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The moustached tamarin (Saguinus mystax), a small New World 
nonhuman primate, is a valuable animal model for viral hepatitis 
A pathogenesis and experimental vaccine studies.10 The most 
common reported causes of morbidity and mortality in captive 
tamarin populations are gastroenteric lesions13 and ‘wasting mar-
moset syndrome,’ a term commonly used to describe a poorly 
understood syndrome that affects marmosets and tamarins in 
captivity and characterized by chronic diarrhea, weight loss, 
decreased muscle mass, anemia, hypoglycemia, and alopecia.2 
Colitis cystica profunda (CCP), a rare but well-recognized non-
neoplastic disease affecting the colon in humans, characterized 
by the presence of mucin-filled cysts with benign epithelial lining 
in the colonic submucosa,32 occurred in a tamarin colony, was as-
sociated with chronic diarrhea, and was suggested to be the cause 
of wasting marmoset syndrome.15 Macroscopically, CCP often 
resembles a malignant tumor, but progression to dysplasia or 
neoplasia has not been reported. In humans, CCP has been associ-
ated with a variety of diseases, including adenocarcinoma of the 
colon, rectal prolapse, and solitary rectal ulcer.32,33 Clinical signs 
include rectal bleeding and excess straining during defecation 
and, less frequently, rectal pain and constipation or diarrhea.32 At 
present, the etiology of CCP remains unknown. Treatment of this 
condition in humans remains controversial, with surgical resec-
tion of the affected tissue the most effective option at present.32,33 
Here we describe a high incidence of CCP affecting captive mous-
tached tamarins.

Myocardial fibrosis, a common condition in humans with pres-
sure overload hypertrophic cardiomyopathy,28 has occurred in 
owl monkeys and chimpanzees.12,16,17,21 In owl monkeys, myocar-
dial fibrosis appears to be a consequence of arterial hypertension 
and myocardial infarcts.12 In chimpanzees, myocardial fibrosis 
seems to be the most likely cause for cardiac arrythmias and sud-
den death in this species.21 Cardiac fibrosis is the main cause of 
cardiac failure and death in humans with arterial hypertension 
and dilated cardiomyopathy.28,35 Myocardial fibrosis affected the 
moustached tamarins in this study; to our knowledge, myocar-
dial fibrosis in tamarins has not been reported previously.

Renal disease is a common finding in captive callitrichids. IgM 
nephropathy in tamarins has been described.6 Mesangial IgM 
deposits in young tamarins and glomerulosclerosis without IgM 
deposits in older tamarins have occurred in the same colony.4 In 
addition, proliferative glomerulonephritis associated with ar-
teritis in S. labiatus and S. oedipus inoculated with hepatitis A vi-
rus has been reported.23 More recently, IgM in conjunction with 
IgA deposits were reported to be the cause of glomerulopathy in 
tamarins.5 These studies suggest that the tamarin nephropathy is 
an immunologic condition. We found a high incidence of mem-
branoproliferative glomerulonephropathy in the tamarins in this 
study.

In addition, tamarins in the present study demonstrated diffuse 
hepatocellular vacuolation and periportal lymphoplasmacytic 
infiltrates, possibly as a result of experimental inoculation with 
hepatitis A virus.19 Interestingly, peliosis hepatis, a rare condi-
tion in humans and animals that is characterized by dilatation of 
hepatic sinusoids and the presence of blood-filled spaces within 
the liver, was found in some tamarins in the present study. In 
humans, peliosis hepatis occurs mainly in subjects exposed to 

Pathology of Captive Moustached Tamarins 
(Saguinus mystax)

Alfonso S Gozalo,1,2,* Lily I Cheng,1,2 Marisa E St Claire,3 Jerrold M Ward,1,2 and William R Elkins1

The pathology of 33 moustached tamarins (Saguinus mystax) previously used in hepatitis A and GB virus studies is reported. 
Chronic lesions in colon, heart, and kidney were common in the monkeys and appeared not to be due to the experimental expo-
sures. Colitis cystica profunda (CCP), a disease that affects humans and is characterized by the presence of mucin-filled epithelial 
downgrowths and cysts in the colonic submucosa, was found in 24 of the 33 (72.7%) tamarins. Interstitial myocardial fibrosis was 
present in 22 (66.6%) animals, and various degrees of membranoproliferative glomerulonephritis occurred in 28 (84.8%) monkeys. 
In addition, 28 (84.8%) tamarins demonstrated diffuse hepatocellular vacuolation with mild lymphoplasmacytic infiltrates, possibly 
as a result of the experimental infections, and peliosis hepatis occurred in 7 (21.2%) animals. The etiology of CCP is unknown, and 
no reliable animal models are available because most cases in animals are reported only sporadically. Myocardial fibrosis in tama-
rins has not been reported previously, and all current animal models require experimental manipulation of the animal to mimic 
the human disease. The results from this study suggest that captive S. mystax has high incidence of spontaneous CCP, myocardial 
fibrosis, and membranoproliferative glomerulonephritis. This species may be a spontaneous animal model for pathogenesis and 
experimental therapy studies of the analogous human diseases.

Abbreviation: CCP, colitis cystica profunda

Received: 26 Sep 2007. Revision requested: 6 Nov 2007. Accepted: 23 Nov 2007.
1Comparative Medicine Branch, National Institute of Allergy and Infectious Diseases, 
National Institutes of Health: 2SoBran Inc., Bethesda, MD; 3Division of Clinical Research, 
National Institute of Allergy and Infectious Diseases, National Institutes of Health, 
Bethesda, MD.

*Corresponding author. Email: gozaloa@niaid.nih.gov



Pathology of moustached tamarins

189

with picrosirius red, Masson trichrome, periodic acid–Schiff, and 
Warthin–Starry silver stain. The various lesions were graded on 
an arbitrary scale of 0 to 3+.

Results
Of the 33 tamarins, 12 showed clinical signs or those at 

necropsy (or both) of congestive heart failure or cardiomegaly. 
At necropsy, 4 tamarins were suspect for hepatopathy or hepatic 
failure, 3 showed subcutaneous hematomas after phlebotomy, 
1 was diagnosed grossly with chronic renal disease, 1 showed 
neurologic signs before death, and 3 animals lacked noteworthy 
findings at necropsy. Microscopically, we found several common 
lesions among the tamarins (Tables 1 and 2). Specifically, 24 of the 
33 tamarins (72.7%) had variable degrees of diffuse CCP, char-
acterized by mucus-filled cysts in the colonic and cecal mucosa, 
submucosa, and muscularis propria; these cysts frequently were 
lined by demonstrable epithelium. The lesions did not appear to 
have a predilection for a particular section of the large intestine, 
as is often the case in the diffuse form of CCP, in which lesions can 
be found from the cecum all the way to the rectum.32 Fifteen tam-
arins had mild to moderate lesions, whereas 9 animals showed 
marked lesions. Initial or mild stages of the disease (grade, 1+) 
were characterized by minimal proliferation of mature colonic 
glands and herniation through breaks in the muscularis mucosae, 
with no or mild diffuse lymphoplasmacytic infiltration in the sub-
mucosa and/or lamina propria (Figure 1). Cases of moderate CCP 
(grade, 2+) were characterized by herniation of colonic mucosal 
glands, with mild cystic dilatation and accumulation of mucus 
and sloughed cells (Figure 2). Marked lesions (grade, 3+) were 
characterized by large cysts containing mucus, cellular debris, 
and bacterial colonies that bulged over the mucosal epithelium, 
in some instances rupturing toward the intestinal lumen (Figure 
3). No neoplastic changes or dysplasia were noted. In some cases, 
lymphoid hyperplasia in the lamina propria was present. Lesions 
compatible with CCP were observed in experimental as well as in 
research-naïve animals and affected both sexes. In those cases for 
which detailed records were available, CCP was present in 3 of 4 
(75%) research-naïve animals, 10 of 13 (77%) research males, 3 of 5 
(60%) research females, and in all 3 (100%) research-naïve females 
(these are the same 3 of 4 research-naïve animals described above, 
the only research-naïve male didn’t have CCP). In addition, CCP 
was present in 2 of the 4 (50%) tamarins born in captivity.

Lesions common to multiple tamarins also were found in the 
heart, kidney, and liver, but there was no clear association between 
the presence of CCP and these lesions. Interstitial myocardial fi-
brosis was present in 22 animals (66.6%), membranoproliferative 
glomerulonephritis in 28 tamarins (84.8%), and hepatic lesions 
composed mainly of diffuse hepatocellular vacuolation or swell-
ing with mild lymphoplasmacytic infiltrates in 28 animals (84.8%). 
Multifocally, cardiac myocytes were separated, expanded, and 
replaced by mild to moderate amounts of dense mature fibrous 
connective tissue that stained red with picrosirius red stain for 
collagen (Figure 4) and blue with Masson trichrome stain. Fibrosis 
affected the left ventricle, interventricular septum, right ventricle, 
and, to a lesser degree, the atria. Discrete myocardial wavy fibers 
were present in a few cases, with the exception of 1 animal that 
showed marked angulations of cardiac myocytes (Figure 5). Myo-
cardial fibrosis occurred in 1 of 4 (25%) research-naïve tamarins, 
10 of 13 (77%) research males, all 5 (100%) research females, and 1 
of the 4 (25%) captive-born tamarins. Cardiac fibrosis (grade, 1+ to 

toxic substances or estrogens and is often asymptomatic.3 To our 
knowledge, peliosis hepatis has not been reported to occur in 
nonhuman primates.

In this retrospective study, we describe S. mystax as a model for 
the study of CCP in light of the characteristic lesion in tamarins 
that closely resembles the human condition and the relatively 
high incidence of spontaneous CCP in this species compared with 
other animals. In addition, the increased incidences of myocardial 
fibrosis, membranoproliferative glomerulonephropathy, and pe-
liosis hepatis in these animals suggest that this species could be a 
potential spontaneous animal model for pathogenesis and experi-
mental therapy studies of the analogous human diseases.

Materials and Methods
Between 1996 and 2004, complete necropsies were performed 

on 33 S. mystax that died or were euthanized because of untow-
ard clinical signs or poor response to treatment. Clinical records 
and necropsy reports were not available for all animals; records 
were available for 15 male and 8 female tamarins. All animals 
were adults, except for 1 monkey that was 8 mo old at the time 
of death (Table 1). Because most animals were wild-caught, their 
exact ages were unknown. Except for 4 animals born in captivity, 
the monkeys were captured in the Peruvian Amazon basin region 
by personnel from the Center for Reproduction and Conserva-
tion of Nonhuman Primates (Iquitos, Perú) and transferred to 
the National Institute of Allergy and Infectious Diseases through 
an agreement with the Pan American Health Organization. The 
wild-caught animals came in separate shipments, between 1995 
and 1998, and were quarantined at the Perrine Primate Center 
(Perrine, FL) and later at the National Institutes of Health primate 
quarantine facility (Poolesville, MD). As part of their physical 
examinations, the animals were screened for intestinal patho-
gens by use of bacterial cultures and by use of wet mounts and 
fecal flotation for parasitologic examination. All tamarins were 
enrolled in IACUC-approved viral hepatitis (hepatitis A virus 
and hepatitis GB virus type B) studies. However, at least 4 ani-
mals were research-naïve at the time of death. The monkeys 
were housed and cared for according to the Guide for the Care 
and Use of Laboratory Animals24 and animal welfare regulations. 
Standard husbandry procedures included feeding commercially 
formulated chow (New World Primate Diet 5040, Purina Mills, 
St Louis, MO; Marmoset Diet, ZuPreem, Mission, KS), dietary 
supplements (bananas, apples, and marshmallows), and water 
ad libitum. The animals were housed in stainless steel 6.0 ft2 bio-
containment cages (Primate Products, Miami, FL) with polyvinyl 
chloride nesting boxes, ‘nectar logs,’ and other callitrichid envi-
ronmental enrichment objects. A 12:12-h dark:light photoperiod 
cycle was observed; room temperature was maintained at 24 ± 
2 °C. Animals were pair-housed (male–female) when possible, 
except while they were on study. At least 15 tamarins were inocu-
lated with hepatitis A virus and 5 with hepatitis GB virus type B, 
and viral shedding and liver enzymatic activity were followed 
for 3 to 4 mo. Seven tamarins were on study (from 3 d to 3 mo 
after infection) when they died; 11 animals were considered to 
be off study (greater than 4 mo after infection), and 4 (possibly 
5, given that the 8-mo-old monkey was too young to be used in 
viral hepatitis studies) were research-naïve at the time of death. 
Tissues from all major organs were fixed in 10% neutral buffered 
formalin, embedded in paraffin, cut at 4 to 5 µm, and stained with 
hematoxylin and eosin. In addition, selected slides were stained 
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to marked (grades 2+ and 3+) renal lesions were characterized by 
increased lymphocytes and plasma cells within the interstitium, 
increasing amounts of pale eosinophilic homogenous proteina-
ceous material deposited within the mesangial matrix, thicken-
ing of Bowman capsules, interstitial expansion by collagenous 
connective tissue (fibrosis), glomerular sclerosis, mineralization, 
proximal tubular epithelial degeneration, and tubular proteinosis. 
Prominent vascular changes associated with higher-grade disease 
included medial hypertrophy, perivascular fibrosis, and, occa-
sionally, focal cortical infarction.

In liver, biliary hyperplasia, periportal fibrosis, hepatocellular 
vacuolar change, and multifocal lymphoplasmacytic infiltrates 
were present histologically to various degrees in the majority of 
animals (Figure 7). Liver lesions were observed in all 4 (100%) 

3+) was graded based on increasing amounts of collagenous con-
nective tissue separating or replacing cardiac myocytes in slides 
stained with hematoxylin and eosin and confirmed by specific 
collagen stains. Higher-grade fibrosis often was associated with 
myocyte degeneration and cytoplasmic vacuolization.

Renal lesions consisted of mesangial cell proliferation with 
variable thickening of the mesangial matrix, mild to moderate 
interstitial fibrosis, mild to marked tubular proteinosis, and mul-
tifocal lymphoplasmacytic interstitial inflammation (Figure 6). 
Renal lesions were present in all 4 (100%) research-naïve animals, 
all 13 (100%) research males, all 5 (100%) research females, and in 
2 of the 4 (50%) tamarins born in captivity. Mild (grade 1+) renal 
lesions were characterized by small scattered foci of primarily 
lymphocytes and plasma cells within the interstitium; moderate 

Table 1. Summary of histologic findings and clinical or gross diagnosis in 33 captive moustached tamarins

Severity of lesionc

Agea Sex Statusb CCP MF CGN HV Other microscopic lesions Clinical or gross diagnosis

8 mo male naive – – – – no significant findings no gross lesions
2 y male naive – – + ++ no significant findings neurologic signs
4 y male HAV + ++ +++ + no significant findings hematoma
unknown male HAV +++ ++ +++ +++ pneumonia unknown
unknown male HAV – +++ +++ +++ no significant findings cardiomegaly
unknown male HAV +++ ++ + ++ no significant findings congestive heart failure
unknown male HAV +++ +++ ++ – no significant findings congestive heart failure
unknown male HAV +++ + +++ +++ peliosis hepatis, renal infarct congestive heart failure
unknown male HAV – ++ +++ ++ peliosis hepatis, renal infarct congestive heart failure
unknown male HAV ++ – +++ – no significant findings no gross lesions
unknown male HAV - - + + no significant findings cardiomegaly
unknown male GBV-B ++ + ++ – lung nematodes congestive heart failure
unknown male GBV-B + + ++ ++ peliosis hepatis congestive heart failure
unknown male GBV-B + – + – no significant findings hematoma
unknown male GBV-B ++ +++ ++ +++ no significant findings unknown
unknown female HAV – +++ + + pneumonia congestive heart failure
unknown female HAV – +++ ++ + no significant findings no gross lesions
unknown female HAV + + + + no significant findings liver failure
unknown female HAV ++ ++ ++ +++ visceral larva migrans congestive heart failure
unknown female GBV-B + +++ ++ ++ no significant findings cardiomegaly
unknown female naive + – +++ ++ no significant findings renal disease
unknown female naive +++ ++ +++ ++ renal infarct hepatopathy
unknown female naive +++ – ++ ++ peliosis hepatis cardiopathy, hepatopathy
unknown unknown HAV + – + ++ no significant findings liver failure
2 y unknown HAV + – – + no significant findings hematoma
unknown unknown unknown – – +++ ++ peliosis hepatis unknown
unknown unknown unknown – +++ – +++ no significant findings unknown
unknown unknown unknown + ++ +++ +++ peliosis hepatis unknown
unknown unknown unknown +++ ++ ++ ++ peliosis hepatis unknown
unknown unknown unknown +++ + ++ +++ no significant findings unknown
unknown unknown unknown + – – + pneumonia unknown
unknown unknown unknown + +++ – ++ pneumonia unknown
unknown unknown unknown +++ +++ ++ ++ no significant findings unknown

CCP, colitis cystica profunda; CGN, membranoproliferative or chronic glomerulonephritis; HV, hepatocellular vacuolation or swelling; MF, myocardial 
fibrosis
aAnimals with known ages were captive-born; others with unknown ages were wild-caught as adults.
bExperimentally infected with hepatitis A virus (HAV), hepatitis GB virus type B (GBV-B), or research-naive
cSeverity: –,no lesions; +, mild; ++, moderate; +++, marked
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Discussion
Several lesions were common among adult S. mystax. The le-

sions did not appear to be related to the experimental treatments, 
except perhaps for the hepatic lesions, which might have been 
due to the viruses injected. However, hepatic lesions were found 
in research-naïve animals also. In most cases, the animals had 
cleared the viral infection at the time of death. Shedding of hepa-
titis A virus in feces lasts from about week 2 to 7 after exposure, 
but considerable variation can occur. All animals with normal 
immune systems clear their infections approximately within this 
timeframe. Only those that are immunosuppressed or that have 
defective immune systems might demonstrate prolonged shed-
ding, but this pattern would be very rare.27 Similarly, infection 
with hepatitis GB virus type B has an acute course in tamarins 

research-naïve tamarins, 9 of 13 (69%) research males, all 5 (100%) 
research females, and in 3 of 4 (75%) captive-born animals. Mild 
(grade 1+) hepatic lesions were characterized by few scattered 
aggregates of lymphocytes and plasma cells within the paren-
chyma and mild multifocal to locally extensive hepatocellular 
cytoplasmic vacuolization. Grade 2+ disease was characterized 
by increased lymphoid infiltrates with moderate to marked hepa-
tocellular vacuolization, and grade 3+ hepatic lesions were char-
acterized by diffuse hepatocellular vacuolization with multifocal 
to locally extensive areas of hepatocellular loss or multifocal to 
coalescing vacuoles (peliosis hepatis). Multifocal to coalescing 
vacuoles within the hepatic parenchyma consistent with peliosis 
hepatis, a rare disorder characterized by empty or blood-filled 
spaces of variable size in the liver, was present in 7 (21.2%) tama-
rins (Figure 8). Investigators followed serum levels of hepatic 
enzymes during acute viral infection; concentrations were ele-
vated, as expected (data not shown). No viral inclusion bodies or 
lipidosis was noted. The cardiac, renal, and hepatic lesions were 
found in both experimental and research-naïve tamarins. Other 
lesions present to a lesser degree were pneumonia (4 cases) and 
renal infarcts (3 cases). Only the captive-born, 8 mo-old male, did 
not show any lesions at histologic examination; all of the other 32 
animals in the study showed at least 2 of the described lesions.

Table 2. Incidence of colonic, cardiac, renal, and hepatic lesions in 33 
captive moustached tamarins

Severity of lesion

Organ Lesion mild moderate marked Total (%)

Colon CCP 11 4 9 24 (72.7)
Heart MF 5 8 9 22 (66.6)
Kidney CGN 7 11 10 28 (84.8)
Liver HV 7 13 8 28 (84.8)

CCP, colitis cystica profunda; CGN, membranoproliferative or chronic 
glomerulonephritis ; HV, hepatocellular vacuolation; MF, myocardial 
fibrosis;

Figure 1. Colon, Saguinus mystax. Note the branching dilated glands ex-
tending through the disrupted muscularis mucosae and into the submu-
cosa (arrowhead). Hematoxylin and eosin stain; magnification, ×200.

Figure 2. Colon, S. mystax. More extensive branching of colonic crypts, 
extending through the disrupted muscularis mucosae into the submu-
cosa (arrowheads) and inflammatory cell infiltrates within the lamina 
propria and submucosa (arrows). Magnification, ×100.

Figure 3. Colon, S. mystax. Low magnification showing various degrees 
of herniation of colonic mucosal glands, with marked cystic dilatation 
and accumulation of mucus and sloughed cells. Hematoxylin and eosin 
stain; magnification, ×12.5.
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pia.1 Other hypotheses suggested include factors such as diet, 
intraluminal pressure, and weakness of the muscularis muco-
sae.25 In animals, colitis resembling CCP has been reported to 
occur in dogs,20,36 pigs,37 pygmy goats,26 rhesus monkeys,29 and 
tamarins.15 CCP was diagnosed in an aged pygmy goat involved 
in a long-term progesterone study.26 In this case, the authors sug-
gested that CCP was associated to the long-term administration 
of progesterone to the animal.26 In the pigmy goat, microscopic 
examination showed an inflammatory exudate in the colonic 
mucosa composed of lymphocytes, occasional eosinophils and 
neutrophils, suggesting a chronic inflammatory event possibly as 
the precursor for the development of CCP, but diarrhea was not 
noted.26 In 2 dogs diagnosed with CCP,20 partly bloody diarrhea, 
vomitus, and painful defecation were the most common clinical 
signs and were managed by changes in the diet, accompanied 
by treatment with sulfasalazine and corticosteroids.20 In pigs,37 
dysentery was present, and the gross lesions were pseudomem-

and has been proposed as a potential surrogate model for the 
study of hepatitis C virus infections of humans. Hepatitis GB vi-
rus type B is phylogenetically most closely related to hepatitis 
C and causes an acute, self-resolving hepatitis, indicated by in-
creases in alanine aminotransferase levels and changes in liver 
histology, in tamarins. Although present in serum, hepatitis GB is 
not shed in feces. Viremia peaks around 6 to 8 wk after infection 
and clears by approximately 16 wk.22

The etiology of CCP is unknown, but there are 2 hypotheses. 
The first hypothesis considers the disease to be a postinflam-
matory condition, whereas the second theory considers CCP to 
be congenital ectopia.1,11,38 Some investigators believe that both 
hypotheses are correct, because 2 different types of CCP exist. 
Diffuse CCP is thought to be associated with a concurrent or pre-
vious inflammatory event,11 whereas the localized form appears 
unrelated to an inflammatory condition but to congenital ecto-

Figure 4. Heart, S. mystax. Cardiac myocytes separated, expanded, and 
replaced by mild to moderate amounts of dense mature fibrous connec-
tive tissue (red). Picrosirius red stain; magnification, ×100.

Figure 5. Heart, S. mystax. Myocardial wavy fibers characterized by 
marked angulations of cardiac myocytes. Hematoxylin and eosin stain; 
magnification, ×400.

Figure 6. Kidney, S. mystax. Membranoproliferative glomerulonephritis 
with mild multifocal lymphoplasmacytic interstitial foci (arrows). He-
matoxylin and eosin stain; magnification, ×200.

Figure 7. Liver, S. mystax. Diffuse hepatocellular vacuolar change and 
swelling. Hematoxylin and eosin stain; magnification, ×200.
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important predisposing factor may be the diet provided to these 
animals in captivity.15 Various ingredients in the diet or the physi-
cal properties of the ingredients may act as chronic irritants to the 
intestinal mucosa, causing an increase in intestinal peristalsis. This 
effect, combined with a possible defect or weakness in the colonic 
muscularis mucosae, may predispose these animals to mucosal 
gland herniation, as seen in early lesions, and consequently CCP. 
We do not believe that hepatitis A and GB type B infections are 
associated with CCP because the intestinal lesions occurred in 
research naïve animals in this and previous studies.13,15

Of the 33 tamarins we evaluated, 12 showed either clinical signs 
or signs at necropsy of congestive heart failure or cardiomegaly. 
However, 1 animal with no gross lesions or clinical signs of car-
diomyopathy showed marked myocardial fibrosis on histologic 
examination. This tamarin probably experienced sudden cardiac 
death with subtle or no previous clinical signs. To our knowledge, 
myocardial fibrosis in tamarins has not been reported previously. 
However, interstitial myocardial fibrosis was noted occasionally 
in a breeding colony of Saguinus labiatus and S. mystax,14 and car-
diomyopathy was a common cause of death in a research colony 
of S. mystax.7 Myocardial fibrosis is a common finding in humans 
with left ventricular hypertrophy due to chronic arterial hyper-
tension.28 In pressure overload hypertrophy, continuous structur-
al remodeling of the fibrillar collagen matrix occurs along with an 
increase in heart weight. These changes are believed to be a com-
pensatory mechanism that enhances tensile strength.28,39,40 How-
ever, the increased stiffness of the myocardium has a detrimental 
effect on cardiac elasticity and contractibility and predisposes to 
both atrial and ventricular arrhythmias and, possibly, atrial fibril-
lation.35 In addition, the greatly thickened myocardial wall, due 
to myocyte hypertrophy and increased interstitial fibrous tissue, 
impairs oxygen perfusion, leading to hypoxia and consequently 
myocyte necrosis and reparative fibrosis with further detrimental 
effect on heart function. Another mechanism for myocyte necrosis 
is the entrapment of myocardial cells by connective tissue which 
prevents oxygen perfusion. Eventually these animals develop 
clinical signs of heart failure and die. Interestingly, due to the high 
incidence of wavy cardiac myofibers in dogs with dilated car-
diomyopathy, histologic examination for attenuated wavy fibers 
was suggested as a useful postmortem test for dilated cardiomyo-
pathy in dogs.34 Wavy cardiac myofibers also occur frequently 
in owl monkeys with dilated cardiomyopathy.12 In the present 
study, discrete wavy fibers were noted in a few cases, with only 1 
animal showing marked lesions; this animal also was diagnosed 
with dilated cardiomyopathy during necropsy. All animal mod-
els of cardiac fibrosis involve experimental manipulation of the 
animal to create the condition; no spontaneous animal model ex-
ists.31 Although the cardiac lesions in our tamarins suggest arte-
rial hypertension, this hypothesis could not be confirmed because 
blood pressure was not monitored in these animals. In addition, 
myocardial fibrosis is unlikely to be an age-related condition be-
cause it was not a common finding in a breeding colony where 
animals were held for prolonged periods of time.13

Chronic glomerulonephritis is a common finding in cal-
litrichids.4 Membranoproliferative glomerulonephritis has been 
noted in tamarins infected with hepatitis A virus as well as in 
research-naïve animals.4-6,23 Several studies suggest that glomeru-
lar disease in tamarins is immunologically related, possibly due 
to IgM deposits.4,6 IgM in conjunction with IgA deposits recently 
were reported to be the cause of glomerulopathy in tamarins.5 

branous, croupous, or even diphteric inflammation of the intes-
tine. A conspicuously small pyogenic component was observed 
in the inflammatory exudate in the propria mucosae. In addition, 
the lesions were situated exclusively at the sites of lymphatic fol-
licles.37 This finding differs from those in humans and other spe-
cies in which CCP has been diagnosed. In 4 rhesus macaques, 
inflammation was considered to have played a primary role in 
the development of CCP.29 However, the cause of the intestinal 
inflammation was not determined.29 In tamarins (Saguinus labia-
tus and S. mystax), the disease and severity of lesions were clearly 
associated with time in captivity and the authors speculated that 
the diet possibly played a role in the development of CCP.15 In the 
tamarin report, clinically, most animals showed chronic, intermit-
tent, diarrhea.15 The most common finding at necropsy in tama-
rins with CCP was a diffusely darkened colonic and cecal mucosa 
that, as suggested by the authors, could be easily overlooked un-
less the disease is severe, in which case very small, approximately 
1 to 3 mm, yellowish cysts are seen bulging in the mucosa.15 This 
condition is very different from the colitis commonly reported 
in the cotton-top tamarin (Saguinus oedipus), in which early le-
sions are characterized by neutrophils in the lamina propria and 
epithelial layers of crypts, progressing to crypt abscesses with 
focal necrosis and ulceration.9 In addition, in many instances, if 
an affected cotton-top tamarin survives long enough, colonic ad-
enocarcinoma develops.8 This progression to neoplasia does not 
occur in S. mystax and S. labiatus. Despite these reports, there are 
no reliable CCP animal models because cases in animals are spo-
radic, with a very low incidence in most species, except perhaps 
in tamarins, where 12.5% of the animals examined postmortem in 
a breeding colony showed lesions compatible with CCP.15 In the 
present study, the intestinal lesions resembled the diffuse form of 
CCP, possibly related to a postinflammatory event, as suggested 
by some investigators.11 However, inflammatory cell infiltrate was 
not present in all cases, and diarrhea was not reported. The tama-
rins may have had soft stools but no frank diarrhea or may have 
shown constipation instead of diarrhea, as occasionally occurs in 
humans with CCP.32 Due to the high incidence of CCP in captive 
S. mystax and its apparent association with time in captivity, an 

Figure 8. Liver, S. mystax. Peliosis hepatis characterized by blood-filled 
spaces of variable size in the liver. Hematoxylin and eosin stain; mag-
nification, ×100.
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hepatic peliosis in the tamarins in the present report. Interestingly, 
peliosis hepatis has recently been suggested as an early indication 
of idiopathic portal hypertension.3 Idiopathic noncirrhotic intra-
hepatic portal hypertension has an anatomic basis in increased 
fibrous tissue in the portal vessel wall and periportal and perisi-
nusoidal space, with obliteration of small portal veins and areas 
of nodular regenerative hyperplasia.3 Coincidently, some of these 
lesions were present in the moustached tamarins in the current 
study.

The results from this study suggest that moustached tamarins 
have a high incidence of spontaneous diffuse CCP, myocardial 
fibrosis, and membranoproliferative glomerulonephritis in cap-
tivity. These diseases greatly impair the use of this species in viral 
hepatitis research and should be investigated further. In addi-
tion, S. mystax may be the first spontaneous animal model for the 
study of CCP etiopathogenesis and experimental therapy and 
may provide a new spontaneous nonhuman primate model for 
the study of myocardial fibrosis. Although experimentally ma-
nipulated animal models exist, the study of myocardial fibrosis in 
a spontaneous animal model likely will contribute greatly to the 
understanding and treatment of this disease in humans.
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