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Abstract. Evaluation of gastrointestinal (GI) biopsies is a multistep process that includes reviewing an appropriate
history, determining sample quality, and evaluating histologic sections. Selected diagnostic parameters that, in combination
with intestinal histopathology, can be useful to localize disease to the intestinal tract in the horse include hypoproteinemia
and hypoalbuminemia, ultrasound evidence of increased thickness of the small intestinal wall, and alterations in glucose or
D-xylose absorption tests. Biopsies may be acquired either endoscopically, or via laparoscopy or standing flank incisional
approaches. GI sections should be evaluated using a systematic approach that includes both architectural changes and
inflammatory cell infiltrates. Although strategies have been developed for assessment of GI biopsies from the dog and
cat, a standardized approach to interpretation of the equine GI biopsy has yet to be developed. GI biopsies pose several
challenges to the pathologist, especially for endoscopic biopsies in which the quality of the specimen and its orientation
may vary greatly. Architectural changes are arguably the most critical changes to evaluate. In a horse with chronic GI
inflammation, such as occurs in idiopathic inflammatory bowel disease (IBD), the cell types encountered frequently are
macrophages, eosinophils, lymphocytes, and plasma cells. Increased numbers of these cell types are categorized loosely as
mild, moderate, and severe. Specific forms of idiopathic IBD have been further classified by this infiltrate as granulomatous
enteritis, eosinophilic enteritis, and lymphoplasmacytic enteritis; there is limited information on microscopic changes
with each. Unfortunately, microscopic GI lesions are usually nonspecific, and determination of etiology requires further
investigation.

Keywords: biopsy; gastrointestinal; horses; inflammatory bowel disease.

Gastrointestinal (GI) biopsy is an essential tool in the diag- Special considerations for GI biopsy
nosis of chronic alimentary diseases. In veterinary medi-
cine, guidelines for interpretation of GI biopsies are best
described in the canine and feline literature. The informa-
tion available regarding GI biopsies in the horse is more
limited, despite the use of this technique in the diagnosis of
equine GI disease.

Our goal in this review is to consolidate relevant informa-
tion from the canine, feline, and where available, the equine,
literature to 1) present some of the special circumstances and
strategies for GI biopsy collection in the horse, 2) provide the
pathologist with a review of general concepts for interpreta-
tion of GI biopsies, and where possible, 3) provide specific
information on the histopathology of chronic intestinal
inflammation, including idiopathic inflammatory bowel dis-
ease (IBD) in the horse. A limitation of our review is the
information gaps on accepted histopathologic changes in the i . o
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GI biopsy is a valuable tool in the diagnosis of alimentary
disease given that biopsy can lead to characterization of
inflammatory infiltrates, identification of major mucosal
architectural changes, detection of neoplastic processes, and
potentially the presence of pathogens. However, there are
unique aspects in the interpretation of GI biopsies that the
pathologist should recognize to avoid overinterpretation.'*’
First, the quality of the biopsies can vary widely, which
greatly impacts the ability to accurately interpret histopatho-
logic changes. Second, a distinctive histologic feature of the
GI tract is the variation in the proportion of lymphocytes,
plasma cells, and to a lesser extent eosinophils and macro-
phages, in the resident mucosal cell population of various
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segments of the GI tract. Differentiating the resident cell
population from true inflammatory infiltrates is difficult and,
in some cases, can be subjective, given that limited informa-
tion is available about the normal leukocytic population in
the equine GI tract.” Third, diagnosis of neoplasia relies
heavily on the quality of the biopsy and the location of the
neoplasm in the intestinal wall; superficial endoscopic biop-
sies will not reach a neoplasm in the deep submucosa or mus-
cularis. Moreover, there can be significant inflammation in
segments of bowel adjacent to a neoplasm. Thus, biopsy of a
region adjacent to a neoplasm may lead to a diagnosis of
inflammation, while the underlying neoplasm goes unde-
tected. Finally, the surface area of the GI tract is vast and,
unless a lesion is visible grossly or the disease process is
distributed widely, the probability of obtaining samples that
are truly representative of the underlying disease process is
not high.

Although obtaining GI biopsies is routine in canine and
feline patients, there are additional challenges associated
with collection of equine GI biopsies related to the size of the
animal, and the associated anesthetic, surgical, and post-sur-
gical risks.

Clinical information for the equine patient

As with any biopsy submission, evaluation of an appropriate
case history is important for evaluation of equine GI biopsies.
This assessment will assist in understanding the chronicity
and severity of the disease, potential differentials based on the
clinical history, and factors that will influence the histopathol-
ogy such as prior or current therapies (e.g., glucocorticoid
administration). Key information will vary with each case,
but should include the clinical signs and their duration, cur-
rent and prior therapies, rectal palpation findings, and altera-
tions in CBC, urinalysis, and serum chemistry results. Results
of fecal examination and/or prior deworming are important in
addressing potential parasitic disease; underlying parasitic
disease can lead to intestinal inflammatory changes that share
features with idiopathic IBD."**' Weight loss and diarrhea are
commonly associated with GI disease. Less commonly,
extraintestinal factors, including diet as well as hepatic, renal,
or cardiac disease, can cause similar clinical signs.”> The
diagnostic approach for diarrhea and weight loss in the horse
typically involves various noninvasive procedures that may
be used in combination with GI biopsy. This approach can
help to eliminate extraintestinal factors and potentially begin
to localize disease within the GI tract.

A multi-pronged approach is used in the diagnosis of GI
disease in the horse, and a single assay that will lead to a
diagnosis has not been identified. In addition to GI biopsy,
findings that have been correlated with GI disease in the
horse include: 1) hypoproteinemia and hypoalbuminemia, 2)
ultrasound evidence of increased thickness of the small
intestinal wall, and 3) alterations in glucose or D-xylose
absorption tests.”®

Hypoproteinemia can suggest protein-losing enteropathy
once other forms of protein loss have been ruled out, as well
as intestinal malabsorption.”” Protein loss can be associated
with various changes, including mucosal inflammatory infil-
trates, villus atrophy, altered epithelial permeability, and
lymphangiectasia.” Hypoproteinemia has been associated
with chronic intestinal inflammation and the different forms
of idiopathic IBD, including lymphoplasmacytic, eosino-
philic, and granulomatous enteritis.

In dogs and cats, abdominal ultrasound is commonly used
to detect thickening of the intestinal wall. Although this find-
ing does not identify a specific etiology, it can suggest an
inflammatory or neoplastic cellular infiltrate. Abdominal
ultrasound, either percutaneous or trans-rectal, is used in the
horse to identify thickening of the small intestine and has
been correlated with findings of rectal palpation.®°

The oral glucose tolerance test (OGTT) is a commonly
used noninvasive method for the assessment of small intesti-
nal absorptive capacity in the horse. Failure of blood glucose
to increase after oral administration of glucose can indicate
small intestinal malabsorption, which has been associated
with a variety of inflammatory, neoplastic, and idiopathic
diseases. A decreased OGTT has been associated with mal-
absorption and may suggest granulomatous enteritis, lym-
phoplasmacytic enteritis, and eosinophilic enteritis. A
number of factors that influence intestinal glucose absorp-
tion need to be considered when interpreting OGTT results,
including gastric emptying, intestinal transit time, renal
clearance, and intestinal epithelial transport activity.”*°
OGTT results are best interpreted along with other test
results, such as ultrasound and blood protein concentrations,
in the diagnosis of GI disease. Altered OGTT has also been
associated with normal intestinal histology. In one study, low
OGTT values were correlated with histologic changes in
only 2 of the 5 horses studied.” The authors concluded that a
larger study was needed and suggested that the lack of cor-
relation may be related to only glucose being measured in
this absorption assay and that early malabsorptive changes
may not lead to clear histologic changes.”*’

GI biopsies

There are 2 general approaches to GI biopsies: endoscopic
and surgical. There are advantages and drawbacks to each
approach (Table 1). Endoscopic biopsies employ a flexible
endoscope to collect pinch biopsies from the mucosal wall of
the GI tract; this is one of the most widely used techniques
across species. The key advantage of endoscopic biopsies is
that they are noninvasive. The endoscope is guided by a
fiberoptic camera allowing for evaluation of gross changes
along the mucosal surface and targeted collection of the
biopsy sample. Moreover, it is possible to take several biop-
sies from a segment of the GI tract. There are also several
disadvantages to endoscopic biopsies. The biopsies are
superficial and sample the mucosa and, in some cases, the
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Table 1. Advantages and disadvantages of endoscopic versus surgical biopsies of the equine gastrointestinal tract.

Areas where it Layers Tissue Processing Operator expertise ~ No. of
Type of biopsy  Invasiveness works well included distortion artifact required biopsies
Endoscopic Less invasive Stomach, Mucosa; Frequent Frequent Significant Many
duodenum, sometimes
rectum, distal superficial
colon submucosa
Surgical More invasive All organs Full thickness  Infrequent Infrequent Routine surgical Fewer

skills required

superficial submucosa (Fig. 1). It is common for the orienta-
tion of the section to be distorted, and identification of full
crypt-villus units can be difficult. Superficial sections that
consist of only villi or sections oriented so that only lamina
propria and cross-sections of crypts are visible are common,
and these greatly limit the ability to evaluate the section and
make an interpretation (Fig. 1). The skill of the endoscope
operator is critical to the quality of the sample; truly, there
are masters of this technique. The learning curve is fairly
steep for the novice, and, early on, the problems mentioned
above are commonplace.

Endoscopy is widely used in horses to examine and biopsy
the stomach (glandular and non-glandular), pylorus, proxi-
mal duodenum, and rectum.* Gastroscopy is particularly use-
ful for diagnosis of gastric ulcerative disease in the horse.”
Success rates for detection of microscopic lesions in biopsies
collected via endoscopy from horses are variable, but have
been reported as a 56% detection rate for horses with clinical
signs of chronic intestinal inflammation.” A relatively new
technique, capsule endoscopy, has been used in the horse
whereby a wireless camera within a capsule is placed into the
stomach via nasogastric tube and the camera transmits
images as it travels through the GI tract.**

Surgical biopsies are collected via laparotomy. The advan-
tage of surgical biopsies is that the biopsy is typically full
thickness and consists of mucosa, submucosa, muscularis,
and serosa (Fig. 2). Orientation is often better, with multiple
full fields containing full crypt-villus units. Because orienta-
tion is often accurate and architectural landmarks are pre-
served, a full-thickness biopsy is more straightforward to
evaluate than an endoscopic biopsy. The main disadvantages
of full-thickness biopsies are that they require an invasive
surgical approach, and generally fewer samples are collected.
The risk of anesthesia is another disadvantage of surgical
biopsies, and possibly the reason that these biopsies are less
common than nonsurgical ones. Rectal biopsy is a safe and
relatively low-cost approach that is widely used in horses
with chronic GI disease. The benefit of rectal biopsy is that it
can be done in the standing horse and does not require exces-
sive restraint or anesthesia.** Collection does not require spe-
cial instruments, although endoscopic exam can be used for
biopsy of the proximal rectum and small colon.

Rectal biopsy has been reported to have variable accuracy
in detection of GI inflammation. In a 2018 study, 82% of

horses with clinical signs consistent with idiopathic IBD had
pathologic changes in rectal biopsies.” However, in another
study, rectal biopsy detected histologic lesions in only 50%
of horses with a history of intestinal disease.'® In California,
analysis of 100 cases with clinical history of GI disease in
which rectal biopsy was evaluated revealed histologic lesions
in ~30% of the cases (F. Uzal, unpublished). Capacity of this
approach to recover a biopsy with representative lesions will
depend on the distribution of the lesions, and specifically the
degree of involvement of the distal colon and rectum. A lack
of lesions in a rectal biopsy obviously does not rule out GI
disease.”

As in other species, full-thickness GI biopsies in the horse
requires abdominal surgery. Ventral midline celiotomy is a
common approach in horses, and an advantage is that there is
good access to small and large intestinal segments for exam-
ination, palpation, and biopsy. However, laparotomy is inva-
sive and requires general anesthesia and close postoperative
monitoring. Post-surgical risks can be high. Debilitated
horses may not be good candidates for this approach.’

Standing laparotomy can be used to obtain full-thickness
biopsies in the horse, which can circumvent many of the
risks associated with ventral midline celiotomy. Standing
laparotomy alone does not require special equipment and is
more readily available to the equine surgeon. Addition of
laparoscopic equipment brings several advantages to the pro-
cedure, including increased access to the intestine for visual
examination and biopsy. Repeated biopsy is also an option
with laparoscopy. Postoperative complications are reported
to be low.”

Quality of biopsies

A key factor in obtaining an accurate interpretation or diagno-
sis from both endoscopic and full-thickness GI biopsies is the
characteristics of the biopsies, which includes the number of
biopsies and their overall quality.*® Problems arise most fre-
quently with endoscopic samples. The number and quality of
the biopsies should be recorded in the biopsy report, which
will communicate to the submitter features of the sections that
influenced their evaluation and interpretation.*®

Reporting the number of biopsies will alert the submitter
to any loss of sections, which is common with endoscopic
biopsies. Often the endoscopic sections are loosely secured
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Figures 1-6. (continued)
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Figures 1-6. Equine gastrointestinal biopsies. Figure 1. Gastric endoscopic biopsy showing only mucosa sectioned tangentially. H&E.
Figure 2. Colon surgical biopsy, including full thickness of the colonic wall. H&E. Figure 3. Duodenal surgical biopsy. This biopsy is
mostly free of artifact and well oriented, so that numerous villus-crypt units with associated lamina propria can be evaluated. H&E. Figure
4. Gastric endoscopic biopsy that includes only the superficial aspect of the mucosa with artifactually detached mucosal epithelium. H&E.
Figure 5. Duodenal endoscopic biopsy with severe crushing artifact. H&E. Figure 6. Duodenal biopsy with muscularis and serosa, but

missing mucosa and submucosa. H&E.

to a matrix (e.g., sponge or cellulose) before they are placed
in a cassette for processing. A common problem is that one or
more or the sections will break free from the matrix and float
free within the cassette. Hence, some of the tissues will be
out of the plane of section during sectioning and will not be
included on the slide. If there is a discrepancy in the number
of tissues submitted and the number reported, then recutting
the block may bring more tissues into the same plane. Report-
ing the number of full-thickness biopsies is also important to
ensure that all submitted sections were processed and were
present on the slide.

One of the greatest limiting factors for evaluation of a GI
biopsy is the quality of the samples. The gold standard is a
biopsy that is sufficiently deep, free of handling artifact, and
is oriented so that multiple full villus-crypt units with associ-
ated lamina propria can be evaluated (Fig. 3). As will be dis-
cussed in the following sections, these anatomical features
are critical in evaluating the architectural and cellular com-
ponents of the tissue. Whereas high-quality samples allow
thorough examination, poor-quality samples greatly impede
this process when key components of the tissue are lacking
or are indistinguishable.”® The most frequently encountered
problem in endoscopic biopsies, including those from the
equine stomach and duodenum, is that the biopsy includes
only the superficial aspect of the mucosa. These biopsies
often consist of portions of detached mucosal epithelium
(stomach) or villi (duodenum; Fig. 4). The more superficial
the biopsy, the more likely it will be deemed “nondiagnostic”
by the pathologist. Having appropriate orientation of the
sample is required, and another common problem is that the
section consists of cross-sections through the crypts with
villi not present (Fig. 1). Artifact is another obstacle to evalu-
ation, and this includes crushing of the tissue during collec-
tion and folding of the section during processing (Fig. 5).
Even if depth and orientation of the tissue are good, artifact
can decrease the tissue available for examination. The main
problems encountered with full-thickness biopsies are related
to orientation of the tissue. A common situation occurs when
only tunica muscularis is present and mucosa and submucosa
are not in the section (Fig. 6). In some cases, this can be cor-
rected by reorienting the tissue in the cassette and recutting.

Overview of parameters for evaluation of
GI inflammation

Given the density of resident inflammatory cells in the GI
tract, the pathologist must not overinterpret their presence

and use inflammatory cells alone to support a diagnosis of GI
inflammation. Diagnosis of inflammation in the GI tract
relies on detection of both architectural and inflammatory
cell changes. For dogs and cats, a set of guidelines for the
interpretation of histologic lesions has been developed by the
World Small Animal Veterinary Association. These guide-
lines provide standards by which the pathologist can evalu-
ate and score mucosal inflammation.®** Similar guidelines
have not yet been developed for the equine GI tract. Although
there is a need to establish inflammatory parameters specific
for the equine GI tract, there are strategies and principles for
small animals that also hold true for the equid.

Again, GI sections should be evaluated using a systematic
approach that focuses on both architectural changes and
inflammatory cell infiltrates. In the following sections, some
broad principles established in small animals will be applied
to the equid.*® More specific details on these parameters can
be identified in the references.® For each parameter, a scoring
system developed for canine inflammation reports no change,
mild, moderate, and marked change. This may be a reason-
able starting point for a scoring system for equine enteric
inflammation.*® A study of histologic parameters in the small
intestine of horses without clinical disease has defined villus
lengths and typical leukocyte densities in the GI mucosa of
adult horses™; this information will be used as a starting
point for defining deviations from normal intestine in the
horse and a basis for generation of an equine standard of GI
histologic evaluation. The values from that reference® will
be cited where appropriate with the small animal data in the
following sections.

Architectural changes in GI biopsies

Architectural changes are arguably the most critical changes
to evaluate in a GI biopsy. This is because, in many cases,
alterations in numbers of lymphocytes, plasma cells, and
eosinophils can be subjective, especially when there is a sus-
pected mild or moderate increase in the numbers of these
cells. Although architectural changes alone do not point to a
specific etiology, their presence can be a strong indicator of
mucosal inflammation and are less subjective than assess-
ment of numbers of inflammatory cells.*® Architectural com-
ponents to be evaluated in the GI biopsy include villi,
lacteals, crypts, fibrous tissue, goblet cells, and epithelium.
Again, the ability to evaluate these entities depends heavily
on the quality of the biopsy. Systematic examination from
the tip of the villus to the base of the crypt along with the
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associated lamina propria, and, if available, submucosa, is
essential. In cases of equine chronic intestinal inflammation,
including idiopathic IBD, the constellation of these changes
will often vary with chronicity and severity, that, combined
with inflammatory cell infiltrates, may allow for further
characterization of the specific classification or etiology of
GI inflammation.

Evaluation of the epithelium includes that covering the
surface and proliferative compartments. Key parameters are
loss of terminal differentiation, for example, loss of brush
border in the small intestine or lack of foveolar epithelium in
the fundic stomach. Looking for attenuation of the epithe-
lium from columnar to low cuboidal or flat epithelium is
important, and this may progress to areas of epithelial ero-
sion (Fig. 7)."” A common change in the proliferative com-
partments, such as the gastric isthmus and crypts, is
hyperplasia. In the stomach, this can manifest as mucus cell
hyperplasia, and in the small intestine and colon as crypt
hyperplasia with crowding of the crypt by immature entero-
cytes, dilation of the crypt space, and loss of goblet cell dif-
ferentiation (Fig. 8).

Villus atrophy is a common reaction pattern to mucosal
injury and is a common change in the horse.”’ Histologically,
normal villi are long, slender, and uniform across the section
(Fig. 9). Villus length in the horse ranges from 479 um in the
jejunum to 337 um in the duodenum; villi are widest in the
jejunum.” Villus atrophy manifests as blunting of the villus
to a dome shape or even flattening of the intestinal surface to
resemble the colon (Fig. 10). In some circumstances, there is
fusion of villi, which leads to a loss of the uniformity of the
villi along the section.'® It is common for villus changes to be
accompanied by attenuation or erosion of the surface epithe-
lium (Fig. 10).

Crypt lumens are normally seen as thin spaces that are
bordered by enterocytes and goblet cells. Crypt changes
most frequently involve dilation of the crypt space and may
include irregular branching. The crypt lumen may be dilated
by mucus, eosinophilic fluid, and cellular infiltrates, which
are often degenerate.**” The term “crypt abscess” is some-
times applied to this change, especially when leukocytes are
present in the lumen (Fig. 11). The severity of the crypt
change is related to the degree of crypt distention and to the
number of crypts affected in a section. Crypt loss is another
change that may result from necrosis of the enterocytes lin-
ing the crypts, which may be the result of infectious, isch-
emic, or toxic injury.

Lacteals are lymphatic vessels in the intestinal mucosa
that are often identified centrally within the villi as thin clear
spaces lined by flat endothelium. They may also be seen in
the deeper lamina propria and submucosa. In many sections
they are not visible, which is typical of normal intestine. Lac-
teal dilation or lymphangiectasia is an architectural change
that can be associated with protein-losing enteropathy and
has been reported in the horse.***’ Frequently, lacteal dila-
tion is secondary to chronic mucosal inflammation, with

obstruction of lymphatic outflow from the mucosa. Over-
interpretation of visible lacteals needs to be avoided; true
dilation in the dog is reserved for lacteals that approach
>50% of the villus width. Although no such information is
available in the horse, some degree of dilation can be
observed in normal horses. In some cases, lacteal dilation is
severe and can fill most of the villus space.’

Fibrosis indicates chronic mucosal injury, inflammation,
or ischemia, and can occur in all segments of the GI tract; it
has been reported in the GI tract of horses with gastroenteric
disease.*® Microscopically, fibrosis is identified as increased
collagen and fibroblasts, often within the mucosa. This
change, which may occur between crypts or gastric glands,
increases the separation between these structures in the lam-
ina propria (Fig. 12). In the gastric mucosa, advanced fibro-
sis can lead to fibrous bands surrounding glands leading to a
“nested” appearance of the glands. When severe, fibrosis can
replace crypts or gastric glands.

Changes in goblet cell numbers in the large intestine can
be an indicator of GI inflammation, and this includes
decreases and increases in goblet cell density. In the horse,
these changes are often encountered in rectal biopsies.'® Loss
of goblet cells is common in the horse and can be fairly sim-
ple to detect (Fig. 13). However, increased goblet cell den-
sity (hyperplasia) may also occur and may be associated with
alteration in the mucin expression profile in these horses.”’

Inflammatory cell populations in GI biopsies

True inflammatory cell infiltrates in the GI mucosa can be
detected most readily when inflammation is severe. Often in
severe inflammation, the cellular changes are accompanied
by the constellation of the architectural changes described in
the preceding sections. Inflammatory cell infiltrates that are
only mild-to-moderate in severity are challenging for the
pathologist to discriminate from the normal resident leuko-
cyte population. Again, a thorough search for architectural
change will bolster a diagnosis of inflammation that is asso-
ciated with a suspected increase in leukocytes.

In the normal animal, there is a resident population of
leukocytes throughout the digestive tract. This population
consists mainly of lymphocytes and plasma cells with fewer
widely scattered eosinophils, macrophages, and indistinct
mast cells.”"* Moreover, there are organized collections of
lymphoid tissue, termed gut-associated lymphoid tissue
(GALT), throughout the tract. The relative proportions of
leukocytes in the normal intestinal mucosa provide a refer-
ence for identifying increases in cell numbers that suggest a
shift towards inflammation. During episodes of intestinal
inflammation, all inflammatory cell types may increase in
the intestine. In the horse with chronic GI inflammation,
such as occurs in idiopathic IBD, the cell types encountered
frequently are macrophages, eosinophils, lymphocytes, and
plasma cells.”” Increased numbers of these cell types are
loosely categorized as mild, moderate, and marked. Four
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references, 3 in the horse and 1 in the dog, provide the
expected number of leukocytes in different regions of the GI
tract of healthy horses (Table 2).%%3!4¢

Detecting increases in lymphocytes and plasma cells
against a background of resident cells can be important,
especially in the small intestine and colon. Lymphocytes
should be evaluated within the epithelium, the lamina
propria, and if available, the submucosa. Lymphocytes
organized into GALT should be recognized to avoid inter-
pretation as a lymphocytic inflammatory infiltrate or a neo-
plastic process. The normal density of lymphocytes and
plasma cells must be understood. There are normally low
numbers of intraepithelial lymphocytes (IELs) along the
mucosal surface from the stomach to the colon (Table 2).

Increases in numbers of IELs in the stomach and intestine
can be a reliable indicator of inflammation, especially when
accompanied by increases in lamina propria inflammatory
lymphocytes.*'?

Lymphocytes and plasma cells generally represent the
highest proportion of resident leukocytes in the small intes-
tinal and colonic lamina propria, although their numbers
vary throughout the GI tract. Although counting cells may
not be feasible, the figures provided in Table 2 may help the
pathologist to establish a relative range of normal values. In
the horse, increases in lymphocytes and plasma cells may
occur as the predominant inflammatory cell types or may be
mixed with other leukocytes including macrophages and
eosinophils."

Figures 7-12. (continued)
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Figures 7-12. Equine intestinal biopsies. Figure 7. Rectal biopsy from a horse with eosinophilic proctitis of unknown etiology.
Observe loss and attenuation of the superficial epithelium and many eosinophils in the superficial lamina propria. H&E. Figure 8. Crypt
hyperplasia in the small intestine of a horse, also with loss of goblet cell differentiation. The etiology of this lesion was not determined. H&E.
Figure 9. Normal small intestinal mucosa with long, slender villi. H&E. Figure 10. Severe villus blunting in the jejunum of a horse with
lymphoplasmacytic enteritis, giving the tissue the appearance of colon. H&E. Figure 11. Crypt dilation and necrosis in the colon; the crypt
epithelium is attenuated and/or degenerate, and dead cells are present in the lumen of crypts. The cause of this lesion was undetermined.
H&E. Figure 12. Fibrosis in the lamina propria of a horse with severe, chronic necrotizing colitis caused by Clostridioides difficile. H&E.

Low numbers of widely scattered eosinophils are nor-
mally present throughout the GI tract (Fig. 14), and it is easy
to overinterpret resident eosinophils as eosinophilic inflam-
mation (Table 2). Eosinophilic intestinal inflammation in the
horse may manifest as a predominant increase in eosinophils,
or eosinophils may be intermixed in various proportions with
other inflammatory cells, including macrophages, lympho-
cytes, and plasma cells (Fig. 15).*!

Macrophages are a fairly nondistinct population in nor-
mal GI biopsies stained with H&E (Table 2). GI inflamma-
tion with adominance of macrophages is often straightforward
to identify. In horses, such inflammation often manifests
with numerous macrophages and epithelioid macrophages,
with or without lymphocytes, plasma cells, and eosinophils.
Macrophage inflammatory infiltrates may be arranged in the
lamina propria and submucosa as focal-to-diffuse infiltrates
or as distinct granulomas.'®

Protozoa

Coccidia (Eimeria leuckarti; Fig. 16) and several species of
ciliated protozoa (Fig. 17) may be observed in the lumen

and/or within the small intestinal and colonic mucosa,
respectively, of both healthy and sick horses. The latter
includes, but is not limited to, animals with diarrhea or other
enteric disease. The presence of these parasites in the intes-
tine of horses is usually considered an incidental finding.
However, because large numbers of these protozoa have
been seen occasionally deep in the mucosa of horses with
enteritis or colitis, it has been speculated that these organ-
isms might be responsible for enteric disease.””’ Definitive
evidence about the role of these parasites in enteritis or coli-
tis of horses is, however, lacking.

Select chronic gastrointestinal
inflammatory diseases of the horse

Our goal in this section is to illustrate briefly how cellular and
architectural changes may manifest in selected chronic GI
inflammatory diseases in the horse. Granulomatous enteritis,
eosinophilic enteritis, and lymphoplasmacytic enteritis are
described as forms of equine idiopathic IBD; there is limited
information on typical microscopic changes with each. This
section draws on the available case reports and descriptions
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Figures 13-18. (continued)
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Figures 13-18. Equine intestinal biopsies. Figure 13. Loss of goblet cells in the colonic mucosa of a horse with chronic diarrhea. This
is a nonspecific lesion in the colon of horses with diarrhea. H&E. Figure 14. Small numbers of eosinophils in the deep lamina propria of the
small intestine. This is considered a normal background finding in horses and should not be interpreted as a significant lesion. H&E. Figure
15. Eosinophilic proctitis; large numbers of eosinophils are intermixed with macrophages, lymphocytes, and plasma cells within the lamina
propria. The cause of this lesion was not determined. H&E. Figure 16. Eimeria leuckarti in the lamina propria of the small intestine; this
parasite is usually considered an incidental finding in horses. H&E. Figure 17. Ciliated protozoa in the lumen of the colon; these parasites
are usually considered an incidental finding in horses. H&E. Figure 18. Granulomatous colitis in a horse with Rhodococcus equi infection.
Macrophage infiltrates are present. Inset: small coccobacilli are present in the cytoplasm of most macrophages H&E.

Table 2. Expected numbers of leukocytes in the gastrointestinal tract of healthy horses and dogs.

6

Horse® Horse® Dog
Stomach
IELs NR NR 2 1IELs/50 enterocytes
Lamina propria NR NR Lym, PC <20%, 1-3 Eos/400x
field
Duodenum
IELs NR NR 5-10 IELs/50 enterocytes
Villus lamina propria NR 33 Lym, 6.75 PC, 0 Eos, Lym, PC <25%, 2 or 3
0 Neu/0.02 mm’ Eos/400x field
Crypt lamina propria NR 34 Lym, 11.7 PC, 0.6 Eos, Lym, PC 1 or 2 between crypts
0.5 Mac, 0 New/0.02 mm’
Jejunum
IELs NR NR 5-10 IELs/50 enterocytes
Villus lamina propria 50 Lym, 18 PC, 4 E0s/9,000 pum” 48 Lym, 5 PC, 0 Eos, 1 Mac, Lym, PC <25%, 2 or 3
0 Neuw/0.02mm’ Eos/400x field
Crypt lamina propria 35 Lym, 18 PC, 9 Eos, 5 43 Lym, 10 PC, 1 Eos, 1 Mac, Lym, PC 1 or 2 between crypts
Mac/9,000 um® 0 Neu/0.02 mm’ 2 or 3 Eos/400x field
Ileum
IELs NR NR 5-10 IELs/50 enterocytes
Villus lamina propria NR 49 Lym, 5 PC, 0 Eos, 1 Mac, Lym, PC <25%,2 or 3
0 Neu/0.02mm’ Eos/400x field
Crypt lamina propria NR 43 Lym, 10 PC, 1 Mac, 0 Eos, Lym, PC 1 or 2 between crypts
0 New/0.02mm’ 2 or 3 Eos/400x field
Colon
Small: lamina propria NR 31 Lym, 8 PC, 4 Eos, 0 Ma, Lym, PC 4 or 5 between crypts
0 Neu/0.02 mm’ 1 or 2 Eos/400x field
Large: lamina propria NR 38 Lym, 0 PC, 6 Eos, 0 Mac, NR
0 New/0.02mm’

Eos=ecosinophil; IEL =intraepithelial lymphocytes; Lym=lymphocyte; Mac=macrophage;

of the forms of chronic intestinal inflammation and specifi-
cally idiopathic IBD. Clinical and pathophysiologic informa-
tion on equine IBD is available in our cited references.”'®*’

Diagnosis of idiopathic IBD in the horse depends on mul-
tiple test results in combination with the clinical picture.” It
is not possible to establish an IBD diagnosis on GI biopsy
alone. The underlying cause of idiopathic IBD in horses is
not defined. As with other species, various factors, such as
mucosal immune responses,14 diet, microbiota, genetics, and
environmental factors, likely contribute. Although idiopathic
IBD in general is our focus in this section, differential etiolo-
gies for the microscopic changes in the following sections
would certainly also include enteric pathogens. For each of
these forms of IBD, cellular infiltrates are associated with
architectural alterations.

Neu=neutrophil; NR=not reported; PC=plasma cell.

The major microscopic changes in equine granulomatous
enteritis are infiltrations of macrophages and epithelioid mac-
rophages into the lamina propria and submucosa. Transmural
macrophage infiltrates are reported. Macrophages may be the
predominant cell type or may be intermixed with lympho-
cytes and plasma cells.'®'® Macrophage infiltrates may be dif-
fuse or focal, and may be organized into discrete granulomas
(Fig. 18). Organized lymphoid tissue may accompany the
macrophage infiltrates.” Architectural changes are common
with granulomatous enteritis, and, in the small intestine, villi
are often markedly blunted and covered by attenuated-to-flat-
tened epithelium. Erosions may be present. Small intestinal
crypts may be hyperplastic.'®!” Differentials to consider, in
addition to IBD, include mycobacterosis, pythiosis, and intes-
tinal toxins.'**%
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Figures 19, 20. Equine intestinal biopsies. Figure 19. Eosinophilic enteritis. Eosinophils and fewer lymphocytes, macrophages, and
neutrophils are present in the lamina propria. Inset: higher magnification showing eosinophils in the superficial submucosa. The cause of this
lesion was not determined. H&E. Figure 20. Lymphoplasmacytic enteritis consisting of infiltrates of lymphocytes and plasma cells in the
lamina propria. Inset: higher magnification of the deep lamina propria showing several layers of lymphocytes and plasma cells. The cause
of this lesion was not determined. H&E.

Eosinophilic intestinal inflammation can be associated
with intestinal parasites, multisystemic eosinophilic epithe-
liotropic disease (MEED), and idiopathic eosinophilic
enteritis.”” Moreover, idiopathic eosinophilic enteritis can
be focal or diffuse in the intestinal tract.”’ The cause of idio-
pathic eosinophilic enteritis and MEED have not been deter-
mined. Eosinophilic enterocolitis consists of variable
infiltrates of eosinophils, lymphocytes, macrophages, and
neutrophils in the lamina propria and submucosa (Fig. 19).
In some cases, inflammation can be transmural. Architec-
tural changes include villus blunting, epithelial attenuation,
and erosions. The focal form of idiopathic eosinophilic
enteritis has been suggested to be a localized exacerbation
of more diffuse eosinophilic enteritis.*"** MEED leads to
lesions in numerous organs; skin and GI are involved fre-
quently.*’ MEED lesions are often composed of eosinophils
intermixed with macrophages, lymphocytes, and plasma
cells. Organization into eosinophilic granulomas is also
described. Eosinophilic granulomas may be associated with
vasculitis in the intestinal mucosa.'®

Lymphoid infiltrates—a common microscopic change in
anumber of chronic inflammatory conditions—often accom-
pany other cell types, such as macrophages and eosinophils
in granulomatous and eosinophilic enteritis, cyathostomosis,
and lymphoma.'®*” Idiopathic lymphoplasmacytic enteroco-
litis i3 an uncommon condition that consists of various
degrees of lymphoplasmacytic infiltration into the lamina
propria (Fig. 20), which may be accompanied by increased
IELs. Architectural changes reported include villus blunting
and dilation of lacteals."’ These changes are based on a small
number of cases, and further studies are needed to fully char-
acterize the microscopic changes.

Conclusions

Useful evaluation of GI biopsies is based on an appropriate
clinical history, samples of adequate quality, and standard-
ized assessment of histologic sections. Strategies for assess-
ment of GI biopsies that have been developed for the dog
and cat provide a good basis for standardized evaluation of
equine GI biopsies. The basics themes of GI inflammation
likely hold true across species with regard to response to
mucosal injury. In the horse, as in all species, closely evalu-
ating both cellular and architectural changes can provide
objective evidence of true GI inflammation. The definition
of the resident leukocyte population for each region of the
equine GI tract will help to differentiate resident cell popu-
lations from inflammatory cell infiltrates. Key architectural
changes may accompany inflammation, and include villus
atrophy, enterocyte alterations, and changes of the prolifera-
tive compartment. Chronic inflammatory diseases, includ-
ing idiopathic IBD, need to continue to be defined more
clearly in horses.
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