostics:

– CBC, Chem WNL

– TLI WNL

– Cobalamin low

– Folate WNL

– Feces negative PCR for Clostridium Toxin,

– NO response to cbl weekly, diet changes, flagyl, tylan,

panacur

Surgical biopsies: moderate to severe LP enteritis

2yo FS Shar-Pei Sukie

• Rx HA and Baytril

• Lost 6# since September

• CBC and chem normal with exception of 2.6 albumin. B12, folate and TLI pending.
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Granulomatous Colitis of Boxer Dogs
Van Kruiningen 1965

• Colony of Boxer dogs

• 9/30 dogs affected (8@ 5-18mo, 1@4y)

• Bacteria visualized in ulcerated mucosa and 

clinical response of 6/9 dogs to Chloramphenicol

• No infectious agent consistently identified 

• Bacteria in ulcerated mucosa considered secondary invaders

• Categorized as idiopathic immune mediated
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Nucleotide Substitutions (x100)
0

24.6

5101520

Pre20
Shigella sonnei X96964
Pre16
Pre15
Pre14
Pre12
Pre10
Pre09
E.coli KD2
E.coli K12 U00096
Pre18
Shigella flexneri AE016989
Pre02
Pre05
Pre07
Pre19
Pre23
Shigella flexneri AE015415
Pre04
Pre03
Pre13
Pre17
Pre25
Pre11
E.coli C2 AF403733
E. coli str28 AB075685
Pre01
Pre08
Citrobacter koseri AY579156
Ecoli KD1
Pre06
E.coli CFT073 AE016770
E.coli O157 BA000007
Pre21
Pre24
Klebsiella GCB
Klebsiella pneumoniae AF130983
Proteus GCB
Proteus mirabilis AY820623
Clostridium perfringens Y12669
Pre26
Enterococcus fecalis AY692453
Enterococcus GCB
Sutterella sp.  AY669255
Pre22

A

Nucleotide Substitutions (x100)
0

31.8

51015202530

Post31.seq
Streptococcus hansenii M59114.seq
Post30.seq
Post22.seq
Post18.seq
Post15.seq
Post28.seq
Uncultured clone AF371596.seq
Post37.seq
Uncultured clone AY212771.seq
Post09.seq
Uncultured clone AY328364.seq
Post19.seq
Uncultured clone AJ315487.seq
Butyrate producing bacterium AJ270482.s
Post16.seq
Post08.seq
Post25.seq
Clostridium colinum X76748.seq
Clostridium difficile X73450.seq
Post01.seq
Post10.seq
Post27.seq
Post33.seq
Post32.seq
Post23.seq
Post36.seq
Fusobacterium varium M58686.seq
Post07.seq
Uncultured clone AF371769.seq
Post06.seq
Post05.seq
Post14.seq
Uncultured clone AF371938.seq
Eubacterium dolichum L34682.seq
Post11.seq
Post03.seq
Post13.seq
Post20.seq
Post35.seq
Post02.seq
Post21.seq
post12.seq
Uncultured clone AF499888.seq
Beta proteobacterium AB064864.seq
Beta proteobacterium AB064866.seq
Uncultured proteobacterium AB064864.seq
E.coli CFT073 AE016770.seq
Post17.seq
Post34.seq
E.coli O157 AP002567.seq
Uncultured clone AY375058.seq
Post04.seq
Post26.seq
Shigella sonnei X96964.seq
Post24.seq
Post29.seq
Helicobacter sp M88138.seq
Helicobacter sp AF362544.seq

B

Infection and Immunity 74(8):4778-92. 

E.coli /Shigella (red), nonEUB-338 (green) and DAPI (blue).

Remission of granulomatous colitis in Boxer dogs correlates with eradication of 
invasive intramucosal E. coli

Enrofloxacin >5mg/kg PO SID for at last 6 wks
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Bullet 8 mo M French Bulldog
Hx: chronic large bowel diarrhea, hematochezia

KW Simpson 2011
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‘Bullet’

• 8 mo M French Bulldog

• Hx: chronic large bowel diarrhea, 

hematochezia

• Diagnostics:

– CBC, chem, fecal parasitology unremarkable.

– Colonoscopic mucosal biopsy: moderate

inflammation (macrophages, L-P, eos).

– PAS positive: granulomatous colitis

Bullet 
E coli-Cy3 (red) 
EUB338-6FAM (green)

100 % clinical response to 8 weeks enrofloxacin KW Simpson 2011
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Candidate region of interest

Area implicated by haplotypes in LD  
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Gastroenterology. 2006 Feb;130(2):424-34.
CD48 controls T-cell and antigen-presenting cell functions in 

experimental colitis.
Abadía-Molina AC………Terhorst C.

• CD48 recognizes FimH
• Impaired killing of E.coli

in peritoneal 
macrophages

AIEC replicate in monocyte derived macrophages of GC Boxer with 
CD48/SLAM risk haplotype but not the HC.

Antibiotics 2020, 9(9), 540; https://doi.org/10.3390/antibiotics9090540
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Luminal microbes:
• Specific pathogen

e.g. Mycobacteria, H. 
hepaticus

• Dysbiosis
• ResidentE. coli

Mucosal barrier:
• Altered mucus layer 
• Permeability changes
• Cellular starvation
• Impaired epithelial repair
• Inflammatory trigger?

Host genetic defects: 
• Impaired bacterial sensing
• Defective bacterial killing?
• Defunct cell signalling
• Reduced autophagy
• Mucosal barrier defects

Defective immunoregulation
• Abnormal Ag processing
• Loss of tolerance
• Defective apoptosis
• Aggressive T cell responses

GCBF pathogenesis:

GCBF

43 E. coli strains isolated from 24/25 
dogs

� 43/43 resistant to ≥ 4 antimicrobials
� 100% resistant to clindamycin, erythromycin, 

oxacillin, penicillin

� 68% of strains enrofloxacin-resistant
� 17/24 dogs ≥ 1 enrofloxacin-resistant strain
� Previous fluoroquinolone treatment correlated with 

resistance p = 0.01

Antimicrobial resistance widespread
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Susceptibility profiles of 43 strains

0% 20% 40% 60% 80% 100%

Amikacin

Cefazolin

Cefovecin

Cefoxitin

Cefpodoxime

Cephalothin

Chloramphenicol

Clindamycin

Doxycycline

Enrofloxacin

Erythromycin

Gentamicin

Imipenem

Marbofloxacin

Oxacillin + 2% NaCl

Penicillin

Ticarcillin

Timentin

Trimeth/sulfa

% E. coli isolates

Sensitive

Resistant

Macrophage-penetrating antimicrobial
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Antimicrobial therapy in GC 
should be guided by:

• FISH analysis for invasive E.coli

• Antimcrobial susceptibility of mucosal 

E.coli

FISH negative GC
• How many biopsies were taken?

• Screen (PCR/culture) for Enteropathogens

• Special stains for Prototheca, Histoplasma, 

Pythium
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Med Mycol. 2007 May;45(3):249-66.
Protothecosis in 17 Australian dogs and a review of the canine
literature.Stenner VJ1et al
• Systemic protothecosis was diagnosed in 17 Oz dogs between 1988 and 2005.
• Young-adult (median 4 years), medium- to large-breed dogs. Females

(12/17) and Boxer dogs (7 cases, including 6 purebreds and one Boxer
cross) were over-represented.

• 16 of 17 dogs died, with a median survival of four months.
• In most patients, first signs were referable to colitis (11/17 cases), which was

often present for many months before other symptoms developed.
• Subsequent to dissemination, signs were mostly ocular (12 cases) and/or

neurologic (8 cases).
• Microscopic examination and culture of urine (5 cases), cerebrospinal fluid

(CSF;1 case), rectal scrapings (4 cases), aspirates or biopsies of eyes (5
cases) and histology of colonic biopsies (6 cases) as well as skin and lymph
nodes (2 cases) helped secure a diagnosis.

• PLoS One. 2010 Dec 23;5(12):e15740.

•Polymorphisms in the TLR4 and 
TLR5 gene are significantly 
associated with inflammatory bowel 
disease in German shepherd dogs.

•Kathrani A,  et al

Phenotype:

•Breed

•Type and location of IBD

•Microbiome

•Metabolome

Genotype:

•TLR5?

•NOD2?

•NCF?

The Future…… Individualized care

The microbiota in the duodenum of GSDs belongs to 
the classes of Bacilli, and Erysipelotrichi, and to 

the orders of Lactobacillales, Actinomycetales and 
Erysipelotrichales………………
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Questions?

KWS5@CORNELL.EDU

http://www.vet.cornell.edu/la
bs/simpson

Boxers

Yorkies

Clinical trials

FISH analysis


