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Special Section

The gastrointestinal (GI) tract is one of the most studied sys-
tems in horses. As in most domestic species, the equine small 
intestine is divided into duodenum, jejunum, and ileum. The 
large intestine is divided into cecum, large colon, which has 
4 segments (right ventral colon, RVC; left ventral colon, 
LVC; left dorsal colon, LDC; right dorsal colon, RDC), small 
colon (SC), and rectum.12

The equine GI system can be affected by a broad spec-
trum of inflammatory conditions characterized, among other 
lesions, by infiltration of leukocytes in one or more intestinal 
layers. Interpretation of those lesions may be challenging 
because the mucosa of clinically healthy horses has an abun-
dance of resident leukocytes, whose function is to protect the 
intestine from exogenous and endogenous insults. Despite 
the plethora of literature describing the changes occurring in 
the inflamed equine intestine,7,8,11 information about the leu-
kocyte population in the intestinal mucosa of healthy horses 
is scant. In particular, there is a lack of consensus regarding 
which and how many leukocytes are considered normal in 
the intestinal lamina propria and submucosa. These parame-
ters would be very helpful for diagnostic purposes, given that 
increased numbers of leukocytes are considered among the 
main criteria for the diagnosis of most inflammatory bowel 
diseases.8 Other factors, such as age, diet, and physiology, 

may also play a role in the inflammatory response of the 
equine intestine, as has been reported in dogs.10 Analyzing 
these factors was, however, beyond the scope of our study.

Normal proprial leukocyte populations have been studied, 
mostly in small companion animals, and the major findings 
have been reviewed in numerous articles,2,3 especially 
regarding intestinal biopsies. To our knowledge, however, 
only 2 articles have focused on the intestinal leukocyte popu-
lation of clinically healthy horses. In one study,9 eosinophils 
were counted in the lamina propria in different parts of the 
equine GI tract. Another study6 evaluated the leukocyte pop-
ulation of the jejunum.

Our aim was to provide information on the number and type 
of proprial and submucosal leukocytes and other histologic 
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Abstract. Healthy horses and other animals have large numbers of resident leukocytes in the intestinal wall, but there is 
scant information regarding which and how many leukocytes are normally present in the equine intestinal wall. Our aim was 
to provide a reference range of leukocytes in the intestinal mucosal and submucosal propria of normal horses. We included in 
our study intestinal tissues from 22 Thoroughbred racehorses with no clinical intestinal disease, which had been euthanized 
because of catastrophic musculoskeletal injuries. Neutrophils, lymphocytes, eosinophils, macrophages, and plasma cells were 
counted in 5 random 17,600-µm2 areas of villus lamina propria of the duodenum, jejunum, and ileum, and deep lamina propria 
of the duodenum, jejunum, ileum, right ventral colon, left ventral colon, left dorsal colon, right dorsal colon, and small colon. 
Other features investigated in the same intestinal segments included villus height and width (small intestine), presence of 
ciliated protozoa, Paneth cells number, subcryptal leukocyte layers (number of leukocyte layers between the bottom of the 
crypts and the muscularis mucosae), and submucosal leukocytes. Lymphocytes were the most numerous cells in all segments 
analyzed, followed by plasma cells, eosinophils, macrophages, and neutrophils. Eosinophil numbers were significantly higher 
in both lamina propria and submucosa of the large intestine than in the small intestine. The duodenum had shorter and thinner 
villi than either jejunum or ileum. The data provided from our study will be useful for diagnosticians examining inflammatory 
processes in the intestinal tract of horses.
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features (i.e., morphology of small intestinal villi) in the var-
ious intestinal segments of racehorses with no gastrointesti-
nal disease.

Materials and methods

We included 22 Thoroughbred racehorses in our study 
(Table 1). All horses were clinically healthy until they suf-
fered acute catastrophic musculoskeletal injuries and were 
euthanized. The postmortem interval was 6–24 h. None of 
the animals had gross or microscopic evidence of gastroin-
testinal disease, and fecal flotations with saline solution were 
negative for parasites or eggs.

Samples of duodenum, jejunum, ileum, RVC, LVC, LDC, 
RDC, and SC were collected from approximately the same 
anatomical location in each horse, fixed in 10% neutral-buff-
ered formalin (pH 7.4) for ≥ 24 h, and processed routinely to 
produce 4-µm thick sections to be stained with hematoxylin 
and eosin. All sections were examined, and counts per-
formed, by one of the authors (G. Rocchigiani). Leukocytes 
were counted in the following micro-compartments: villus 
lamina propria (lamina propria within the villus), deep lam-
ina propria (lamina propria between and below intestinal 
crypts), and submucosa. For each of these areas, lympho-
cytes (except in the submucosa), plasma cells, eosinophils, 
macrophages, and neutrophils were counted on 5 random 
non-overlapping fields of 0.02 mm2 (area of interest, AOI) 

using a 40× objective (Fig. 1). Neutrophils were identified 
by lobulated nuclei and absence of eosinophilic granules; 
eosinophils were recognized by bi-lobed nuclei and charac-
teristic eosinophilic cytoplasmic granules. Plasma cells were 
identified by an eccentric nucleus with heterochromatin in a 
characteristic cartwheel arrangement, perinuclear halo, and 
amphophilic cytoplasm. Lymphocytes were recognized by 
their round nucleus, small size, and scant cytoplasm. Macro-
phages were identified by their larger size (~2× the lympho-
cyte size), large amount of often vacuolated cytoplasm, and 
round or reniform nucleus.

Paneth cells and leukocyte layers between the bottom of 
intestinal crypts and the muscularis mucosae (subcryptal leu-
kocyte layers) were evaluated in 5 entire 20× high-power 
fields (HPF; 1.13 mm2). An AOI larger than in the villus lam-
ina propria was used for this calculation because Paneth cells 
and subcryptal leukocytes were confined to specific loca-
tions (i.e., deep intestinal crypts) and the AOI used for the 

Table 1. Sex and age of 22 racehorses included in our study of 
intestinal morphometrics.

Case Sex Age (y)

 1 G 3
 2 G 3
 3 F 4
 4 F 3
 5 F 5
 6 M 2
 7 M 5
 8 M 3
 9 F 7
10 G 5
11 F 3
12 M 4
13 F 3
14 G 3
15 G 3
16 G 3
17 F 2
18 G 4
19 F 5
20 F 4
21 G 3
22 F 3

F = mare; G = gelding; M = stallion.

Figure 1. Intestinal mucosal histomorphometric analysis in a 
normal Thoroughbred horse. The rectangle represents an area of 
interest (AOI; 17,600 µm2); H = villus height; W = villus width. 
H&E.
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villus lamina propria would have been too small to assess 
their real number. Submucosal evaluation was impaired in 
the duodenum because of the presence of Brunner glands, 
which obscured the deepest mucosa.

Villus measurements were taken in micrometers in the 
small intestinal sections, counting 5 villi per location; only 
intact villi were selected for these measurements. Villus 
height was measured from the tip of the villus (excluding 
epithelium) to the junction of the villus lamina propria and 
the deep lamina propria. The villus width was measured half-
way along the height of the villus, also excluding the epithe-
lium (Fig. 1). Presence or absence of ciliated protozoa in the 
gut lumen and lamina propria was determined in all segments 
of small and large intestine.

Software (Toupview; ToupTek Photonics) was used to 
measure and highlight the AOI, and the leukocytes within the 
AOI were counted manually. The mean with standard devia-
tion for each segment and one-way ANOVA were calculated 
to determine if a statistical difference (i.e., p ≤ 0.05) was 
present. If a statistical difference was detected, a Tukey–
Kramer test was performed to determine which group was 
significantly different from the other(s). For presence or 
absence of ciliates, a Pearson chi square test was performed 
to determine if a significant frequency distribution was pres-
ent among intestinal segments.

Results

Lymphocytes were, as expected, the most common leukocytes 
in all intestinal segments (Tables 2, 3; Figs. 2–4). Numbers 

of plasma cells were significantly lower (p < 0.05) than 
numbers of lymphocytes in all intestinal segments. Eosino-
phils were present in variable numbers within the deep lam-
ina propria and were significantly more numerous (p < 0.05) 
in the large than in the small intestine. No eosinophils were 
detected within the villus lamina propria. Scattered macro-
phages were present throughout the villus and deep lamina 
propria (0–10 within the AOI), regardless of the segment 
analyzed. Neutrophils were present in the lowest numbers 
(0–2 per AOI) compared with other leukocytes in the villus 
and deep lamina propria of all segments.

The number of leukocyte layers below the crypts (sub-
cryptal leukocyte layers) was 0–3 in most anatomical loca-
tions. A subcryptal leukocyte layer count >3 was observed in 
24 of 525 AOIs from all GI segments analyzed, with no sta-
tistical differences between small and large intestine. Ileum 
and small colon more frequently had >3 subcryptal leukocyte 
layers, although these results were not significantly different 
from other sections. No differences were evident in the num-
ber or type of leukocytes between the deep lamina propria 
and the subcryptal leukocyte populations. Paneth cells were 
detected only within the small intestinal crypt epithelium and 
were in significantly lower (p < 0.05) numbers in the duode-
num than in the jejunum and ileum.

A variable number of leukocytes was present in the sub-
mucosa in all locations (Suppl. Table 1). The numbers of 
submucosal eosinophils were significantly higher (p < 0.05) 
in the large than in the small intestine. The duodenum had 
significantly (p < 0.05) shorter and thinner villi than the jeju-
num or ileum (Table 4).

Table 2. Mean, SD, and range of leukocytes per area of interest counted in villus lamina propria for each small intestinal tract 
segment.

Segment

Lymphocytes Plasma cells Eosinophils Macrophages Neutrophils

Mean ± SD Range Mean ± SD Range Mean ± SD Range Mean ± SD Range Mean ± SD Range

Duodenum 33 ± 13 17–67 6 ± 2 3–15 0 0 0 0–3 0 0
Jejunum 48 ± 15 23–96 5 ± 2 1–12 0 0 1 ± 1 0–5 0 0–2
Ileum 49 ± 13 24–82 5 ± 2 0–12 0 0 1 ± 1 0–6 0 0–1

Table 3. Mean, SD, and ranges of leukocytes per area of interest in the deep lamina propria of each intestinal tract segment.

Segment

Lymphocytes Plasma cells Eosinophils Macrophages Neutrophils

Mean ± SD Range Mean ± SD Range Mean ± SD Range Mean ± SD Range Mean ± SD Range

Duodenum 34 ± 9 12–70 11 ± 4 4–26 0 0–2 0 ± 1 0–4 0 0–1
Jejunum 43 ± 12 28–93 10 ± 3 5–19 1 ± 2 0–12 0 0–3 0 0–1
Ileum 43 ± 9 29–81 10 ± 3 3–18 1 ± 1 0–7 0 ± 1 0–4 0 0–2
RVC 39 ± 10 20–77 9 ± 3 1–20 6 ± 5 0–21 0 0–3 0 0–1
LVC 38 ± 7 17–56 9 ± 3 4–17 6 ± 5 0–26 0 0–2 0 0–1
LDC 36 ± 8 22–59 9 ± 4 1–20 6 ± 6 0–27 1 ± 2 0–10 0 0–1
RDC 38 ± 10 15–55 10 ± 3 5–17 7 ± 6 0–30 0 0–2 0 0–2
SC 31 ± 9 12–54 8 ± 3 2–18 4 ± 6 0–41 0 0–4 0 0–1

LDC = left dorsal colon; LVC = left ventral colon; RDC = right dorsal colon; RVC = right ventral colon; SC = small colon.
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Ciliated protozoa were observed most frequently in the 
gut lumen, but they were also observed in the lamina pro-
pria; they were observed more frequently in the large intes-
tine than the small intestine, although these differences 

were not statistically significant (p = 0.77). In some horses, 
ciliated protozoa were observed in multiple intestinal 
segments; in other horses, the ciliates were seen in just one 
location.

Figure 2. Mean number of leukocytes ±1 SD in the villus lamina propria in small intestinal segments of horses with no clinical alimentary 
disease.

Figure 3. Mean number of leukocytes ±1 SD of deep lamina propria of all intestinal segments of horses with no clinical alimentary 
disease. LDC = left dorsal colon; LVC = left ventral colon; RDC = right dorsal colon; RVC = right ventral colon; SC = small colon.
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Discussion

Our study provides a practical reference range for numerous 
parameters applicable to the microscopic analysis of the 
intestine in horses. To our knowledge, there are only 2 pub-
lished papers focusing on this subject.6,9 We normalized the 
count of those 2 studies with our AOI and compared their 
results with ours. Our overall eosinophil numbers were 

slightly lower than those reported elsewhere in all segments,9 
except for ileum, where slightly higher numbers of eosino-
phils were reported.9 These minor discrepancies could be the 
result of a different detection method for eosinophils; we 
used H&E sections, the other study used Luna-stained sec-
tions.9 Observer bias may have also skewed the results.

In a study that focused only on the jejunum, T and B lym-
phocytes were identified by immunohistochemistry (IHC), 
plasma cells by methyl green pyronin, and eosinophils, neu-
trophils, and macrophages by H&E.6 The mean leukocyte 
proprial counts in the previous study were markedly higher 
for all cells (except neutrophils) than ours, in both villus and 
deep lamina propria. Markedly more lymphocytes (up to 77 
more than our study) and plasma cells (up to 58 more than 
our study) were counted; this difference was not so marked 
for eosinophils (up to 16 more than our study) and macro-
phages (up to 9 more than us). In the same study,6 just one 
neutrophil in one horse was reported, whereas we counted a 

Table 4. Mean, SD, and range of villus height and width, for 
each small intestinal segment.

Segment

Villus height Villus width

Mean ± SD Range Mean ± SD Range

Duodenum 337 ± 116 162–637 67 ± 13 42–100
Jejunum 479 ± 112 255–712 109 ± 31 52–187
Ileum 465 ± 112 299–845 97 ± 27 46–167

Figure 4. Representative images of small and large intestinal mucosa, with mild autolysis. A. Low magnification of jejunal mucosa. 
H&E. B. Low magnification of left ventral colon. H&E. C. High magnification of the jejunal villus lamina propria. The yellow rectangle 
is an area of interest. H&E. D. High magnification of the deep lamina propria of the left ventral colon. The yellow rectangle is the area of 
interest. Note the higher number of eosinophils than in the jejunal deep lamina propria. H&E.
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slightly higher number in several animals. The differences 
observed between lymphocytes and plasma cells are likely 
the result of the different sensitivity and specificity of IHC 
and methyl green pyronin staining compared with H&E 
alone. Nevertheless, the count was also different for macro-
phages and eosinophils. Several factors, including inter- 
individual physiologic differences, inter-observer detection 
sensitivity, and variable degree of autolysis, could have 
played roles in these differences.

Our results agree with previous studies and confirm the 
overall predominance of lymphoplasmacytic populations 
within the intestinal lamina propria compared with other leu-
kocytes. Also, our results agree with results6 that indicated 
that in the jejunum, numbers of plasma cells were higher in 
the deep lamina propria than in the villus lamina propria.

Unlike the previous studies,6,9 we did not detect eosino-
phils within the villus lamina propria. Eosinophils are among 
the most easily recognizable leukocytes on H&E sections, 
given their distinctive morphology. A possible explanation 
for this difference is that we worked with a group of horses 
subjected to strict health management (high-profile race-
horses), and parasitic infection was unlikely.

Despite the absence of eosinophils within the villus lam-
ina propria in our study, the literature suggests that eosino-
phils can be found in this micro-compartment, albeit in 
smaller numbers than in the deep lamina propria. In general, 
eosinophils are usually present in low numbers within the 
intestinal lamina propria of horses showing no signs of 
inflammation. In agreement with one study,9 we found more 
eosinophils in the large than in the small intestine. This pre-
dilection for the large intestine could be explained by multi-
ple causes, including a higher frequency of parasites within 
this intestinal segment. It is widely known that eosinophils 
are the main leukocytes involved in protection against hel-
minths, and it is also known that a large number of equine 
helminthic endoparasites (e.g., cyathostomes, large stron-
gyles) have tropism for the large colon.7 The higher number 
of eosinophils could represent a physiologic adaptation after 
centuries of coevolution of horses and their common helmin-
thic endoparasites. However, eosinophils have also been 
observed in the intestine of aborted and newborn foals 
(authors’ unpublished observation), which were unlikely to 
have had contact with intestinal parasites. A larger number of 
eosinophils was also observed in the colonic submucosa. Our 
findings suggest that a fluctuating number of eosinophils 
could be detected in healthy horses (Suppl. Table 1). For 
instance, submucosal AOIs devoid of eosinophils were inter-
mixed with other AOIs having up to 15 or 42 eosinophils in 
the small or large intestine, respectively. The other leuko-
cytes counted (i.e., plasma cells, neutrophils, macrophages) 
were much less numerous in this micro-compartment (Suppl. 
Table 1)

Macrophages in our study were observed in low numbers 
(0–4 per lamina propria AOI), excluding a single case in 
which 10 macrophages were seen in a single AOI, with no 

statistical differences between intestinal segments. These 
numbers are lower than those reported by one study6 in the 
jejunum, with a range of 1–23 per AOI. The reasons for this 
difference were not determined, but physiologic status of the 
horses and/or inter-observer variability may have influenced 
these differences.

Neutrophils were detected very rarely (i.e., 1 or 2 of these 
cells per AOI were observed in only 46 of 640 AOI exam-
ined), including both villus and deep lamina propria, with no 
statistical differences between intestinal segments. In one 
study,6 only one neutrophil was detected in one jejunal sec-
tion. In small companion animals, the presence of even a 
single neutrophil within the lamina propria is considered 
pathologic.2 Our study cannot confirm or rule out an analo-
gous significance in horses. However, considering that the 
horses in our study were clinically healthy, it is tempting to 
conclude that a small number of neutrophils (up to 2 per 
AOI) could be seen in the intestine of normal horses with no 
evidence of GI disease.

Duodenal villi were shorter and thinner than jejunal and 
ileal villi. The literature5 indicates that jejunal and ileal villi 
of horses should be taller and wider than duodenal villi, in 
agreement with our findings.

Unlike in the 2 papers referred to previously,6,9 the sub-
cryptal leukocyte layer number was consistently determined 
in our study. It is reported that more than 4 layers composed 
of lymphocytes, plasma cells, and perhaps eosinophils and 
neutrophils should be considered abnormal in the small 
intestine of dog and cats.12 The majority of sections analyzed 
in our study had 0–3 subcryptal layers of the same leuko-
cytes described in the upper lamina propria. Only a few AOI 
(4.5%) exhibited ≥4 subcryptal layers. Only 1 of our sections 
had 14 layers of lymphocytes below the intestinal crypts. 
This high value was very localized (only in one 20× HPF) 
and, considering the restricted area and the anatomical loca-
tion (i.e., ileum), could represent a lymphoid mucosal cluster 
not organized in an evident lymphoid follicular structure but 
which was expanding the lamina propria. When this indi-
vidual section was removed from our study, the maximum 
value of subcryptal layers was 7, with an average of 1.38 
across all intestinal segments.

Protozoal ciliates are observed commonly within the 
equine large intestinal lumina. They include numerous spe-
cies, belonging to multiple genera including Blepharocorys 
and Bundleia, and they are considered normal intestinal 
commensals, as in other herbivores.1 Rarely, it has been 
reported that such protozoa are also involved in severe colitis.4 
Nevertheless, a clear causative relationship between these 
protozoa and inflammation has not been fully determined. In 
our study, ciliates were observed mostly in the large intestine 
but also in the small intestine. This finding could be explained 
by a peri- or postmortem migration of ciliates from the large 
to the small intestine. Supporting this hypothesis, ciliates 
were detected within the jejunum and ileum but not in the 
duodenum, which is the segment farthest from the large 



Intestinal leukocytes and morphometrics in horses 395

intestine. Sometimes these protozoa were also observed 
embedded within the most superficial lamina propria, but the 
absence of any inflammatory reaction seems indicative of an 
incidental rather than a pathologic finding.

All of the horses included in our study were young, with 
only a few >4 y old. Our results should be interpreted cau-
tiously when dealing with animals of ages outside this range. 
Similarly, all of the horses included were Thoroughbred, and 
counts could be different in other horse breeds.

Diet could play a role in the inflammatory response of the 
canine intestine,10 and it is possible that diet also influences 
the response of equine GI leukocytes. If this is the case, our 
counts could have been influenced by diet. However, the diet 
of the horses examined in our study was not known and we 
therefore cannot draw conclusions in this regard.

The main limitation of our study was, as commonly 
occurs in retrospective studies involving intestinal morphol-
ogy, the incipient autolysis in some cases. Although we 
selected the freshest cases for our study (postmortem interval 
≤24 h), some segments of the intestine had moderate autoly-
sis, which precluded analysis, and these segments were not 
included in our study. IHC could have been used to over-
come this difficulty and give a more detailed and precise 
number of leukocytes. However, despite these benefits, IHC 
is time consuming and expensive for routine postmortem 
examination, especially when multiple segments are evalu-
ated. Our article is meant to give a practical guideline for 
pathologists dealing with equine postmortem samples, which 
are frequently in a mild-to-severe autolytic condition. The 
results of our study should be helpful when interpreting post-
mortem intestine samples of horses (Suppl. Table 2).
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