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Summary: Chronic inflammatory bowel disease (CIBD) is a disorder of the mucosa and submucosa characterized by infiltration of inflam-
matory cells. Diagnosis of the various forms is based on the degree of inflammation and the predominant type of infiltrating leucocytes.
The cause of this abnormal cellular infiltrate has been linked to abnormal immune responses to bacterial, viral, parasitic, or dietary anti-
gens. Celiac disease (CD) is a chronic inflammatory disease induced in genetically susceptible people by the ingestion of the irritant gluten
and possibly modulated by other environmental cofactors. An abnormal immune response against gluten is the trigger for development of
CD. CD is characterized by a large heterogeneity of clinical signs ranging from asymptomatic to severely symptomatic. Chemokine recep-
tors play a fundamental role in leukocyte migration and one of the important chemokine receptors is CXCR3, which is expressed abundantly
on human T-cells, and particularly on those T-cells associated with activation and inflammation. CXCR3 seems to play a role in equine
immune response as well (Johnstone et al. 2016). Gliadins, the major gluten protein types, release zonulin after coupling to CXCR3. This
subsequently results in increased permeability of the small intestinal mucosa and concurrent inflammation. A potential role of gluten in
equine chronic inflammatory bowel disease was recently reported. The current pilot study aimed to show the expression levels of the CXCR3
receptor in small intestinal samples of healthy horses and horses histologically diagnosed with any of the disorders belonging to the CIBD
syndrome. The electronic patient files of the University Equine Hospital of the Vetmeduni Vienna were searched for cases with protein‐losing
enteropathy, weight loss, chronic enteritis and performed oral glucose tolerance tests. Furthermore, only cases from which intestinal samples
had been kept in the repository were selected. Freshly collected small intestinal samples from 8 randomly chosen slaughter horses without
any overt clinical signs were collected and used as control. Small bowel tissue was routinely stained with hematoxylin and eosin (HE) and
the presence of CXCR3 in cells was shown by an in-situ immunofluorescence technique. Stained sections were analyzed using an Imager
microscope and immunofluorescence of each individual slide was expressed as mean fluorescence intensity (MFI/µm2) using specific soft-
ware. A total of 160 files with clinical histories of intestinal malabsorption, chronic weight loss or small intestinal inflammation were selected
and further analyzed. Finally, only 7 cases fulfilled all criteria of equine CIBD. One of the cases had a concurrent adenocarcinoma of the
caecum. One case showed histological signs of proliferative enteritis suggestive for infection with Lawsonia intracellularis, but the organism
could no longer be detected in the sections. MFI was not significantly different between the diseased and the control group (p=0.613).
One control horse reacted unexpectedly strong and was considered as unhealthy. Therefore, it was excluded from the control group. This
pilot study showed that small intestinal mucosae of horses with histological lesions suggestive for CIBD did not express significantly more
CXCR3 on cells in the gut walls than did randomly chosen slaughter horses. Therefore, this study could not prove that upregulation of
CXCR3 on mucosal cells, possibly lymphocytes, is a specific response to gluten. Gluten allergy in the horse may be mediated by other cyto-
kine receptors as well. Whether gluten allergy is the major cause of CIBD in horses cannot yet be concluded .
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Introduction

The differential diagnosis for weight loss, dependent edema,
lethargy or diarrhea with or without recurrent signs of mild
colic in the horse should include chronic inflammatory bowel
disease (CIBD). A condition strongly suggestive for CIBD is
the presence of protein-losing enteropathy (Schumacher et al.
2000). Although hypoproteinemia due to enteral protein loss
is a major aspect of many cases of CIBD, maldigestion and
malabsorption are other concurrent factors leading or contri-
buting to hypoproteinemia. The cause of malabsorption and
maldigestion of nutrients is mostly due to lesions in the small
intestine (Kalck 2009). Occasionally, in advanced disease,
the large intestine is also involved (Kalck 2009).

Enteral protein loss is difficult to prove directly. Indirect eviden-
ce is often obtained by measuring the absorption of orally
administered glucose (oral glucose tolerance test, OGTT) or

xylose (Roberts and Hill 1973, Roberts and Norman 1979).
The basic idea behind this test is that gut inflammation will
also involve enterocyte function and therefore poor absorp-
tion of amino acids next to leaking of protein likely will be pre-
sent. CIBD is recognized as an infiltration of the mucosa and
submucosa with inflammatory cells (Mair et al. 2006, Schu-
macher et al. 2000). The categorization of the various forms
of CIBD is based on the degree of inflammation and the pre-
dominant type of infiltrating leucocytes (Divers et al., 2006). 

The cause of the abnormal cellular infiltrate is associated with
abnormal immune responses to bacterial, viral, parasitic or
dietary antigens (Schumacher et al 2000). The equine CIBD
syndrome includes granulomatous enteritis (GE), multisyste-
mic eosinophilic epitheliotropic disease (MEED), lymphocytic-
plasmacytic enterocolitis (LPE), and idiopathic eosinophilic
enterocolitis (EC) (Schumacher et al. 2000).



Cimprich (1974) noted the histologic similarity between equi-
ne GE and Crohn’s disease of man. The cause of MEED is
speculated to be related to episodes of immediate type hyper-
sensitivity reactions, likely evoked by dietary, inhaled, or para-
sitic antigens (Schumacher et al. 2000). LPE is characterized
by a moderate to severe infiltration of lymphocytes and/or
plasma cells, accompanied by morphological abnormalities,
such as varying degrees of villus blunting, fusion or atrophy
and the presence of mucosal and/or submucosal edema
(Kemper et al. 2000). These changes in LPE share similarities
with celiac disease of man. 

Celiac disease (CD) is a chronic inflammatory disease cha-
racterized by flattened villi of the small bowel mucosa, and is
induced in genetically susceptible people by the ingestion of
irritant gluten and possibly other environmental cofactors. An
abnormal immune response against gluten is the cause of CD
(Di Sabatino and Corazza 2009). Gluten proteins are present
in wheat, rye, and barley. Gluten proteins have a complex
chemistry and are responsible for the baking properties of
wheat (Wieser 2007). The gliadins are a group of major glu-
ten proteins from which the immunogenicity and toxicity of
several epitopes has been established (Kagnoff 2007). 

CD is characterized by a diverse clinical heterogeneity ran-
ging from asymptomatic to severely symptomatic. Clear clini-
cal signs with frank malabsorption and an increased morbi-
dity are attributable to the underlying immune disorder (Di
Sabatino and Corazza 2009). The prevalence of CD is sero-
logically tested using IgA antigliadin antibodies. Positive
responders are subsequently tested for the presence of anti-
endomysial antibodies and IgA antihuman tissue transgluta-
minase (hTTG) antibodies (Di Sabatino and Corazza 2009).
These tests enable screening of large populations and select
only those people who should undergo a gut biopsy to con-
firm CD histologically (Di Sabatino and Corazza 2009).

According to the Kikkuli Text from 1400 BC, Assyrian horses
were fed mixtures of wheat and barley next to oats, whereas in
Europe about 1000 years later, horses were mainly kept on
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grass and if supplemented with cereals, then with oats, the
cheaper choice. Modern horse feeding practices include fee-
ding of pellets and mueslis. Both may contain significant
amounts of wheat, barley or rye. Since the demand of gluten-
free food for man has strongly increased, extracted gluten has
found its way to the animal feed industry. The change from oat
to mueslis and pellets in the daily rations of horses could result
in the occurrence of an equine form of CD. Van den Kolk et al.
(2012) investigated the potential role of gluten in CIBD. Two
CIBD affected horses, as well as a horses fed a gluten-rich diet
had significantly higher IgA antibodies to human recombinant
and guinea pig tissue transglutaminase (TGA) than horses on
a gluten�poor diet. However, the authors could not show that
the CIBD group had higher levels of any of the CD related
antibodies compared to the healthy gluten�rich fed control
group. Nevertheless, one case of CIBD with markedly increa-
sed TGA, EMA and DGPA levels was identified in that study.
After 6 months of feeding a gluten-free diet, this horse showed
decreased its antibody levels and showed an amelioration of
duodenal histopathologic lesions (van den Kolk at al. 2012).

Chemokine receptors play a fundamental role for leukocyte
migration and one of the important chemokine receptors is
CXCR3, which is expressed abundantly on human T-cells, and
particularly on those T-cells associated with activation and
inflammation (Qin et al. 1998). Meanwhile it is known that
CXCR3 is the target for gliadin and the CXCR3-Gliadin�coupling
releases zonulin (Lammers et al. 2008). Zonulin causes increa-
sed small intestinal mucosal permeability (Clemente et al. 2003)
and subsequent inflammation. The current pilot study aimed to
show the expression levels of the CXC3 receptor in jejunal sam-
ples of healthy horses and horses histologically diagnosed with
any of the disorders belonging to the CIBD syndrome.

Material and Methods Horses

The Vienna Equine Hospital`s electronic files were searched
for the entries protein-losing enteropathy, weight loss, chronic
enteritis and performed oral glucose tolerance tests. One

Table I      Horses sampled in the study. CIBD Syndrome (Nrs. 1-7) and control slaughter horses (8-15). +: symptom manifest;  - : symptom not 
 

Nr. Age (years) Breed Gender Weight loss Diarrhoea Apathy Colic 

1 18 Haflinger Mare + - ‐ + 

2 21 Standardbred Mare + - ‐ + 

3 11 Riding pony Gelding - - - + 

4 1 Warmblood Stallion + - + - 

5 16 Arab Mare - - + - 

6 16 Warmblood Gelding + + --‐ + 

7 9 Warmblood Gelding + - - - 

8 20 Warmblood Gelding - - ND ND 

9 20 Warmblood gelding - - ND ND 

10 17 Warmblood Gelding - - ND ND 

11 12 Warmblood Mare - - ND ND 

12 16 Warmblood Mare - - ND ND 

13 12 Warmblood Mare - - ND ND 

14 18 Warmblood Mare - - ND ND 

15 19 Warmblood Stallion - - ND ND 

!



hundred sixty files were selected for further evaluation and
were analyzed for histologically confirmed changes in the gut
that were consistent with CIBD, like GE, MEED, LPE and EC.
After rigorous scrutinizing, only 7 cases with suitable clinical
histories and partly complete laboratory results were selected.
From these cases, archived paraffin embedded material was
available for further processing. Furthermore, freshly collec-
ted jejunal samples from 8 randomly chosen slaughter horses
without any overt clinical signs were collected, fixed in forma-
lin, embedded in paraffin and routinely stained with hemato-
xylin and eosin (HE), serving as control group.

CXCR3 Staining

The presence of CXCR3 on cells was shown by an in-situ
immunofluorescence technique. Anti- equine-CXCR3 antibo-
dies are not commercially available, but the amino acid
sequence of human CXCR3 is 91% identical and has a further
7% similarity of the sequences of equine�CXCR3 (www.uni-
prot.org). Therefore, it was considered very likely that a spe-
cific reaction of human CXCR3-Antibodies against equine
CXCR�3 would occur. Three µm thick sections were prepared
for receptor staining. Sections were de-paraffinized, rehydra-
ted and heated in citrate buffer at 100°C for 20 minutes and
at pH 6. Sections were treated with 3% donkey serum for
blocking. Thereafter sections were incubated with a 1:200
diluted primary mouse anti-man antibody solution
(MAB160�100, Novus Biologicals, Abingdon, United King-
dom) overnight at 4°C against human CXCR3. Subsequently,
samples were incubated with a 1:500 dilution of IF�marked
antibodies (Invitrogen A-31571, Fisher Scientific, Vienna,
Austria) for 60 minutes. For better identification of structures,
cell nuclei were stained with diamidino-2-phenylindole (DAPI,
Fisher Scientific, Vienna, Austria) for 10 minutes and cell pro-
teins with Green Fluorescent Protein (GFP, Fisher Scientific,
Vienna, Austria). Sections of human spleen as well as monkey
tonsils, small bowel and lymphocytes were used as positive
control to check CXCR3 activity of the primary antibodies. For
specific activity against equine cells, equine spleen was used.
MAB160-100 stained sections were compared to negative
control sections not incubated with MAB160-100. 
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Histology

A pathohistological examination of all HE stained samples of
the control and the study group was performed. 

Since it was difficult to quantify red light intensity of the sam-
ples with the un�aided eye, therefore, the MAB-160 stained
sections were analysed using an Axio Imager Z2 microscope
(Carl Zeiss Microscopy GmbH, Jena, Germany). The micro-
scope had multiple, varied built-in light filters. For the better
detection of CXCR3, these filters were set at 625–655nm
(excitation) and 665–715nm (emission), for GFP the filter
setting was 450–490nm (excitation), 500–550nm (emis-
sion) and for DAPI settings were 335–383nm (excitation)
and 420–470nm (emission), respectively. Composite pictu-
res were made with an Axiocam MRm Rev 3.1 Camera (Carl
Zeiss Microscopy GmbH, Jena, Germany) with Software ZEN
2012 Pro (Carl Zeiss Microscopy GmbH, Jena, Germany).
All sections were evaluated and measured at a magnification
of 400 X. Using Fiji (Version 1.51a) software, the immuno-
fluorescence of the red channel was measured for each indi-
vidual picture and expressed as mean fluorescence intensity
(MFI/µm2).

Table 2       Available results of haematology and clinical pathology of CIBD diagnosed horses Nrs. 1 through 7.  

Parameter (Reference interval 1 2 3 4 5 6 7 

PCV      L/L         (0.32-0.55)   0.30 0,26 0.38 0.55 0.33 

WBC    109/L       (5.0-10.0)   18 10.8 6.0  4.8 

Tot Protein g/L     (55-75) 45 57 63  74 52 49 

Albumin g/L          (24-45) 12 25 27 15 34  25 

! –globulin g/L      (5-16) 8   6.1    

ß-globulin g/L       (13-28) 22   13    

Y-globulin g/L        (4-9) 5   9    

Fibrinogen  g/L      (1-4) 1.1   2.5 1.3  3.5 

GLDH                 (<13 IU/L) 34   3 3  46 

GGT                   (< 30 IU/L) 37   12 17  16 

AST                   (<240 IU/L) 351      294 

SAA  mg/L mg/l        (<10) 0.4       

Amylase            (3-36 IU/L) 2       

Creatinine  µmol/l  (<177)  97 124 106 106  97 

!

Fig. 1 Small intestine showing a mainly lymphocytic-plasmacytic
infiltration; HE; ×200.



Results

Retrospectively, only 7 cases with stored gut tissue fulfilled the
criteria of equine CIBD according to their records. One case
had a concurrent adenocarcinoma of the caecum. One other
case (Nr. 4) showed histological signs of proliferative enteritis
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suggestive for infection with Lawsonia intracellularis , but the
organism could not be detected in the gut sections. This ani-
mal had anti Lawsonia antibody titre of 1:30 and there had
been confirmed cases on the farm. The final selected study
population and its clinical and pathologic characteristics are
summarised in Tables 1–3. Clinical symptoms varied consi-
derably and hypoproteinemia was not present in all cases
(Table 2). Fig. 1 shows a jejunal section of an animal with
severe lymphocytic-plasmacytic mucosal infiltration. In Fig 2
the positive staining of CXCR3 of what are likely mostly lym-
phocytes in spleen section is shown. In Fig 3 the staining of

Table 3       Horses sampled in the study. CIBD Syndrome (nrs. 1-7) and control slaughter horses (8-15). Main pathological lesions and mean 
CXCR3 colouring intensity (MFI)/µm2 of sections.   

Nr.  Main gross pathologic and microscopic lesions MFI (pro µm²) 

1 Small intestinal lymphocytic-plasmocytic enteritis and hypertrophic muscularis mucosae. Liver cirrhosis 248 

2 Hypertrophic ileum, chronic enteritis, local adenocarcinoma in caecum with hepatic metastases 438 

3 Chronic lymphoproliferative enteritis. focal diphteroid-necrotic lesions in jejunum, chronic typhlo-colitis 479 

4 
Chronic proliferative enteritis with increased numbers of fibroblasts and fibrocytes. No Lawsonia intracellularis organisms 
found.  

218 

5 Adipositas,  gastritis, lymphocytic-plasmocytic entero‐colitis 334 

6 Chronic duodenitis and thyflo-colitis, degeneration of myenteric plexus  312 

7 
Purulent pancreatitis, moderate enteritis with hypertrophy and lymphocytic plasmocytic  infiltration of lamina propria, 
diphtheric colitis 

301 

8 No gross abnormalities, selected jejunum: normal histopathologic appearance  13 

9 No gross abnormalities, selected jejunum: normal histopathologic appearance  474 

10 No gross abnormalities, selected jejunum: normal histopathologic appearance  3 

11 No gross abnormalities, selected jejunum: normal histopathologic appearance  436 

12 No gross abnormalities, selected jejunum: normal histopathologic appearance  401 

13 No gross abnormalities, selected jejunum: normal histopathologic appearance  495 

14 No gross abnormalities, selected jejunum: normal histopathologic appearance  184 

15 No gross abnormalities, selected jejunum: normal histopathologic appearance  147 

!

Fig.2 Quality and specificity control of Novus MAB-160 using
equine spleen. Above: stained with MAB 160, below: no MAB�160.
Red stained is CXCR3; cellular protein is green by Green Fluorescent
Protein (GFP) stain and blue stained by diamidino-2-phenylindole
(DAPI) are the cell nuclei. The pictures show the difficulty to judge the
staining intensity by the unaided eye even for a densely active tissue
as the equine spleen.

Fig 3 Above: staining of CXCR3 on cells in equine jejunal muco-
sa; below non CXCR stained control section..



CXCR3 on cells, likely lymphocytes, in the equine jejunal
mucosa is shown. 

Boxplots are given in Fig 4 for mean fluoroscopic intensity of
the red channel (MFI/µm2). None of these parameters were
significantly different between the diseased and the control
group (p=0.613 ), even after exclusion of horse Nr.4. One
control horse reacted unexpectedly strong and was conside-
red as unhealthy. Therefore, it was excluded from the control
group.

Discussion

A suitable selection of sufficient tissues from CIBD cases appe-
ared more difficult than expected. Many horses diagnosed
with CIBD were sent home with treatment protocols and got
lost for follow�up. The few samples from cases that fulfilled the
criteria of CIBD came from horses with variable clinical histo-
ries and signs. About half of these horses actually showed
weight loss, whereas the other suffered from acute or chronic
colic. For a reliable clinical diagnosis of CIBD, a thoroughly
conducted panel of tests should be carried out. However, this
was mostly not done, mainly due to financial restraints. There-
fore, it is likely that CIBD is easily over�diagnosed although it
is rather uncommon in our clinic population.

In our hospital population lymphocytic-plasmacytic enteroco-
litis (LPE), a form of CIBD syndrome (Schumacher et al. 2000)
was often tentatively diagnosed based on histopathologic
evaluation of rectal or duodenal biopsies. The diagnostic
tests helpful in establishing a tentative diagnosis of LPE inclu-
de rectal mucosal biopsies and an OGTT (Kemper et al.
2000), however, this was not performed in most of our
suspected cases.

This study showed that if rigid criteria are applied for re�evalu-
ation of CIBD diagnosed cases, only few cases could be defi-
nitely marked as CIBD. In the majority of our reviewed cases,
low plasma albumin levels, abnormal OGTT and the patholo-
gical alterations in intestinal samples from euthanized horses
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Fig. 4 Comparison of CXCR3 red staining intensity (MFI/ µm2)
between 8 control horses and 6 diseased horses. The data of the
yearling with suspected post Lawsonia intercellularis infection were
excluded.

or in duodenal or rectal biopsies often did not support the dia-
gnosis of CIBD. Merely the finding of mild to moderate thicke-
ning of the small intestinal wall at ultrasonography was often
the basis of many tentative diagnoses of CIBD. Supportive evi-
dence for CIBD was further sought in about one third of the
cases by histological evaluation of trans�endoscopically taken
duodenal biopsies or by rectal biopsies. However, in relatively
few horses variably increased numbers of lymphocytes and
plasma cells were infiltrating the mucosa and submucosa. The
interpretation of this finding remains ambiguous as Kemper et
al. (2000) consider that just a mild infiltration of lymphocytes
and plasma cells in the lamina propria of the gut, or the pre-
sence of inflammatory infiltrates characterized as primarily
neutrophilic, eosinophilic or histiocytic, are not supportive for
the diagnosis of LPE. LPE was limited to the small intestine in
only 36% of horses in the study by Kemper et al. (2000), while
both small and large intestine were affected in 64% of horses.
Elevated IgA concentration in 4 horses in that study indicate
the potential role of an immune response.

Recently more evidence was produced that special immune
responses could play a role in human IBD. Olofsson et al.
(2015) suggest that Th17 cells are involved in active IBD,
possibly through recruitment of neutrophils via IL-17A, in
combination with inadequate suppression of the inflammatory
response by regulatory T-cells.

Although the group median MFI/µm2 in the selected cases
was slightly higher than in the controls (Fig. 4), this study
could not support that a strong CXCR3 up-regulation was cle-
arly present in all CIBD cases. Therefore, assuming that if glu-
ten intolerance in horses exists and CXCR3 in equine lympho-
cytes will be strongly upregulated as in man, the results of our
study suggests that CD is not a major cause of equine CIBD.
However, lymphocyte characteristics must be further studied
and more samples from well diagnosed and documented
cases need to be analyzed before a final judgement can be
made. Interestingly, a past infection with Lawsonia intracellu-
laris was not associated with a strong CXCR3 upregulation.

Since there are more forms of wheat allergies in man than CD
(Uhde et al. 2016), similar conditions may be present in the
horse. These forms need to be studied in more detail. Patients
suffering these forms of wheat allergy experience a range of
symptoms in response to ingestion of wheat and related cere-
als, yet they lack the characteristic serological, histological or
genetic markers of celiac disease 

In conclusion, this study did not support the likelihood that
CD in horses is a major cause of CD, but it cannot be exclu-
ded that wheat allergies in horses exist which may be media-
ted via different receptors than CXCR3. 
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