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Abstract 
Non-human primate species are considered as good models for human cancer 
research. Despite the relevant phylogenetic position of prosimians, few reports 
of neoplastic diseases have been described in these species. The current study 
investigated implication of an intestinal T-cell lymphoma in a 5-year-old fe-
male ring-tailed lemur (Lemur catta) hosted at Parco Natura Viva, an Italian 
zoological garden. First, a sub-occlusive thickening of the small bowel was 
found. Histologically, the lesion was caused by a malignant lymphoid infiltrate 
that was homogeneously CD3+. Moreover, inflammatory patterns peripheral 
to the lesion suggested a coeliac disease similar to that reported in human. A 
huge malignant lymphoid infiltrate was present also in the liver and spleen. 
Overall, the case suggests an etiopathological relationship between coeliac-like 
disease and intestinal T-lymphoma, as reported in several human studies. Find-
ings from this study are useful to improve our knowledge on the occurrence 
of the T-lymphoma as well as to improve the husbandry and dietary protocol 
of prosimians in zoos. 
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1. Introduction 

Non-human primates are similar to humans in terms of genetic evolution, immune 
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system, physiology and metabolism as well as other features [1] In addition, si-
milarities in cancer genetics between humans and NHPs have been reported, 
particularly in great apes [2]. Therefore, NHP species are considered as good models 
for human cancer research. However, due to the low incidence of cancer in 
non-human primates and the reduced sample size compared to human studies, 
more data and reports need to be documented, particularly regarding spontane-
ous tumours [1]. Most studies of cancer in NHPs involved monkeys and great 
apes [3] [4]. Despite the relevant phylogenetic position of prosimians, few re-
ports of neoplastic diseases have been described in these species [4]. Neoplasia in 
lemurs has been scarcely reported apart from some primary liver tumors [5] [6] 
[7] [8] and pulmonary tumors [9]. However, improving our knowledge on pro-
simian cancer would be useful to trace the evolution of this disease in humans. 
The current study focuses on a case of T-cell intestinal lymphoma in a female 
ring-tailed lemur (Lemur catta) hosted in Parco Natura Viva, an Italian zoologi-
cal garden. 

Prior to 2005 the 5-year old female ring-tailed lemur did not show any clinical 
sign of illness. In March 2005 a 5-yr-old female ring-tailed lemur, belonging to a 
collection of 30 lemurs, was evaluated for apathy, in appetence and few episodes 
of regurgitation. She was thin (1.7 kg) and showed abdominal pain during pal-
pation. Hematologic tests did not reveal abnormalities; thus a medical treatment 
with carprofen (2 mg/kg) and Joscina N-Butilbromuro was performed. Some 
weeks later, as no clinical improvement was noted, the lemur was anesthetized to 
perform a more detailed examination. A big firm mass was revealed in the epi-
gastrium by the abdominal palpation and it was confirmed by radiographs: a 
large radiopaque mass about 3 - 4 cm in diameter. Two days later a laparotomy 
was performed: the mass completely occluded the intestinal wall and was removed 
through intestinal resection and anastomosis (Figure 1). Consequently to this sur-
gery, the subject showed a slight recovery from the illness (lasting about 2 weeks) 
then it became again anorexic and did not accept fragmented/homogenized food. 
Therefore the lemur was submitted to a second surgery (one month after the first 
one), to which it did not survive. In this occasion internal organs (small intestine 
at two levels, kidney, liver, spleen, lung) were collected. Macroscopic evaluation 
of organs revealed: thickening and hypertrophy of the intestinal wall; presence of 
whitish sclerotic areas on the liver surface. The other organs did not show gross 
lesions. 

 

 
Figure 1. The mass that completely occluded the intestinal wall of the lemur. 
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2. Material and Methods 
2.1. Histology 

Samples of intestine (jejunum), liver, spleen, kidney and lung were collected, fixed 
in 10% buffered formalin or 80% ethanol (intestine only) for one month, then sub-
mitted to routine histological procedures. Sections of 5 µm were stained with He-
matoxilin-Eosin, Masson trichrome, PAS, May Grunwald-Giemsa. 

2.2. Immunohistochemistry (IHC) 

To identify the lineage of the neoplastic lymphocyte population and the inflam-
matory infiltrating lymphocytes, sections were submitted to an immunoperoxidase 
based staining, employing the following antibodies: polyclonal rabbit anti-human 
CD3 (dil. 1:500, Dako, cod. A-0452), monoclonal mouse anti-human CD79α (dil. 
1:100, Dako, cod. M-7050), monoclonal mouse anti-human CD20 (dil. 1:100, Da-
ko, cod. M-0755). CD3 antibody allows the immune detection of T-lymphocytes 
derived neoplasms. CD79α antibody allows the immune detection of neoplasms 
deriving from B-lymphocytes at all stages of maturation. CD20 antibody is spe-
cific for B-cells precursors and mature B-cells, excluding plasma cells. After an 
incubation with secondary antibodies to rabbit or mouse immunoglobulins, reac-
tion was developed by ABC-peroxidase and DAB. Counterstain was performed with 
Haematoxylin. To assess the cross-reactivity of wthe antibodies on lemur tissues, 
as well as the specificity of the reaction, sections of human healthy lymph node 
and skin, human skin with lymphocyte infiltration, lemur healthy spleen and skin, 
were submitted to the immunohistochemical evaluation. 

3. Results 
3.1. Histology 

The intestine sample collected at first surgery revealed heavy changes of the in-
testinal wall in the area of the ring inspissation. The luminal surface was widely 
ulcerated, the tonaca propria was completely absent. There was a massive dege-
neration of the submucosal tonaca and a strong and exuberant connective new 
growth as well as a partial destruction of the muscular tonaca. The intestinal wall 
was heavily compromised and showed an intense lymphoid infiltrate, displaying 
a multifocal round and dense pattern (Figure 2(a)). Sometimes these lympho-
cyte aggregates were perivascular. The cellular infiltrate involved a hyperplastic 
reactive stroma, composed of immature connective tissue, strongly vascularized. 
Higher magnifications revealed the presence of micro-focal necrosis in the cen-
tre of some lymphoid foci (Figure 2(b)). The lymphoid cells were morphologi-
cally homogeneous. The nuclei were small (6 - 8 μm diameter), euchromatinic, 
with polygonal shape, and often presented indented membrane. They contained 
multiple, medium sized nucleoli and chromatin aggregates (Figure 2(b)). The cy-
toplasm tent to be diaphanous and slightly reticular. The mitotic index was high. 
At the edge of the ring-shaped lesion there was a peculiar inflammatory feature. 
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Figure 2. Compromised intestinal wall of the lemur: (a) intense lymphoid infiltrate, dis-
playing a multifocal round and dense pattern. Magnification was set at 25X; (b) Nuclei of 
the lymphoid cells with multiple, medium sized nucleoli and chromatin aggregates Mag-
nification was set at 200X. 
 
Plasma cells and lymphocytes infiltration in the lamina propria; impressive vill-
ous atrophy and crypt hyperplasia with decreased villous height-to-crypt depth 
ratio; pronounced increase in the number of intraepithelial lymphocytes (IELs) 
(Figure 3(a) and Figure 3(b)). The primary lesion was identified as media cells 
intestinal lymphoma associated with enteritis, and the peripheral inflammatory 
pattern was similar to that described in the case of grade 4 Marsh-Oberhuber 
human coeliac disease (gluten-sensitive enteropathy). In this occasion the main 
internal organs (small intestine at two levels, kidney, liver, lung) were collected 
and processed for histology. The macroscopic evaluation of organs revealed: 
thickening and hypertrophy of the intestinal wall; presence of whitish sclerotic 
areas on the liver surface. The other organs did not show gross lesions. The his-
tological evaluation of the intestine Haematoxylin-Eosin sections collected at 
two different levels at necroscopy, pointed out inflammatory alterations similar 
to those observed at the edge of the neoplastic lesion found in the first intestinal 
sampling. Intestinal specimens collected at two different levels of the intestine 
were similar. The villi were strongly atrophic and flattened (rarely branched or 
leaf-shaped) and the mucosa assumed peculiar colonic-like features (Figure 
3(c)). The epithelial cells showed a karyorectic multi-focal necrosis and intra-
epithelial lymphocytes were abundant. The tonaca propria displayed an intense 
lymphocyte/plasma cells infiltrate, as well as areas of necrosis. At the base of the 
muscularis mucosae a slight lymphocyte infiltration was detectable. The tunica 
muscularis and tunica serosa presented foci of lymphocyte infiltration. The his-
topathological data concerning the intestine could suggest the presence of a ma-
labsorption related-enteritis similar to the human coelic disease (4th stage, Marsh 
classification). The intensity and the pattern of lymphocyte recruitment sug-
gested the possible neoplastic progression of the lesion. 

The liver parenchyma presented an evident architecture destructuration of the 
lobules. Moreover, the lobules showed areas of multifocal necrosis (detection 
supported by the Masson trichrome staining). Sometimes the necrotic areas were 
adjacent to the thickened Glisson membrane. An intense and diffuse infiltration 
of lymphoid cells was detectable, resembling those invading the tonaca propria 
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Figure 3. Histological images of the lemur tissues: (a) and (b) Intraepithelial lympho-
cytes; (c) Intestinal mucosa; (d) Infiltration of lymphoid cells in the liver parenchyma; (e) 
and (f) Infiltrating lymphocytes in the intestine sections. Magnification was set at 25X (a), 
200X (b) and (d), 100X (c), 40X (e), 100X (f). 
 
of the intestine (Figure 3(d)). Associated to these features there were also evi-
dent areas of hemosiderin accumulation, considered as a common finding in zoo 
lemurs. Lung parenchyma presented a diffuse oedema associated to areas of de-
structive emphysema. The apical part of the lung revealed an area of acute pneu-
monia, with infiltration of neutrophilgranulocytes, involving the apical part of the 
lung. The spleen was morphologically intact but it was involved in the recruitment 
of a strong infiltrate composed by lymphoid cells similar to those observed in gut 
and liver. 

3.2. Immunohistochemistry 

In order to identify the lineage of the neoplastic lymphocyte population and the 
inflammatory infiltrating lymphocytes, the histological sections were submitted 
to an immunoperoxidase based staining, using the following antibodies: polyc-
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lonal rabbit anti-human CD3 (Dako, cod. A-0452); monoclonal mouse anti-human 
CD79α (Dako, cod. M-7050); monoclonal mouse anti-human CD20 (Dako, cod. 
M-0755). The CD3 antibody is specific for T cells and allows the immune detec-
tion of T lymphocytes derived neoplasms. The CD79α antibody is specific for B 
cells and allows the immune detection of neoplasms deriving from B lympho-
cytes at all stages of maturation. The CD20 antibody is specific for B cells pre-
cursors and mature B cells, excluding plasma cells. As positive controls, sections 
of human healthy lymph node, human skin characterized by lymphocyte infil-
tration and healthy lemur skin, were submitted to the same immunohistochem-
ical procedure, using anti CD3, anti CD79α and anti CD20 as markers.In the in-
testine sections a relevant part of infiltrating lymphocytes (about 70%) was im-
munoreactive for the T-lymphocyte marker CD3 (Figure 3(e) and Figure 3(f)), 
revealing inflammatory features. Also numerous IELs were positive and a slight 
positivity was found also in the marginal part of the Auerbach plexus (granular 
aspect). The B-lymphocyte marker CD20 did not identify positive cells among 
the infiltrating lymphocytes. Only few granular cells localized in the epithelium 
were positive. The anti CD79 antibody was ineffective on lemur healthy spleen 
(positive control) and due to this lack of cross-reactivity was not considered suita-
ble to evaluate the immunophenotype of infiltrating cells. The intestine sections 
of the neoplastic lesion, when treated with the CD3 antibody, revealed the posi-
tivity of all the neoplastic lymphocytes, becoming more intense in the cells loca-
lized marginally to the main lesion (Figure 4(a)). The CD20 antibody provided 
only a slight staining of some granular cells, as observed in the inflammatory le-
sions. The liver sections revealed a strong positivity of infiltrating cells to CD3, 
suggesting the presence of a T-lymphocyte population (Figure 4(b)). IHC con-
firms the diagnosis of T-cells intestinal lymphoma and a peripheral coeliac-like 
enteritis. 

4. Discussion 

Few studies have been investigating lymphoma in primates and reports of this 
tumor in lemurs are extremely rare [10]. Findings from the current study are 
important as they provide useful information on lymphoma in the Lemur catta, 

 

 
Figure 4. Intestine (a) and liver (b) sections of the neoplastic lesion treated with the CD3 
antibody. Magnification was set at 40X. 
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highlighting an association between this tumor and coeliac disease. Basing on 
previous literature, humans with coeliac disease have been found to be at higher 
risk to develop small-bowel non-Hodgkin’s lymphoma [11] [12] [13] [14] [15]. 
This study highlighted that similar association may exist also in lemurs, which 
are the most phylogenetically distant primates from our species. In particular, in 
human pathology enteropathy-type T-cell lymphoma is a recognized complica-
tion of gluten-sensitive enteropathy [15] [16] [17] [18]. Tumour cells probably 
derive from a subset of intraepithelial lymphocytes (IELs), as suggested by their 
ability to invade crypt epithelium [19]. The routine application of immunohis-
tochemical staining for lymphocyte markers such as CD3 has been proposed as a 
mean to better evaluate the number and distribution of IELs and the lympho-
cytes composing the lymphoma associated to the enteropathy [20] [21]. The 
immunophenotyping approach has been already proposed by Pye et al. [10] in a 
lemur affected by intestinal lymphoma, resulting as a B cell (CD79+) lymphoma 
enriched with a T cell (CD3+) infiltrate [4]. In our experience a relevant part of 
infiltrating lymphocytes in the intestine, most of the lymphocytes composing the 
intestinal neoplasm, and the liver lymphoid infiltrate, were immunoreactive for 
the T-lymphocyte marker CD3. These findings reinforce the diagnostic hypothesis 
proposed by the authors. In comparative terms, the role of dietary related disord-
ers in captive lemurs should be considered as possible aetiology. Although the caus-
ative agent is still uncertain, a gluten-sensitive enteropathy should be considered. 
The possible sources of dietary gluten in captivity are biscuits, flours and other 
accidental foods [22]. In 2005, although not allowed in the zoo, interactions be-
tween visitors and lemurs were frequent, due to the enclosure design. Although the 
lemur diet was made of fruits and vegetable and no gluten-food was provided, 
uncontrolled food items were given to the lemurs by the visitors. In 2010, all lemur 
groups were moved in a new area, in large naturalistic enclosure with no possi-
bility for visitor-animal interactions. 

5. Conclusion 

In conclusion, findings of this study might be useful not only to improve our know-
ledge on the occurrence and evolution of lympho-plasmacellular sub-clinical ente-
ritis in primates but also to improve the husbandry and dietary protocol of pro-
simians in zoos. 
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