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Mouse Models

Rakowski-Anderson et al. Fecal Corticosterone Levels in RCAN1 Mutant Mice, pp. 87-94
Primary Species: Mouse (Mus musculus)
 

SUMMARY: Regulator of Calcineurin 1 (RCAN1) is related to the expression of many human neurological diseases including Downs syndrome, Alzheimer’s, and Chromosome 21q deletion syndrome. Loss of RCAN1 results in altered CaN signaling, impaired synaptic plasticity, and deficits in spatial learning. RCAN1 knockout mice have been shown to have reduced levels of innate anxiety and reduced associative cued fear memory. While the over expression of human RCAN1 in mice leads to increased anxiety as measured by an elevated plus maze. 
Corticosterone is a glucocorticoid that is produced in the zona fasicularis of the adrenal glands and is released under stimulation of the hypothalamic-pituitary-adrenal axis. Its release is triggered by the stress response regulated by the paraventricular nucleus. Stress induced functions of glucocorticoids include increasing available glucose, improving cardiovascular tone, and inhibiting GI , reproductive, and immune systems. Plasma corticosterone levels have a well defined circadian rhythm in most vertebrates with a 5 to 10 fold increase throughout the day. This peak is toward the end of the dark period for most diurnal animals and toward the end of the light period for most nocturnal species. 

It was hypothesized that corticosterone levels might be related to this change in anxiety on these two animal models. Corticosterone metabolites where measured in feces at 4 hour intervals for one 24 hour period in wild type controls, RCAN1 knockout, and RCAN1 transgenic models to overexpress this gene. There was no difference in the corticosterone levels between the male knockout and male controls.  There was a slight but significant increase in the levels between male RCAN1 transgenic and controls, however it is hypothesized this may be due to the different genetic background of these two groups. There was a 70% increase in the corticosterone levels in female RCAN1 transgenic mice and their controls. 

Animal Models mentioned in article:

· BTBR mice – model for autism

· Fmr1- knockout – model for fragile X syndrome

QUESTIONS:
1. 
Which human disease does Fmr 1- knockout mice model?

a. 
Autism

b. 
Down’s syndrome

c. 
Fragile X Syndrome

d. 
Alzheimer’s Disease

2. 
Where in the adrenal gland is corticosterone produced?

a.
Zona fasicularis of the cortex

b.
Zona glomerulosa of the medulla

c.
Zona reticularis of the cortex

d.
Zona fasicularis of the medulla

3. 
In a 7am-7pm light cycle, when would you expect to see the highest spike in fecal corticosterone concentration in a non-human primate?

a.
4 am

b.
4 pm

c.
10 am

d.
10 pm

ANSWERS:
1.  
c
2.  
a
3. 
a 
Aitken-Palmer et al. Cutaneous B-Cell Lymphoma in a Perdido Key Beach Mouse (Peromyscus poliontus trissyllepsis), pp. 95-98

Domain 1; Task 3 - Diagnose Spontaneous or Experimental Disease Conditions

Tertiary Species: Other Rodents
SUMMARY:  The authors presented a case report of a Peromyscus species mouse that was found to have a generalized pruritic, alopecic and ulcerated skin condition.  This animal was part of a captive breeding program run by the Florida Fish and Wildlife Conservation Commission due to this species being highly endangered.  Naturally this mouse is indigenous to the panhandle beaches of Northwest Florida and their population numbers have remained below 500 since being listed as endangered in 1985 due to hurricane and real estate development induced habitat destruction.

This female mouse was noted to have asymmetrical alopecia and pruritus for about 2 weeks before she was presented for exam.  She was housed with a male and had produced offspring in the past.  Differentials included conspecific over-grooming; trauma; allergic, bacterial or fungal dermatitis; or ectoparasites, however skin scraping and tape preps were negative.  She was isolated and started on Baytril, ivermectin, and diphenhydramine empirical therapy, but the skin lesions continued to progress to ulcerations covering most of her body.  She was anesthetized again 2 weeks after presentation and a skin biopsy was obtained which showed chronic, marked lymphoplasmacytic dermatitis with pustules and basilar cell apoptosis-indicating bacterial dermatitis or possible neoplasia.  Due to no response to treatment, the mouse was humanely euthanized 1 week later and submitted for necropsy.  Multifocal epitheliotropic lymphoma was diagnosed and tissues sent for immunohistochemistry where samples were positive for B cells via CD45R labeling but negative for T cells with CD3 labeling.  This was an unusual finding because most epitheliotropic lymphomas are of T cell origin, while nonepitheliotropic lymphomas can be B or T cell origin.  The authors go on to point out, however, that cutaneous B cell lymphomas do not occur spontaneously in mice, but when they are induced as a model for human lymphomas they may show epidermotropic behavior histopathologically which can cause them to resemble T cell lymphomas, thus causing misclassification if immunohistochemistry is not used-as seen in this case in the Peromyscus mouse.
The cause of the B cell lymphoma is this mouse is unknown, although the authors speculate that murine leukemia virus (which can cause B cell lymphoma in lab mice) could be a possibility in this case, but the prevalence of the virus in the Perdido Key beach mouse is unknown.

QUESTIONS:

1.  
What is the main reason given in the article for the continued threat of endangerment for the Perdido Key beach mouse?

a.  
Predation

b. 
Habitat loss

c.  
Murine leukemia virus infections

d.  
Reproductive dysfunction

2.  
What cell line do epitheliotropic lymphomas usually arise from?

a.  
B cell

b.  
T cell

c.  
Both B and T cell

3.  
Which of the following neoplasms are more common in the Perdido Key beach mouse?

a.  
Squamous cell carcinoma

b. 
Mammary adenocarcinoma

c. 
Melanoma

d.  
Cutaneous B cell lymphoma

4.  
On histopathology of this case, there was a lymphocyte infiltration that extended into overlying epidermis where it formed discrete aggregates surround by a clear halo.  What is this histopath presentation called?

a.  
Pautrier microabscess 

b. 
Splendore-hoeppli reaction

c. 
Angel effect

d.  
Wallerian degeneration

ANSWERS:
1.  
b
2.  
b
3.  
d. This is currently the ONLY reported neoplasm in this species.

4. 
a
Rat Model

Duachy et al. A New Apparatus and Surgical Technique for the Dual Perfusion of Human Tumor Xenografts in Situ in Nude Rats, pp. 99-108
Domain 3

Primary Species: Rat (Rattus norvegicus)

SUMMARY: A new perfusion system and surgical technique for simultaneous perfusion of 2 tissue-isolated human cancer xenografts in nude rats by using donor blood that preserves a continuous flow. This new perfusion system and technique reduced procedure time by more than 50%. Adult, athymic nude rats (Hsd:RH-Foxn1rnu) were implanted with HeLa human cervical or HT29 colon adenocarcinomas and grown as tissue-isolated xenografts.

The findings demonstrate that 2 human tumors can be perfused simultaneously in situ or ex vivo by using either rodent or human blood and suggest that the system may also be adapted for use in the dual perfusion of other organs. Advantages of this dual perfusion technique include decreased anesthesia time, decreased surgical manipulation, and increased efficiency, thereby potentially reducing the numbers of laboratory animals required for scientific investigations.

QUESTIONS:
1. HeLa human cervical cancer cells or HT29 human colorectal cells in 0.1 mL culture media were inoculated subcutaneously on the flank immediately caudal to the right axilla in female (HeLa) or male (HT29) mice, respectively, and the tumors grew as solid masses. These are examples of:

a. Autografts

b. Xenografts

c. Allografts

d. Isografts

2. Advantages of this dual perfusion technique include
a. Decreased anesthesia time, 

b. Decreased surgical manipulation, and 

c. Increased efficiency, thereby potentially reducing the numbers of laboratory animals required for scientific investigations.

d. All the above

ANSWERS: 

1.  
Xenograft transplant from another species.

2. 
d. All the above
Guinea Pig Model
deOgburn et al. Effects of Increased Dietary Cholesterol with Carbohydrate Restriction on Hepatic Lipid Metabolism in Guinea Pigs, pp. 109-115
Domain 3: Research

Secondary Species: Guinea Pig (Cavia porcellus)
 

SUMMARY: This article is original research studying nonalcoholic fatty liver disease (NAFLD) using male guinea pigs (Cavia porcellus) as an animal model. NAFLD is now considered the most common form of chronic liver disease and is currently estimated to affect 30% of the US adult population. The development of NAFLD is most commonly due to obesity and insulin resistance; as a result, NAFLD is the hepatic manifestation of the  metabolic syndrome and is a public health concern. 

Previous animal models have attempted to mimic NAFLD; however no single model replicates the human condition. Guinea pigs have unique characteristics that most closely resemble human lipid and lipoprotein metabolism; guinea pigs transport cholesterol within LDL (low density lipoprotein). 

Low carbohydrate diets (LCD) improve insulin resistance and obesity and were fed to guinea pigs with high cholesterolemia in order to see if fatty liver could be attenuated. Guinea pigs were given high cholesterol supplemented diets that were either low carbohydrate or high carbohydrate for twelve weeks.

Those animals fed the low carbohydrate diet had lower plasma LDL cholesterol and higher plasma triglycerides than those animals fed the high carbohydrate diet (HCD). The most prominent finding was a 40% increase in liver weight in guinea pigs fed the LCD despite there being no difference in hepatic cholesterol or triglycerides between the LCD and HCD groups. In both groups, there were fatty liver (hepatic steatosis) changes on histological examination. The increase in the liver weight in those fed the LCD may be due to enhanced hepatocyte proliferation, given that LCD livers tended to display more proliferating hepatocytes than HCD livers. Future studies, would investigate the interaction between carbohydrate restriction and liver changes without the effect of an increase in dietary cholesterol. 

QUESTIONS:

1. 
Name the Genus and Species of the common guinea pig. 

2.  
What does NAFLD stand for? 

3.  
What feature makes the guinea pig a good model for the study of NAFLD?

ANSWERS: 

1.  
Cavia porcellus
2.  
Nonalcoholic fatty liver disease

3. 
Guinea pigs transport cholesterol within LDL, a unique characteristic resembling human lipid and lipoprotein interaction. 

Rabbit Models
Hu et al. Magnetic Resonance Imaging (MRI) Assessment of Ventricular Remodeling after Myocardial Infarction in Rabbits, pp. 116-123

Domain 3: Research; K3: Animal models (spontaneous and induced) including normative biology relevant to research

Primary Species: Rabbit (Oryctolagus cuniculus)

SUMMARY: Occlusion of the circumflex coronary artery results in extensive myocardial necrosis and fibrosis, with a decrease in myocardial contractility and function. Following infarction, the myocardium undergoes a prolonged remodeling process that induces widespread structural changes, with the ventricle becoming considerably stiffer and less compliant. The remodeling process is not limited to the infarct area. The distribution of interstitial fibrosis during ventricular remodeling is a critical determinant of the likelihood of developing congestive heart failure. The objective of this study was to understand the structure–function relationship in the postinfarcted myocardium in rabbits.  The data from this study would provide fundamental information about the adverse effects of ischemia and then subsequently be used as a comparison in future research.    

Methods: Ten pathogen-free New Zealand white male rabbits underwent left circumflex coronary artery ligation via a left thoracotomy, and 6 rabbits underwent thoracotomy only (control group).  MR imaging was performed on rabbits at 2 weeks prior to surgery and at 7 and 30 days after ligation. Gadolinium contrast-enhanced MRI was used to visualize perfusion to the myocardium by preferentially accumulating in necrotic tissue.  Data measurements obtained from retrospective short-axis and 4-chambered images included end-diastolic and end-systolic volume indices, stroke volume, ejection fraction, and cardiac output.

Results: Cardiac output and stroke volumes were comparable throughout the study.  Ejection fraction was significantly decreased and correlated poorly with heart rate post-ligation.   End-diastolic and end-systolic volumes were increased post-ligation. Cardiac force was increased in the basal region in both end-systole and end-diastole in post-ligation hearts but progressively decreased toward the apex. The basal portion of the left ventricle showed significantly increased wall thickness during end-systole post-ligation.  Wall thinning was distinctly present in the slices below the mid-ventricle. Wall motion was decreased in the slices below the mid-ventricle post ligation.  Myocardial infarct size was similar at both time points post-ligation.  There appeared to be correlation between ejection fraction and the extent of scar tissue. Ejection fractions diminished as the scar tissue mass increased.  Day 7 had a more negative correlation than day 30. 

QUESTIONS:

1. A decrease in the _____________ of the ischemic heart is an early sign of heart failure.

2. Changes in noninfarcted myocardium include(s)

a. Myocyte hypertrophy 

b. Apoptosis

c. Fiber disarray

d. Angiogenesis 

e. An increase in interstitial collagen

f. All of the above

3. Why is the rabbit’s tricuspid valve unique?

ANSWERS:

1. Ejection fraction

2. f.  All of the above

3. The tricuspid valve of the rabbit has only two cusps, rather than three in many other mammals.  

Ishikawa et al. Osteoblastic Osteosarcoma in a Rabbit, pp. 124-126

Domain 1: Management of Spontaneous and Experimentally Induced Diseases and Conditions

Primary Species: Rabbit (Oryctolagus cuniculus)
SUMMARY:  Osteosarcomas are common malignant bone tumors in people, dogs and cats.  This article is a case report of osteosarcoma in the tarsal joint of a pet rabbit.  The 7yo female rabbit with a history of uterine adenocarcinoma and leiomyoma was presented for swelling and ulceration of the right tarsal area.  Radiographs revealed a lytic lesion involving the right tarsal joint and distal tibia.  Thoracic radiographs showed enlarged mediastinal lymph nodes, but no evidence of tumor metastasis.  The tarsal mass was surgically removed, but the rabbit died 3 days later.  Necropsy and histopathological analysis were performed. The lungs contained 0.5-1mm metastases which were visible grossly as scattered gray spots.  The liver was pale and enlarged, but no tumor cells were found.  Histologically, the tarsal mass contained spindle cells with atypical nuclei.  There were also many multinucleated giant cells and mitotic figures.

In rabbits, about half of the published reports of osteosarcoma were in the skull.  The second most common site of development was appendicular joints.  In dogs, these tumors occur more commonly in large breeds, and tend to form in the forelimbs.  In cats, osteosarcomas are more often seen in the hind limbs.  

Across species, osteosarcomas are highly metastatic and tend to metastasize to the lungs.  In rabbits, other sites of metastasis include abdominal organs and subcutaneous tissue.  

In immunohistochemistry, osteocalcin can be used to mark osteoblasts (70% sensitivity, 100% specificity). In this case, osteocalcin reacted well with isolated tumor cells, including giant cells.

In dogs, serum ALP has been found to be a useful prognostic indicator for animals with osteosarcoma.  The serum ALP was elevated significantly in this rabbit.  However, the relationship between this elevation and the tumor are not well defined. 

QUESTIONS:
1. What is the most commonly reported site of osteosarcoma development in the rabbit?

a. Appendicular skeleton, forelimb

b. Appendicular skeleton, hind limb
c. Skull

d. Spine

2. What is the most common site of osteosarcoma metastasis in rabbits?

a. Subcutis

b. Liver

c. Lung

d. CNS

3. What sign of osteosarcoma formation in dogs is most likely to be similar in the rabbit?

a. Painful swelling and lameness in the forelimbs

b. Elevated ALP

c. Radiographic evidence of pulmonary metastasis

d. Increased body mass as a predisposing factor

ANSWERS: 
1.
c

2.
c

3.
c
Swine Model

Matthews et al. Anomalous Right Coronary Artery Originating from the Left Sinus of Valsalva in a Yucatan Minipig, pp. 127-130

Primary Species: Pig (Sus scrofa)
 

SUMMARY: Porcine models are commonly used in cardiovascular research because of their cardiac anatomy, similar to the human heart. So, standard human diagnostic and interventional equipment and cardiac catheterization techniques can be used in swine models for assessment of catheter-based interventional devices. In this case, the authors report an anomalous origin of the right coronary artery (RCA) from the anterior descending branch artery that was an incidental finding during coronary stent placement. The right coronary artery abnormally arose from the left coronary sinus, this deviation was seen incidentally on coronary angiography. Histopathologic evaluation revealed a thin layer of fibrocellular  neointimal formation present in all stented vessel segments. Neointimal proliferation was slightly increased in the RCA, compared to the other two stented vessels, likely because of the overlapping stent segments. These findings support the diagnosis of a clinically silent coronary artery anomaly. Animals with this condition may be vulnerable to electrical or mechanical complications during interventional procedures or during prolonged follow up.

 

QUESTIONS:
1.  T or F. The normal coronary anatomy of pigs and humans includes three primary arteries that arise from two of the three sinuses above the semilunar cups of the aorta, known as sinuses of Valsalva.

2.  T or F. The RCA arises from the right sinus of Valsalva and travels between the right auricle and pulmonary trunk on its way to the coronary groove.

3. 
Regarding coronary anomalies, what clinical signs can potentially lead such anomalies?

 

ANSWERS: 

1. 
True

2. 
True

3. 
These anomalies can lead to chest pain, arrhythmias, myocardial infarction and heart failure.

 

 

Nonhuman Primate Models
Nunamaker et al. Chronic Diseases in Captive Geriatric Female Chimpanzees (Pan troglodytes), pp. 131-136
Domain 3: Research

Tertiary Species: Other nonhuman primates
SUMMARY: The goal of the current study was to identify chronic diseases and their prevalence in the geriatric female chimpanzees of the Alamorgo Primate Facility colony (older than 35 years old). The population of captive chimpanzees is aging and age-related disorders and diseases are expected.  Overall, 14 of the 16 (87.5%) geriatric female chimpanzees evaluated in the current study had some form of chronic disease. 43.75% met the criteria of 3 of the 5 qualifying conditions (overweight, fasting hyperglycemia, low HDL, hypertryglyceridemia or hypercholesterolemia, and systemic hypertension) and had metabolic syndrome. Metabolic syndrome is a name given to a group of risk factors that are associated with increased risk of stroke, coronary artery disease, and type 2 diabetes. 31.25% had some form of kidney related disease. Glomerulonephropathy is the most commonly diagnosed renal abnormality in that colony. 81.25% had cardiovascular-related disease. This cardiovascular abnormality manifested either as hypertension, ventricular hypertrophy, bundle branch block, pericardial effusion, tachycardia, or auscultable systolic murmur. These findings suggest that geriatric female chimpanzees require frequent monitoring, to identify changes in their health status and response to treatment. 

QUESTIONS: 

1.
T or F: spontaneous heart disease and sudden cardiac health death are well-documented conditions in adult and geriatric chimpanzees and are the leading cause of death in this species

2.
T or F: the conditions used to define metabolic syndrome in humans are different from the conditions used to define metabolic syndrome in chimpanzees.

3.
T or F: a thorough semiannual physical exam is recommended for the geriatric chimpanzee population, with monthly health checks and monitoring of response to therapy

4.
T or F: systemic hypertension, a component of metabolic syndrome, can be reduced with weight loss and further managed with use of enalapril or amlodipine

ANSWERS:

1. T

2. F. The same conditions are used in humans and chimpanzees: overweight, fasting hyperglycemia, low HDL, hypertryglyceridemia or hypercholesterolemia, and systemic hypertension
3. T      

4. T

Turk et al. Chronic Anemia and Effects of Iron Supplementation in a Research Colony of Adult Rhesus Macaques (Macaca mulatta), pp. 137-141

Domain 1: Management of Spontaneous and Experimentally Induced Diseases and Conditions; Task 4: Treat disease or condition as appropriate

Primary Species: Macaques (Macaca spp)
SUMMARY: This case study looked into a cohort of rhesus macaques from MIT with chronic anemia. Hematocrits less than 30% were found during routine physical exams in cranial implant models and anemia was defined by this value consistently persisting for at least one year. Diagnostics were done in several anemic and normal animals to characterize the anemia and identify a cause. Tests included a CBC, bone marrow evaluation, iron panels, and serum erythropoietin and hepcidin concentrations. A diagnosis of either iron-deficiency anemia (IDA) or anemia of chronic disease (ACD) combined with iron-deficiency anemia was supported by the results of increased serum levels of erythropoietin and low iron. Causes include blood loss from surgery; dura scrape procedures and cranial implant procedures; or menstruation. ACD can manifest because of inflammation or infection associated with the surgery. Treatment with iron dextran was helpful, but maintenance of a normal hemogram was variable.

QUESTIONS: 

1. What is measured in humans to indicate iron stores?

2. What does the hemogram profile look like in humans with uncomplicated IDA?

3. What is hepcidin?

ANSWERS:
1. Serum ferritin

2. Microcytic, hypochromic regenerative anemia

3. A principal regulator of systemic iron homeostasis

Bauer et al. Polyostotic Fibrous Dysplasia in a Cynomolgus Macaque (Macaca fascicularis), pp. 142-148

Domain 1: Management of Spontaneous and Experimentally Induced Diseases and Conditions; Task 3: Treat Disease or condition as appropriate; K2: Diagnostic Procedures

Primary Species: Macaques (Macaca spp)
SUMMARY: Routine radiographs taken from a 2.3-y-old female Cynomolgus macaque (Macaca fascicularis), which presented with  non-weight bearing on her right leg on two separate occasions, revealed a transverse fracture through the right tibia and fibula with multiple cyst-like defects in all long bones. Lesions were absent from the skull, ribs, spine or phalanges.  Hematological and clinical chemistry parameters were within normal range.  Prior to euthanasia, ultrasonography, MRI, and dual X-ray absorptiometry indicated that the pathological lesions comprised of soft tissue. Gross necropsy findings included distortion of the long bones at the site of the lesions, gelatin-like substance in the marrow cavity, thin cortices and an enlarged cystic right ovary.  Histologically, the thin cortex blended into a zone of bony trabeculae lined by few osteoblasts and irregular areas of hyaline cartilage within areas of fibrosis.  Differential diagnosis included polyostotic fibrous dysplasia and fibrous osteodystrophy or nutritional hyperparathyroidism which was unlikely since the parathyroid gland was not found to be hyperplastic. Cytogenetic studies from bone aspirates (left radius and ulna) and skin demonstrated 42 chromosomes from the affected animal, the normal number for macaques, although extra chromatin was found present on all cells on the tip of the short arm of one chromosome 8.  This is the first reported case of polyostotic fibrous dysplasia in a cynomolgus macaque.
QUESTIONS:
1. Lesions of polyostotic fibrosis dysplasia were absent in the following bones EXCEPT:

a. Skull
b. Phalanges

c. Long bones
d. Ribs
e. Spine
2. Which imaging techniques can be used to diagnose the soft tissue nature of the lesions present?
a. X-ray absorptiometry

b. MRI

c. Ultrasonography
d. All of the above
3. True/False. The differential diagnoses include polyostotic fibrous dysplasia and fibrous osteodystrophy.
4. True/False. There are 40 chromosomes present in macaques
ANSWERS:

1. c. Long bones

2. d. All of the above

3. True

4. False - there are 42

Matthews et al. Osteochondromatosis in a Rhesus Macaque (Macaca mulatta), pp. 149-152

Domain 1: D1, Management of Spontaneous and Experimentally Induced Diseases and Conditions.
Primary Species: Macaques (Macaca spp.)
SUMMARY: Primary bone tumors are rare in NHP with the majority being reported in rhesus macaques.  This article presents a case study of a 6.5-y-old intact male rhesus macaque diagnosed with multiple osteochondromas.  An osteochondroma is a single cartilage-capped bony projection that arises on the external surface of bone containing a marrow cavity that is continuous with that of underlying bone.
The macaque was noted as having large, firm bony masses on the distal aspect of the right femur involving the diaphysis, epiphysis and proximal right tibia when only 5.5 y old.  All diagnostic tests, including CBC, chem, blood culture, urinalysis and culture were all normal and the animal did not present with lameness or pain associated with these bony masses.  Following the study endpoint, the macaque was euthanized and necropsied.  Grossly, there were three bony masses: protruding from the lateral distal femur (5cm x 4cm x 2cm), cartilage-capped bony stalk from the medial aspect of the distal metaphysis of the femur (5cm x 5cm x 1 cm) and a smooth mass from the medial physis of the medial femoral condyle (4cm x 3cm x 2 cm).  Histologically the second mass consisted of an outermost thin rim of periosteum that gave rise to a zone of chondrocytes in abundant hyalinized amphophilic extracellular cartilage matrix with subsequent ossification forming poorly organized trabecular bone spicules. 

Osteochrondromas are rare in veterinary species with the neoplasm being almost exclusively associated with viruses in feline patients.  Viral particles causing feline leukemia or feline sarcoma virus is consistently found in neoplastic cartilage.  Electron microscopy was performed in this case on one of the bony masses, however no viral particles were found ultrastructurally.  The clinical, gross, and microscopic finding in this rhesus macaque supports a final diagnosis of multiple osteochondromas.  Based on literature, this is the first reported cases of osteochondromas in a rhesus macaque.
QUESTIONS:
1.
Osteochondromas in cats is often associated with what virus:

a. Feline panleukopenia

b. Feline herpes virus

c. Feline leukemia virus

d. Feline calicivirus

2.
A 6.5 year old rhesus macaque with multiple cartilage-capped bony masses projecting from long bones is consistent with what diagnosis?
a. Osteochondroma
b. Osteosarcoma
c. Fungal granuloma
d. Normal finding in growing macaque

ANSWERS:

1.
c
2.
a

