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Acute and Chronic Colitis, Cotton-Top Tamarins 

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

Synonyms. Idiopathic inflammatory bowel dis
ease. 

Gross Appearance 

The gross appearance of colitis in tamarins is 
variable. Often there is no apparent abnormality 
in the colon but the mucosa may be congested and 
have focal hemorrhages or ulcers. The ulcers may 
become septic, resulting in abscesses in regional 
lymph nodes, peritonitis and septicemia. Rarely 
there is diffuse or patchy mucosal hemorrhage 
and marked luminal dilatation. The lumen may 
be empty or contain tan or greenish to dark brown 
liquid or semiliquid feces that are occasionally 
blood-tinged. 

Microscopic Features 

The lesions of acute and chronic colitis in tamarins 
are nonspecific and depend upon the duration of 
the inflammation and the number of previous 
inflammatory episodes. The crypts of a normal 
tamarin colon are straight, parallel to one another 
and oriented perpendicular to the muscularis 
mucosae (Fig. 79). The proliferative region, con
taining one or two mitotic figures, comprises ap
proximately one third of the basal portion of 

the crypt; whereas well-differentiated goblet cells 
comprise the principal cell type in the apical two 
thirds. The lamina propria between crypts is nar
row, with only a few resident mononuclear cells 
within it. The mildest form of acute colitis, usually 
seen in punch biopsies of mucosa, is characterized 
by focal aggregates of neutrophils in the lamina 
propria and/or isolated neutrophils within the epi
thelium of crypts. The acute inflammation may 
progress until most of the crypts are inflamed 
(Fig. 80) and there are numerous crypt abscesses 
(Fig. 81) associated with distended glandular 
lumens and a flattened epithelium. Microulcera
tions in affected crypts may coalesce to form 
larger mucosal ulcers with or without epithelial 
regeneration and repair (Fig. 82). Accompanying 
these changes is a reduction in the number of 
goblet cells. The lesions are diffuse and usually 
extend throughout the length of the cecum, colon 
and rectum to the anus. The acute inflammation is 
often superimposed on lesions, indicating chroni
city or previous episodes of active disease. 
The features of chronicity include branching, 
tortuosity or focal loss of crypts, decreased number 
of goblet cells (Fig. 83), irregularity of surface 
epithelium and herniation of hyperplastic crypts 
into the submucosa, often into Peyer's patches. 
The chronic lesions reflect the severity and course 
of the acute inflammation. Undermining of the 
mucosa due to ulceration may result in inflam-
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Fig. 79 (upper left). Normal colon of cotton-top tamarin 
(Saguinus oedipus) with straight crypts, presence of goblet 
cells and narrow lamina propria with few resident mon
onuclear cells. Hand E, x 113 

Fig. 80 (lower left). Severely inflamed colonic mucosa, 
cotton-top tamarin. Numerous neutrophils are present in 
epithelium of crypts (arrows) and a crypt abscess is seen 
(arrowhead). Lymphocytes, neutrophils and a few plasma 
cells are present in the lamina propria. There is loss and 
distortion of crypts and the surface epithelium is sloughing. 
Biopsy taken prior to treatment with sulfasalazine. See 

Fig. 82 for posttreatment biopsy. (From Chalifoux et al. 
1985a) Hand E, x215 

Fig. 81 (upper right). Crypt abscess, cotton-top tamarin. 
Neutrophils are present in crypt lumen. A portion of the 
epithelium is flattened and ruptured. Hand E, x480 

Fig. 82 (lower right). Healed ulcer, cotton-top tamarin. 
Epithelium is regenerated over surface of ulcer and there 
is scarring beneath. Adjacent mucosa is atrophic and crypts 
are distorted. Hand E, x 120 



Fig. 83 (upper left). Chronic colitis, cotton-top tamarin. 
Note loss and distortion of crypts and herniations of crypts 
into the submucosa. Numerous chronic inflammatory cells 
are present in the lamina propria and goblet cells are 
absent. A crypt (arrow) with epithelial atypsia is enlarged 
in Fig. 87. Hand E, x75 

Fig. 84 (upper right). Colon of cotton-top tamarin; in
flammatory polyp adjacent to mucosal atrophy is due to 
previous ulceration. Hand E, x60 

Fig. 8S (lower right). Colon, cotton-top tamarin; prolifer
ative crypts with increased mitotic activity and slight villous 
appearance of surface. Hand E, x 130 
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Fig. 86 (above). Colon, cotton-top tamarin ; quiescent 
colitis in mucosal biopsy. Crypts are distorted and surface 
is uneven but goblet cells are present. Inflammation is in 
remission after sulfasalazine treatment . See Fig. 76 for pre
treatment biopsy. (From Chalifoux et al. 1985a) Hand E, 
x 215 

Fig. 87 (below). Colon, cotton-top tamarin ; epithelial 
atypia. Nuclei are rounded, nucleoli prominent and relation
ship to basement membrane is lost. Enlarged from Fig. 83. 
Hand E, x300 

matory pseudopolyps (Fig. 84) , tags and bridges 
adjacent to areas of atrophy. Numerous mono
nuclear cells are present in the lamina propria and 
occasionally in the superficial submucosa. Focal 
scarring may also be seen in the submucosa (Fig. 
82). Marked mucosal atrophy is found in some 
colons and proliferation of crypt epithelium with 
numerous mitoses extending the length of the 
crypt is seen in others (Fig. 85). Epithelial pro
liferation may result in a villous appearance. In 
quiescent disease the residual distortion remains 
in the absence of inflammation and goblet cells 
are present (Fig. 86). 
In the distorted mucosae of some colons the epi
thelium becomes pseudostratified and the nuclei 
become rounded and lose polarity with respect to 
the basement membrane (Fig. 87). This usually 
occurs in the presence of acute inflammation. 
Foci of intramucosal adenocarcinoma may be 
found in the distorted mucosa. 

Ultrastructure 

Studies of diseased colons have not revealed any 
causative agent. 

Differential Diagnosis 

The inflammatory lesions are nonspecific and are 
similar to coli tides due to a variety of bacterial 
and other agents. However, the distorted crypt 
architecture seen in tamarins and associated with 
chronicity, when encountered in humans, is con
sidered predictive of idiopathic inflammatory 
bowel disease (Madara et at. 1985). 

Biologic Features 

Characterization of mucin profiles reveals that the 
colons of cotton-top tamarins have a markedly 
reduced amount of mucin component IV, unre
lated to disease activity (Podolsky et at. 1985). 
This reduction is analogous to that seen in human 
patients with ulcerative colitis. There is a positive 
correlation between the relative amount of tamarin 
mucin III with the severity of disease activity. 
Specific lectin-binding patterns of colonic secretory 
glycoconjugates are associated with inflamed or 
neoplastic colonic mucosae in the tamarin (Moore 
et at. 1988b). The binding patterns differ between 
colitis-prone members of the family Callitrichidae 
and other species of nonhuman primates (Moore 



et al. 1988b). Minor differences may also be ob
served between the cancer prone cotton-top 
tamarin and other Callitrichidae. The response of 
acute colitis in tamarins to sulfasalazine is also 
similar to that seen in controlled studies of human 
ulcerative colitis (Madara et al. 1985). 

Natural History 

Chronic colitis occurs in wild-caught and colony
born tamarins and affects both sexes equally. It is 
associated with a "wasting syndrome" which may 
result in the loss of between 25% and 50% of 
body weight (Chalifoux et al. 1982). Profuse watery 
diarrhea is also usually present. Treatment with 
sulfasalazine is efficacious in reducing the inflam
mation (Figs. 80, 86) and forced feeding results 
in weight gain (Chalifoux et al. 1985b; Madara 
et al. 1985). Without treatment there may be 
spontaneous remission of acute inflammation and 
the disease may wax and wane over long periods 
of time. 

Pathogenesis 

Acute colitis, ulceration and chronic lesions are 
seen in juveniles (Chalifoux et al. 1985b) and 
a focal ulcerative ileocolitis has recently been 
described (Snook et al. 1989). It is not known if 
these are early manifestations of the colitis seen in 
adults or different diseases. It appears that the 
early lesion is characterized by neutrophils in the 
lamina propria and epithelial layers of crypts. 
These progress to crypt abscesses, focal necrosis 
and ulceration. These lesions may resolve spon
taneously or after sulfasalazine treatment, leaving 
the residual chronic lesions described above. If the 
monkey survives the acute episodes, adenocar
cinoma may evolve in the distorted mucosa after 
an average of 5-7 years. 

Etiology 

The lesions of colitis in tamarins are suggestive 
of an infectious agent. Evidence supporting this 
resulted from the acquisition of a colitis-free colony 
which, though on the same diet, developed colitis 
after arrival at the New England Regional Primate 
Research Center (Moore 1985). Escherichia coli, 
group D Streptococcus, Proteus vulgaris and 
Klebsiella sp. were the most frequent bacterial 
isolates from 289 rectal swabs from tamarins 
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(1976-1983) (Moore 1985). Salmonella enteritidis 
was infrequently isolated. Clostridium difficile 
toxin has been found recently in several animals 
and the role of Campylobacter sp. is being inves
tigated. Attempts to isolate a virus have not been 
successful but coronavirus-type particles have been 
described in tamarins with diarrhea although no 
etiologic relationship has been established (Russell 
et al. 1985). An autoimmune response similar 
to graft versus host disease has been proposed, 
perhaps associated with the unusual chimeric im
mune systems of these monkeys. An immune 
response to a dietary component, mimicking the 
carrageenan-induced colitis in some species, also 
has been suggested. Studies of the effects of isola
tion from the colony at birth and various diet 
compositions are currently ongoing (Ausman et 
al. 1990; Nair et al. 1990). 

Frequency 

The prevalence of colonic lesions was determined 
in a cohort of 177 wild-caught tamarin necropsies 
duringthefirst3and1l2yearsofcaptivity(Chalifoux 
and Bronson 1981). These data are presented in 
Fig. 88. The prevalence of diffuse colitis rose 
from 18% in the first year to 38%,63% and 100% 
in the subsequent 2 year and 6 month intervals. 
Mucosal distortion increased from 2% in the first 
year to 33%, 63% and 75% in the same time 
periods. 
The prevalence of colitis in 542 animals in the 
colony was determined by prospective biopsies 
of colonic mucosa combined with necropsy data 
(Fig. 89). The data included one observation per 
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Fig. 88. Prevalence of colonic lesions found in necropsies 
of 177 wild-caught cotton-top tamarins (Saguinas oedipus) 
in the first 3 and 112 years of captivity 
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Fig. 89. Prevalence of acute and chronic colitis in biopsies 
and necropsies of 542 cotton-top tamarins (Saguinas 
oedipus) 

animal over a 3 year period including 131 necropsies, 
mostly of animals under 1 month of age, and 411 
biopsies beginning at 1 months of age. The colonic 
mucosae were evaluated for both acute and chronic 
lesions. An increase in both lesions is seen with 
age, with a delay in the appearance of chronic 
lesions. 
Chronic colitis has been reported in several tamarin 
colonies in the United States and Europe (Clapp 
et al. 1988; Richter et al. 1980; Chalifoux and 
Bronson 1981; Chalifoux et al. 1982; Lushbaugh 
et al. 1985; Kirkwood et al. 1986; Brack 1988; 
Wood et al. 1990). Whether or not colitis is pre
sent in wild populations is uncertain. Retrospective 
studies of newly arrived monkeys in two colonies 
suggest that it occurs during captivity (Clapp et al. 
1988; Chalifoux et al. 1982) and another study 
found only normal colons or mild colitis in S. 
oedipus in their natural habitat in Colombia (Wood 
et al. 1990). 

Comparison with Other Species 

The colitis seen in S. oedipus resembles ulcerative 
colitis in human patients. The inflammation is 
diffuse and episodes of exacerbation and remission 
occur. The epidemiologic association of colitis 
with colonic adenocarcinoma is consistent with 
that seen in human patients with ulcerative colitis. 
Other similarities include the response to sul
fasalazine, the abnormal mucins and the lectin
binding characteristics described above. Other 
lesions associated with ulcerative colitis in humans, 
hepatobiliary lesions, arthritis, ankylosing spon
dylitis, iritis and skin lesions are not seen in 
affected tamarins. 

Ulcerative colitis has been seen in gibbons (Stout 
and Snyder 1969) and in apes (Scott and Keymer 
1975). Colitis, but not cancer, is also seen in other 
species of marmosets and tamarins (Saguinus fus
cicollis and Callithrix jacchus) (Richter et al. 1980; 
Clapp et al. 1988; Brack 1988) . 
Similar naturally occurring or experimentally in
duced inflammatory bowel diseases are seen in 
nonprimate species (Strober 1985). These include 
canine histiocytic ulcerative colitis in boxer 
(Kennedy and Cello 1966; Van Kruiningen 1967) 
and cocker spaniel dogs (Strandle et al. 1954), 
ulcerative colitis induced in guinea pigs by de
graded carrageenans (Watt and Marcus 1971; 
Anver and Cohen 1976), and proliferative ileitis 
and colitis of hamsters (Boothe and Cheville 1967; 
Jonas et al. 1965) and mice (Barthold et al. 1976). 
Ulcerative colitis has been induced by bacterial 
toxins or products in swine and a variety of other 
species (Onderdonk 1985). In none of the above 
mentioned species, however, has neoplasia been 
associated with the inflammatory lesions. 
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Chronic Colitis, Juvenile Macaca mulatta 
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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. 

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-


