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Abstract
Inflammatory bowel diseases (IBD) represent impor-
tant chronic conditions affecting the gastrointestinal 
tract in man. However, similar disorders are found in 
several animal species and the IBD affecting dogs are 
particularly important. These are encompassed by an 
umbrella of probably several different entities with 
common symptoms, some of which seem to share 
striking similarities with human conditions. This review 
will focus on the actual knowledge of IBD in dogs, and 
attempt to identify differences and similarities with hu-
man IBD conditions.
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INTRODUCTION
Inflammatory bowel diseases (IBD) are well known gas-
trointestinal disorders in humans; however, these disor-
ders are also present and often investigated in animals[1]. 
IBD in man [Crohn’s disease (CD) and ulcerative colitis 
(UC)] can be defined as chronic idiopathic multifactorial 
diseases[2,3]. CD is typically a disease of  ileum and colon, 
but can also affect other areas of  the digestive tract[4], 
forms granulomas and involves the whole intestinal wall, 
while UC is an ulcerative and inflammatory disease usu-
ally limited to superficial layers (mucosa, superficial part 
of  the submucosa) of  the colon[5]. 

Dogs may also develop IBD[6], being part of  the 
chronic enteropathies if  lasting  more than three weeks[7], 
and are properly defined when there is histological dem-
onstration of  mucosal inflammation and all other pos-
sible causes of  enteritis/infiltrates have been investigated 
and excluded[7-10]. Enteritis is classified depending on 
which predominant cells infiltrate the intestinal wall and 
where this infiltration takes place[11]. 

Thus, chronic diseases of  the small intestine that can 
be included among IBD are lymphocytic-plasmacytic 
enteritis (LPE), eosinophilic enteritis and eosinophilic 
gastro-enteritis (EGE)[10]. With regard to the large in-
testine, four main conditions are recognized as IBD in 
dogs: lymphocytic-plasmacytic colitis, eosinophilic colitis, 
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histiocytic ulcerative colitis (HUC) (mainly PAS-positive 
macrophages), and regional granulomatous colitis (mainly 
PAS-negative macrophages)[10,12-16]. However, it is worth 
noting that such diseases may frequently involve both 
the small and the large intestine, or even include the 
stomach: lymphocytic-plasmacytic enterocolitis, eosino-
philic enterocolitis (EEC) or gastroenterocolitis (EGEC) 
and granulomatous gastroenteritis[8,10,13,15]. 

In dogs, another important chronic enteritis, whose 
causes have not yet been clearly defined, but have been 
widely investigated and for which underlying allergic 
factors have been hypothesized, is the so-called food-
responsive diarrhoea (FRD)[6]. This disease is especially 
important because it is often included in the differential 
diagnosis of  IBD. 

IBD is considered to have the same incidence in males 
and females, and middle-aged dogs seem to be more af-
fected[10]. With regard to breed predisposition, this has 
been suggested for some specific forms of  IBD such as 
immunoproliferative enteropathy in Basenjis, protein-los-
ing enteropathy and associated protein-losing nephropathy 
in Soft-Coated Wheaten Terriers, and HUC in boxers[10,11]. 
However, although HUC displays a higher predisposition 
in boxers[17], it has also been described in other breeds of  
dogs such as French Bulldog, Doberman Pinscher, Mas-
tiff  and Alaskan Malamute[16,18].

PATHOGENESIS
Information in dogs
In dogs, the development of  IBD is thought to originate 
as a consequence of  a deregulation of  mucosal immu-
nity in predisposed animals[14]. The loss of  tolerance to 
antigens (food, intestinal bacteria, etc.) is one of  the most 
studied mechanisms that could justify the development 
of  chronic intestinal inflammation[8,11,19]. The immune-
mediated basis of  the disease can be inferred by the re-
sponse to the administration of  immunomodulant drugs; 
the presence of  increased IgE positive cells in diseased 
dogs compared to healthy dogs is a further aspect that 
also suggests the involvement of  hypersensitivity reac-
tions in the pathogenesis of  canine IBD[20], as well as the 
increased concentration of  eosinophils and mast cells in 
many dogs with EGE[8]. Interruption of  the mucosal bar-
rier, independently of  the primary cause (bacterial, chemi-
cal, etc.), can also lead to further antigen exposure, allow-
ing the process to become chronic[21], and is enforced by 
decreased apoptosis of  lymphocytes, as demonstrated in 
dogs with IBD compared to control dogs[22].

Homeostasis inside the digestive tract is maintained by 
the equilibrium between the reactions to pathogens and to 
commensal bacteria or other inoffensive luminal antigens 
(tolerance) that are mediated by different molecules[23]. 
The presence of  mucosal tolerance to harmless antigens 
is very important, because depending on its absence the 
subsequent inflammatory response can be exaggerated 
and even detrimental. Such tolerance is probably based on 
the fact that the antigen is presented or not, contextually 
to other danger signals[10,24]. The difference between toler-

ance and reaction is also based on pattern recognition re-
ceptors (PRRs)[25], which are able to recognize microflora 
according to their pathogen-associated molecular patterns 
or microbe-associated molecular patterns[26].

Similar to humans, the study of  IBD in affected dogs 
has led to the hypothesis that genetic factors and enteric 
bacteria can play a pivotal role in the pathogenesis of  
these disorders, owing to the abnormal intestinal response 
to commensal microflora[26]. Once stimulated, PRRs such 
as Toll-like receptors (TLRs)[27] start their pro-inflammato-
ry activity, and a recent study showed that three TLRs (2, 
4, and 9) stimulated by bacteria are up-regulated in dogs 
with IBD[26]. These results are similar to those following 
the activation of  TLR4 which has been demonstrated in 
humans suffering from IBD[28]. In these patients, both 
genetic predisposition and environmental factors are con-
sidered important elements in the development of  the 
disease. Moreover, as already well known in humans[29,30], 
a recent study showed that in IBD dogs, small intestinal 
bacteria are different from those found in healthy dogs[31], 
strengthening the idea of  a correlation between microflora 
and IBD.

Thus, even in small animals, and similar to that in 
man, intestinal lymphocyte subset distribution and major 
histocompatibility complex class Ⅱ antigens, as well as 
cytokine gene expression and other markers, have yielded 
interesting and sometimes overlapping results[9,32-36]. For 
instance, one study showed that dogs with IBD display a 
larger number of  IgE positive cells than healthy dogs, in 
a manner similar to that for interleukin 4 (IL-4) expres-
sion in man with IBD[20]. In addition, the modulation of  
the expression of  intestinal lamina propria lymphocytes P 
glycoprotein (P-gp) seems to play a similar role in both 
human and dog IBD. In fact, in IBD patients scarcely 
responsive to steroid treatment, P-gp is highly expressed, 
and in dogs showing a good response to treatment this 
protein is modestly represented[37].

As previously documented in humans, in IBD dogs 
the investigation of  specific subsets of  cell populations 
led to the demonstration of  decreased numbers of  mast 
cells (MCs) and of  an increase in both CD3+ cells and 
IgG+ plasma cells[38].

In veterinary medicine, encouraging results also origi-
nate from the study of  nuclear receptors (NRs, presumably 
also involved in the genesis of  IBD in man), such as per-
oxisome proliferator-associated receptor α (PPARα) and 
especially of  NR target genes [such as multi-drug-resistance 
gene-1 (MDR1)], multiple drug resistance-associated pro-
teins (MRP2), cytochrome P450 (CYP3A12), and phenol-
sulfating phenolsulfotransferase (SULT1A1)[39,40]. In a recent 
study it was highlighted that MRP2, CYP3A12, SULT1A1, 
and PPARα are more expressed in FRD and/or IBD dogs 
and that MDR1 can also differentiate between them[21]. 
Moreover, in a study on German shepherd dogs with IBD, 
the mRNA expression of  many cytokines such as IL-2, 
IL-5, IL-12p40, interferon-γ (IFN-γ), tumour necrosis 
factor-α (TNF-α), and transforming growth factor-β1 
(TGF-β1) has been shown to be higher in diseased animals 
compared to controls[34]; however, it must also be kept in 
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mind that other studies reconsidered the increased expres-
sion of  some cytokines in dogs with IBD[35,36].

Information in humans
IBD in man, particularly CD, probably recognise a genetic 
predisposition and many genes such as NOD2/CARD15, 
HLA and IL-1-Ra genes have been investigated and are 
thought to be implicated in CD development[41-43]. How-
ever, environmental factors[44,45] and gut microbiota can 
also be involved in IBD[46-49], as shown by the fact that 
antibacterial drugs may help in controlling symptoms[50-52]. 
An important point for the perpetuation of  damage in 
human IBD is that once stimulated, lymphocytes tend to 
accumulate in the lamina propria because they seem to be 
more resistant to apoptosis[53]. Moreover, an imbalance be-
tween proinflammatory and anti-inflammatory cytokines 
may also play a role[54]. 

In man, nuclear factor-κB (NF-κB) has also been as-
sociated with IBD[55], and it has been shown that IL-23 
can lead to the differentiation of  Th17 lymphocytes pro-
ducing IL-17 with subsequent activation of  NF-κB pro-
inflammatory signals[56]. In a recent study, the link between 
IBD and NF-κB has also been hypothesized in dogs, 
where biopsy samples from dogs with IBD showed that 
the presence of  NF-κB activation in lamina propria macro-
phages was higher than in the control group[23].

Differences between species
An important development in human medicine has shown 
the different involvement of  lymphocyte subtypes (Th1 
and Th2) in IBD, with Th1 being mainly implicated in CD 
while Th2 predominate in UC[57], with subsequent differ-
ent cytokine activation[23]. In dogs, different to man, there 
is mixed activation of  Th1 and Th2 in IBD[6,23,38], leading 
to different expression of  some cytokines, even though it 
has recently been hypothesized that different Th cells can 
be involved in different IBD types[8]. Some authors have 
shown that MC can be increased or decreased, depending 
on the predominant cellular infiltrate, and that these are 
predominantly reduced in LPE, and increased in EGE, 
thus hypothesizing a possible different genesis for the two 
types of  IBD (Th1 for LPE and Th2 for EGE)[8].

Even though the above studies signify an active inter-
est in IBD pathogenesis, it is also evident that the mecha-
nisms behind the disease are far from understood, both in 
man and dogs. HUC, a peculiar condition, in which a cen-
tral role for bacteria has been proposed due to the pres-
ence of  intralesional microbes and PAS + macrophages, 
similar to Whipple’s disease in man[7]. 

CLINICAL AND DIAGNOSTIC ASPECTS
Clinical manifestations of  IBD in dogs are numerous and 
nonspecific; the most common clinical signs are weight 
loss, persistent or recurrent vomiting and/or diarrhoea[8], 
frequently associated with symptoms that are an expres-
sion of  eventual complications, such as ascites (if  hypoal-
buminemia is present) or pallor of  mucous membranes (in 
the case of  chronic gastrointestinal bleeding)[11,58].

Before reaching a diagnosis of  IBD it is important to 
exclude all other possible causes of  chronic enteritis[6,59] 
by complete clinical examination, laboratory tests and 
instrumental investigations, including biopsy samples for 
histological assessment. Diet correction is also an impor-
tant tool to exclude or eventually confirm FRD[23].

Since in dogs the diagnosis of  IBD is by exclusion, it 
is obvious that many tests  performed during the diagnos-
tic iter (for example blood, urine and faeces examinations) 
are necessary to exclude other causes of  inflammation, 
and are rarely specific for IBD, thus, not overestimating 
the incidence of  such a diagnosis[10]. This aspect is very 
important, because if  the cause of  the chronic enteritis is 
misdiagnosed and it is treated as an IBD, it is unlikely to 
resolve[58].

In diagnosing IBD, instrumental diagnostics are 
important and often of  paramount importance, even 
though of  the three most used techniques, i.e. radiology 
(X-R), ultrasonography (US) and endoscopy, only the 
latter yields more specific information for the diagnosis 
of  IBD (Figure 1), especially as it allows biopsy samples, 
which are indispensable to distinguish the various sub-
types of  mucosal infiltration[60]. X-R and US (which give 
important information on gut layering and wall thick-
ness) seem to be more helpful for the exclusion of  other 
possible causes[61], and because the importance of  intes-
tinal wall thickening in dogs with IBD has recently been 
revaluated[10,62,63].

After having excluded the most common causes of  
chronic enteropathies, intestinal biopsies, obtained surgi-
cally or endoscopically depending on circumstances (en-
doscopy is less invasive, but sampling is limited in terms 
of  site of  execution and/or of  dimension), can allow the 
diagnosis of  IBD[10] (Figure 2). However, it is important to 
stress that biopsy samples are not unequivocally interpret-
able[6,10,64], even though recent work helped in clarifying 
such interpretation by providing a histopathological score 
for mucosal changes in dogs[65]. 

In humans, to diagnose and/or to monitor IBD, 
several serological markers such as anti-neutrophil cyto-
plasmic antibody (p-ANCA), anti-Saccharomyces cerevisiae 
(ASCA), outer membrane porin C antibody (anti-OmpC), 
anti-laminaribioside antibody, anti-mannobioside anti-
body, and anti-chitobioside antibody, anti-pancreas Ab 
and anti-caliciform intestinal cells Ab, faecal calprotectin, 
lactoferrin and polymorphonuclear neutrophil elastase 
are available and have been tested, although not all of  
these are employed in clinical practice[66-68].

Together with the clinicopathological diagnosis/
monitoring of  IBD, in veterinary medicine several mark-
ers such as p-ANCA and ASCA, have also been inves-
tigated for this purpose. However, even if  these were 
indicative of  IBD[69], no correlation with symptoms or 
pathological aspects was documented for p-ANCA[19]. 
Conversely, in dogs with IBD mucosal permeability 
measured through the administration of  lactulose and 
rhamnose has been correlated to the histological grav-
ity of  the lesions[70]. The serum concentrations of  folate 
and cobalamin have also been investigated, and although 
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they represent nonspecific findings[71] these are impor-
tant for supplementation during treatment[10]. Moreover, 
IgG and nitrite concentrations in colonic lavage fluid can 
be higher in dogs with IBD than in controls, with impor-
tant implications in the diagnosis and monitoring of  the 
disease[72]. Other markers, such as microalbuminuria and 
C-reactive protein, yielded less encouraging results, since 
they showed no correlation with symptoms or pathologi-
cal assessment[73]. As stated above, IBD in dogs can be 
accompanied by protein loss, which is easily verified by 
measuring serum albumins; the presence of  a new test 
to dose α1-proteinase inhibitor (α1-PI) in faeces may al-
low the earlier identification of  protein loss, because this 
protein has a molecular mass similar to that of  albumin, 

but has the advantage of  persisting unaltered in stool[71].
If  diagnosis of  the disease necessitates a long and 

complete diagnostic plan, important tools for the clini-
cal evaluation of  IBD are the canine chronic enteropathy 
activity index and the canine IBD activity index (CIBDAI) 
(similar to the Crohn’s disease activity index in man[74]) that 
also allows follow-up of  the patient during treatment[75-77], 
even though the CIBDAI does not seem to correlate with 
histopathologic grade[73]. One important aspect in manag-
ing IBD is that it is very difficult to foresee the outcome 
of  the patient; fortunately, many important markers have 
recently been studied as prognostic indicators, such as ca-
nine pancreatic lipase immunoreactivity (cPLI), cobalamin 
and albumin concentration[78-80].
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Figure 1  Representative endoscopic images in the dog. A: Lymphocytic-plasmacytic colitis; B: Macrofollicular and diffuse interstitial lymphocytic colitis; C: 
Histiocytic colitis; D: Neutrophilic-eosinophilic colitis.

A B C D

Figure 2  Representative histologic images in the dog (HE, bar = 50 µm). A: Lymphocytic-plasmacytic colitis. Note the interstitial diffuse pattern of infiltrate 
represented by a large amount of lymphocytes mixed with plasma cells and some macrophages; B: Lymphocytic-plasmacytic colitis (follicular variant); C: Histiocytic 
colitis. Severe mucosal abnormalities with loss of crypts and diffuse infiltration by large macrophages (arrows) that in the insert (PAS stain) are shown as the main 
cells infiltrating the lamina propria; D: Eosinophilic colitis. Note the presence of a large number of eosinophils (arrows).
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TREATMENT
As in human medicine, the main difficulties in treating dogs 
with IBD originate from an incomplete understanding of  
the pathophysiological basis of  these diseases; thus, it is 
not surprising that in many cases therapeutic protocols are 
partially borrowed from those adopted in man[23,78]. Usually, 
the therapeutic protocols of  choice for IBD in dogs de-
pend on the seriousness of  the disease and, eventually, on 
the resistance to some drugs. Some patients, such as those 
with FRD, may improve or even resolve their condition fol-
lowing the simple administration of  a specific diet, such as 
those based on hydrolysed proteins[58].

In general, the first approach in dogs with IBD usually 
involves some dietary modification, the use of  prebiotics-
probiotics[10,11], antimicrobials and, eventually, cortico-
steroids (prednisolone or, more recently, budesonide)[58]. 
Metronidazole represents an important therapeutic agent, 
because of  its simultaneous antimicrobial and immuno-
modulatory action[10,58]. Other immunomodulatory or anti-
inflammatory drugs, such as azathioprine, cyclosporin, 
chlorambucil, cyclophosphamide and 5-aminosalicylates 
can be administered as an alternative or in association with 
the steroids, depending on the molecule[10,12,58,78]. When 
treating a dog with IBD it is also important to add symp-
tomatic therapeutic measures such as gastroprotectors, 
antiemetics, motility modulators, etc., and to correct any 
possible imbalance (for example, by means of  cobalamin 
or electrolyte supplementation)[10,58].

Considering that the knowledge of  the cytokine pat-
terns involved in IBD human patients represents an 
important tool in the development of  new therapeutic 
strategies[61], this could also supply new therapeutic tools 
in veterinary medicine[10,58]; the results of  a recent study 
on intestinal biopsies from dogs with IBD, assessing 
growth hormone receptor and insulin-like growth factor 
(IGF-1/-2) mRNA expression, gave further perspectives 
for IBD treatment[82].

CONCLUSION
To date, the relationship between IBD in humans and dogs 
has not been completely defined, especially with regard to 
pathophysiology and therapeutic protocols; thus, of  the 
aspects investigated in man only a few could probably be 
successfully translated to dogs. In fact, IBD in the latter 
displays several and some strikingly different forms with 
respect to humans, in whom these diseases display more 
standardized clinical, endoscopic, and pathologic aspects.

However, as suggested by some authors[83,84], the paral-
lel study of  IBD in animals could also lead to important 
information in man[85], and hopefully develop better thera-
peutic measures to alleviate these troubles in our canine 
friends and companions.
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