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Abstract

Background: Diagnosing IBD in horses is challenging and requires a multimodal approach, since no conclusive
diagnostic test is available.
The objectives of this study were to provide an overview of population characteristics, results of applied diagnostic
tests, treatment modalities and outcome in a large group of horses thought to have IBD and that were presented
to four large equine referral hospitals, and to provide an exploratory investigation of possible associations between
results of applied diagnostic tests, applied treatment modalities and outcome.
A retrospective case series was performed across four large equine referral hospitals. Seventy-eight horses, thought
to have IBD were included. Case history, clinical findings, diagnostic test results including oral glucose tolerance test
(OGTT) and enteral biopsies (both duodenal and rectal), applied therapy and outcome were studied. A Chi-Square
test was used to identify associations between results of diagnostic tests, treatment and outcome. P-values < 0.05
were considered significant.

Results: Lethargy, diarrhoea, recurrent colic and weight loss were recorded in respectively 21,8%; 14,1%; 28,2% and
78,2% of cases. Over 70% of horses thought to have IBD had an abnormal OGTT. Only weight loss was significantly
associated with aberrant enteral biopsy results, but not with abnormal OGTT results or low blood total protein.
There was no association between an aberrant biopsy result and a disturbed OGTT. There was no association
between either OGTT results or enteral biopsy results and a low blood total protein content, presence of gastric
ulcer disease or an aberrant endoscopic aspect of the duodenal entrance.

Conclusions: Weight loss is a highly prevalent symptom in IBD suspected horses. Enteral biopsies may be a useful
diagnostic aid in the work-up of horses thought to suffer from IBD, however further research is required to demonstrate
their true diagnostic value. Until more standardized scientific research is available, one should be careful with the
interpretation of enteral biopsy results There is a need for better standardization of enteral biopsy procedures and the
histopathological scoring of biopsies.
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Background
Equine inflammatory bowel disease (IBD) is a challenge
to diagnose, adequately treat and manage. Depending on
the main type of inflammatory cells involved, several dif-
ferent types of IBD are histopathologically distinguished:
granulomatous enteritis (GE), multisystemic eosinophilic

epitheliotropic disease (MEED), lymphocytic-plasmacytic
enterocolitis (LPE), diffuse eosinophilic enterocolitis
(DEE) and proliferative enteritis (PE), each of which can
affect either small and/or large intestine [1–3]. Most horses
present with problems such as recurrent colic, weight loss
often despite good appetite, poor performance, lethargy,
ventral oedema and they can suffer from hypoproteinaemia
and hypoalbuminaemia [1–6]. Prognosis is reported to be
guarded [2, 5, 6].
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Definitive confirmation of IBD diagnosis can only be ob-
tained by histopathological assessment of intestinal full
thickness biopsies harvested during either exploratory
laparotomy or laparoscopy or post-mortem excisions
during autopsy [4, 5]. Due to the lack of a distinctive
non-invasive diagnostic test, diagnosis of IBD requires
a multimodal approach and only leads to a presumptive
diagnosis. The most commonly used non-invasive diag-
nostic tool is the oral glucose tolerance test (OGTT) to
assess malabsorption, of which IBD is the major cause
[5, 7]. Specificity and sensitivity are reported to be re-
spectively 90–100% and 40–45% for total malabsorption
[5, 8, 17]. The diagnostic value of other non-invasive diag-
nostic approaches has been explored to a much lesser ex-
tent. Duodenal biopsies, collected through the biopsy
canal of a gastroduodenoscope, have become a quite
common diagnostic approach, in addition to the collec-
tion of rectal biopsies. [1, 3, 4, 9–15]. Duodenal and
rectal biopsies seem a very elegant diagnostic aid to de-
termine the patients’ prognosis. They are technically
quite easy to obtain and not harmful [22, 16]. However,
it is not known whether histopathological evaluation of
these biopsies is correlated to other tests routinely ap-
plied in the work-up of horses thought to have IBD. To
obtain a better view on this issue, the following study was
set up, as a joint venture between the Utrecht University
Equine Clinic (The Netherlands) (referral centre 1), The
Wolvega Equine Clinic (The Netherlands) (referral centre
2), The Morette Equine Clinic (Belgium) (referral centre 3)
and The Bosdreef Equine Clinic (Belgium) (referral centre
4). The objectives of this retrospective study were: (1) to
provide an overview of patient data, diagnostic workup
and outcome of a large group of horses suspected to have
IBD, and (2) to study possible associations between results
of applied diagnostic tests, applied treatment modalities
and outcome. To our knowledge, this is the first large-scale
study with a multicentre approach to study the diagnostic
work-up of horses with IBD [1, 2, 4, 17–20].

Methods
Study population characteristics
The study population encompassed 83 horses suspected
of suffering from IBD that were admitted to one of four

involved referral centres over the course of two years.
Inclusion criteria were 1) horses suspected of having
IBD and 2) subjected to an OGTT in the referral centre.
Horses with malignancies (n = 5) were excluded. For 78
horses history and case features such as age, breed, gender,
month of admission and type of pre-diagnostic diet
were retrieved from patient records. For descriptive
statistics, signs were categorized as either ‘lethargy/
poor performance’, ‘diarrhoea’, ‘recurrent colic’ or ‘weight
loss’ [1–4].

Routine diagnostic tests
In most cases, diagnostic tests were performed in following
order, starting from minimally invasive towards invasive.
Serum chemistry and hematology included packed

cell volume (PCV), leucocyte count, total protein (TP),
albumin, gamma globulins and gamma-glutamyl trans-
ferase (GGT). An overview of applied reference ranges
per participating referral centre is provided in Table 1.
Findings recorded for rectal examination were cate-

gorized as either: ‘presence of small intestinal loops with
increased wall thickness’, ‘presence of large intestinal seg-
ments with increased wall thickness’, ‘other abnormal
findings’, ‘no abnormal findings’. In case transabdominal
ultrasound was performed, reported findings were cate-
gorized as either: ‘visualization of small intestinal loops
with increased wall thickness (> 3 mm)’, ‘visualization of
large intestinal segments with increased wall thickness
(> 4 mm)’ or ‘no abnormalities recorded’. It was recorded
whether faeces were tested for sand accumulation and
parasitic egg count.
All horses were subjected to a similar OGTT protocol

in all four referral centres: after 18–24 h starving, a
baseline venous sodium-fluoride blood sample was taken
and subsequently, 1 g glucose per kg BW was dissolved
in 1 L lukewarm water and was given by nasogastric in-
tubation. Then every 30 min venous blood was collected
at the jugular vein for four consecutive times, followed
by four blood samples taken every hour. The resulting
blood glucose curve was deemed normal when a peak glu-
cose value greater than 85% increase over the resting
values was reached within 90–120 min and returned to
baseline within 6 h. Partial malabsorption was defined as
OGTT peak glucose levels reaching 15–85% increase over

Table 1 Applied reference ranges for tested complete blood count (CBC) and serum chemistry parameters per referral centre

referral centre 1 referral centre 2 referral centre 3 and 4 % of study population out of reference

Total Protein 52–79 g/L 62–94 g/L 52–67 g/L 11.6% ↓

Albumin 26–37 g/L 23–35 g/L 25–39 g/L 8.7% ↓

Gamma globulin 6–19 g/L 4,6–13,4 g/L 7,9–17,9 g/L 4.5% ↑

Gamma-GT < 20 U/L 16–56 U/L < 22 U/L 23.0% ↑

PCV 0,32–0,42 L/L 0,32–0,52 L/L 0,30–0,46 L/L 17.9% ↓

Leucocytes 7,0–10,0 10^9/L 5,5–12,5 10^9/L 5,0–10,0 10^9/L 23.9% ↑
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baseline and total malabsorption when levels remained ≤
15% increase over baseline [3, 16].
Gastroduodenoscopic findings were categorised as ei-

ther: ‘presence of equine gastric ulcer syndrome (grade 1
or above)’, ‘aberrant aspect of duodenal entrance (hyper-
aemia, oedema or striations)’ or ‘no aberrant findings’.

Enteral biopsies
The approach for collection of duodenal biopsies was simi-
lar in all 4 referral centres. In the sedated horse, at least
two duodenal biopsies were harvested using a ± 2.8 mm
diameter biopsy catheter with forceps, inserted through the
biopsy canal of a gastroduodenoscope [1, 22]. Rectal biop-
sies were only harvested in referral centre 4 and these were
collected using an Olympus Japan, K47062 endoscope,
equipped with a 4 mm diameter biopsy catheter with for-
ceps that was introduced into the biopsy canal. Horses
were restrained in stocks, in most cases without sedation
and 2–4 pieces of rectal mucosal tissue were taken in the
left upper quadrant of the rectum. All biopsies (duodenal
and rectal) were immediately immersed in 10% neutral
buffered formalin and sent to the pathology lab (Depart-
ment of Pathobiology Utrecht University for referral centre
1 and 2 and Medvet Antwerp for referral centre 3 and 4),
where they were paraffin-embedded, sectioned at 4.0 μm,
and Hematoxylin and eosin (H&E) staining was performed
[4, 10, 14, 21, 22].
The reported quality score of the biopsy tissue by the

different laboratories was categorized as either: ‘useful
diagnostic material’, ‘less than ideal’ (either too small,
solely mucosal tissue and/or presence of pinch artefacts),
or ‘insufficient to establish a clear diagnosis’. The enteral
layers that could be evaluated histopathologically were
categorized as either: ‘only mucosa or mostly mucosa’,
‘mucosa and submucosa’ or ‘obscure’.
The recorded enteral biopsy results were categorized

as either ‘aberrant’ or ‘normal’ and the assigned IBD type,
was categorized as either: ‘granulomatous enteritis’, ‘eo-
sinophilic enteritis, ‘lymphocytic-plasmacytic enteritis’ or
‘mixed enteritis’ for duodenal biopsies and ‘lymphocytic
proctitis’, ‘eosinophilic proctitis’ and ‘neutrophilic proctitis’
for rectal biopsies.

Applied medical therapies and dietary adaptations
The applied medical therapy was categorized as either ‘cor-
ticosteroids’ (which covers the use of either prednisolone
(1 mg/kg BW po q24h) or dexamethasone (0,06 mg/kg
BW po q24h)) or ‘omeprazole’ (2–4 mg/kg BW po q24h).
Whether and which dietary adaptations were applied was
recorded as well: ‘laxative feeding approach’, ‘increased fibre
content in the diet’, ‘low carbohydrate diet’, ‘high fat diet’,
‘high protein diet’, ‘increased pasture turn-out’, ‘bloating pre-
ventive diet’, ‘supplementation with probiotics’.

Long-term follow-up
When horses were admitted multiple times to the referral
centre, their revisit was categorized as either: ‘control visit’,
‘visit due to recurrent problems’, ‘colic surgery’ or ‘euthan-
asia’. A telephone follow-up was performed at least one
year after diagnosis. Horse owners were interviewed about
the applied dietary management since diagnosis, applied
medical therapy and performance of their horse. Outcome
was categorized as either ‘performing to expectation’, ‘no
amelioration despite therapy’, ‘euthanasia or natural death
due to recurrent GI related problems’, ‘euthanasia or
natural death due to other causes’.

Statistical analyses
The following groups were created: age, breed, gender,
month of admission, pre-diagnostic diet, clinical signs,
OGTT, blood work, rectal palpation, transabdominal ultra-
sound, gastroduodenoscopy, duodenal biopsy, rectal biopsy,
applied therapy and outcome. For purposes of descriptive
statistics, for each group, results were categorized as men-
tioned above. A detailed overview of these descriptive data
can be found in Additional file 1: Figure S1, Additional file 2:
Figure S2 and Additional file 3: Figure S3. For continuous
outcomes, results are presented as mean ± standard devi-
ation (SD). For categorical data, frequencies of occurrence
are presented. Since only three horses showed total malab-
sorption, it was decided to merge these horses with the par-
tial malabsorption group throughout all statistical analyses.
All categorical variables were made binary for statistical
analysis. For enteral biopsy results and gastroduodeno-
scopic findings the created categories for descriptive statis-
tics were dichotomized as either ‘aberrant’ or ‘normal’. All
pre-diagnostic diet options were classified into two groups:
either ‘pelleted diet’ or ‘no pellets’. Blood results were cate-
gorized as either ‘within’ or ‘outside’ reference range. For
rectal palpation and transabdominal ultrasound the find-
ings were categorized as either ‘small intestinal loops with
increased wall thickness’ or ‘absence of small intestinal
loops with increased wall thickness’. Also medical therapy,
dietary changes, and long term follow up (negative or
positive outcome) were made binary. Possible associa-
tions between results of applied diagnostic tests, applied
treatment modalities and outcome were studied by means
of Chi-Square analyses, SPSS (version 22.0). P-values <
0.05 were considered significant.

Results
Study population characteristics
The study population encompassed warmblood horses
(n = 60), Standardbreds (n = 4), Friesian horses (n = 8) and
ponies (n = 6). Geldings (47.4%) were most commonly
represented followed by mares (35.9%) and stallions
(16.7%). There was no gender predisposition (p = 0.55),
nor seasonality (p = 0.37) in the pattern of admittance.
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The average age at admission was 8.95 ± 4.9 years
(range 1–25 years).
Of 47 horses, the dietary management prior to referral

was recorded: hay (68.1%), haylage (19.1%), combination
of hay and haylage (6.4%), pelleted feed (74.5%), muesli
(31.9%), oats (4.3%) and alfalfa (4.3%). The majority of
horses had access to pasture turnout (66.7%) and had
pellets in their diet (74.5%). A combination of pellets and
muesli was fed in 10.6% of cases. There was no association
between pellets in the diet and either a disturbed OGTT
(p = 0.17), aberrant gastroduodenoscopic findings (p =
0.69) or an aberrant duodenal (p = 0.89) or rectal biopsy
result (p = 0.42).

Clinical signs
‘Weight loss’, ‘recurrent colic’, ‘lethargy’ and ‘diarrhoea’
were recorded in respectively 78.2%, 28.2%, 21.8% and
14.1% of cases. ‘Weight loss’ was recorded in 61 horses,
the majority of which showed ‘weight loss despite good
appetite’ (41 horses, 67.2%). None of these signs were
significantly associated with abnormal OGTT results.

Diagnostic test results other than enteral biopsies
Rectal palpation was performed in 72 (92.3%) horses and
in a minority of cases (22 horses (30.6%)) thick-walled
small intestinal loops were identified. Of these 22 horses,
19 (86.4%) had an aberrant OGTT result, but also from
50 horses where no thickened small intestinal loops were
identified 34 (68%) horses had abnormal OGTT results.
No association could be identified between these findings
and aberrant OGTT results (p = 0.09).
No association was found between identifying thick

walled small intestinal loops during rectal palpation and
an aberrant duodenal biopsy result (p = 0.49). Additional
file 1: Figure S1 gives a detailed overview of the study
population, which is depicted as a flow chart, starting with
two groups (normal and abnormal OGTT) and depicting
for each group the obtained results/findings for respectively
duodenal biopsies, rectal biopsies and rectal palpation.
Thick walled large intestinal segments were identified

in only 7 cases (9.7%) during rectal palpation. From 5 of
these cases a rectal biopsy result was available and cate-
gorized as aberrant in all 5 cases.
Faeces were tested for sand accumulation in 44 cases

and parasitic egg count was performed in 62 cases. In 4
horses (9.1%) a faecal accumulation of sand was reported
and 10 horses (16.1%) had a positive parasitic egg count
for Strongylus type eggs (> 150 EPG).
Transabdominal ultrasound was performed in 57 horses

(73%). Additional file 2: Figure S2 provides a detailed over-
view of the study population, which is depicted as a flow
chart, starting with two groups (normal and abnormal
OGTT) and depicting for each group the obtained

results/findings for respectively gastroduodenoscopy,
transabdominal ultrasound and rectal palpation.
Ultrasound revealed thick walled small intestinal loops

in 16 cases and thick walled large intestinal segments in
9 cases. In 72.2% (n = 39) of cases with an aberrant OGTT
result, transabdominal ultrasound was performed and
33.3% (n = 13) revealed presence of thick-walled small in-
testinal loops. There was a significant association between
finding thickened small intestinal loops during rectal pal-
pation and visualizing them by means of transabdominal
ultrasound (81.8%; p < 0.01). No association was found be-
tween visualization of thick walled small intestinal loops
during transabdominal ultrasound and either a disturbed
OGTT (p = 0.19), a low blood TP (p = 0.80) or an aberrant
duodenal biopsy result (p = 0.29).
Serum chemistries and CBCs were available for 69 cases.

Additional file 3: Figure S3 provides an overview of the
bloodwork of the horses included in this study. The data
is divided in normal and abnormal OGTT results.
The majority of horses suspected of suffering from

IBD (70.5%, n = 55 horses) had an abnormal OGTT re-
sult (Additional file 1: Figure S1, Additional file 2: Figure
S2 and Additional file 3: Figure S3) and in 33 of these
horses (60%) an aberrant duodenal (n = 15) or rectal bi-
opsy (n = 21) was identified. There was no association
between a disturbed OGTT and presence of thick-walled
small intestinal loops on either rectal palpation or trans-
abdominal ultrasound (p = 0.55 and p = 0.70), a low total
protein content in the blood (p = 0.60), aberrant duodenal
(p = 0.48) or rectal biopsies (p = 0.52) or negative outcome
(p = 0.94). There was no significant gender predispos-
ition for a disturbed OGTT (p = 0.55).
Gastroduodenoscopy was performed in 60 horses

(Additional file 2: Figure S2). In 5 horses (8.3%) an ab-
normal aspect of the duodenum was found, and in two
of these cases signs of EGUS were also found. Nearly half
of the horses with an abnormal OGTT result (n = 42)
showed abnormalities (EGUS or abnormal aspect of the
entrance of the duodenum) during gastroduodenoscopy
(47.6%, n = 20, p = 0.30). Likewise, nearly half (41.4%,
n = 24, p = 0.45) of the horses with an aberrant enteral
biopsy result showed abnormalities during gastroduo-
denoscopy. All horses with an aberrant aspect of the
duodenum during gastroduodenoscopy (n = 5) also had an
abnormal OGTT result, but only 2 of these cases showed
an aberrant enteral biopsy.

Enteral biopsies
Discomfort was rarely shown during the procedure and
no complications were encountered. On all occasions
enteral biopsies were deemed of moderate or lower qual-
ity (Table 2). Rectal biopsies were of moderate quality in
93.3% of cases whereas duodenal biopsies were of mod-
erate quality in only 56.8% of cases. Quality assessment
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of duodenal biopsies differed significantly between clinics:
biopsies taken at referral centre 1 and 2 were of useful
quality in 50% of cases, whereas 76.9% of duodenal biop-
sies taken at referral centre 3 and 4 were labelled as useful.
The majority (86.5%) of the duodenal biopsies consisted
only of intestinal mucosal tissue. Rectal biopsies were in
general more profound: 64.4% consisted of only mucosa
or mostly mucosa, 31.1% consisted of both mucosa and
submucosa and 4.5% were labelled as obscure.
In 37 horses (47.4%) a duodenal biopsy was collected;

8 of these horses had a normal OGTT and 29 of these
horses had an abnormal OGTT (Additional file 1:
Figure S1). The duodenal biopsies showed histopatho-
logical features of inflammation in 56.8% of the cases.
In 45 horses (57.7%) a rectal biopsy was harvested. The
majority of rectal biopsies (84.4%) showed inflammatory
features. In 10 out of 78 horses (12.8%) both duodenal and
rectal biopsies were harvested. In 7 of these horses both
biopsies were aberrant showing the same inflammatory
patterns in duodenal and rectal biopsies and only 3 of
these horses (42.9%) showed abnormal OGTT result.
For horses with a normal glucose response, only in a

limited number of cases duodenal biopsies were collected,
however 75% (6 out of 8 horses) showed aberrant histo-
pathological results. Rectal biopsies were taken more fre-
quently in case of a normal OGTT result, with an aberrant
result in 84,2% of 19 cases. Specified biopsy results can be
found in Table 3. A biopsy can fall into more than one cat-
egory in this table, for instance when a mixed enteritis was
found consisting of both eosinophilic and lymphocytic
plasmacytic components.
Aberrant duodenal and rectal biopsy results were both

significantly associated with weight loss (duodenal: p = 0.03,
rectal: p = 0.04).

There was no association found between either duodenal
biopsy or rectal biopsy test results or blood test results: aber-
rant white blood cell count (duodenal p= 0.25 and rectal bi-
opsy p= 0.68), PCV (p= 0.36 and p= 0.60), TP (p= 0.31 and
p= 0.39), albumin (p= 0.44 and p= 0.50), gamma globulin
(p= 0.41 and p = 0.50) or GGT (p= 0.91 and p= 0.10).

Dietary management and treatment
A diet recommendation was provided in 62.8% (n = 49)
of the horses. In most cases it concerned horses with an
aberrant OGTT result. In 15 horses a dietary advice was
provided despite a normal OGTT test result. The differ-
ent kinds of diets that were advised were either ‘laxative’
(n = 8: 16.3%), ‘high-protein’ (n = 18: 36.7%), high-fat’
(n = 31: 63.3%), ‘high-fibre’ (n = 40: 81.6%), ‘pasture turn
out’ (n = 15: 30.6%) and ‘probiotics’ (n = 10: 20.4%). Diet-
ary changes aiming for an increase in total fat content
(63.3%) and fibre content (81,6%) were advised most often.
There was no association between dietary changes and
positive outcome (p = 0.75).
Medical treatment was applied in 68 horses. An over-

view of the applied treatments is provided in Additional
file 4: Figure S4. Prednisolone was administered most
often.
No association between applied treatments and posi-

tive outcome could be found (prednisolone p = 0.17,
dexamethasone p = 0.65 and omeprazole p = 0.73).

Follow up
Long-term follow up was achieved in 39 horses. Only a
minority of cases was presented to the clinic for a con-
trol visit (n = 17) or for recurrence of problems (n = 9, of
which 4 horses were euthanized shortly after admission).
A telephone questionnaire retrieved additional informa-
tion. In total, 12 out of 39 (30,8%) horses died, 10 of
which were euthanized because of suffering from IBD
and 2 due to orthopaedic problems. From these 10 horses,
8 horses showed an abnormal OGTT. In 4 horses a rectal
biopsy was available (all aberrant) and in 4 horses a duo-
denal biopsy was available (3 aberrant, 1 of insufficient
quality). None of the euthanized horses showed gross
pathological signs of malignancy during autopsy.

Table 2 Detailed overview of the quality assessment of enteral
biopsies across involved pathology labs

Duodenal biopsies Rectal biopsies

Total number of biopsies 100% (n = 37) 100% (n = 45)

Good quality diagnostic material 0% (n = 0) 0% (n = 0)

Moderate quality 56.8% (n = 21) 93.3% (n = 42)

Poor quality 18.9% (n = 7) 0% (n = 0)

Insufficient quality to assess 24,3% (n = 9) 6,7% (n = 3)

Table 3 Detailed overview of the histopathological classification of the enteral biopsies

OGTT > 85% (normal) OGTT < 85% (abnormal)

Duodenum Rectum Duodenum Rectum

Normal 1 4 4 1

Granulomatous enteritis 0 0 4 0

Eosinophilic enteritis 1 9 2 13

Lymphocytic plasmacytic enteritis or proctitis 5 15 11 21

Neutrophilic inflammation 0 1 0 2
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Discussion
The current retrospective case series provides an over-
view of population characteristics, results of applied diag-
nostic tests, applied treatment modalities and outcome in
a large group of horses suspected of suffering from IBD
and presented to four equine referral hospitals. Special
attention was given to duodenal biopsies, which are
commonly included in IBD diagnostic work-up. However,
very little is known about their diagnostic value.

Study population characteristics
Recurrent colic and weight loss despite good appetite are
signs that are often reported in equine IBD [2–4, 10, 23].
The results of our study are in accordance with this.
Aberrant duodenal and rectal biopsy results were both
significantly associated with weight loss.
Horses were predominantly admitted during their ac-

tive sports career and no gender predisposition could be
identified. Ulcerative colitis, a subtype of human IBD, is
diagnosed with a higher incidence in female patients
[24, 25]. Human IBD is caused by a combination of fa-
milial predisposition and certain dietary habits [26, 27],
thus the equine diet could be an interesting factor to
focus on. However, in this study no significant association
was found between pre-diagnostic feeding management
and a disturbed OGTT or a disturbed enteral biopsy result.
The possible link between feeding management and IBD
has been suggested in several equine studies, however, no
study has been able to pinpoint this [18, 21, 28]. A pos-
sible explanation for this is that equine IBD manifests it-
self in many forms and the heterogeneity of the studied
populations results in poor statistical power.

Response to therapy and prognosis
Medical treatment was not associated with positive long-
term outcome in this study. However, only 68 horses
received medical treatment, of which 56 were treated
with prednisolone (see Additional file 4). Prednisolone
was used most often for IBD patients in the four refer-
ral centres. The inability to find a positive effect of
prednisolone on long-term outcome could be errone-
ous due to a type II statistical error, since for only 31 of
these prednisolone treated horses a follow-up was avail-
able. However, 19 of these 31 (61,3%) prednisolone-
treated horses were categorized by means of the telephone
questionnaire as performing to expectation, which is in
accordance with Kaikkonen [10].
Hypoproteinaemia and hypoalbuminemia were not highly

prevalent and overall prognosis was reasonably good for
the patients in our study: only 10 out of 39 horses for which
long term follow-up was available, did not survive after one
year because of IBD related complaints, which is not in ac-
cordance with previous studies. [4, 5, 10] Kaikkonen et al.
used hypoproteinaemia and hypoalbuminemia as essential

inclusion criteria, thereby possibly excluding early, or
milder IBD cases [10]. Up until now, most equine IBD
related studies included post mortem histopathological
assessment of full thickness enteral specimens collected
during necropsy as definitive diagnosis and Kemper
only focused on the lymfoplasmacytic enterocolitis sub-
type [4, 5]. In our retrospective study full-thickness bi-
opsies were not available, which is a limitation. However,
the surgical harvest of multiple enteral full thickness bi-
opsies is not practical in horses with IBD, both from a
benefit-risk ratio as from an economical point of view,
especially in mild to moderate cases [29].

Applied diagnostics and their relationship with OGTT and
enteral biopsy results
A significant association between finding thickened small
intestinal loops on rectal palpation and visualizing them
during abdominal ultrasound was found, with ultrasound
being more sensitive. However, finding these thick walled
small intestinal loops is not significantly associated with a
low blood TP content, a disturbed OGTT, or an aberrant
enteral biopsy result, which is important to keep in mind
during diagnostic work-up.
Another interesting finding is that in all 5 horses in

which an abnormal aspect of the duodenal entrance was
seen during gastroduodenoscopy, an abnormal OGTT was
found, but only 2 out of 5 horses also showed aberrant
duodenal biopsies. This finding needs further study in a
larger number of horses. It could suggest that a biopsy of
the entrance of the duodenum is not sufficiently represen-
tative for the more distal small intestine, of which the total
absorptive capacity is reflected in OGTT results. In that
case, more research should be directed towards for ex-
ample development of elegant laparoscopic techniques to
harvest full thickness enteral biopsies in horses thought to
have IBD. Normal OGTT was shown not to exclude IBD
or other infiltrative enteral diseases [16, 30]. Indeed, OGTT
takes glucose uptake only into account, which could ex-
plain the low reported sensitivity of OGTT (40–45%). In
the current case series, only 3 horses suffered from total
malabsorption. Therefore, the horses suffering from ‘partial
malabsorption’ and ‘total malabsorption’ were merged into
the category ‘aberrant OGTT’. Therefore, reported sen-
sitivity (40–45%) and specificity (90–100%) for ‘total
malabsorption identified by OGTT’ do not apply to our
study population, because the incorporation of horses
with partial malabsorption will increase the sensitivity
and decrease specificity [5, 16, 8, 7]. Despite the afore-
mentioned flaws associated with OGTT, compared to
all applicable test, OGTT is deemed very useful for
diagnosing IBD. Indeed, depending on severity of clinical
signs shown by IBD suspected patients and depending on
economics, veterinary clinicians tend to start from minim-
ally invasive, to invasive diagnostic methods. Therefore,
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only IBD suspected horses that underwent an OGTT
were included in this study. The authors are aware that
the xylose absorption test would have been a more accur-
ate method, but in none of the participating referral
centres it was applied [5, 31].

Enteral biopsy quality and histopathological evaluation
There is great need for systematic studies on the harvest-
ing technique and histopathological interpretation of duo-
denal and rectal biopsies in horses [10, 14, 21], since
similar studies boosted the evaluation of intestinal biopsies
in humans [32], but also in dogs and cats [14]. Packer
collected full thickness jejunal biopsies taken post mortem
from adult horses and provided an essential view on the
normal equine jejunal inflammatory cell populations [33].
Tossens aimed to determine the diagnostic value of duo-
denal and rectal biopsies by comparing control horses
with horses admitted for recurrent colic, weight loss or
diarrhoea. No significant differences between enteral bi-
opsies from 19 sick and 11 control horses were observed,
but more data was deemed needed and no OGTT was
performed [34].
Based upon our study results, in horses suspected of

suffering from IBD most rectal biopsies are aberrant
(82,2%), in comparison to 56.8% of duodenal biopsies.
Therefore, the ‘rectal’ biopsies seemed particularly useful
in the current case series. The small colon of the horse
extends to approximately 15 cm from the anus. This brings
up the question as to whether use of a 3 m endoscope to
go further into the small colon would be of value in the
future, since in people, colonic biopsies are generally
used as the gold standard, and it may be possible to in-
crease the usage of colonic biopsies (at least of the de-
scending colon) in horses relatively non-invasively.
The clinical implication of certain histological findings

of rectal biopsies are not clear so far, e.g. Lindberg et al.
[35] found heavy eosinophila in the rectal lamina propria
and submucosa in respectively 4% and 23% of 21 healthy
horses. To investigate whether rectal and/or duodenal
biopsies are the best diagnostic approach, a prospective
study involving both rectal and gastroduodenoscopic guided
duodenal pinch biopsies, OGTT and surgically harvested
full-thickness biopsies should be performed.
We found no association between duodenal biopsy or

rectal biopsy test results, blood results, rectal palpation
findings or gastroscopy and OGTT results. The disappoint-
ing quality of the duodenal biopsies needs future attention,
since it is very probable that this has a negative effect
on histopathological interpretation. Secondly, the lack
of a standardized protocol to interpret these biopsies
histopathologically needs future attention, as has been
illustrated by the difference in quality assessment reported
by the different pathology labs that were engaged by the
participating referral centres.

Conclusions
Enteral biopsies may be a useful diagnostic aid in the
work-up of horses thought to have IBD, however further
research is required to demonstrate their true diagnostic
value. There is need for standardization of the biopsy
procedure and of the histopathological interpretation
protocol. It is important to combine biopsy results with
all other applied diagnostic tests during the work up of a
horse thought to have IBD and not to overestimate the
diagnostic and prognostic value of any diagnostic test.

Additional files

Additional file 1: Detailed overview of the classification of the study
population by OGTT results, and for enteral biopsy and rectal palpation
findings. (PDF 250 kb)

Additional file 2: Detailed overview of gastroduodenoscopic and
transabdominal ultrasound findings classified by OGTT results in
suspected IBD patients. (PDF 387 kb)

Additional file 3: Detailed overview of serum chemistry and complete
blood count results from horses suspected of having IBD classified by
OGTT results (normal or abnormal). (PDF 388 kb)

Additional file 4: Detailed overview of applied treatments in the study
population. (DOCX 14 kb)

Abbreviations
IBD: Inflammatory bowel disease; OGTT: Oral glucose tolerance test;
GE: Granulomatous enteritis; MEED: Multisystemic eosinophilic epitheliotropic
disease; LPE: Lymphocytic-plasmacytic enterocolitis; DEE: diffuse eosinophilic
enterocolitis; PE: proliferative enteritis; PCV: Packed cell volume; TP: Total
protein; GGT: Gamma-glutamyl transferase; CBC: Complete blood count;
H&E: Hematoxylin and eosin staining; GI: Gastrointestinal; EGUS: Equine
gastric ulcer syndrome

Acknowledgements
None

Funding
No sources of funding were used.

Availability of data and materials
The dataset supporting the conclusions of this article is available from
corresponding author upon request.

Authors’ contributions
CD and MB designed the study. Data collection was performed by SK, KP, TP
and MB. Data analyses and interpretation was performed by BB, JD, SK, MB
and CD. BB, MB and CD were involved in creating the manuscript. LP, HC,
MP, MT and CD critically revised the manuscript. All authors read and approved
the final manuscript.

Ethics approval
All samples were collected for diagnostic purposes. All horse owners signed
informed consent forms.

Consent for publication
Not applicable for this study.

Competing interests
The authors declare that they have no competing interests.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Boshuizen et al. BMC Veterinary Research  (2018) 14:21 Page 7 of 8

dx.doi.org/10.1186/s12917-018-1343-1
dx.doi.org/10.1186/s12917-018-1343-1
dx.doi.org/10.1186/s12917-018-1343-1
dx.doi.org/10.1186/s12917-018-1343-1


Author details
1Department of Virology, Parasitology and Immunology, Research Group of
Comparative Physiology, Faculty of Veterinary Medicine, Ghent University,
Merelbeke, Belgium. 2Wolvega Equine Clinic, Oldeholtpade, Wolvega, The
Netherlands. 3Department of Pathobiology, Faculty of Veterinary Medicine,
Utrecht University, Utrecht, The Netherlands. 4Department of Obstetrics,
Reproduction and Herd health, Faculty of Veterinary Medicine, Ghent
University, Merelbeke, Belgium. 5Department of Equine Sciences, Faculty of
Veterinary Medicine, Utrecht University, Utrecht, The Netherlands. 6DBP
Veterinary Services, Moerbeke-Waas, Belgium. 7De Morette Equine Clinic,
Asse, Belgium. 8Veterinary Pathology Services/Medvet laboratory, Antwerp,
Belgium.

Received: 31 May 2017 Accepted: 11 January 2018

References
1. Kalck KA. Inflammatory bowel disease in horses. Vet Clin North Am Equine Pract.

2009;25:303–15.
2. Schumacher J, Edwards JF, Cohen ND. Chronic idiopathic inflammatory

bowel diseases of the horse. J Vet Intern Med. 2000;14:258–65.
3. Mair TS, Pearson GR, Divers TJ. Malabsorption syndromes in the horse.

Equine Vet Educ. 2006;18:299–308.
4. Kemper DL, Perkins GA, Schumacher J, Edwards JF, valentines BA, divers TJ,

Cohen ND. Equine lymphocytic-plasmacytic enterocolitis: a retrospective
study of 14 cases. Equine Vet J. 2000;32:108–12.

5. Mair TS, Hillyer MH, Taylor FG, Pearson GR. Small intestinal malabsorption in
the horse: an assessment of the specificity of the oral glucose tolerance
test. Equine Vet J. 1991;23:344–6.

6. Barr B. Infiltrative Intestinal disease. Vet Clin North Am Equine Pract.
2006;22:e1–7.

7. Jones SL, Blikslager AT. Malabsorption syndromes and maldigestion:
Pathophysiology, assessment, management and outcome. In: Equine
Internal Medicine 2nd edition, Reed SM, editor. Saunders, Elsevier. St. Louis
Missouri; 2004. Chapter 13.4.

8. Murphy D, Rei SWJ, Love S. Modified oral glucose tolerance test as an
indicator of small intestinal pathology in horses. Vet Rec. 1997;140:342–3.

9. Olofsson K, Hjertner B, Fossum C, Press CM, Lindberg R. Expression of T
helper type 17 (Th17)-associated cytokines and TLR 4 and their correlation
with Foxp3 positive cells in rectal biopsies of horses with clinical signs of
IBD. Vet J. 2015;206:97–104.

10. Kaikkonen R, Niinisto K, Sykes B, Anttila M, Sankari S, Raekallio M. Diagnostic
evaluation and short-term outcome as indicators of long-term prognosis in
horses with findings suggestive of inflammatory bowel disease treated with
corticosteroids and anthelmintics. Acta Vet Scand. 2014;56:35. https://doi.
org/10.1186/1751-0147-56-35.

11. Divers TJ, Pelligrini-Masini A, McDonough S. Diagnosis of inflammatory
bowel disease in a hackney pony by gastroduodenal endoscopy and biopsy
and successful treatment with corticosteroids. Equine Vet. Educ. 2006;18:284–7.

12. Trachsel DS, Grest P, Nitzl D, Wunderlin-Stähli P, Wehrli Eser M. Diagnostische
Aufarbeitung der chronischen Darmentzündung beim Pferd. Schweiz Arch
Tierheilk. 2010;152:418–24.

13. Brown CM, Slocombe RF, Derksen FJ. Fiberoptic gastroduodenoscopy in the
horse. J Am Vet Med Assoc. 1985;186:965–8.

14. Lindbergh R, Nygren A, Persson SG. Rectal biopsy diagnosis in horses with
clinical signs of intestinal disorders: a retrospective study of 116 cases.
Equine Vet J. 1996;28:275–84.

15. Freeman SL, Mason PJ, Staley C. Comparison of ultrasonographic and
histologic assessment of normal and strangulating intestine in the horse.
Eur. J. Ultrasound. 2001;13(Suppl 5)

16. Davis JL, Jones SL. Examination For disorders of the gastrointestinal tract, In:
Equine internal medicine, 2nd edition, Merchant T, editor, Saunders, Elsevier.
St. Louis Missouri; 2004. p. 769–779.

17. Merritt AM, Cimprich RE, Beech J. Granulomatous enteritis in nine horses. J
Am Vet Med Assoc. 1976;169:603–9.

18. Scott EA, Heidel JR, Snyder SP, Ramirez S, Whitler WA. Inflammatory bowel
disease in horses: 11 cases (1988-1998). J Am Vet Med Assoc. 1999;214:1527–30.

19. Schumacher J, Moll HD, Spano JS, Barone LM, Powers RD. Effect of intestinal
resection on two juvenile horses with granulomatous enteritis. J Vet Intern
Med. 1990;4:153–6.

20. Southwood LL, Kawcak CE, Trotter GW, Stashak TS, Frisbie DD. Idiopathic
focal eosinophilic enteritis associated with small intestinal obstruction in 6
horses. Vet Surg. 2000;29:415–9.

21. Ricketts SW. Rectal biopsy- a piece of the diagnostic jigsaw puzzle. Equine
Vet J. 1996;28:254–5.

22. Gibson KT, Alders RG. Eosinophilic enterocolitis and dermatitis in two
horses. Equine Vet J. 1987;19:247–52.

23. Metcalfe LV, More SJ, Duggan V, Katz LM. A retrospective study of horses
investigated for weight loss despite a good appetite (2002-2011). Equine
Vet J. 2013;45:340–5.

24. Subasinghe D, Nawarathna NM, Samarasekera DN. Disease characteristics of
IBD: findings from a tertiary care centre in South Asia. J Gastrointest Surg.
2011;15:1562–7.

25. Betteridge JD, Armbruster SP, Maydonovitch C, Veerappan GR. IBD
prevalence by age, gender, race, and geographic location in the US military
health care population. Inflamm Bowel Dis. 2013;19:1421–7.

26. Kostic AD, Xavier RJ, Gevers D. The microbiome in inflammatory bowel
disease: current status and the future ahead. Gastroenterology. 2014;146:1489–99.

27. Schaubeck M, Haller D. Reciprocal interaction of diet and microbiome in
inflammatory bowel diseases. Curr Opin Gastroenterol. 2015;31:464–70.

28. van der Kolk JH, van Putten LA, Mulder CJ, Grinwis GC, Reijm M, Butler CM,
von Blomberg BM. Gluten-dependent antibodies in horses with
inflammatory small bowel disease (ISBD). Vet Q. 2012;21:3–11.

29. Kerbyson N, Knottenbelt D. Intestinal Biopsies for investigating and
managing inflammatory bowel disease in horses. In Pract. 2017;37:347–58.

30. Wilderjans, H. Advances in standing laparoscopy, Proc. European Veterinary
Conference Voorjaarsdagen The Hague, The Netherlands 19–21 of April 2017
p.1–5.

31. Batt RM. Oral sugar tests for diagnosis of small intestinal disease. Equine Vet
J. 1991;23:325–6.

32. Walker MM, Talley NJ. Clinical value of duodenal biopsies – beyond the
diagnosis of celiac disease. review, Pathol Res Pract. 2011;207:538–44.

33. Packer M, Patterson-Kane JC, Smith KC, Durham AE. Quantification of
immune cell populations in the lamina propria of equine jejuna biopsy
specimens. J Comp Pathol. 2005;132:90–5.

34. Tossens M, Borde L, Amory M. The diagnostic value of equine rectal and
duodenal biopsies, Proc. ECEIM Cong Edinburgh UK, 4th of Febr 2012.

35. Lindberg R, Nyggren A, Perssn SGB. Rectal biopsy diagnosis in horses with
clinical signs of intestinal disorders: a retrospective study of 116 cases.
Equine Vet J. 1996;28:275–84.

•  We accept pre-submission inquiries 

•  Our selector tool helps you to find the most relevant journal

•  We provide round the clock customer support 

•  Convenient online submission

•  Thorough peer review

•  Inclusion in PubMed and all major indexing services 

•  Maximum visibility for your research

Submit your manuscript at
www.biomedcentral.com/submit

Submit your next manuscript to BioMed Central 
and we will help you at every step:

Boshuizen et al. BMC Veterinary Research  (2018) 14:21 Page 8 of 8

http://dx.doi.org/10.1186/1751-0147-56-35
http://dx.doi.org/10.1186/1751-0147-56-35

	Abstract
	Background
	Results
	Conclusions

	Background
	Methods
	Study population characteristics
	Routine diagnostic tests
	Enteral biopsies
	Applied medical therapies and dietary adaptations
	Long-term follow-up
	Statistical analyses

	Results
	Study population characteristics
	Clinical signs
	Diagnostic test results other than enteral biopsies
	Enteral biopsies
	Dietary management and treatment
	Follow up

	Discussion
	Study population characteristics
	Response to therapy and prognosis
	Applied diagnostics and their relationship with OGTT and enteral biopsy results
	Enteral biopsy quality and histopathological evaluation

	Conclusions
	Additional files
	Abbreviations
	Funding
	Availability of data and materials
	Authors’ contributions
	Ethics approval
	Consent for publication
	Competing interests
	Publisher’s Note
	Author details
	References

