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Introduction
Granulomatous colitis (GC) is an inflammatory enter-
opathy common among Boxers and French bulldogs 
characterised by large-bowel diarrhoea, haematochezia 
and tenesmus.1–6 The histological appearance of GC is 
well described, with severe mucosal ulceration and peri-
odic acid–Schiff positive (PAS+) macrophages dispersed 
throughout the colonic lamina propria and submu-
cosa.2,7–9 Invasive and adherent Escherichia coli strains 
have been identified within PAS+ macrophages using 
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Abstract
Case summary A 7.5-year-old neutered male Oriental Shorthair cat presented with an 8-month history of 
haematochezia, mucoid diarrhoea, tenesmus and vocalisation after a 4-year history of small bowel diarrhoea. 
Transabdominal ultrasonography confirmed diffuse colonic wall thickening and extensive ulceration and erythema 
after colonoscopy. Colonic histopathology confirmed periodic acid-Schiff positive macrophages, consistent with 
granulomatous colitis; Escherichia coli was cultured from colonic biopsy specimens. Fluorescent in situ hybridisation 
(FISH) identified intracellular E coli, and an 8-week oral course of marbofloxacin, a hydrolysed protein diet and a 
5-day course of fenbendazole yielded a transient partial clinical remission of the colitis signs. A reported resolution 
in the small bowel signs was also reported. Colonoscopy was repeated 5 months later due to the recurrence 
of colitis signs. Histopathology was not consistent with granulomatous colitis supporting a complete remission; 
however, a chronic inflammatory enteropathy was confirmed with moderate lymphoplasmacytic, neutrophilic and 
eosinophilic colitis without a histiocytic component. E coli was again cultured from colonic biopsies with sensitivity 
to fluoroquinolones; FISH was positive for intracellular E coli. Clinical signs persisted despite a 2-week course of 
oral marbofloxacin.
Relevance and novel information E coli-associated granulomatous colitis is rare in cats. Colonic biopsy specimen 
culture is important to guide appropriate antibiotic therapy. Repeat histopathology, culture and FISH have not been 
previously reported after treatment of a cat with E coli-associated granulomatous colitis. Persistent clinical signs 
after treatment with oral marbofloxacin alongside a confirmed complete histologic remission support the presence 
of a concurrent chronic inflammatory enteropathy and pathology for the cat’s ongoing colitis.
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fluorescent in situ hybridisation (FISH). Clinical remis-
sion (CR) is dependent upon eradicating invasive intra-
cellular E coli.2–4

GC is rare in cats.10–13 Direct colonic tissue culture is 
often used to guide antibiosis in dogs, but this has never 
been reported in a case of feline GC. Similarly, repeat 
histopathology and FISH performed on colonic biopsy 
specimens after fluoroquinolone treatment have not 
been described in cats. Herein, we describe the first use 
of histopathology, culture and FISH on colonic biopsy 
specimens, performed as part of initial diagnostic inves-
tigations and 3 months after completing an 8-week 
course of oral marbofloxacin in a cat with confirmed 
GC. Repeat histopathology was inconsistent with GC, 
but colonic mixed inflammation supported a chronic 
inflammatory enteropathy (CIE).

Case description
A 7.5-year-old, 4.7-kg, indoor, neutered male Oriental 
Shorthair cat was presented to the Queen Mother 
Hospital for Animals for the investigation of mixed 
bowel diarrhoea with a progressive 8-month history of 
haematochezia, mucoid diarrhoea, tenesmus and vocal-
isation. Defecation frequency had increased from twice 
to ⩾5 times daily. Before the onset of colitis, the cat had 
a 4-year history of small-bowel diarrhoea, with large 
volumes of liquid faeces.

Prior treatments, including 4 weeks of anti-inflam-
matory oral glucocorticoids, a single subcutaneous 
injection of cefovecin, multiple 2-week courses of oral 
metronidazole and frequent 3-day courses of oral fen-
bendazole prescribed predominately for the chronic 
small-bowel diarrhoea, had not improved the clinical 
signs. Therapeutic limited-ingredient novel protein and 
hydrolysed protein diets were not trialled and the cat 
received a commercial over-the-counter complete diet.

The cat had a WSAVA body condition score of 5/9 
with normal muscling. The remainder of the physical 
examination was unremarkable, and the cat was hospi-
talised for further investigations.

Haematology and serum biochemistry revealed a 
mild mature neutrophilia (13.04 × 109/l [reference inter-
val (RI) 2.5–12.5 ×109]) and hypercholesterolemia 
(4.39 mmol/l [RI 2.2–4]). Serum cobalamin concentra-
tions without prior supplementation were supranormal 
(>1200 ng/l [RI >200]) and T4 concentration was not 
supportive of hyperthyroidism (31.5 nmol/l [RI 19–65]). 
Feline immunodeficiency virus antibody and feline leu-
kaemia virus antigen testing were negative. A McMaster 
faecal egg count did not detect endoparasites or coccidial 
oocysts; neither Giardia species nor Cryptosporidium spe-
cies were identified. A faecal sample submitted for 
Tritrichomonas foetus polymerase chain reaction (PCR) 
before referral had returned negative.

Transabdominal ultrasound identified a diffuse  
4.5-mm thickening of the colonic wall and a severe, focal 
narrowing at the distal aspect of the descending  
colon. There was no abdominal lymphadenopathy,  
and the remainder of the gastrointestinal tract was 
unremarkable.

Gastroduodenal and ileocolic endoscopy (Olympus 
GIF-XP260N) was performed under general anaesthesia. 
The stomach, duodenum and ileum were grossly unre-
markable. The colon was short in length (20 cm), friable 
and oedematous with severe, diffuse ulceration and 
haemorrhage (Figure 1). The focal narrowing identified 
during transabdominal ultrasonography was not visual-
ised. Gastric, duodenal and ileal biopsies were histologi-
cally unremarkable. Ten colonic biopsy specimens were 
collected using 2.2-mm oval fenestrated biopsy forceps. 
Nine specimens were placed free-floating in 10% forma-
lin, and embedded in paraffin blocks for histopathology. 
One colonic biopsy specimen collected in a sterile sample 
pot and moistened with sterile 0.9% saline was submitted 
for aerobic and anaerobic culture.

Histopathology was consistent with multifocal, severe 
pyogranulomatous and ulcerative colitis with numerous 
PAS+ macrophages and distortion of the lamina propria 
by florid granulation tissue (Figure 2). Culture recorded 
by matrix-assisted laser desorption/ionisation revealed a 
moderate growth of E coli that was sensitive to marbo-
floxacin (minimum inhibitory concentration [MIC] ⩽0.5). 

Figure 1 Initial endoscopic visualisation of the colon using 
an Olympus GIF-XP260N endoscope demonstrated severe, 
multifocal ulceration to the colonic wall with a markedly 
erythematous and friable mucosa
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FISH was performed on formalin-fixed, paraffin-embed-
ded colonic biopsy specimens using specific Campy- 
lobacter, E coli and eubacterial probes, revealing abun-
dant, multiplying clusters of E coli and fewer clusters of 
Campylobacter jejuni and Clostridial species.

An 8-week course of oral marbofloxacin (4 mg/kg 
q24 h) was prescribed with five consecutive days of oral 
fenbendazole (50 mg/kg q24h). The cat was also transi-
tioned onto a therapeutic hydrolysed protein diet (Pro 
Plan Veterinary Diets HA Hypoallergenic Dry Cat Food; 
Purina) over 5 days. A partial CR (⩽40% improvement 
as reported by the owner) was described 2 weeks into 
therapy, characterised by improved faecal consistency 
and reduced frequency of haematochezia and tenesmus. 
As multiple therapies were simultaneously imple-
mented, it is not possible to definitively confirm which 
therapy was most effective.

Five months later, the cat was re-referred with a com-
plete clinical relapse typified by haematochezia and tenes-
mus, without any reported small-bowel diarrhaea. Strict 
adherence to the advised hydrolysed protein diet was con-
firmed; however, trials with alternative therapeutic diets 
were declined by the owner. The primary-care practice 
had prescribed 10 days of oral metronidazole (26.6 mg/kg 
q12h) followed by 8 days of oral sulfasalazine (13.3 mg/kg 
q12h), without improvement. Haematology and serum 
biochemistry remained unremarkable. Serum cobalamin 
and TT4 concentrations were 1050.0 ng/l (RI >200) and 
13.9 nmol/l (RI 19–65), respectively. Feline specific pancre-
atic lipase immunoreactivity and trypsin-like immunore-
activity concentrations were unremarkable at 1.5 µg/l (RI 
0.1–3.5) and 71.0 µg/l (RI 12.1–82), respectively. A repeat 
faecal McMaster egg count did not detect endoparasites or 
coccidial oocysts. Sedation was performed to facilitate 

colonic washing and the retrieval of faeces for T foetus-PCR 
testing, which returned negative. Transabdominal ultra-
sonography confirmed persistent and diffuse colonic-wall 
thickening (3.5 mm).

Repeat gastric and ileal endoscopic biopsies were 
histologically unremarkable. Duodenal histopathology 
was consistent with mild, mixed inflammation. 
Colonoscopy did not identify ulceration or haemor-
rhage (Figure 3). Ten colonic biopsy specimens were 

Figure 2 Photomicrographs of histologic sections of colonic endoscopic biopsies: (a) haematoxylin and eosin stain, × 100, 
showing severe pyogranulomatous and ulcerative colitis with loss of the mucosal epithelium and complete distortion of the 
lamina propria architecture by granulation tissue, and (b) periodic acid–Schiff (PAS), × 400, showing PAS + staining of the 
macrophage cytoplasm

Figure 3 Endoscopic visualisation of the colon using 
an Olympus GIF-XP260N endoscope, 5 months after 
initial presentation and after an 8-week course of oral 
marbofloxacin. There was a marked improvement in the 
endoscopic appearance of the colonic wall. The previous 
ulceration and haemorrhage were not observed
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obtained and processed in a manner identical to that 
described in the initial investigation above.

Histopathology was consistent with a CIE describ-
ing a moderate lymphoplasmacytic, neutrophilic and 
eosinophilic colitis without a histiocytic component 
(Figure 4). A profuse growth of marbofloxacin-sensitive 
E coli (MIC ⩽0.5) was cultured from a colonic biopsy 
specimen, with a sensitivity pattern identical to that of 
the initial diagnosis. FISH was repeated in a manner  
identical to that of the initial investigation, with addi-
tional Salmonella-species-specific probes. Individual 
and localised clusters of E coli, Salmonella and Clostridial 
species were detected within the tissue. Campylobacter 
species were not detected. Oral marbofloxacin (4 mg/
kg q24h) was prescribed, but discontinued after 2 weeks 
due to lack of clinical improvement.

An IDEXX feline microbiota dysbiosis index was per-
formed on a single faecal sample, which was inconsist-
ent with a shift in the overall intestinal microbiota 
(dysbiosis index −2.5 log DNA [RI <0]). Therefore, addi-
tional empirical therapy, predominantly with diet, was 
initially prioritised over faecal microbiota transplant.

Discussion
We describe a case of feline E coli-associated GC with a 
complete histologic remission after 8 weeks of oral mar-
bofloxacin. Histopathology, culture and FISH of colonic 
biopsy specimens were performed before marbofloxacin 
therapy and repeated due to the cat’s partial CR and sub-
sequent clinical relapse. Post-treatment investigations 
have not been reported in cats with GC. Similarly, we 
report the first description of culture and sensitivity pro-
filing from colonic biopsy specimens alongside the fifth 
reported case of GC in a cat.10–13

CR of GC relies upon eradicating intracellular E coli 
from within PAS+ macrophages in dogs and cats.2–4,10–13 
Antimicrobial resistance is a reported cause for relaps-
ing canine GC with persistent clinical signs, histological 
changes and culture results.3,14 In our case, E coli cul-
tured after repeat colonic biopsies demonstrated the 
same susceptibility pattern without resistance, along-
side a histological resolution of the GC. Colonic biopsy 
culture and FISH using selective E coli probes are per-
formed in dogs with histologically confirmed GC to 
identify intracellular bacteria.1–3,15 Direct colonic biopsy 
tissue culture has not been reported in a cat with GC, 
but is considered necessary to guide antimicrobial ther-
apy given the growing fluoroquinolone resistance.15 We 
submitted samples for FISH using selective E coli, 
Campylobacter, Salmonella and eubacterial probes due to 
the endoscopic appearance of the colon and the histo-
logic presence of PAS+ macrophages. Intracellular clus-
ters of E coli were confirmed alongside Campylobacter 
species, but the significance of this latter finding remains 
unclear. E coli-associated GC in dogs is treated with 
enrofloxacin. The case described was treated with  
oral marbofloxacin considering the retinotoxic conse-
quences of enrofloxacin in cats and available sensitivity 
profiling.16,17

Colonoscopy was repeated due to a complete  
clinical relapse and perceived GC treatment failure. 
Histopathology was inconsistent with GC. However, 
lymphoplasmacytic, neutrophilic and eosinophilic coli-
tis confirmed a CIE, supporting an alternative pathology 
for the clinical signs. Food-responsive enteropathy 
accounts for at least 60% of all cases of CIE.18 However, 
the owners were initially reluctant to attempt alternative 
therapeutic diet trials for the CIE.

Figure 4 Photomicrographs of histologic sections of colonic endoscopic biopsies: (a) haematoxylin and eosin stain, × 100, 
showing moderate, lymphoplasmacytic, neutrophilic and eosinophilic colitis with no histiocytic component and an intact 
mucosal epithelium, and (b) periodic acid–Schiff (PAS), × 200, showing no PAS+ staining of the inflammatory infiltrate



Waite et al 5

In cats, T foetus infection and intracellular 
Campylobacter coli confirmed with FISH are described as 
causes of neutrophilic enteritis.19,20 Repeated FISH 
assessments using Campylobacter-specific probes and 
faecal PCR testing for T foetus were negative. Intracellular 
E coli remained a consistent finding on FISH, without 
clear significance; however, a study of canine CIE has 
described imbalances in the structure and composition 
of ileal and colonic mucosal microbiota.21 Comparable 
feline studies are lacking.

Complete CR is described in dogs with GC as early as 
2 weeks into enrofloxacin therapy, despite persistent 
PAS+ macrophages confirmed in dogs up to 6 months 
later alongside a complete CR.3,4 Repeat colonic histopa-
thology has not been described in a cat with GC after 
fluoroquinolone treatment.

Limited investigations were performed to exclude 
fungal disease and algae as a cause of GC due to the 
geographic location, chronicity, indoor-only housing 
and absent travel history for the cat. PAS staining did 
not identify any fungal organism and Prototheca species 
was not observed. A second case limitation is the lack of 
multiple therapeutic diet trials for the CIE, which was 
initially declined by the owner.

Conclusions
Neither follow-up histopathology in a cat diagnosed 
and treated with E coli-associated GC nor colonic biopsy 
specimen culture have previously been described. GC 
should remain a differential diagnosis for chronic colitis 
in cats, as an increasing number of isolated case reports 
suggests the prevalence of the disease may be under-
reported. Larger-scale studies are required to further 
assess the prevalence, breed predispositions, clinical 
characteristics, treatment response and outcome. A 
complete histologic remission after oral marbofloxacin 
therapy confirmed a successful GC treatment. A concur-
rent CIE likely explained the cat’s persistent clinical 
signs.
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