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Laboratory Animal

Eosinophilic Airway Inflammation
in a Cynomolgus Monkey

N. Shirai and F. J. Geoly

Abstract
The present article describes an occurrence of eosinophilic airway inflammation of a 4-year-old female cynomolgus monkey in a
vehicle control group of a routine toxicology study. Histologically, the airway lesion was characterized by prominent eosinophilic
infiltrates, accompanied by mast cells, lymphocytes, and plasmacytes. The eosinophilic infiltrates were distributed throughout the
airway: from trachea through respiratory bronchioles in the lung. The morphological feature of the lesion was indicative of an
allergic airway disorder that can occur in humans with asthma. The present case is remarkable in that there is a paucity of reports
on naturally occurring allergic airway disorders in nonhuman primates.
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Human allergic disorders, such as anaphylaxis, hay fever,

eczema, and asthma, have been increasing in the developed

world, with roughly 25% of the population currently being

affected.4 For many asthma patients, the disease has its roots

in infancy, and factors both genetic and environmental contrib-

ute to its inception and evolution.2 Allergic asthma can be

referred to as abnormal adaptive immune responses in the

airway. Briefly, this begins with presentation of an allergen

to naive CD4þ helper T cells by dendritic cells. Then,

T-helper-2 (TH2) cells are generated and cytokines (IL-4,

IL-5, IL-13) are released from TH2 cells. These cytokines

induce activation of eosinophils (IL-5) and immunoglobulin

E–producing (IgE-producing) B cells (IL-4 and IL-13) and

mast cells (IL-4); subsequently, IgE binds to mast cells. After

that, exposure of IgE-coated mast cells to the allergen leads

to the release of proinflammatory mediators (including those

stored in the cytoplasmic granules), lipid-derived mediators,

and newly synthesized cytokines, chemokines, and growth fac-

tors, as well as other mediators. These induce the recruitment

and activation of TH2 cells, eosinophils, and other leucocytes

and the persistent mediator production by resident cells (such

as mast cells). Prolonged or repetitive exposure to specific

allergens ultimately results in airway remodeling, character-

ized by goblet cell hyperplasia and increases in submucosal

tissue, the adventitia, and smooth muscle.4,13

The animal was a captive-bred 4-year-old female cynomol-

gus monkey (Macaca fascicularis), which was originally from

Mauritius, obtained via commercial supplier and kept at our

facilities for 18 months, then assigned to a vehicle (0.5%
methylcellulose) control group consisting of 3 females for a

1-month oral toxicity study. The monkeys were housed in

same-sex pairs in stainless-steel cages in a single room with

a temperature of 70� + 5�F (21� + 3�C), a relative humidity

of 50 + 10%, a minimum of 12 air changes per hour with air

filtered through 90 to 95% efficiency filters, then through high-

efficiency particulate air (HEPA) filters, and an approximately

12-hour light/dark cycle. A standard diet of pelleted food

(Certified Primate Diet 5K91, PMI Feeds, Inc, Gray Summit,

MO) supplemented with vegetables and/or fruit was provided

twice daily, and municipal drinking water, purified by reverse

osmosis, was provided ad libitum. Clinical signs were observed

daily during the study. Blood samples for hematology and

serum chemistry determinations were collected by inguinal

venipuncture from monkeys 2 days before the study (day –2)

and on day 7 and day 30 of the study. After the last blood

sampling, the monkey was euthanized and necropsied. All

experiments involving animals were carried out in compliance

with national legislation and subject to local ethical review.

Representative tissue samples were collected, fixed in 10%
buffered formalin, and routinely processed to hematoxylin and

eosin slides for microscopic examination.

Reportedly, the monkey had a history of exhibiting intermit-

tent dry cough 3 months and 6 months before the study. No

remarkable respiratory signs were noted during the study. The
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Figure 1. Trachea; cynomolgus monkey. Eosinophilic infiltration in the epithelium, lamina propria, and tracheal glands. HE. Figure 2. Trachea;
cynomolgus monkey. A large number of mast cells (arrowheads) in the lamina propria. Mast cell granules are stained purple. Toluidine blue
stain. Figure 3. Normal lung; cynomolgus monkey. Normal feature of the lung obtained from a nonaffected monkey. HE. Figure 4. Lung;
cynomolgus monkey. Diffuse eosinophilic infiltration in the bronchi. HE. Figure 5. Lung, bronchus; higher magnification of Figure 4.
Intraepithelial infiltration of eosinophils, hypertrophic smooth muscle cells, lamina proprial infiltration of lymphoplasmacytic cells and
eosinophils, and accumulation of eosinophils and mucus in the peribronchial glandular duct. HE. Figure 6. Lung, bronchiole; cynomolgus
monkey. Eosinophilic infiltration in the bronchioles (arrowheads). HE.
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monkey gained 0.7 kg during the last 8 months (from 2.9 kg to

3.6 kg). Hematological examination revealed increased circu-

lating eosinophil counts in this animal. Eosinophil counts on

day –2 (561/ml) slightly exceeded the range (51 to 289/ml)

obtained from samples at multiple points of the other 2 female

monkeys in the same control group and furthermore increased

to 1,516/ml and 1,400/ml on day 7 and day 30, respectively.

Other hematological parameters and serum chemistry para-

meters remained within the historical normal range. No gross

pathology observations were recorded. Microscopic examina-

tion revealed mild to moderate diffuse infiltration of eosino-

phils in the trachea, intrapulmonary bronchi, bronchioles, and

terminal and respiratory bronchioles of the left and right lobes

of the lung. In the trachea, moderate diffuse infiltration of eosi-

nophils was observed in the epithelium, accompanied by slight

infiltration of lymphocytes, plasmacytes, and eosinophils in the

lamina propria (Fig. 1). A considerable number of mast cells, as

identified with toluidine blue stain, was also found in the

lamina propria (Fig. 2). Pulmonary changes consisted of infil-

tration of eosinophils and associated epithelial degeneration of

bronchial mucosa. When compared to normal lung (Fig. 3),

there was an accumulation of eosinophils and mucus within

peribronchial glandular ducts, a slight increase in the size of

peribronchial lymphatic tissue, and a slight degeneration/

hypertrophy of smooth muscle cells in the bronchi (Figs. 4,

5). The terminal and respiratory bronchioles were also infiltrated

with eosinophils along their walls (Fig. 6).

In humans, morphologic changes in asthma have been prin-

cipally described in patients with fatal asthma. Those include

occlusion of the bronchial lumen by mucus, an inflammatory

infiltrate in the bronchial walls with a prominence of eosino-

phils and mast cells, hypertrophy of the bronchial smooth mus-

cle, an increase in size of the submucosal glands, and a

thickening of the basement membrane of the bronchial epithe-

lium.7 In patients with asthma with mild to moderate disease,

substantial inflammation has been seen in bronchial-biopsy

specimens. Although not observed uniformly, denudation of

the airway epithelium, deposition of collagen beneath the base-

ment membrane, mast cell degranulation, and infiltration of the

airway by lymphocytes and eosinophils have been found.2

The present case exhibited prominent airway eosinophilia

and peripheral blood eosinophilia, which are characteristic fea-

tures of allergic inflammation and components of asthma. An

allergen presentation may have generated TH2 lymphocytes

and contributed to the airway eosinophilia, given that the

TH2 cytokine IL-5 is known as a central factor mediating eosi-

nophil expansion, priming, recruitment, and prolonged tissue

survival in response to allergic stimuli.10 A formerly recorded

dry cough, which was noted 3 and 6 months before the study,

may have implied the persistent nature of the disorder. Many

investigators have used monkeys to model allergic asthma or

airway responses. A majority of nonhuman primates caught

in the wild demonstrate skin test sensitivity to Ascaris antigen,

presumably from prior natural exposure to Ascaris suum. Con-

sequently, subsequent airway challenge of sensitized monkeys

with Ascaris extracts results in asthmatic reactions, including

airway eosinophilia and hyperresponsiveness.9 The allergens,

however, are not common environmental antigens. In addition,

various allergic asthma models have been experimentally

developed in nonhuman primates (principally rhesus and cyno-

molgus macaques) by sensitization and subsequent airway

challenge with A suum,14 house dust mite allergen (Dermato-

phagoides farinae),8,12,15 and birch pollen allergens.3 Many

investigators have experimentally demonstrated a prominent

infiltration of eosinophils in the airway of nonhuman primates

following a repeated inhalation of such allergens,6,8,9,12,14 and

this finding is consistent with the present case.

Spontaneous allergic airway inflammation seems to be rare

in monkeys, but a natural occurrence of Japanese cedar

(Cryptomeria japonica) pollenosis in Japanese monkeys

(Macaca fuscata) has been reported.11 The present case is

remarkable in that there is a paucity of reports on spontaneous

allergic airway inflammation in nonhuman primates.

Although immunologic examinations supporting the evi-

dence of allergy (eg, measurement of specific IgE) were not

performed in the present case, the distribution and features of

the microscopic lesions were consistent with allergic airway

responses and could correspond to an early or mild phase of the

asthmatic disease process. Possible allergens include dusts,

foods, pollens, cage-cleaning solvents, and so on, but poten-

tially any environmental antigen is implicated.

Pulmonary acariasis (Pneumonyssus simicola) is one of the

most frequent parasites in nonhuman Old World primates and

sometimes causative of bronchitis, accompanied by eosino-

phils. However, the lesions in pulmonary acariasis appear to

be multifocal distribution rather than diffuse airway inflamma-

tion, accompanied by various degrees of pyogranulomatous

reaction and associated with golden-brown pigmented mate-

rial, both free and within macrophages.1 These findings are

inconsistent with the present case. Hypereosinophilic syn-

drome was recently reported in a colony-bred owl monkey

(Aotus vociferans), which was characterized by multisystemic

eosinophilia affecting lung, gastrointestinal tracts, and kidney

in the absence of recognizable etiology.5 However, the sys-

temic nature of this syndrome does not match with the present

case.
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