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Jejunal injuries in captive marmosets affected by chronic
wasting disease

Lesoes jejunais em saguis cativos afetadas pela doenca do emagrecimento progressivo
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ABSTRACT

INTRODUCTION: Wasting marmoset syndrome affects the Callitrichidae family reared in captivity, characterized by
progressive muscle-weakening and wasting conditions. It has been one of the main causes of death in primates of this
genus. OBJECTIVE: To evaluate the existence of histopathological and ultrastructural alterations in jejunal of marmosets
that presented a clinical history of the progressive wasting disease in relation to healthy animals. MATERIALS AND
METHODS: Jejunal biopsies of seven marmosets were performed: five of them, two specimens of Callithrix jacchus
and three Callithrix penicillata, were affected by clinical signs of progressive weight loss and muscle weakness; and two
healthy animals, one of each cited species, were used as control animals. RESULTS: Marmosets with a clinical history
of progressive weight loss presented jejunal villus atrophy with a flattened surface; also the goblet cells were scarce and
barely functional compared to the control animals. CONCLUSION: These changes can cause malabsorption of nutrients
and promote the progressive weight loss of callitrichids.
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RESUMO

INTRODUCAQ: A sindrome do emagrecimento progressivo afeta a familia Callitrichidae criada em cativeiro, caracterizada
por emagrecimento progressivo e enfraquecimento muscular, tendo sido uma das principais causas de morte em primatas
desse género. OBJETIVO: Avaliar a existéncia de alteragées histopatolégicas e ultraestruturais do jejuno dos primatas que
apresentavam histéria clinica da sindrome do emagrecimento progressivo em relacéo aos animais saudaveis. MATERIAIS
E METODOS: Foram realizadas bidpsias jejunais em sete saguis: cinco deles, dois Callithrix jacchus e trés Callithrix
penicillata, afetados por sinais clinicos de perda progressiva de peso e fraqueza muscular; e dois animais sauddveis, um
de cada espécie citada, usados como animais controle. RESULTADOS: Animais com histérico clinico de perda progressiva
de peso apresentaram atrofia das vilosidades do jejuno com superficie achatada; além disso, as células caliciformes
eram escassas e pouco funcionais comparadas ds dos animais controle. CONCLUSAQ: Essas mudancas podem causar
md& absorcéo de nutrientes e promover a perda progressiva de peso de calitriquideos.
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INTRODUCTION

Callitrichids, generally called marmosets, are
neotropical primates of the New World belonging to the
Callitrichidae family!. They are omnivorous, with good
reproductive efficiency in captivity, and widely used as
experimental models in biological studies?. However,
they are animals with gastrointestinal sensitivity and
usually develop diseases culminating in poor digestion
and malabsorption syndrome®.

One of the main problems observed in captive
marmosets is characterized by a clinical condition of
chronic weight loss, muscle weakness, nonresponsive
diarrhea, and death, which is currently known as a
chronic wasting disease (CWD), a severe disease that
occurs in colonies of callitrichids all over the world*. It
is a syndrome with unestablished etiology and represents
a significant cause of mortality in captive callitrichids®.
It has a chronic feature, high morbidity and mortality®”.
CWD generally manifests progressive weight loss,
continuous and nonresponsive diarrhea, anemia, pelvic
limb paralysis, tail alopecia, and severe muscle atrophy,
culminating in animals' death after two or three monthsé”.

The dietary variety that animals have in the
natural environment — based on fruits, small insects
or vertebrates, and plants — is essential for their
health. Captive marmosets are susceptible to develop
intestinal disorders because of the supply of industrialized
animal food, which is cited as a determining factor for
the occurrence of CWD and infectious or metabolic
diseases, characterizing it as a syndrome of probable
multifactorial origin®.

The maintenance of non-human primates in captivity
represents a form of wildlife conservation as well as a
source for research and better understanding about
these animals. CWD in callitrichids of captive colonies
represents a significant cause of mortality and a
challenge in maintaining their diet. The present study
aimed to evaluate possible changes of the histological
and ultrastructural analysis of jejunal portions of animals
affected by CWD and to clarify the pathophysiology of
this disease.

MATERIALS AND METHODS
ANIMALS AND STUDY DESIGN

This study was developed from August 2004 to
July 2005 at the Centro National de Primatas (CENP),
located at the Ananindeua municipality, Paré State, Brazil
(latitude 1°3826" and longitude 48°38'22"), following
the requirements of the Brazilian Society of Science in
Laboratory Animals. The study protocol was approved
by the Committee on Animal Research and Ethics of the
Instituto Evandro Chagas (n° 005/2003) under technical
decision n° 0007/2004.

Seven adult marmosets were used: five of them,
two Callithrix jacchus (one male and one female) and
three Callithrix penicillata (two males and one female),
which had a progressive fat loss, muscle weakness,
dorsal and caudal alopecia, and paresis of pelvic limbs,
were selected by clinical and historical characteristics

of CWD; and two healthy male animals, one of each
species, C. jacchus and C. penicillata, were used as
control animals.

All study specimens were obtained from the breeding
shed. They were kept in stainless steel cages, in family
groups of the same species, and received a diet with
fruits, vegetables, eggs, milk, dog food (Foxy Premium
JUnior®), and water ad libitum.

A jejunal  biopsy was performed on all
animals. The samples were submitted to histopathological
and ultrastructural  examination  for morphological
evaluation by light microscopy and transmission electron
microscopy to identify and characterize the jejunal
lesions in the specimens affected by CWD.

INTESTINAL BIOPSY

Prior to the intestinal biopsies, the animals were
submitted to a 12-hour fast from food, a 6-hour fast
from water, and chemical restraint using dissociative
anesthesia induced by the combination of ketamine
(50 mg/kg), midazolam (0.2 to 0.5 mg/kg) and
levomepromazine (0.2 to 0.5 mg/kg) intframuscularly.

Intestinal  biopsies were performed by surgical
removal of the jejunal ring segment, followed by
suturing of the remaining intestinal segments. From each
biopsy specimen, two to three fragments of 1.0 mm
were collected for transmission electron microscopy,
while the remaining sample was kept for histopathology
procedures.

The postoperative period was based on daily
bandage with rifamycin and Alantol® (Vetnil, Séo
Paulo, Brozil) on the surgical wound, twice a day, for
seven days. A liquid diet was provided on the first
postoperative day, followed by a paste diet for the
next four days. In addition, the animals were treated
with a daily application of antibiotics (clindamycin),
intravenously for five days, K vitamin, and non-steroidal
anti-inflammatory (flunixin meglumine) intramuscularly,
once a day, for three days.

HISTOPATHOLOGY

Samples obtained by biopsies were fixed in 10%
neutral buffered formalin dehydrated embedded in
histological wax, cut off 5um thick sections using
the hematoxylin and eosin (H&E) technique for the
histological characterization of eventual intestinal lesions
caused by CWD.

TRANSMISSION ELECTRON MICROSCOPY

Jejunum fragments of approximately 1T mm® were
fixed in 4% formaldehyde and 2.5% glutaraldehyde in
a 0.1 M sodium cacodylate buffer solution, with pH 7.2,
for 2 h at room temperature. Subsequently, the fragments
were washed in the same buffer, post-fixed for 1 h in a
buffered solution containing 1% osmium tetroxide, 0.8%
ferrocyanide, and 5 mM calcium chloride, rewashed in
the same buffer, dehydrated in graded acetone, and
embedded in epoxy resin. Thin sections were mounted
on copper grids, stained with uranyl acetate and lead
citrate, and examined in Zeiss EM 900 Transmission
Electron Microscopy.



Pereira WLA, et al. Jejunal injuries in captive marmosets affected by chronic wasting disease

RESULTS

Five animals of this study considered affected by
CWD showed clinical signs of progressive weight loss,
even though they were hungry. They also presented
diarrhea, poor vocalization, and lateral back alopecia of
the thorax, pelvic limbs, and tail (Figure 1A).

In the jejunal histopathological analysis of animals with
CWD, isolated lymphoid nodules and mucosa-associated
lymphoid tissue cells were intact in the connective tissue
of the mucosa and submucosa. In two cases, the goblet
cells were smaller and less functional compared to other
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cases. Superficially, the glycocalyx was shown to be a fine
acidophilic line. The jejunal villus was short and flattened
(Figure 1B) compared to control animals (Figure 1C). In
enterocytes, the microvilli presented irregular distribution,
being absent in some segments. Severe villus atrophy and
malabsorption were observed. Cells from the intestinal
crypts showed adequate mitoses.

Biopsies of other intestine segments of the animals
affected by CWD were not analyzed, and microscopic
alterations compatible with inflammation in the jejunal
segment were not observed.
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Photos: Washington Luiz Assungéo Pereira.

A: Callithrix jacchus kept in captivity in the CENP, with the presence of lateral back alopecia of the thorax, pelvic limbs, and tail,
compatible with clinical signs of CWD. B: Jejunal animal biopsy with CWD presenting villus atrophy (yellow arrow) (HE, 200x). C:
Photomicrography of jejunal biopsy from control animal. Normal villus (red arrow) (HE 200x). D: Electron microscopy of jejunal
biopsy. Normal microvilli of control animals (yellow arrowhead). E: Electron microscopy of jejunal biopsy from animal with CWD

showing atrophy and destruction of microvilli (red arrowhead).

Figure 1 — Clinical and pathological aspects of CWD
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The ultrastructural study of jejunal biopsies showed
that control animals had intact villus and microvilli and
did not present alterations in their structure (Figure 1D).
On the other hand, the samples from animals with
CWD presented alterations of atrophy and destruction
of microvilli (Figure TE).

DISCUSSION

According to Yoshimoto et al.? and Gore et
al.8, the main characteristic of CWD is the marked
loss of body condition of animals with persistent
muscular hypotrophy. Moraes et al.'® reported, in
addition, chronic and unresponsive diarrhea, muscle
weakness. In this context, Schroeder et al."' observed
progressive cachexia, tail alopecia, nephritis, and
intermittent diarrhea, corroborating with the clinical
findings observed in this study.

Moraes et al.’® reported that CWD was described
in newly weaned primates and subsequently expanded
to include marmosets of any age. In this sense, all
animals of the present study diagnosed with CWD were
adults and survived, on average, three months after
the symptoms appeared, corroborating the findings of
Diniz® and Yoshimoto et al.’. In addition, S&° observed
that this disease affects captive callitrichids of different
species and both sexes, like what was observed in this
experiment.

The histopathological findings of this study were
different from those described by S&°; no inflammation
or any surface parasitic form was observed. In view of
this, severe atrophy of villus and malabsorption were
found, the same as described by Sdepanian et al.'® in
human celiac disease.

When studying non-human primates affected by
CWD, Sé&° stated that these animals had chronic
immune-mediated enteritis comparable with human
celiac disease, with loss of the absorptive surface of the
small intestine and secondary malnutrition, identical to
what was observed in the present study.

Sources of protein such as wheat, soybeans, and
milk are included in the diet of several callitrichids
farms. However, an experiment by Gore etal®
demonstrated that the gliadin protein, present in wheat,
can cause an immune reaction in Saguinus oedipus and
C. jacchus intestine, similar to findings related to celiac
disease in humans, such as mucosal villus atrophy
of the small intestine, compromising the absorption
of nutrients, vitamins, minerals, and water. Therefore,
based on the experiment of these authors, it could be
considered the possibility of an immune reaction to
wheat protein, promoting the atrophy of small intestine
villus of the animals in this study caused by their diet
with dog food containing grains, which is not part
of the natural diet of marmosets and can cause
a reaction.

Moreover, Kuehnel et al?® demonstrated that

gluten-containing diets determine the occurrence of
a reaction in marmosets blood biochemistry similar to
those observed in celiac disease in humans, with an
increase in anfi-gliadin antibody concentrations. This

finding can be evidence that the diet might be the
beginning of CWD in marmosets.

According to Sdepanian et al.'3, the celiac disease
diagnosis is made by histopathological examination
of jejunal mucosa endoscopic biopsy, in which the
flattening of the villus is evidenced. The same result was
observed in this study.

Gozalo and Montoya' believe that chronic exposure
to the diet offered in captivity, which contains allergenic
antigens, leads to the development of colitis. Among
the causes of this syndrome commonly mentioned
are genetic origin, stress, excessive vitamin E, zinc
deficiency, mycoplasma infections, viral infections,
poisoning by heavy metals, among other causes®'>.

Moraes et al.’® also reported as one of the
causes of CWD the infection by pancreatic nematode
Trichospirura leptostoma that obstructs the bile ducts;
although Sousa et al.* considered that the etiology
of CWD is very difficult to determine and can be
associated with Platynosomum infection.

Chalifoux et al.'® attributed CWD to the
occurrence of chronic colitis, characterized by mono
and polymorphonuclear infilirates in  the mucous
membrane and submucous of the colon, associated
with a decrease in the number of goblet cells, abscesses
formation in intestinal crypts, and atypical epithelial
cells. According to Logan and Khan'’/, chronic colitis
is the most common contributory factor for CWD due
to the release of inflammatory cytokines, such as tumor
necrosis factor-alpha, causing loss of chronic muscle
mass secondarily.

Still in relation to the causes of CWD in callitrichids,
S&° demonstrated that the disease does not derive from
protein-calorie  malnutrition and  steatorrhea, which
indicates gastrointestinal malabsorption. It was not due
to pancreatic insufficiency, since it was found active
trypsin in the feces of the animals studied. Changes in
diet may also be determinant to decrease the problems
related to the CWD, especially regarding the protein
intake imbalance and the type of the protein'®'8. In this
study, the control group received the same diet as the
experimental group, which shows that it is not the diet
alone that causes CWD. Therefore, more research is
necessary to clarify its origin.

CONCLUSION

Callitrichids ~ with  CWD  symptoms  presented
atrophy and destruction of the jejunal villus in the
histopathological and ultrastructural  analysis, which
is a cause of malabsorption of nutrients, leading to
malnutrition and loss of weight and muscles, peculiar
signs of the CWD. These findings contribute to a better
pathophysiology understanding of the disease and help
solve this issue in captive marmosets.
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