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Multisystemic Eosinophilia Resembling
Hypereosinophilic Syndrome in a Colony-Bred
Owl Monkey (Aotus vociferans)

Alfonso S Gozalo,"*" Helene F Rosenberg,> William R Elkins,! Enrique ] Montoya,* and Richard E Weller’

In animals, multisystemic eosinophilic disease is a rare condition characterized by eosinophilic and lymphoplasmacytic
infiltrates in various organs. This disorder resembles the human disease known as hypereosinophilic syndrome, a condition
defined by prolonged peripheral eosinophilia in the absence of recognizable etiology and associated with end-organ dam-
age. In this report we describe a research-naive, colony-born, juvenile female owl monkey (Aotus vociferans) who presented
clinically with severe respiratory distress and histologically with multiple end-organ infiltration with phenotypically mature
eosinophils, plasma cells, and lymphocytes. No tumors or infectious agents were noted either macroscopically or microscopi-
cally. Cultures from lung samples revealed no bacteria or fungi. Histologic examination of lung, heart, thymus, liver, spleen,
kidney, adrenal, pancreas, stomach, small intestine, and colon revealed no migrating nematode larvae, other parasites, or
foreign material that might trigger eosinophilia, nor was there any evidence of or history consistent with an allergic etiol-
ogy. Given that we ruled out most exogenous and endogenous triggers of eosinophilia, the signs, symptoms, and pathologic
findings support the diagnosis of multisystemic eosinophilic disease. To our knowledge, this report is the first description

of presumptive hypereosinophilic syndrome in a nonhuman primate.

Abbreviation: HES, hypereosinophilic syndrome.

Multisystemic eosinophilic disease is a rare condition char-
acterized by eosinophilic and lymphoplasmacytic infiltrates in
multiple organs.!® The clinical signs vary according to the organs
affected.!® This disorder resembles the human disease known
as hypereosinophilic syndrome (HES), a condition defined by
prolonged peripheral eosinophilia (greater than 1.5 x 10°/L
for more than 6 mo) in the absence of recognizable etiology
and associated with end-organ damage.!'>!8 Clinically this
disease has been a diagnosis of exclusion, but because blood
and tissue eosinophilia typically are detected in association
with Th2 cytokines elicited in response to parasitic, allergic,
and hypersensitivity disorders, the recent identification of the
hematopoeitic stem cell microdeletion in a subset of HES pa-
tients has aided in both diagnosis and in selecting therapeutic
options.>!* This gene rearrangement has not yet been reported
in animals in association with multisystemic eosinophilic
disease-hypereosinophilic syndrome, which remains a diag-
nosis of exclusion.!”

Here we describe an owl monkey (Aotus vociferans) with
multisystemic tissue eosinophilia resembling hypereosinophilic
syndrome. To our knowledge, this report is the first description
of presumptive hypereosinophilic syndrome in a nonhuman
primate.
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Case Report

The Center for Reproduction and Conservation of Nonhuman
Primates is located close to Iquitos in the tropical rain forest of
Peru. Briefly, colony animals were housed as breeding pairs with
their offspring in 2 m (height) x 1 m (depth) x 1 m (width) cages,
fed an in-house prepared biscuit, and kept in a mosquito-proof
building screened with wire mesh under natural temperature
and photoperiod conditions. All animal procedures followed the
institutional guidelines of Universidad Nacional Mayor de San
Marcos on animal care and use. The Center for Reproduction
and Conservation of Nonhuman Primates is a breeding colony,
and no experimental manipulation is performed on the animals.
Quarantine procedures for newly arrived monkeys included
a 30-d quarantine, during which animals received a physical
examination; were weighed, tattooed, tuberculin-tested, and
dewormed with thiabendazole; and underwent parasitologic
examinations by direct fecal exams and fecal flotation methods.
Colony animals were examined quarterly, when they received
a physical exam and fecal parasitologic tests. If diarrhea was
noted, fecal samples were collected and cultured for pathogenic
enterobacteria and the animal treated accordingly.

A research-naive, colony-born, 19-mo-old juvenile female
owl monkey (Aotus vociferans) presented with respiratory
distress. Severe increased inspiratory effort on auscultation
was accompanied by mucosal cyanosis. The clinical condition
declined rapidly, so the decision was made to euthanize the
monkey without pursuing further clinical tests and to perform
a necropsy. At necropsy, the animal’s weight was 868 g, which
was appropriate for age and gender, and body condition was
good. A foamy clear discharge was observed at the nares, and
similar foamy clear discharge was noted when the trachea was
exposed. Lungs were diffusely congested, and on cut section,
a clear foamy discharge in the bronchi was noted. All other

303



Vol 48, No 3
Journal of the American Association for Laboratory Animal Science
May 2009

organs appeared normal on gross examination. A preliminary
diagnosis was made of acute lobar pneumonia. Tissue samples
from lungs and major organs were fixed in 10% neutral-buffered
formalin, embedded in paraffin, sectioned at 5 ym, and stained
with hematoxylin and eosin for light microscopy examination.
In addition, samples taken from the lungs were cultured in blood
agar, nutrient agar, McConkey agar, and Saboureaud agar under
aerophilic conditions, incubated at 37 °C, and evaluated at 24,
48, 72,96, and 120 h. Colonies were identified by using routine
differential biochemical media.

Histologically, the lungs were diffusely congested, and small
areas with increased numbers of alveolar macrophages contain-
ing cellular debris were present. Small aggregates of mature
eosinophils, plasma cells, and lymphocytes in association with
bronchi were noted (Figure 1). In addition, perivascular and
peribronchial edema was found (Figure 2). Moderate to large
numbers of mature eosinophils, plasma cells, and lymphocytes
were diffusely scattered in the submucosa, lamina propria, and
mucosa of the stomach and small and large intestines (Figure 3).
The region of the pancreas adjacent to the duodenum showed
extensive coagulative necrosis (Figure 4). The kidneys showed
trace focal mononuclear cell infiltration and small numbers of
mature eosinophils lining the papilla and, in some areas, infil-
trating the cortex and glomeruli (Figures 5 and 6). Acute, mild,
multifocal, renal tubular epithelial necrosis characterized by loss
of cellular detail, cytoplasmic vacuolation, and pycnotic nuclei
was present also. Several tissues contained eosinophils under-
going degranulation (Figure 7). The spleen had slight myeloid
hyperplasia composed of increased numbers of cells diffusely
distributed in the red pulp. Occasionally mature eosinophils
were present in the lumen of large blood vessels. No evidence
of parasitic, bacterial, fungal, viral, or inorganic material was
noted grossly at necropsy or microscopically during histologic
examination of lungs, gastrointestinal tract, and kidneys. No
bacterial or fungal organisms were isolated from the lung sam-
ples submitted for microbiologic examination.

Discussion

Multisystemic eosinophilic disease has been identified in
humans,!” dogs,>? cats,312132! ferrets,® and horses.!® In animals,
the diagnosis can be complicated because multiple conditions
can be accompanied by eosinophilia, and clinical histories are
not always easy to obtain. In humans, traditionally the diagnosis
of HES has required that 3 conditions be met. First, the subject
must have at least 6 mo of sustained blood eosinophilia. Second,
all other known etiologies for eosinophilia must be ruled out,
and third, signs and symptoms of end-organ involvement must
be present.!” Our improved understanding of the molecular ba-
sis of human HES has permitted these criteria to be appreciated
within a larger context. We now understand HES as a heteroge-
neous group of disorders, some of which are better understood
than others. The most clearly defined are those that arise from
rearrangements in the gene for platelet-derived growth factor
receptor o, in which a microdeletion on chromosome 4q12 in a
hematopoietic stem cell results in fusion of this receptor with
the sequence of FIP1L1. Persons with this form of HES respond
readily to the tyrosine-kinase inhibitor imatinib, in contrast to
patients with the more poorly defined clonal T cell disorders,
whose eosinophilia is secondary to overproduction of the Th2
cytokine IL5—this patient subset responds more readily to
antilL5 therapy.!1518 These subsets of HES have not yet been
defined or explored in nonhuman animal species.

When recruited into tissues, eosinophils release the secretory
mediators stored in specific granules and activate NADPH
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Figure 1. Aotus vociferans. Lung. Bronchus. Small aggregates of mature
eosinophils, plasma cells, and lymphocytes are present between the
cartilage and muscularis. Hematoxylin and eosin stain; magnification,
x1000.
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Figure 2. Aotus vociferans. Lung. Marked perivascular and peribron-
chial edema (asterisk) and peribronchial cellular infiltrate (arrows).

Hematoxylin and eosin stain; magnification, x40.
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3. Aotus vociferans. Small intestine. Large numbers of mature
eosinophils, plasma cells, and lymphocytes diffusely scattered in the
submucosa, lamina propria, and mucosa. Hematoxylin and eosin

stain; magnification, x400.
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Figure 4. Aotus voczfemns Pancreas Reglon of the pancreas ad]acent to
the duodenum showing extensive coagulative necrosis. Hematoxylin
and eosin stain; magnification, x40.

Figure 5 Aotus vociferans. Kidney. Mature eosmophlls mﬁltratmg the
corticomedullary junction. Note the renal tubular epithelial necrosis
and protein deposits in the Bowman capsule space. Hematoxylin and
eosin stain; magnification, x400.

oxidase; the release of oxygen metabolites and cationic proteins
from eosinophils may be partially or even wholly responsible
for the tissue damage observed in hypereosinophilic syndrome.’
Interestingly, although the owl monkey eosinophil is morpho-
logically indistinguishable from that of its human counterpart,
2 of the primary cationic secretory mediators of eosinophils,
eosinophil cationic protein and eosinophil-derived neurotoxin,
have undergone substantial Darwinian evolution (d/d; > 1)
within primate species; the owl monkey genome encodes only
eosinophil-derived neurotoxin.!®?3

In the present case, no tumors or infectious agents were noted
either macroscopically or microscopically. The unexplained hy-
perproliferation of a single cell type always raises suspicion of
neoplasia, but no promyelocytes or atypical eosinophils were ob-

Hypereosinophilic syndrome in Aotus

Figure 6. Aotus voczfemns K1dney Mature eosinophils in glomerulus
(arrowheads). Hematoxylin and eosin stain; magnification, x1000.

served during histologic examination of blood vessels, as would
be expected if this animal had eosinophilic leukemia.” However,
a bone marrow sample is necessary to confirm the absence of
neoplastic disease. Cultures from lung samples revealed no
bacteria or fungi. In addition, histologic examination of lung and
major organs did not reveal migrating nematode larvae or other
parasites or foreign material that might trigger eosinophilia.
The animal had not undergone grafts or transplants or been
treated with drugs, permitting us to rule out graft-versus-host
and drug-induced diseases resulting in eosinophilia. Because
we observed no lesions consistent with systemic sclerosis and
biliary cirrhosis, an autoimmune etiology is likewise unlikely.>?
Allergic diseases such as rhinoconjunctivitis, atopic dermatitis,
esophagitis, and colitis were not observed on gross specimen or
microscopically and are inconsistent with systemic disease of
such severity.” 10 Although no new food items were introduced,
we were unable to rule out food allergy completely as the cause
of the eosinophilia. However, this case would be an unusual
picture of food allergy, because the diet provided to this animal
has been used in this large nonhuman primate colony for more
than 10 y with no signs of intolerance in owl monkeys. Similarly,
although severe respiratory distress was noted in this animal
and prompted its euthanasia, bronchial asthma was ruled out
after microscopic examination because eosinophils were present
in other organs in addition to the lungs, a disease picture that
is likewise inconsistent with asthma alone.

Bolivian owl monkeys (Aotus azarae boliviensis) with periph-
eral blood eosinophilia (10-fold increased compared with other
Aotus species) and increased bone marrow eosinophilopoiesis
(increased 5 times that in other Aotus species) have been de-
scribed, but, in contrast to the present report, no infiltration of
tissues or evidence of end-organ damage has been reported.!
It would be intriguing to compare and contrast functional
parameters, such as degranulation and serum cytokine levels,
to determine why peripheral eosinophilia is readily tolerated
in one Aotus species whereas organ damage clearly results
in another. Recently, eosinophilic bronchitis in a colony-born
macaque (Macaca mulatta), which died of severe respiratory
distress unresponsive to therapy, was reported.* However, in
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Figure 7. Aotus vociferans. Small intestine. Lamina propria. Eosinophils
undergoing degranulation (arrow) next to a crypt (arrowhead). Hema-
toxylin and eosin stain; magnification, x1500.
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that case, eosinophils infiltrated the lungs only and were not
present in other organs.

The owl monkey we describe presented and was evaluated in
1989, before the recent advances made toward understanding
the genetic basis of human HES, and we do not have access to
peripheral blood cells, serum, or bone marrow aspirates which
might provide a definitive diagnosis. Regardless, as mentioned
earlier, HES in animals remains a diagnosis of exclusion, and
in our case, the evidence collected from this owl monkey with
multiple end-organ infiltration with phenotypically mature
peripheral eosinophils supports the diagnosis of multisystemic
eosinophilic disease resembling HES. To our knowledge, this
report is the first description of presumptive hypereosinophilic
syndrome in a nonhuman primate.
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