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Chronic Colitis, Juvenile Macaca mulatta

Rick R. Adler, Peter F. Moore, Douglas L. Schmucker, and Linda J. Lowenstine

Synonyms. Inflammatory bowel disease; chronic
colitis.

Gross Appearance

The general body condition of affected animals
reflects emaciation and dehydration. These ani-
mals have a moderately dilated colon filled with
brown or green fluid feces. The colonic mucosa is
diffusely thickened and granular (Fig. 90). Areas
of the colonic mucosa may have a rugose appear-
ance and small erosions or microulcers may be
evident. Mesenteric lymph nodes are frequently
enlarged. Thymic atrophy and splenomegaly may
be found in some animals. Gross lesions are not
seen in other organs.

T. C. Jones et al. (eds.), Nonhuman Primates
© Springer-Verlag Berlin Heidelberg 1993

Microscopic Features

The entire large intestine is involved by dif-
fuse chronic inflammation, usually confined to the
mucosa. Histologic changes are characterized by
prominent lymphocytic and plasmacytic infiltra-
tion of the lamina propria, particularly in the
deeper portions of the mucosa between crypts
(Fig. 91). Macrophages and neutrophils may be
scattered throughout the lamina propria. Acute
inflammation of mucosal crypts (neutrophilic infil-
tration, crypt abscesses, and crypt ulceration) is
common in the cecum and proximal colon (Fig.
92). Crypt abscesses are less common in the rec-
tum and thus may be absent in biopsy specimens
obtained from sigmoidoscopy. The mucosa is mea-
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Fig. 90. Colon and small intestine (fop, center) from a
juvenile rhesus macaque with chronic colitis. The proximal
and midportions of the colon have been opened to show
the thickened, rugose and granular appearance of the

surably thickened and hyperplastic. Mucosal gland
architecture may be distorted by tortuous, cribi-
form, or bifurcated crypts. Crypt epithelial changes
include karyomegaly, hyperchromicity, pseudo-
stratification, frequent mitotic figures, and the
presence of mitoses in mid- to upper portions of
the mucosal glands. Goblet cell depletion and
surface enterocyte alterations are common. The
latter include cellular tufts, micro-erosions, at-
tenuation, irregular cell size and shape, disparity
of nuclear size, and hyperchromicity.

Mucosal microhernias (Fig. 93) into submucosal
lymphoid nodules are present in about half of all
colon samples from necropsy, and are most fre-
quent in the proximal colon. Approximately half
of all cases have chronic inflammation of the
terminal ileum, which is characterized by lympho-
cytic and plasmacytic infiltration of the lamina
propria, villus blunting, goblet cell depletion, and
crypt hyperplasia.

Histologic lesions observed in other tissues may
include lymphoid hyperplasia in mesenteric nodes,
chronic superficial gastritis, chronic cholecystitis,
mild periportal hepatitis, and thymic atrophy.

mucosa. There are a few areas of mucosal erosion and
hemorrhage. Note the enlargement of colonic lymph nodes
and complete absence of adipose tissue in the mesentery.
Bar, 1cm

Differential Diagnosis

It is important to differentiate between acute and
chronic diarrhea and colitis because these mani-
festations usually reflect disparate causes. Where-
as a variety of infectious bacteria, protozoa, and
viruses have been associated with acute diarrhea
in both human and nonhuman primates, in hu-
mans, infectious causes for chronic diarrhea are
consitdered unlikely (Smalley et al. 1982). Acute
self-limiting colitis, the inflammatory pattern as-
sociated with infectious agents such as Campylo-
bacter and Shigella (Kumar et al. 1982; Nostrant
et al. 1987), can be distinguished histologically
from chronic colitis of juvenile rhesus macaques
and chronic idiopathic inflammatory bowel dis-
ease of humans. Acute self-limiting colitis differs
from chronic colitis and inflammatory bowel dis-
ease by the paucity of mononuclear inflammatory
cells in the lamina propria, absence of mucosal
thickening, hyperplasia, and gland distortion.
Crypt abscesses, surface epithelial damage, and
goblet cell depletion can be found in both chronic
and acute self-limiting colitis. Food hypersensi-



Fig. 91 (above). Proximal colon from a juvenile rhesus
macaque with chronic colitis. The lamina propria has a
moderately dense mononuclear inflammatory cell infiltra-
tion and the mucosal glands are irregular and tortuous.
Mucosal crypts have a hyperplastic appearance and mitotic
figures are frequent and evident at the mid- to upper
portions of the mucosa. Goblet cell number is reduced and
surface epithelial cells lack uniformity. Note single crypt
abscess (arrow). H and E, x45
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Fig. 92 (lower left). Crypt abscess within a colonic mucosal
gland of a juvenile rhesus macaque with chronic colitis.
The gland is dilated, the epithelium is irregular and
attenuated, and the lumen contains neutrophils and in-
flammatory debris. The lamina propria contains a dense
inflammatory cell infiltration consisting of lymphocytes,
plasma cells and macrophages. H and E, x100

Fig. 93 (lower right). Mucosal “microhernia” in the pro-
ximal colon of a juvenile rhesus macaque with chronic
colitis. The mucosa is herniated into the underlying sub-
mucosal lymphoid nodule. H and E, x20
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tivity should be included in the differential
diagnoses when there is evidence of malabsorp-
tion. Sensitization to dietary components may
also represent a contributory component in the
pathogenesis of chronic colitis.

Chronic colitis in juvenile rhesus macaques must
be distinguished from chronic diarrhea in non-
human primates associated with simian acquired
immunodeficiency syndrome. Asian macaques
experimentally or naturally infected with either
simian immunodeficiency virus or type D retro-
virus may develop chronic diarrhea associated with
opportunistic infections, immunocompromise, or
other unknown factors (Baskin et al. 1988; Lack-
ner et al. 1990).

A similar pattern of chronic inflammation can be
seen in adult macaques and other species of non-
human primates. In older animals, the differential
diagnosis for recurrent or chronic diarrhea should
include intestinal amyloidosis, neoplasia, and col-
onic fibrosis or stricture formation. These lesions
may possibly represent long-term sequelae of
chronic inflammation.

Recurrent diarrhea, not necessarily associated
with chronic inflammation, may be attributable to
pancreatic insufficiency, malabsorption, secretory
mechanisms, or disturbances of motility.

Biologic Features

Rhesus macaques identified most often with chron-
ic colitis are generally between 10 months and 3
years of age and have been weaned from their
mother through a nursery program. Approxi-
mately 8%—-10% of this group in an affected
colony will eventually develop chronic colitis.
Diseased animals have growth retardation or
weight loss and recurrent episodes of diarrhea
often beginning during infancy. Typically, these
individuals fail to respond to antimicrobial ther-
apy in contrast to most of their peers.

The definitive etiology of chronic colitis and diar-
rhea in juvenile rhesus macaques is unidentified.
Campylobacter and various intestinal protozoa
can be identified in the stool of these animals
throughout the course of the disease. Shigella,
Yersinia, or Salmonella are rarely isolated. The
causative role of these agents in chronic diarrhea
is uncertain, and in about half of the episodes of
diarrhea no pathogen can be found. Campylo-
bacter has been isolated from both normal and
diarrheic juvenile rhesus macaques with similar
frequency (Fox 1982; Russell et al. 1987) and a
carrier state for Campylobacter in nonhuman pri-

mates is recognized (Ackerman et al. 1982). Non-
pathogenic strains of C. jejuni have been identified
in human isolates and different serotypes and
biotypes of this organism have been described
in a variety of hosts (Fox 1982; Walker et al.
1986). Virulence factors for Campylobacter have
not been characterized for nonhuman primate
isolates. Similarly, nonvirulent strains of intestinal
protozoa are common (Burrows 1972; Shadduck
and Pakes 1978; Toft 1982). Mechanisms of di-
arrheal disease other than intestinal infection and
inflammation are also under investigation.

Pathogenesis

The current and most widely accepted concept in
human patients of the pathogenesis of chronic
idiopathic intestinal inflammation such as inflam-
matory bowel disease (ulcerative colitis, Crohn’s
disease) suggests that these spontaneous condi-
tions are the net result of immunologically me-
diated inflammation in individuals who may be
genetically or otherwise predisposed to an exag-
gerated or improperly regulated intestinal im-
mune response to an unknown antigen or anti-
gens (MacDermott and Stenson 1988; Shorter
and Kirsner 1985). In humans, the search for the
unknown initiating antigen(s) has been intense
and proposed factors encompass a long list of bac-
teria and viruses, as well as extrinsic nonmicrobial
antigens such as food allergens. The nature of the
antigen(s) remains a highly controversial topic
and none of the microorganisms or proposed die-
tary components can be given definitive regard as
to their etiologic significance (Dayal and DeLellis
1989; Shorter and Kirsner 1985). It is conceivable
that more than one agent or antigen could initiate
the intestinal inflammatory response which results
in inflammatory bowel disease.

Although the initiating events are currently un-
known, the mechanisms of the immediate causes
of morphologic and functional alterations seen in
chronic colitis are emerging. Soluble mediators
of inflammation associated with edema and hy-
peremia, neutrophil and macrophage infiltration,
and immune activation and modulation have been
identified in inflammatory bowel disease, experi-
mental models of colitis (Lauritsen et al. 1985;
Ligumsky et al. 1988; Matsumoto et al. 1988;
Sharon et al. 1978; Sharon and Stenson 1984;
Stenson 1986; Vilaseca et al. 1990), and in juvenile
rhesus macaques with chronic colitis (Adler et al.
1990). These mediators, rather than any particu-
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Table 7. Comparisons of the relative frequency of pathologic findings in chronic
colitis of juvenile rhesus macaques and ulcerative colitis and Crohn’s disease

of humans
JRM ucC CD
Gross features
Total colonic involvement +++ +++ +
Ileum involvement ++ ++ +++
Rectal involvement +++ +++ +
Thickening of intestine +++ +++ +++
Ulceration and erosion + +++ +
Segmental lesions 0 0 44
Microscopic features
Lymphocytic-plasmacytic infiltration +++ +++ ++
Crypt abscesses +++ +++ +
Goblet cell depletion +++ ++ +
Crypt hyperplasia/dysplasia ++ +++ +
Submucosal involvement ++ + +4++
Transmural involvement 0 + +++
Granulomas 0 0 ++

JRM, chronic colitis, juvenile rhesus macaques; UC, ulcerative colitis, humans;

CD, Crohn’s disease, humans.
Modified from Glickman 1987.

lar etiologic agent, are most likely the common
mechanisms that explain the similar clinical and
histologic manifestations shared by chronic colitis
in its various forms (MacDermott and Stenson
1988).

In juvenile rhesus macaques, the etiology and
pathogenesis of chronic colitis are probably multi-
factorial. Intestinal infection and reinfection,
stresses associated with captivity or disease, mal-
nutrition associated with multiple episodes of diar-
rhea and anorexia, diminished mucosal defenses,
and hypersensitivity resulting from early neonatal
exposure to antigenic dietary components may
combine to initiate or perpetuate a sequence that
eventuates in chronic intestinal inflammation.

Comparison with Other Species

The lesions of the large intestine in this group of
juvenile rhesus macaques are similar to many of
the alterations seen in humans with inflamma-
tory bowel disease, particularly ulcerative colitis
(Table 7). Ulcerative colitis is characterized by
uniform and continuous chronic inflammation of
the colonic mucosa with a high frequency of rectal
involvement. In contrast, Crohn’s disease is often
manifest by segmental involvement (skip lesions)
and granuloma formation involving the ileum and,
less frequently, colon and rectum. In ulcerative
colitis, the terminal ileum may also be involved,
secondary to proximal colonic involvement, a

phenomenon referred to as ‘“‘backwash ileitis”
(Dayal and DeLellis 1989; Glickman 1987). Key
histologic features, similar in both ulcerative and
chronic colitis of juvenile rhesus macaques, in-
clude mucus depletion, diffuse plasma cell infil-
tration of lamina propria, and alteration of crypt
architecture. Mucosal microherniation, first de-
scribed in ulcerative colitis in humans (Dyson
1975), is also a prevalent feature of chronic colitis
of juvenile rhesus macaques.

In contrast to ulcerative colitis of humans, severe
ulceration and frank bloody stool are not typi-
cal features of chronic colitis in juvenile rhesus
macaques. Dysplastic changes in the mucosal
crypts, common in recurrent cases of ulcerative
colitis and considered a preneoplastic condition,
are occasionally seen in juvenile rhesus macaques
with chronic colitis. Colonic neoplasia has not been
found in juvenile rhesus macaques with chronic
colitis.

Colitis has also been described in cotton-top tam-
arins (Sanguinus oedipus) and other Callitrichidae
(Chalifoux et al. 1982; Lushbaugh et al. 1985).
Cotton-top tamarins have been investigated as a
model for inflammatory bowel disease because of
the high incidence of colonic neoplasia that de-
velops in association with colitis (Chalifoux and
Bronson 1981; Chalifoux et al. 1985). Prevalent
colonic lesions in this species include crypt ab-
scesses, decreased numbers of goblet cells, atypia
of surface epithelium, and infiltration of lamina
propria with neutrophils. The extent of mono-
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nuclear cell infiltration is variable (Chalifoux et
al. 1982), and the chronic nature of these lesions
has been considered ‘“‘equivocal” (Madara et al.
1985). Increased numbers of mononuclear cells in
the lamina propria are observed in some cases,
but, in contrast to juvenile rhesus macaques with
chronic colitis and humans with inflammatory
bowel disease, plasma cells and macrophages are
sparse (Chalifoux et al. 1982). Spontaneous and
experimentally induced examples of chronic in-
testinal inflammation have also been described

in a variety of nonprimate mammalian species
(Pfeiffer 1985).
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Adenocarcinoma, Colon, Cotton-Top Tamarin

Laura V. Chalifoux, Norval W. King, Jr., and Lorna D. Johnson

Synonyms. Colonic adenocarcinoma; carcinoma
of colon

Gross Appearance

Early noninvasive colonic adenocarcinoma in the
tamarin may not be visible grossly or may be
indistinguishable from the lesions of chronic active
colitis, with which it occurs. Occasionally a small,
white mucosal plaque or ulcer may be seen. In
more advanced invasive cases there is desmoplasia
with thickening of the wall, constriction of the
lumen and occasional adhesions to adjacent vis-
cera. Dilatation of the colon may be present pro-
ximal to fibrotic constrictions. Colonic, ileocolic
and peripancreatic lymph nodes are often en-
larged, white and firm. Foci of adenocarcinoma
are often multiple and may occur at any site in the
cecum, colon and rectum; the most common sites
are the colorectal junction and the proximal colon
near the ileum. Polyps are not seen. Perforation
of the colon wall due to invasion of neoplastic
cells may result in peritonitis and septicemia.

Microscopic Features

The early adenocarcinoma arises in the bases of
crypts (Figs. 94, 95), usually within crypts which
are distorted due to chronic colitis. Neoplasms
may occur within the inflamed mucosa or at sites
in a quiescent stage of colitis. The intramucosal
foci, often multiple, spread laterally in the mu-
cosa, never forming polypoid masses. The pat-
terns of growth are varied and consist of small
groups of somewhat pleomorphic cells arranged
in sheets (Figs. 96, 97), poorly formed glands
(Figs. 98, 99), or cords. Occasionally, single cells
may be isolated. The cells are sometimes large

(Fig. 100) with pale pink cytoplasm which stains
diffusely positive with periodic acid-Schift (PAS).
Signet ring cells containing PAS positive mucin
may also be present in large numbers. Inflamma-
tory leukocytes are frequent at primary sites and
usually accompany the metastatic tumor cells.
Necrosis and ulceration of the overlying mucosa
may occur (Fig. 101).

Primary foci of adenocarcinoma may be observed
in the mucosa prior to the invasion of deeper
structures. Once invasive, the tumors are very
aggressive, forming poorly differentiated glands
and pools of sequestered mucin throughout the
layers of the colon wall (Fig. 102), usually accom-
panied by desmoplasia. The invasive and meta-
static cells tend to produce more mucin than do
the intramucosal adenocarcinoma cells. Clumps of
the neoplastic cells may be present in lymphatics
and in the subcapsular sinuses of lymph nodes,
including colonic, ileocolic and peripancreatic
lymph nodes. These metastatic adenocarcinomas
replace the nodal architecture with sheets of cells
(Fig. 103), which may include fairly well differen-
tiated crypts (Fig. 104) or large pools of mucin
with poorly discernible cells within them (Fig.
105). Curiously, inflammation similar to that seen
in the mucosa often accompanies the lymph node
metastases and crypt abscesses may be seen. Me-
tastases to the lung (Fig. 106), spleen and liver are
infrequent.

Ultrastructure

Intracytoplasmic cysts lined by a cell membrane
which bears intestinal microvilli have been de-
scribed in neoplastic colonic cells of tamarins
(Lushbaugh et al. 1978). The cyst may contain
PAS positive inclusions, fluid, or stainable material
and minute vesicles resembling those of an intes-



