Secondary Species - Ferrets

Petritiz et al. 2013. Evaluation of portable blood glucose meters for measurement of blood glucose concentration in ferrets (Mustela putorius furo). JAVMA 242(3):350-354

Domain 1; K1 - Diagnostic procedures 

SUMMARY: Portable blood glucose meters (PBGMs) are designed for use in humans and have shown to be inaccurate in many veterinary species, but have not been evaluated for use in ferrets. This study compared 3 PBGMs and a laboratory analyzer (gold standard):

ATC = AlphaTrak on canine setting

ATF = AlphaTrak on feline setting

ACA = AccuChek Aviva

OTU = OneTouch Ultra 2

51 ferrets were included in the study; inclusions criteria were that ferrets must have had venipuncture performed for any reason. 9 of 51 were ferrets with a previous diagnosis of insulinoma that was being treated with prednisone and/or diazoxide. Bias (mean differences between PBGM readings and corresponding laboratory analyzer results) was determined for each model. Samples were classified as hypoglycemic (<70 mg/dL), euglycemic (70-200 mg/dL), or hyperglycemic (>200 mg/dL).

Based on the laboratory analyzer, plasma glucose concentrations ranged from 41-160 mg/dL; 10 were hypoglycemic and the remainder were euglycemic with none being hyperglycemic. Greatest agreement was with ATC, which was the only PBGM to overestimate glucose; all other PBGMs significantly underestimated glucose concentrations. When grouping samples as hypoglycemic vs. normoglycemic, overestimation of glucose in hypoglycemic samples by the ATC was significant, and the ATC did not detect hypoglycemia in 4 of 10 samples. The other 3 PBGMs sometimes incorrectly identified animals as hypoglycemic.

The ATC had the least bias and was consistent with previous results in dogs where samples were reported as higher than the reference analyzer. This was also the only meter to misclassify hypoglycemic ferrets as euglycemic. Confirmatory testing should always be done, especially if values are approaching the lower limit of the reference interval and the ferret has clinical signs consistent with hypoglycemia.

QUESTIONS:

1. 
What are some clinical signs of hypoglycemia in ferrets?

2. 
The AlphaTrak glucometer has the least bias from a laboratory chemistry analyzer when on which setting?

3. 
What are possible sources of error for this study (and in general when interpreting blood glucose)?

4.  
What is an inherent difference in determining glucose via PBGM vs. a lab analyzer?

ANSWERS:

1.
Weakness, stargazing, hind limb paresis/ataxia, weight loss, ptyalism or pawing at mouth, seizures. In comparison to dogs, ferrets less commonly have seizures (the most common sign in dogs), and ferrets may have ptyalism whereas dogs do not.

2.  
Canine

3.  
Site of venipuncture (especially in capillary vs. venous samples), plasma vs. whole blood, glycolysis, order in which PBGMs were used for each sample. All of these were addressed in the paper.

4. 
Plasma (lab analyzer) has a higher water content and thus higher glucose concentration when compared to whole blood. Many portable meters are calibrated to compensate for this (assuming normal Hct)

Pfent et al. 2013. Pathology in Practice. JAVMA 242(1):43-45 

Domain 1: Management of Spontaneous and Experimentally Induced Diseases and Conditions; Task T3. Diagnose disease or condition as appropriate

SUMMARY: A 14-month-old, castrated male ferret due to failure to respond to treatment, continued progressive lethargy, and continued decline in quality of life, was euthanized and submitted for necropsy. Clinically the ferret was pyrexic and anorexic; reluctant to move and had weak withdrawal reflexes, bruxism, and signs of pain on deep palpation of the abdomen and labored breathing. CBC and chemistry showed a marked leukocytosis with neutrophilia and an appropriate left shift, mild to moderate anemia, mild hyperglycemia, moderate hypokalemia, moderate hypoalbuminemia, and mild hyperglobulinemia. Grossly there was diffuse pulmonary edema, cardiomegaly, bilateral renomegaly, hepatomegaly, small pale areas in the heart and skeletal muscles, and marked generalized skeletal muscle atrophy. The entire esophagus was dilated and flaccid, and the esophageal wall was thickened. The spleen was markedly enlarged, had round edges, and was soft, pale, and mottled pink and tan. Histologic examination of the esophagus revealed severe, transmural, neutrophilic, chronic-active esophagitis, and periesophagitis; smooth muscle fibers were atrophied and infiltrated by large numbers of degenerative and nondegenerative neutrophils with fewer lymphocytes, plasma cells and macrophages. Similar inflammatory infiltrates were detected in striated muscles of the limbs, eyes, diaphragm, tongue, and hear, and within the smooth muscle of the bronchi and bronchioles of the lungs, trachea, great vessels of the heart and intestines. The spleen was pale and swollen because of large numbers of myeloid precursor cells and megakaryocytes. Disseminated idiopathic myofasciitis, also known as disseminated idiopathic myositis, polymyositis, or simply myofasciitis was first identified in ferrets in 2003. It is believed to be immune-mediated disease triggered by vaccine (canine-distemper vaccine) or drug interactions. It affects young animals, < 2 years of age and most affected animals die. The diaphragm from affected ferrets is often so think that you can read print through it. 

QUESTION
1. Associations between which injections and disseminate idiopathic myofasciitis have been previously document? 

a. Canine distemper vaccine

b. Canine rabies vaccine

c. Experimental castration drug

d. a & b

e. b & c

f. a & c

ANSWER
1. f.

Kleine and Quandt. 2012. Anesthesia Case of the Month. JAVMA 241(12):1577-1582 

 
Domain 3: Management of Spontaneous and Experimentally Induced Diseases and Conditions; Task 3: Diagnose disease or condition as appropriate; K2: Surgical techniques associated with diagnostic (e.g., exploratory; biopsy) and therapeutic (e.g., tumor removal) surgeries. 
 
SUMMARY
 
History - Clinical Case: A ferret under surgery for biopsy and potential surgical mass removal. The patient was premedicated with oxymorphone and midazolam, induced with propofol and maintained with isoflurane. A fentanyl and dopamine constant rate infusions were instituted. An abrupt increase in temperature and PEtCO2 was identified and different actions were taken. At this time, hypercarbia and hyperthermia causes secondary to tumor manipulation could not be ruled out. 
 
Question: What are likely causes of the hyperthermia and hypercarbia in this ferret?
 
Answer: Initially, the hyperthermia was thought to be due to excessive warming from the forced warm air blanket and circulating hot water blanket. Because the PEtCO2 continued to increase, a hypermetabolic condition, such as malignant hyperthermia was considered, despite the lack of reports of malignant hyperthermia in ferrets.  Additionally, the same clinical signs of hyperthermia and hypercarbia were noted in a 6-wee-old puppy with a vascular ring anomaly anesthetized with the same anesthesia system 3 days later. 
 
Outcome: The ferret recovered well from anesthesia with a normal temperature. Two days after surgery, vomiting and bruxism were noted, and ultrasonography revealed free abdominal fluid. Nonseptic purulent exudates were diagnosed and 7 days after surgery, the patient was euthanized. Necropsy revealed septic peritonitis secondary to gastric suture line failure. On further examination of the anesthetic circuit, a faulty inspiratory 1-way valve stuck in the open position was found, and valve malfunction has been reported during severe hypercarbia in dogs and horses.
 
Discussion/Conclusions: Pheochromocytoma has been found to cause acute profound hyperthermia and hypercarbia in people. The clinical findings are similar to those seen with malignant hyperthermia. However, no muscle rigidity is seen with pheochromocytoma. Clinically important complications can arise in anesthetized patients secondary to equipment failure. Thorough inspection of anesthesia equipment prior to use is important for patient safety and a positive outcome.
QUESITONS
1. 
True or False. Malignant hyperthermia, a muscular disorder can cause hyperthermia and hypercarbia.
2. 
What are the likely causes of the hyperthermia and hypercarbia in this ferret? 
a. 
Malignant hyperthermia
b. 
Decreased heat loss (i.e. heat stroke)
c. 
Tumor manipulation (i.e. pheochromocytoma)
d. 
Equipment failure
e. 
All of them are true
3. 
True or False. Malignant hyperthermia is caused by a mutation of the TTR2 gene. This gene is responsible for causing potassium release into the skeletal muscle.
4. 
Causes of hypercarbia during general anesthesia include:
a. 
Parenchymal or pleural space disease
b. 
Thoracic or abdominal restrictive disease
c. 
Inappropriate ventilator settings
d. 
Hypermetabolic states
e. 
Neoplasia
d. 
All of them are right
5. 
Dantrolene is unique in malignant hyperthermia treatment and it works directly on:
a. 
Muscle
b. 
Centrally
c. 
Neuromuscular muscle
d. 
All of them are right
 
ANSWERS
1. 
True
2. 
e
3. 
False. Malignant hyperthermia is caused by a mutation of the RYR1 gene. This gene is responsible for causing calcium release into the skeletal muscle.
4. 
d
5. 
a
 
Hess.  2012. Insulin glargine treatment of a ferret with diabetes mellitus. JAVMA 241(11):1490-1494 
SUMMARY:  This is a case report of a 7.5 year old spayed female ferret that presented with weight loss in spite of a good appetite.  Previous history included a diagnosis of pancreatic insulinoma and subsequent treatment with methylprednisolone acetate q 30 days for 2 years.  This diagnosis was based on a single incident of low blood glucose.  No insulin level had been determined.  

At the time of presentation, the ferret was thin and serum biochemical analysis revealed a blood glucose level of 855 mg/dl (normal 63 – 134 mg/dl).  Glucocorticoid injections were discontinued and tapering dosages of prednisolone sodium phosphate were initiated.  Subsequent blood glucose curves revealed a persistent hyperglycemia.  Treatment with insulin glargine SQ was given.  Glucose curves continued to be run.  The ferret was sent home with instructions for the owner to monitor the glucose level in the urine twice daily.  The owner was instructed to give 0.5U of insulin glargine whenever the dipstick assessments revealed greater than trace amounts of glucose in the urine.  At 100 days post treatment, the ferret continues to need insulin q 1-3 days to remain under the target high value of 200 mg/dl.

Spontaneous diabetes mellitus is uncommonly diagnosed in ferrets.  A diagnosis is made on the basis of compatible clinical signs (lethargy, weight loss despite a good appetite, polyuria, polydipsia) and documentation of persistent hyperglycemia (> 400 mg/dl).

QUESTIONS
1. What is the genus and species of the ferret?

2.  What common treatment in ferrets can result with iatrogenic diabetes mellitus in ferrets?

3. What type of diet is recommended for diabetic cats?

a. High protein, high carbohydrate

b. Low protein, low carbohydrate

c. High protein, low carbohydrate

d. Low protein, high carbohydrate

4. T/F.  Insulin glargine has a longer duration of action and lack of peak effect compared to ultralente insulin or neutral protamine Hagedorn insulin.  

5. T/F.  Documentation of low blood insulin concurrently with hyperglycemia confirms the diagnosis of pancreatic insulinoma.  

6. T/F.  Chronic stress may instigate the development of diabetes mellitus.

ANSWERS
1. Mustela putorius furo) 

2. Glucocorticoid injections such as methylprednisolone acetate which is used to treat pancreatic insulinomas

3. c
4. T

5. F.  This helps confirm diabetes mellitus

6. T.  Chronic stress can lead to excess endogenous corticosteroid release.  This increases gluconeogenesis and glycogenolysis leading to chronic hyperglycemia and increased blood insulin levels.  This can down-regulate insulin receptors resulting in insulin resistance and the development of diabetes mellitus.  

Malakoff et al. 2012. Echocardiographic and electrocardiographic findings in client-owned ferrets: 95 cases (1994-2009). JAVMA 241(11):1484-1489 

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

   

SUMMARY: This is a retrospective review of medical records to identify which cardiac diseases are most frequently diagnosed in ferrets and which conditions are most frequently associated with congestive heart failure. Records for all ferrets over a 16-year period that had an echocardiogram were reviewed; ferrets were included if the record included a signalment and an echocardiographic diagnosis. 61% of ferrets were male, 39% were female, mean age was 5.0 +/- 1.8 years. Clinical abnormalities included arrhythmia (n=35), murmur (n=32), cough/dyspnea/tachypnea (n=21), radiographic evidence of cardiomegaly (n=12), pleural or abdominal effusion (n=6).

 

Table 1: Echocardiograms from 95 ferrets

	Echo Diagnosis*
	No. (%) of Ferrets
	No. of Males
	No. of Females
	Mean Age (yrs)

	Clinically normal
	20 (21%)
	13
	7
	3.7 ± 1.8

	VR
	49 (52%)
	30
	19
	5.6 ± 1.6

	Ventricular enlarge.
	16 (17%)
	10
	6
	4.9 ± 2.0

	LVH
	14 (15%)
	6
	8
	5.6 ± 1.7

	DCM
	4 (4%)
	3
	1
	5.7 ± 0.2

	Restrictive CM
	2 (2%)
	2
	0
	5.7 ± 0.8


*n=10 ferrets with > 1 concurrent diagnosis are represented twice
Table 3: ECGs from 65 ferrets

 
	ECG Diagnosis*
	No. (%) of Ferrets
	No. of Males
	No. of Females
	Mean Age (yrs)

	Sinus rhythm
	30 (46%)
	16
	14
	4.4 ± 2.0

	1st degree AV block
	2 (3%)
	0
	2
	6.5 ± 0.6

	2nd degree AV block
	19 (29%)
	9
	10
	4.9 ± 1.6

	3rd degree AV block
	7 (11%)
	4
	3
	6.3 ±1.8

	VPCs
	12 (18%)
	7
	5
	6.5 ± 1.4

	SVPCs
	4 (6%)
	4
	0
	3.8 ± 1.4


*Ferrets with >1 ECG abnormality represented in each category in which they were affected

 

For valvular regurgitation (VR), the most commonly affected valve was aortic, followed by mitral. VR was often subclinical, and in the 11 ferrets where both VR and CHF were present, > 1 valve was affected. Ferrets were given diagnoses of both VR and ventricular enlargement when VR was deemed too mild to be a significant contributor to enlargement. DCM, though anecdotally said to be common in ferrets, only occurred in 4% of cases, and was always associated with CHF. This may mean that incidence of DCM is decreasing in ferrets (changes in breeding/genetics or in nutrition), or it may reflect that the current study was done at a referral center where many ferrets did not have clinical signs of heart disease. 

 

The most common ECG abnormality, 2nd degree AV block, was usually not associated with clinical abnormalities, but there was no follow up to determine whether this was a risk factor for development of 3rd degree AV block. 3rd degree AV block was strongly associated with CHF, weakness, or syncope (6 of 7 ferrets). VPCs were often associated with CHF, although many ferrets had concurrent abnormalities with VPCs; authors recommend ferrets with VPCs should have an echo and radiographs.

 

Many of these ferrets were evaluated prior to publication of reference intervals for ferrets, thus cases may not have been uniformly evaluated.

 

QUESTIONS
1.  
What is the most common echocardiographic abnormality in ferrets?

2. 
What valve is most often affected by VR in ferrets?

3. 
What is the most common arrhythmia diagnosed in ferrets?

4. 
Which echocardiographic finding, though uncommon, was always associated with CHF?

5. 
Which ECG abnormalities were most often associated with CHF or clinical signs of heart disease?

ANSWERS
1. 
Ventricular regurgitation

2. 
Aortic

3.  
2nd degree AV block

4. 
DCM

5. 
VPCs and 3rd degree AV block

 

Geyer and Reichle. 2012. What Is Your Diagnosis? JAVMA 241(1):45-50

SUMMARY: An evaluation of a 1 year old castrated male ferret was performed due to its acute onset of vomiting mucus and respiratory distress. Upon presentation, a physical exam revealed lethargy, increased respiratory effort, hypothermia (98.7F), and mild dehydration. Other significant findings included a painful abdomen and splenomegaly. Analytical serum chemistry results revealed that the ferret was hyponatremic, hypokalemic, and hyperglycemic. Right Lateral and ventrodorsal abdominal radiographs indicated a stomach severely distend with gas and ingesta with rotation of the gastric axis. The pylorus was located in the dorsal cranial position. There was loss of intra-abdominal contrast and the spleen was enlarged and malpositioned to the right abdominal wall. Initial management of the ferret included intravenous fluids, buprenorphine and famotidine. The ferret was refractory to the therapy and remained depressed. Ten hours post-presentation repeat abdominal radiographs were performed and the characteristic double- bubble or Popeye’s arm was detected indicating Gastric dilatation-volvulus (GDV). An immediate laparotomy revealed torsion of the stomach and spleen, and large amounts of blood tinged peritoneal fluid. Due to tissue necrosis, vascular compromise, intraoperative complications and a poor prognosis the owners elected to have the ferret euthanized. 
GDV is described as the rotation of the stomach along its axis leading to distension of the stomach with gas or fluid. The stomach commonly rotates clockwise between 90 and 360 degrees.  GDV occurs more commonly in large or giant breed dogs, especially those that are deep chested, however it has been reported in guinea pigs and cats. The etiology of GDV is truly unknown but it is believed to be related to the following predisposing factors: stress, family history, increased thoracic depth, exercise, diet and concurrent disease.  Diagnostics typically include radiographic evaluation (right lateral and ventrodorsal) of an abnormally positioned, gas filled, pylorus that is dorsocranial in location and left of midline. The right lateral abdominal radiographic is highly preferred because it serves as a tool to differentiate between simple gastric dilatation and gastric dilatation-volvulus, a surgical emergency. Splenic torsion commonly occurs with GDV and can be detected by evaluation of blood flow using Doppler ultrasonographic examination. Prognosis of GDV is variable depending on tissue compromise, and the patient’s response to therapy.

QUESTIONS
1.  
What abdominal radiographic projection is most preferred when attempting to diagnose gastric-dilatation-volvulus?

a. 
Right lateral 

b.  
Left lateral

c. 
Dorsoventral

d.  
None of the above because Doppler ultrasonographic examination is preferred

2.  
What direction does the stomach more commonly rotate when initiating torsion?  

a. 
Clockwise     

b.  
Counter clockwise

3.  
What organ commonly undergoes torsion and compromise due to its close proximity to the stomach when GDV occurs?

a.  
Liver

b. 
Left kidney

c.  
Diaphragm

d.  
Spleen

ANSWERS
1.  
a. The right lateral abdominal projection: It is an important diagnostic tool to detect the Popeye’s arm and differentiate between simple gastric dilation and GDV.

2.  
a. Clockwise

3.  
d. The spleen :Due to its attachment to the stomach via the gastrosplenic ligament, it is often undergoes torsion in conjunction with the stomach

Gupta et al. 2012. Pathology in Practice. JAVMA 240(12):1427-1431

Domain 1: Management of Spontaneous and Experimentally Induced Diseases and Conditions; Task T3: Diagnose disease or condition as appropriate
SUMMARY: A 3-year-old spayed female ferret was evaluated for a 3-week history of weight loss, lethargy, decreased appetite, non-productive hacking cough and abnormal faeces. The ferret was in poor body condition, bright, alert and responsive but tachypnoiec with possible presence of splenomegaly and an abdominal mass. Radiography revealed a severe diffuse alveolar pulmonary pattern with multiple air bronchograms and complete consolidation of the left cranial lung lobe and diffuse splenic enlargement. Ultrasonography revealed diffuse consolidation of the left lateral and dorsal lung lobes, diffusely enlarged intra-abdominal lymph nodes and a loss of wall layering in several intestinal segments. The ferret died after discharge from the hospital.

Gross necropsy revealed multifocal to coalescing, raised, pale tan nodules in all lung lobes, the intestines contained nodular intramural thickenings, the spleen was enlarged and the tracheobronchial and mesenteric lymph nodes were also enlarged. Differential diagnoses for the gross lesion in the ferret included neoplasia, bacterial and fungal infection.

The cytologic interpretation was marked granulomatous inflammation with intracellular organisms (consistent with Mycobacterium sp.). This was based on microscopic examination of fine needle samples from lung lesions which showed large numbers of epithelioid macrophages and multinucleated giant cells, few degenerate neutrophils and some small mature lymphocytes. The macrophages contained large numbers of phagocytosed clear, rod-shaped bacteria.

The morphologic diagnosis was severe pyogranulomatous pneumonia, enteritis and lymphadenitis with numerous acid-fast bacteria (M. xenopi). This was based on histological findings which consisted of: the lung parenchyma being obliterated by a granulomatous infiltrate of primarily epithelioid macrophages mixed with fewer multinucleated giant cells, multiple aggressive lymphocytes and scattered neutrophils and plasma cells with large numbers of macrophages and multinucleated giant cells containing numerous clear rod shaped bacteria that were positive to acid fast stain; the lamina propria and submucosa of jejunum and tracheobronchial and mesenteric lymph nodes containing multifocal areas of granulomatous infiltrates of acid fast bacilli similar to those detected in the lung sections;  a hypercellular spleen with marked extramedullary haematopoiesis.

PCR assay on lung and spleen tissue samples yielded a product with similarity to Mycobacterium spp. (M xenopi and M celatum).

Mycobacterial pathogens can be divided into three classes: slow-growing with and without production of tubercles; leproid granuloma-production organisms and rapidly growing organisms. Ferrets are susceptible to various mycobacterial infections including M. avium, M. bovis, M. genavense, M. microti, M. abscessus, M triplex and M celatum. M xenopi (a slow growing, nontuberculous, acid-fast bacteria) infection in ferrets has not been previously reported though it has been reported in humans and cats. Murine macrophages efficiently kill or inhibit the growth of some intracellular mycobacteria, however ferret macrophages activated with T cell derived supernatant, lipopolysaccharide or both fail to have increased ability to control M bovis infection and survival of the intracellular bacteria within activated ferret macrophages is enhanced.

A diagnosis of mycobacteriosis can be made on the basis of the cytologic and histology findings – evaluation of acid fast stained organisms and PCR procedures. Single-antimicrobial treatment of any mycobacterial infection is not advised but combination antimicrobial therapy in a cat with disseminated M xenopi infection prolonged survival of the animal by about 7 years.

QUESTIONS
1. How can mycobacterial infections be treated?

a. No treatment advised

b. Single antimicrobial therapy

c. Combination antimicrobial therapy

d. None of the above

2. Why might ferrets be more susceptible to mycobacterial infection?

3. What are the differential diagnoses for multifocal pale nodules in lung, enlarged spleen, enlarged mesenteric and tracheobronchial lymph nodes and nodular intramural thickenings of the intestine

a. Neoplasia

b. Fungal infection

c. Bacterial infection

d. All of the above

ANSWERS
1. c
2. Activated ferret macrophages fail to control intracellular mycobacterial infections and may in fact may enhance the survival of the intracellular bacteria

3. d
Sledge et al. 2011. Outbreaks of severe enteric disease associated with Eimeria furonis infection in ferrets (Mustela putorius furo) of 3 densely populated groups. JAVMA 239(12):1584-1588

Domain 1: Management of Spontaneous and Experimentally Induced Diseases and Conditions’ T3. Diagnose disease or condition as appropriate

 

SUMMARY: Three populations of ferrets housed in shelter/breeding facilities experienced outbreaks of diarrheal disease. There was no age, sex or endocrinopathy associated skewing of the affected animals. Clinical signs included diarrhea (pasty to gelatinous to melena) dehydration, respiratory signs, sudden death. Ferrets generally showed signs from 5 to 10 days before progressing to recovery or death. Treatment with various therapeutics was not successful in clearing organisms from fecal examination at 2 and 5 months post treatment.

 

Fecal floatation occasionally showed coccidial oocysts, but this finding was not consistent, even within groups. Gross necropsy lesions were consistent with clinical signs. Histological lesions included blunting and fusion of intestinal villi with erosion of the mucosal epithelium. Various life stages of a coccidial parasite consistent with E furonis were seen on histopathology and the species was confirmed via PCR.

 

E furonis is generally considered to be a subclinical issue, but this report shows three separate outbreaks of serious clinical enteric disease associated with the organism.

 

QUESTIONS:
1. True/False: These ferrets were likely symptomatic from this burden of E. furonis due to co-infection with Helicobacter mustelae.
2. Give two risk factors that likely pre-disposed these populations for coccidial outbreaks.

 

ANSWERS:
1. False. Animals were not tested for Helicobacter
2. Constant supply of new animals (dynamic population) and high population density.

Nwaokorie et al. 2011. Epidemiology of struvite uroliths in ferrets: 272 cases (1981-2007). JAVMA 239(10):1319-1324 

SUMMARY: With ferrets becoming increasingly popular as pets, uroliths are being recognized with increased frequency. The purpose of this study was to determine the predominant mineral type of uroliths in ferrets and to determine whether a ferret’s age, breed, sex, reproductive status, and geographic location; season of detection; and location within the urinary tract were risk factors associated with struvite urolith formation. Risk factors were then compared with those factors associated with sterile struvite uroliths in cats to determine whether ferrets would benefit from dietary trials for diet-induced sterile struvite urolith dissolution. 

This retrospective study included 408 ferrets with uroliths, of which 272 were struvite uroliths, submitted by US veterinarians between 1981 and 2007. The control group included 6,528 ferrets without urinary tract disorders with records collected over the same time period as the study subjects.  The mineral composition of uroliths was determined by means of optical crystallography and infrared spectroscopy. All urolith specimens were examined via light microscopy and bacterial aerobic culture to detect bacteria. 

Study results supported the hypothesis that struvite is the predominant mineral found in ferret uroliths. Bacteria were not detected in the uroliths via microscopy or culture. Struvite uroliths were most commonly found in 2-7 year old ferrets, which are similar to the common age range of sterile struvite uroliths in cats; also, similar to cats, dogs and humans increased age is a risk factor for urolithiasis in ferrets. Sterile struvite uroliths were detected in male ferrets much more often than in females.  This finding may be related to the male ferret anatomy including a j-shaped os penis and the distal portion of the urethra being smaller in diameter than the proximal portion. Anatomy may predispose them to partial or total obstruction of the urethral lumen with uroliths.  Interestingly struvite uroliths have been reported as equally common in female and male cats. Neutered male and female ferrets had higher proportion of sterile struvite uroliths. The majority (98%) of ferret uroliths were retrieved from the bladder and urethra with < 2% found in the kidneys and ureters. Nephroliths are uncommon in ferrets, dogs, and cats, but are the most common location for uroliths in humans.  Uroliths in ferrets may be influenced by region of the country with the Northeast region appearing to have the largest population of affected animals. 

The majority (88%) of the struvite uroliths were 100% struvite with the other 12% being made up of struvite-predominant composite uroliths. Again ferrets are similar to domestic cats since struvite uroliths in both species are uncommonly associated with urease-producing microbial urinary tract infections. However, in humans and dogs, struvite uroliths typically form as a result of urinary tract infections with urease-producing microbes.  Infection induced struvite uroliths found in dogs and humans typically contain carbonate-apatite and ammonium urate.  Sterile struvite uroliths typically do not contain other biogenic minerals. In considering ferrets compared to cats, both species are obligate carnivores and form sterile struvite uroliths. In both species, bacterial urinary tract infections and infection-induced uroliths are uncommon. Ferrets and cats have similar urine pH ranges (pH, 5.5 to 7), urine specific gravity values (1.001 to 1.089) and urine osmolality (≥ 3,000 mOsm/L). Lower urinary tract is also a common location for uroliths in both species. The os penis in ferrets is j-shaped and straight in cats; both species also have narrow lumens in the distal portion of the urethra. 

The investigators believe the results of these comparisons provide evidence-based rationale for clinical trials to determine the safety and efficacy of diet- induced dissolution of sterile struvite uroliths in ferrets.

QUESTIONS:

1. The most common urolith type found in ferrets is:

a. Calcium oxalate

b. Xanthine

c. Struvite

d. Cystine

2. True/False Ferrets and cats have similar urine pH ranges, urine specific gravity and urine osmolality.
3. Which of the following is incorrect regarding the ferret lower urinary tract?

a. 
The urethral lumen narrows distally

b. 
The os penis is straight

c. 
The os penis is j-shaped

d. 
Uroliths are more commonly found there than in the upper urinary tract

ANSWERS:

1. 
c. Struvite

2. 
True

3. 
b. The os penis is straight

Rodriguez-Guarin et la. 2011. Anesthesia Case of the Month. JAVMA 238(1):43-46 

Domain 2: Management of Pain and Distress Task K2. patient monitoring; K3. critical and post-procedural care techniques

SUMMARY: Four year old spayed female ferret was diagnosed with adrenocorticol disease.  Surgery was scheduled for surgical excision of the left adrenal gland.  Premeds of butorphanol (0.2 mg/kg) and midazolam (0.5 mg/kg) were given IM.  During surgical preparation, an irregular heart beat was detected by the Doppler ultrasonic flow detector and an electrocardiogram was performed.  An irregularly irregular supraventricular rhythm with a QRS rats of 190 and an absence of P waves.  There was fine baseline undulation consistent with fibrillation waves.  A diagnosis of atrial fibrillation was made.  

Atrial fibrillation is a common arrhythmia is often associated with structural heart disease.  Differentia diagnoses for atrial fibrillation include atrial enlargement secondary to underlying cardiovascular disease, large atrial size without structural disease, altered autonomic tone and irritation of the atrial myocardium.  In this case, the procedure was postponed and the ferret was allowed to recover.  A follow up electrocardiogram revealed a normal sinus rhythm.  When the anesthetic plan was reviewed, it become evident that a miscalculation resulted in the ferret receiving a dosage of 2 mg/kg of butorphanol - 10 times the intended dose.  

Drugs that increase or decrease adrenergic or vagal tone may cause atrial fibrillation.  Opioids have excellent analgesic properties and a wide margin of safety.  The effects of opioids on the cardiovascular system are variable.  In ferrets, opioids induce hypotension.  Butorphanol is the most commonly used opioid in ferrets with agonist activity at the kappa-opioid receptors and antagonist actions at the mu opioid receptors.  Drugs in this class exert a ceiling effect, after which higher doses do not produce any further analgesia.  

In this case, the ferret did have underlying disease (glucocorticoid disease) that is associated with increased risk of atrial fibrillation.  The ferret had abnormal plasma estradiol and 17-hydroxyprogesterone concentrations.  Due to the temporal association of atrial fibrillation with the administration of an overdose of butorphanol and the resolution of the arrhythmia after the effects of the pre-meds had dissipated, it is likely that butorphanol was the cause of the arrhythmia.  

QUESTIONS:

1.  
What is the genus/species of the ferret?

2.  
What type of drug is butorphanol?

3.  
How do you diagnose atrial fibrillation?

4.  
How do you differentiate atrial fibrillation and skeletal muscle fasciculation?

ANSWERS:

1.  
Mustelo putorious furo

2.  
Mixed opioid receptor agonist-antagonist 

3.
Electrocardiography:  irregularly irregular R-R intervals with replacement of the P waves by random fine baseline undulations.

4.  
With muscle fasciculations, the R-R interval is typically regular.

Marks et al. 2010.  What is your diagnosis? JAVMA 237(9):1033-1036

SUMMARY: This is a case report of a 6 you. FS ferret that presented for acute hind limb paralysis, anorexia, lethargy, and progressive weight loss. Exam findings included dehydration, bilateral hind limb paralysis with loss of deep pain sensation, a palpable swelling over the T14-L1 region of the spine, splenomegaly, and an enlarged urinary bladder. Significant findings on CBC/chem included a marked thrombocytopenia, mild normocytic normochromic anemia, hypoproteinemia, hypoalbuminemia, hypocholesterolemia, hypokalemia, and hypercalcemia. Abdominal and caudal thoracic radiographs showed loss of abdominal detail, splenomegaly, and several small round sharply defined lucencies in the ribs. There were also large radiolucent areas on the vertebral bodies of T14 and L1. Fluoroscopic-guided FNA of T14 provided a diagnosis of plasma cell tumor. There is one previous report of multiple myeloma in a ferret.

Further workup and imaging was not pursued, however a spinal cord compression was the suspected cause of hind limb paralysis. The hypoalbuminemia, hypercalcemia, hypocholesterolemia, anemia, and thrombocytopenia seen in this ferret are all common findings in other small animals with multiple myeloma. Preferred treatment is an alkylating agent such as cyclophosphamide or melphalan, in combination with prednisone. 

QUESTIONS:

1.
Diagnosis of multiple myeloma requires at least 2 of 4 criteria. This ferret met two of the signs (characteristic lytic bone lesions and cytologic evidence of neoplastic plasma cells), so further testing to look for the remaining 2 criteria was not done. What are these 2 criteria?

2.
Which of the following are common conditions seen in multiple myeloma patients?

a.
Hyperviscosity syndrome

b.
Hemorrhage

c.
Immunosuppression

d.
Renal failure

e.
All of the above

ANSWERS:

1.
Monoclonal gammopathy and Bence-Jones proteinuria.

2.
e
Malka et al. 2010. Immune-mediated pure red cell aplasia in a domestic ferret.  JAVMA 237(6):695-700

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

SUMMARY: This is a case report of an 8 month old spayed female ferret that was referred to the UC-Davis emergency clinic for severe anemia with lethargy and inappetance of two weeks duration. Upon physical examination the ferret was quiet but with appropriate mentation, mucous membranes, nasal planum, and skin exhibited severe pallor, but all other parameters were within normal limits. Vaccinations and heartworm preventatives were current and there was no history of tick infestation, trauma, or exposure to toxins.

The PCV was 8% so a blood transfusion was performed before further diagnostics were performed. Once the ferret was stabilized with a PCV of 19%, the following diagnostic tests were performed: whole body radiography, abdominal ultrasonography, fecal occult blood test, and fecal examination for parasites. Fecal occult blood test was positive, but no other abnormalities were noted. Primary differentials for the severe anemia included bleeding from the gastrointestinal tract and estrogen toxicosis due to remnant ovarian tissue. Treatment was initiated with oral amoxicillin-clavulanate, subcutaneous famotidine, oral sucralfate, IV fluids, and nutritional support. A single injection of human chorionic gonadotropin was given as treatment for potential hyperestrogenism associated with a presumptive ovarian remnant. 
The ferret improved until 4 days after treatment at which point the ferret again became weak and pale. A CBC revealed a severe non-regenerative anemia so a second blood transfusion was performed, bringing the PCV to 23%. After stabilization on day 6 bone marrow aspirates and biopsy were performed. Cytological evaluation revealed a left shift in the erythroid series cells with increased numbers of rubriblasts, prorubricytes and basophilic rubricytes. Only scattered polychromic rubricytes and metarubricytes were seen, with rare polychromatophilic erythrocytes. Increased small well-differentiated lymphocytes and a few plasma cells and macrophages were seen. The myeloid to erythroid ratio was 4.6:1. Immunohistochemical analysis revealed that most of the lymphoid cells in the bone marrow were mature and of T-cell lineage. Arrest in the maturation of the erythroid cell line was diagnosed, and an immune-mediated reaction was suspected. To rule out bleeding from the gastrointestinal tract, endoscopy was performed on the upper GI tract and biopsies were taking from the gastric mucosa. No abnormalities were detected. 
A tentative diagnosis of Pure Red Cell Aplasia (PRCA) was made and immunosuppressive treatment was initiated with prednisone. Omeprazole was also administered while famotidine was discontinued. The ferret improved clinically and was discharged, but returned approximately 2 weeks later with lethargy. A severe, non-regenerative anemia was identified and cyclosporine was added to the treatment regimen. The ferret again improved, but 2 months later the severe, non-regenerative anemia was again identified on a follow up visit. Another blood transfusion was performed and azathioprine and erythropoietin were administered. The ferret improved with major evidence of regeneration. Cyclosporine and prednisone were continued until 14 months after initial admission, at which point the ferret was determined to be in remission. By 36 months after initial admission, the ferret remained stabile with no evidence of non-regenerative anemia.

QUESTIONS:
1. True or False- When performing a blood transfusion in a ferret, it is critical to cross match the donor and recipient. 

2. True or False- Congenital autoimmune mediated mechanisms are believed to be the main process for PCRA in dogs, cats and humans.

3. What can cause estrogen-induced aplastic anemia to occur in spayed female ferrets?

4. Which clinical finding of estrogen-induced aplastic anemia would differentiate it from PRCA?

a. Pancytopenia

b. Petechia and ecchymosis in subcutaneous tissues

c. Alopecia,

d. Enlarged vulva and an increase in sexual behavior

e. All of the above

ANSWERS:
1. False. Ferrets are not known to have discernable blood types and transfusion reactions are extremely rare, therefore cross matching prior to transfusion is not generally performed. 

2. False. Acquired autoimmune mediated mechanisms are believed to be the main process for PCRA in dogs, cats and humans.

3. An active ovarian remnant.

4. e
Eshar et al., 2010. Diagnosis and treatment of myelo-osteolytic plasmablastic lymphoma of the femur in a domestic ferret.  JAVMA 237(4):407-414 

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

T3. Diagnose disease or condition as appropriate 

T4. Treat disease or condition as appropriate

K1. Diagnostic procedures 

K2. Surgical techniques associated with diagnostic (e.g., exploratory; biopsy) and therapeutic (e.g., tumor removal) surgeries
SUMMARY: This is a case report of a 6 year old spayed female domestic ferret that presented for a 1 month history of decreased activity.  History included a recent diagnosis of bilateral adrenal gland enlargement and monthly administration of leuprolide acetate.  Additional treatment of amoxicillin, metronidazole and famotidine had been used to control signs of gastroenteritis. 
The initial physical exam was unremarkable with the exception of splenomegaly and lameness in the right hind limb.  Pain was elicited on palpation of the right hind leg and a firm mass was detected. CBC and serum biochemistry results were largely unremarkable with the exception of a mild anemia and hyperglycemia.  Radiographs of the affected limb showed extensive lysis of the right femur and craniolateral displacement of the patella by a soft tissue mass.    A splenic aspirate was performed and the results indicated extramedullary hematopoiesis and reactive lymphoid hyperplasia.  No atypical cells were seen.   Fine needle aspirates of the peripatellar soft tissue mass and the bony abnormalities were performed and based on the presence of a dominant plasma cell population, a plasma cell neoplasia was diagnosed.  Based on these results, the ferret underwent a hind limb mid to caudal hemipelvectomy.  Note:  Tramadol was used for analgesia and the ferret was up and moving freely in the cage in 12 hours post-operatively.  It was continued for 14 days.

Histology of the limb and hemipelvis was conducted and a diagnosis of plasmablastic lymphoma was made based on immunohistochemical analysis.  Chemotherapy was initiated 1 week after surgery with l-asparaginase, cyclophosphamide, cytosine, methotrexate, chlorambucil, procarbazine and prednisone according to a Tufts protocol (listed as Appendix).  Due to polydipsia and hyperglycemia, the prednisone dosage was reduced.  An adverse reaction consisting of diarrhea, lethargy and profound leucopenia was associated with cyclophosphamide treatment so cytosine arabinoside was substituted for chlophosphamide for further treatments.  At 22 months after surgery, the ferret appeared to be disease free.  

Plasmablastic lymphoma is an aggressive neoplasm that has been diagnosed in dogs, cats, horses and mice.  Making the distinction between lymphoma and plasmablastic lymphoma is important because the treatment regimens are significantly different.  Different diagnoses for a monostotic, aggressive bone lesion should include primary bone tumors (osteosarcoma, fibrosarcoma, chrondrosarcoma), primary bone lymphoma, primary soft tissue tumors with bony invasion (tissue sarcomas) and infectious disease (bacterial or fungal).  

QUESTIONS:

1. What are the three most common neoplasms in ferrets?

2. What is leuprolide acetate and what is it used to treat in ferrets?

3. What is tramadol?

4. What is the genus and species of the domestic ferret?

ANSWERS:

1. Pancreatic islet cell, adrenocortical and lymphoma (in that order)

2. Leuprolide acetate is a synthetic nonapeptide analog of naturally occurring gonadotropin releasing hormone (GnRH or LH-RH). It is used to temporarily eliminate clinical signs and reduce sex hormone concentrations in ferrets with adrenocortical diseases.

3. Tramadol is a synthetic mu-receptor opiate agonist that also inhibits reuptake of serotonin and norepinephrine.  It is not a controlled drug in the USA.

4. Mustela furo
Eshar et al.   2010.  Disseminated, histologically confirmed Cryptococcus spp infection in a domestic ferret.  JAVMA 236(7):770-774

Domain 1 – Management of Spontaneous and Experimentally Induced Diseases and Conditions. 

SUMMARY: This is a case report of a 4-yr-old MN indoor-only pet ferret in central Massachusetts that presented for weight loss, retching, and diarrhea. Exam: retching, tachypnea, splenomegaly. Imaging: pulmonary bronchointerstitial pattern, intestinal gas. Possible pancreatic mass and MLN lymphadenopathy on abdominal U/S. CBC/chem showed hypoglycemia. Presumptive diagnosis was pneumonia, gastroenteritis, and insulinoma. Treated with IV fluids, antibiotics, sucralfate, force-feeding. Sent home after 2 days with resolution of clinical signs. Exploratory laparotomy 2 wks later showed an enlarged green-yellow portal lymph node (biopsied); pancreatic mass was not located. Histology showed multifocal clusters of encapsulated yeast organisms in the lymph node. Cryptococcal pneumonia was suspected; itraconazole and amphotericin B were added to treatment plan, however the ferret died 4 days post-op.

Necropsy: Lungs, LNs, and spleen showed spherical 12-25 µm palely basophilic yeast organisms with central nuclei, thick capsules, and narrow-based budding; surrounded by pyogranulomatous inflammation. Organisms were also seen in brain specimens but without inflammation. Other findings included mild fatty change in the liver, EMH in the spleen, acinar-cell adenomatous hyperplasia in the pancreatic nodule. Tissue was sent for PCR assay using universal ITS fungal primers; DNA sequencing showed the organism matched Cryptococcus neoformans var grubii.

Discussion: Cryptococcosis can be caused by either C. neoformans or C. gattii; C. neoformans has 2 main variants, var grubii (old serotype A) and var neoformans (old serotype D). Genotyping is rarely done, but the ITS (internal transcribed spacer) region in fungi has a high degree of variation and can be used to speciate. This publication is the first to describe the technique in a ferret with cryptococcosis. 

Reservoirs include bird droppings (especially pigeons), soil, trees, air, and dust. C. gattii is more common in Australia, South America, California, and Canada. Infection is via inhalation, and the thick polysaccharide capsule, which forms after colonizing the host, prevents recognition by the host’s cell-mediated immunity.

Treatment in ferrets is extrapolated from cats due to rarity in ferrets. Amphotericin B plus a triazole drug is recommended (use fluconazole for CNS or urinary infections – better penetration). Amphotericin B is nephrotoxic, so recommended to give SQ in ferrets to slow absorption (plus prolonged venous access is difficult due to their size and demeanor). Treat for 6-10 months or until latex cryptococcal antigen agglutination test is negative. 

QUESTIONS:

1. 
Cryptococcus species are easily recognized by their thick capsule. How does this capsule influence virulence?

2. 
What route is Amphotericin B recommended to be given in ferrets and why?

3.
Which region of fungal DNA is used for genotyping fungal species?

4. 
The ferret in this case report had a nodule of acinar-cell adenomatous hyperplasia in its pancreas. What is the more typical histologic finding for a pancreatic nodule in a ferret?

 

ANSWERS:

1.  
The capsule is made of polysaccharides that evade the host’s cell-mediated immune response.

2.  
Subcutaneously because a. it will be absorbed more slowly, thus reducing nephrotoxic effects, and b. venous access for extended periods is difficult in small and intractable animals like ferrets.

3. 
ITS

4.  
Beta islet cell tumor

 

Couterier et al. 2009. Autoimmune myasthenia gravis in a ferret.  JAVMA 235(12):1462-1466 

Task 1 – Prevent, Diagnose, Control and Treat Disease or Condition 

Secondary Species – Ferret

SUMMARY: A 7 month old castrated male Fitch ferret was admitted for evaluation of 3 episodes of pelvic limb weakness during the previous 2 weeks.  Physical exam was unremarkable, other than a slightly high rectal temperature.  Radiographs were within normal limits.  The ferret was reevaluated 1 week later and by that time, paraparesis was evident.  Clinical signs were consistent with a lower motor neuron disease affecting the pelvic limbs.  Owners declined additional diagnostics at that time.  Treatment included prednisolone, omeprazole, and amoxicillin.  Two weeks later, the ferret presented again for recent onset of nonambulatory tetraparesis.  Neurological exam showed tetraparesis with limited voluntary movement in the thoracic limbs, absence of movement in the pelvic limbs, and ventral flexion of the head and neck.  Postural reactions were absent in all 4 limbs.  CSF was collected to rule out Aleutian disease and distemper viruses.  Electrodiagnostic testing was performed.  Findings were suggestive of a disorder of neuromuscular transmission, while a neuropathy or myopathy was deemed unlikely.  Mild esophageal enlargement was appreciated on contrast radiography.  Subsequently, neostigmine methylsulfate was injected and the ferret was clinically normal for a period of 5 hours.  Serologic testing for anti-AChR antibodies was positive, and thus myasthenia gravis was diagnosed.  Despite treatment with pyridostigmine bromide, the ferret was euthanized 1 month after diagnosis due to recurrence of clinical signs while still receiving treatment.

Myasthenia gravis is a disorder of muscular transmission resulting from an autoimmune attack against postsynaptic nicotinic AChRs or from genetic structural or functional abnormalities of AChRs.  Congenital myasthenia gravis is rare, while acquired myasthenia gravis is fairly common in many dog breeds and uncommon in cats.  Intermittent or episodic clinical signs can appear early in the course of the disease, but can progress to generalized weakness.  The gold standard for diagnosis of immune-mediated myasthenia gravis in animals is the detection of serum antibodies against AChRs in muscle by immunoprecipitation radioimmunoassay.  Acquired myasthenia gravis can also manifest as a paraneoplastic syndrome.  The most common associated type of neoplasia is thymoma because of the proximity of AChR antigen to myoid cells within the thymus.  

QUESTIONS:

1. T or F:  Congenital myasthenia gravis is rare.

2. How many forms of acquired myasthenia gravis are there with regards to clinical signs?

a) 1

b) 2

c) 3

d) 4

3. What is the gold standard for diagnosis of immune-mediated myasthenia gravis in animals?

ANSWERS:

1. True

2. b)  2

3. Detection of serum antibodies against AChRs in muscle by immunoprecipitation radioimmunoassay

Camus et al.  2009.  Pathology in Practice.  JAVMA 235(8):949-951 

Task 1- Prevent, Diagnose, Control, and Treat Disease

Secondary Species - ferret

SUMMARY: A 6-year-old neutered male ferret was evaluated because of a mass (measuring 4.5 X 2.5 X 2.5-cm) at the tip of the tail and 2 slightly raised , white, soft skin masses (one measuring 0.5 cm in diameter, the other measuring 1 cm in diameter) on the thorax. The tail mass had been detected 6 months ago and was rapidly growing in size. The skin masses were becoming ulcerated and appeared pruritic. Based on clinical appearance and known prevalence in ferrets, the skin masses were presumed to be mast cell tumors. The tail was amputated and the skin masses were surgically removed and submitted for histological examination.

The tail mass was well circumscribed non-encapsulated and arranged in multiple irregular lobules that were separated by spindle-shaped immature mesenchymal cells. The lobules were composed of large vacuolated, polygonal cells with oval, pleomorphic, eccentric nuclei (physaliphorous cells). Within lobules, islands of chondrocytes with a central core of trabecular bone were observed. There were no mitotic figures. Immunohistochemical staining with antibody against vimentin revealed strong expression of that protein in the cytoplasm of physaliphorous and chondrocytic cells in the osseous matrix. The morphologic diagnosis was chordoma (chondroid variant). Histological examination of the 2 skin masses revealed well-differentiated mast cell tumors.

Chordomas originate from the remnants of the notochord, which is believed to originate from the primitive mesoderm. The notochord extends the length of the embryo, along midline ventral to the neural tube. It induces formation of the head and CNS, has a role in development of vertebral bodies and the basal aspects of the sphenoid and occipital bones. The notochord persists between vertebrae and forms the nucleus pulposus of each intervertebral disc. Histological findings include lobules of physaliphorous cells that are separated from the adjacent normal tissues by a thin fibrovascular stroma. Physaliphorous cells are often surrounded by a mucinous extracellular matrix that stains with Alcian blue stain. Physaliphorous cells are generally diagnostic.

Chordomas are the fifth most common tumor in domestic ferrets and the most common musculoskeletal tumor. Chordomas most commonly develop on the tip of the tail, but may also be detected in the cervical and thoracic portions of the vertebral column and in the coccygeal region. Chordomas in ferrets are generally considered to be locally aggressive with little metastatic potential. Chordomas have also been reported in humans, rats, mink, dogs, and rarely in cats. In humans, chordomas are classified as classic, dedifferentiated, or chondroid variant. A chondroid variant is differentiated from the classic form by the presence of a chondromatous component and spindle cells. Chondromas in ferrets and mink are typically chondroid variants. Those in rats are most similar to the classic form and are usually highly malignant.

QUESTIONS:

1. What type of cell is generally considered diagnostic for chondromas?

2. Chondromas originate from the remnants of what embryologic structure?

3. What other species have chondromas been reported in?

4. Histologically, what differentiates a chondroid variant from the classic form of chondromas?

ANSWERS:
1. Physaliphorous cells are generally considered diagnostic for chondromas.

2. Chondromas originate from the remnants of the notochord.

3. Chordomas have been reported in humans, rats, mink, dogs, and rarely in cats.

4. A chondroid variant is differentiated from the classic form by the presence of a chondromatous component and spindle cells.

Golini et al.  2009.  Pathology in Practice.  JAVMA 234(10):1263-1266
Domain: 1 - Management of Spontaneous and Experimentally Induced Diseases and Conditions

Species: Ferret – Secondary

SUMMARY: A full-term ferret (Mustela putorius furo) kit was found stillborn with a defect over the thoracolumbar portion of its vertebral column. The two year old dam and three year old sire, both used in behavioral research and normally housed in open, outdoor cages, were considered healthy.  The dam was housed indoors during the pregnancy; parturition occurred spontaneously and this was the only kit in the litter (normal ferret litters range from 1-18 kits, mean 8 kits/litter).  
Gross necropsy findings of the kit included a large open skin defect over the thoracolumber region of the vertebral column with no evidence of trauma; the floor of the vertebral canal was identifiable, but the spinal cord was absent.  Kyphosis and scoliosis were noted. Dura mater was present, but the other two meningeal layers were absent. Along the defect the vertebral arches were small stumps, however cranial and caudal to the defect the vertebral canal and spinal cord were normally developed. There were no other gross abnormalities.  Microscopically, the vertebral bodies in the thoracolumbar region were normally shaped, but the epidermis and subcutis, while normally developed, did not fuse on midline. The inner surface of the vertebral bodies was covered only with dura mater with normally shaped ganglia observed.   Cranial and caudal to the defect there was histologically normal vertebral column, spinal cord and three meningeal layers. The final morphologic diagnosis was spina bifida aperta (aka spina bifida manifesta).  The spinal cord absent from the deformed section of the vertebral column was likely licked out by the damn post-parturition, but it is possible that there was segmental spinal aplasia (seen rarely in bovids, laboratory animals and humans). 
Congenital anomalies have been reported to affect 3-4% of ferrets, but data in this species is sparse. Spina bifida is part of a group of congenital disorders called neural tube defects that involve the vertebral column, spinal cord and brain; they are seen worldwide in humans and animal species. Neural tube defects have a complex etiopathogenesis often associated with primary failure of neural tube closure (neurulation) and development of dorsal bony structures leaving the tissues of the neural tube exposed. In human embryos neurulation occurs between day 17 and day 30 post-fertilization; in ferret embryos neurulation occurs around day 16-17 post-fertilization.  Neurulation starts with formation of a thickening of the embryo’s ectoderm (the neural plate) and ends with closure of the neural tube, which will become the central and peripheral nervous system.  This process is regulated by neuroepithelial cell migration, proliferation, differentiation and apoptosis. Growth of meninges and bone is dependent on neural tube integrity. 
Genetic and environmental factors affect neural tube development. Folic acid supplementation in pregnant women and animals seems to have a somewhat protective effect over neural tube defects; this is possibly related to increased activity of the folate pathway which is a fundamental process in nervous system development. Folate is found in leafy green vegetables, red meat and fruits; the synthetic form, folic acid, shares common properties with folate.  Folate is an essential cofactor in nucleic acid synthesis and methylation reactions (i.e. DNA methylation).  Folate deficiency can lead to genomic instability, reduced mitotic rate, altered gene expression, inefficient DNA repair and accumulation of teratogenic metabolic end products that can damage cellular pathways critical to proper neural tube closure.  Nutritional requirement data for pregnant jills is scant, but some requirements can be extracted from data on minks.  Healthy mink and ferret kits (<13 wks of age) should receive a minimum of 0.5 mg of folate/kg of dry food to avoid deficiency. Folate levels can be measured through liver tissue and blood samples; testing the levels of folate in this stillborn kit may have shed more light on the cause of the congenital defect. 
Overall, the etiology of spina bifida aperta in ferrets is unknown and more studies of dietary and vitamin requirements in ferrets are required to determine the possible role of folic acid deficiency as a cause of this congenital defect.

QUESTIONS

1.
What is the gestation length of ferrets?

a.  
36-38 days

b.  
41-42 days

c.  
55-60 days

d.  
120-125 days

2.
Match the following pathologies (a-d) to their correct definition (i-iv)

a.  
Spina bifida

b.  
Spina bifida occulta

c.  
Spina bifida aperta

d.  
Meningocele or meningomyelocele

i.
Incomplete closure of 1 or more vertebral arches without herniation of the meninges or spinal cord; the affected portion of the spinal cord remains covered by skin

ii. 
Incomplete closure of 1 or more vertebral arches with herniation of the meninges or spinal cord resulting in formation of a sac covered by skin

iii.  
Incomplete closure of 1 or more vertebral arches

iv.
Incomplete closure of 1 or more vertebral arches without herniation of the meninges or spinal cord, but associated with a skin defect

3.
Spina bifida and anencephaly, hydrencephaly and encephaloceles are referred to as__________.

a. 
Hereditary disorders

b. 
Somatic defects

c. 
Neural tube defects

d. 
All of the above

ANSWERS

1. 
b

2. 
a. iii

   
b. i

   
c. iv

   
d. ii

3. 
c

Desmarchelier et al.  2008.  Primary hyperaldosteronism in a domestic ferret with an adrenocortical adenoma.  JAVMA 233(8):1297-1301. 

Task 1 - Prevent, Diagnose, Control, and Treat Disease 

Species:  Ferret – secondary species

SUMMARY:  This is a case report of a 6 year old ferret that presented with lethargy, alopecia, pruritus and an abdominal mass.  Blood work revealed a non regenerative anemia, severe hypokalemia with elevated estradiol, 17-hydroxyprogesterone and androstenedione.  Cortisol levels with within normal limits, but serum aldosterone was greater than the upper limit of the detection range.  Significant hypertension was also detected using Doppler ultrasonic flow detection, although this technique has not been proven in ferrets.  Ultrasound revealed a mass associated with the left adrenal.  Surgical intervention was refused by the owner due to the significant risk.  Treatment with leuprolide acetate, spironolactone, amlodipine and potassium gluconate was initiated.  Hypertension persisted and benazepril was given.  Two months later, the ferret’s condition deteriorated and the animal was euthanized.  Necropsy revealed an 8 cm friable mass centered in the area of the left adrenal gland.  Tissues were initially stained with hematoxylin-phloxine-saffron.  Further staining of the mass with immunohistochemical staining identified aldosterone within the neoplastic cells.  The tumor was well-differentiated and lacked infiltrative behavior.  The diagnosis of an adrenocortical adenoma was made.    Persistent hypertension and hypokalemia with identification of an adrenocortical mass immunopositive for aldosterone were indicative of primary hyperaldosteronism.  

QUESTIONS:
1. What are the following drugs:

a. Leuprolide

b. Spironolactone

c. Amlodipine

2. What is the following stain:  hematoxylin – phloxine-saffron (HPS)?

3. How does aldosterone exert its effects?

4. What is the difference between primary and secondary hyperaldosteronism?

5. What are the classic signs of excessive sex hormone production typically seen in ferrets with adrenal adenomas? 

ANSWERS:
1    a.   Leuprolide is a synthetic nonapeptide analog of GnRH.

b. Spironolactone is a synthetically produced aldosterone antagonist.

c. Amlodipine is a dihydropyridine calcium channel blocking agent.

2.  HPS is similar to the standard bearer in histology H&E; however, it differentiates between connective tissues (yellow) and muscle & cytoplasm (pink) unlike H&E.

3.   Aldosterone exerts its effects by binding to mineralocorticoid receptors of the distal convoluted tubules and collecting ducts of the kidneys.  Binding results in increased production of the Na-K ATPase and an increase in the number of sodium pumps within the nephron, which facilitates potassium excretion at the luminal membrane.  The resulting sodium retention results in an increase in volume load and cardiac output.  

4.  Primary hyperaldosteronism results from adrenal gland hyperplasia or adrenal gland neoplasia affecting the mineralocorticoid-producing zona glomerulosa of the adrenal cortex.  Secondary hyperaldosteronism refers to other conditions in which plasma aldosterone concentration increases as a normal response to activation of the renin-angiotensin-aldosterone system.  

5.   Pruritus, alopecia, lethargy and swollen vulva

Swiderski et al.  2008.  Long-term outcome of domestic ferrets treated surgically for hyperadrenocorticism: 130 cases (1995-2004).  JAVMA 232(9):1338-1344.  

SUMMARY: A retrospective case study involving 130 ferrets that were surgically treated for hyperadrenocorticism was conducted from records at a veterinary teaching hospital.  The authors were looking at long term survival rates.  Data reviewed included signalment, clinical signs, surgical procedure, gland or glands involved caudal vena cava involvement, histopathological diagnosis, post surgical complications, and development of clinical signs of hyperadrenocorticism post operative.  The authors found the 1- and 2-year survival rates were 98% and 88%, respectively.  There was not a significant difference in survival times between animals having a complete vs. partial resection of the affected gland.  However, partial resection followed by cryosurgery resulted in a significantly shorter life span on the 4 patients that had that treatment.  The authors also looked at abdominal ultrasound as a diagnostic tool and found that of the 18 patients that had ultrasound performed, 5 were false positives and 6 had an incorrect identification of the affected gland.  The authors suggested that abdominal ultrasound may not be a definitive diagnostic tool.  The authors concluded that affected gland (left vs. right) and the histological diagnosis did not affect the long term survival rate.

QUESTIONS:

1.  
What is the most common clinical sign of hyperadrenocorticism in ferrets?

2. 
Medical treatment of hyperadrenocorticism is just as effective as surgical treatment?  T/F

3. 
Malignant tumors have a significant effect on survival time as compared to benign tumors?  T/F

4. 
Based on the findings of this study, what surgical procedure significantly reduced survival time?

a. 
Complete resection

b. 
Cryosurgery

c. 
Partial resection

ANSWERS:
1. 
Pruritic or nonpruritic alopecia

2. 
F.  Surgical treatment is preferred.  Medical treatment is for ferrets unable to withstand anesthesia.

3. 
F.  Histological diagnosis of the tumor did not significantly affect survival time

4. 
B.

Ramer et al.  2006.  Effects of melatonin administration on the clinical course of adrenocortical disease in domestic ferrets.  JAVMA 229(11):1743-1748. 

SUMMARY: Adrenocortical disease (ACD) is common in domestic ferrets. The disease typically occurs in 3 to 5 year old neutered males or females and is not influenced by ACTH. ACD in ferrets may instead be connected with increased luteinizing hormone (LH) synthesis induced by artificially long photoperiods. Symptoms of ACD include bilateral alopecia, which may be severe, pruritis, thinning of skin and lethargy. Females may have a swollen vulva and males have prostatic hypertrophy which may lead to urethral obstruction. Enlarged adrenals can be visualized by ultrasound and circulating levels of at least one plasma androgen and 17-alpha-hydroxyprogesterone (17-OHP) are elevated.

Medical management of ACD in ferrets with agents used in dogs and cats (mitotane, ketoconazole or streptozocin) is not effective. Surgical removal of the affected adrenal(s) has a high rate of relapse. Melatonin is an indoleamine synthesized in the pineal gland in response to decreasing day length. Exogenous melatonin has been shown in mink and ferrets to stimulate winter coat growth and to regulate prolactin secretion. 

Ten neutered adult ferrets (6 males and 4 females) were selected based on the presence of more than one clinical sign of ACD in addition to at least one abnormally large adrenal gland. .05 mg melatonin was administered PO daily to each ferret for one year. Every four months, each ferret underwent a complete physical exam including ultrasound determination of adrenal size and a subjective evaluation by the owner of appetite, activity, and level of pruritis. 

All but one ferret had marked improvement in hair coat in the first four months of the study, however, six of the remaining nine ferrets had renewed hair loss before the 8th month. Two of the males which had enlarged prostates at the beginning of the study had marked decrease in prostate size within four months which persisted for the remainder of the study. Primary caregivers of all ten ferrets reported a marked increase in activity and appetite. 

All ferrets had steroid hormone profiles consistent with ACD prior to the administration of melatonin. Serum 19-OHP decreased in 7 of 9 ferrets after 4 months of treatment but increased to initial levels between 8 and 12 months. There was a significant increase in adrenal gland size over the 12 months of treatment. 

QUESTIONS:
1. 
Adrenocortical disease (ACD) in ferrets is:

a. Relatively common

b. Correlated with early neutering

c. Not sensitive to ACTH

d. Diagnosed by abdominal ultrasound exam

e. All of the above

2. 
Current methods of treatment of ACD in ferrets include:
a. 
Surgical removal of affected adrenal gland
b. 
Treatment with mitotane, ketoconazole or streptozocin

c. 
Treatment with GnRH analogs

d. 
A and C

e. 
All of the above

3.
In ferrets with ACD, which of the following is true of serum hormone levels?
a.
17-OH progesterone is elevated

b.
At least one serum androgen is elevated
c.
Both of the above are true
d.
None of the above

4. 
T/F
Melatonin had a transient but positive effect on hair growth in ferrets with ACD.
5. 
T/F 
Caretakers did not note any change in attitude or behavior in ferrets treated with melatonin.

ANSWERS:
1. e

2. d
3. c

4. T

5. F (caretakers noted improved activity and appetite in all ferrets treated with melatonin)

>>>>>>>
Moore et al.  2005.  Incidence of and risk factors for adverse events associated with distemper and rabies vaccine administration in ferrets.  JAVMA 226(6):909-912. 

SUMMARY: Vaccines can occasionally be associated with adverse reactions. Pre-marketing safety trials are used to identify potential vaccine-associated adverse events (VAAE) but the small size of such trials limits their ability to detect uncommon events. Large corporate veterinary practices with clinics in diverse geographic areas and sizable patient populations may provide useful post-marketing surveillance information.

Adverse event incident rates associated with distemper and rabies vaccine administration in ferrets have been reported to exceed 5% but these estimates were based on small sample sizes. Thus, the purpose of the study at hand was to collect information from a large patient population to determine incidence of and risk factors for adverse events associated with distemper and rabies vaccine administration in ferrets.

Electronic medical records were searched for possible VAAEs (non specific vaccine reactions, allergic reactions, or anaphylaxis).

The adverse events incidence rates for administration of rabies vaccine alone, distemper vaccine alone, and rabies and distemper vaccines together were 0.51%, 1.00%, and 0.85%, respectively. These rates were not significantly different. It is unlikely that such low rates would be detected in vaccine safety trials. All adverse events occurred immediately following vaccine administration and consisted of vomiting and diarrhea (52%) or vomiting alone (31%). Age, sex, and body weight were not significantly associated with occurrence of adverse events, but the adverse event incident rate increased as the cumulative number of distemper or rabies vaccinations received increased. Only the cumulative number of distemper vaccinations received was significantly associated with the occurrence of an adverse event.

Results of this study suggest that in ferrets, the risk of VAAE was primarily associated with an increase in the number of distemper vaccinations, with each successive distemper vaccination increasing the risk of VAAE by 80%.

QUESTIONS:
1. 
Name some of the factors responsible for vaccine sensitization.

2.  
What is the genus and species of the ferret?

ANSWERS:
1.
Primary vaccine antigens themselves, product components such as adjuvants and preservatives, and proteins remaining from cell culture and manufacturing processes.

2.  
Mustella putorius furo

Hanley et al.  2004.  What is your diagnosis?  JAVMA 225(11):1665-1666. 

History: A 4-year-old metered male ferret was presented for clinical examination with a large mass in the cervical region that had been palpated by the owner one week earlier.   The animal was referred, and five days later at the referral institution, was presented in lateral recumbency and open-mouth breathing; 48 hours prior to presentation at the referral clinic, the animal had developed bilateral forelimb paresis and had begun straining to urinate, developing tetraparesis 24 hours later.   On PE, the ferret was mentally obtunded, pain perception was absent in all 4 limbs, the urinary bladder was a large and could not be manually expressed, and a firm, fixed, smooth mass measuring 4 X 3 X 3 cm was palpable of the base of the skull, extending into the cervical vertebra. Radiographs showed a large mostly-mineralized mass in the soft tissues dorsal to the cranial cervical portion of the vertebral column, with an appearance of multiple large oval masses of mostly mineralized tissue aggregating to form a larger, multilobulated tumor. Mass margins were mostly well=96defined, but were indistinct in some of the less well-mineralized areas. The mass extended from just caudal to the skull to the cranial aspect of C5, contacted the dorsal surfaces of C3 and C4, and appeared to originate from the spinous process of the axis, resulting in the destruction of the normal contours of that bone.
Diagnosis:   radiographic and histological findings were consistent with multilobulated tumor of bone, which is also known as multilobulated osteoma (MLO), osteochondroma, or osteochondrosarcoma.
Comments: MLOs are described in all domestic species, but are most commonly detected in dogs, horses and cattle. In ferrets, as in other species, MLOs tend to affect the flat bones of the head and rarely affect the appendicular skeleton.  MLOs are generally slow growing and locally invasive, with well-demarcated borders and minimal lysis of adjacent bone; the characteristic radiographic appearance of an MLO often leads to its description as a popcorn-ball tumor or rodent tumor (referring to the appearance of the bone, which looks as if it had been chewed on by a rodent).   This ferret’s deteriorating neurological condition was likely attributable to extradural compression by the MLO, or actual invasion of the tumor into the spinal cord; bladder voiding problems were likely attributable to an upper motor neuron deficit seen with spinal cord lesions cranial to L4. Treatment options in this case were limited due to the location and extensive local involvement of the tumor, but complete excision offers the best chance for long-term control of such tumors.
QUESTIONS
1.
This tumor was a MLO.  What does MLO stand for?

2.
What other names are used to identify, describe or characterize MLOs?

3.
In which species are MLOs most commonly detected?

4.
What was unusual about the location of this tumor?

ANSWERS:
1.
MLO - multilobulated osteoma

2.
MLO: a.k.a. osteochondroma, osteochondrosarcoma, popcorn-ball tumor, or rodent tumor

3.
Dogs, horses and cattle

4.
MLOs tend to affect the flat bones of the head and rarely affect the appendicular skeleton, yet this MLO appeared to originate from the spinous process of the axis (C2).

Greenacre.  2003.  Incidence of adverse events in ferrets vaccinated with distemper or rabies vaccine: 143 cases (1995-2001).  JAVMA 223(5):663-665.

SUMMARY: Ferrets (Mustela putoris furo) are susceptible to canine distemper virus (CDV) with a mortality rate of nearly 100%.  Modified-live virus vaccines have been used in ferrets since 1938, however vaccine-induced distemper and death have occurred.  Avian cell culture CDV vaccines are less likely to revert to virulence in ferrets compared with canine vaccines.  In the early 1990s, a modified-live avian cell culture CDV vaccine and an inactivated rabies vaccine were licensed for use in ferrets.  This paper reports on adverse events after vaccination.  Development of an anaphylactic reaction within 25 minutes of vaccine administration was designated an adverse event associated with the vaccination procedure. Incidences of adverse events after administration of both vaccines, the CDV vaccine alone or the rabies vaccine alone were not significantly different from each other (range from 5.6 - 5.9%).  There was no association with sex or coat color with incidences of adverse effects.  Adverse events should be reported to the USDA Center for Biologics.
QUESTIONS:
1. 
What vaccines are licensed for use in ferrets?

2. 
What agency should be notified in the advent of an adverse effect?

3. 
What specific CDV vaccine is less likely to revert to virulence in ferrets?

ANSWERS:
1. 
Fervac-D (modified-live avian cell culture vaccine)

 
Imrab3 (inactivated rabies vaccine)

2. 
USDA Center for Biologics

3. 
Avian cell culture CDV

Staton et al.  2003.  Factors associated with aggression between pairs of domestic ferrets.  JAVMA 222(12):1709-1712.

SUMMARY: The purposes of the study were to identify factors (familiarity, sex, neutering status, and time of year) associated with aggression between domestic ferrets and test a method for reducing aggression when introducing ferrets.  To identify variables associated with aggression, pairs of ferrets were placed in an enclosed area and observed.  To test whether increasing familiarity would decrease aggression when introducing ferrets, pairs of ferrets were housed in separate rooms for 2 weeks prior to introduction.  49 of 82 pairs of strangers fought, but 31 cage mate pairs did not.  Time of year had no apparent effect on aggression.  Pairs consisting of 2 neutered females or 2 sexually intact males were significantly more likely to fight than were pairs consisting of a neutered female and a sexually intact male.  Pairs caged next to each other for 2 weeks prior to introduction were no less likely to fight than were control pairs.  The results suggest that familiarity, sex, and neutering status are important determinants of aggression between ferrets.  If unfamiliar neutered ferrets are introduced, then pairing 2 males or a male and female would likely result in the lowest levels of aggression.  However, neutered females and sexually intact males are not indiscriminately aggressive, as a neutered female can be paired with a sexually intact male without resulting in aggression.  Caging ferrets next to each other for 2 weeks does not decrease aggression when the ferrets are introduced.

QUESTIONS

1. What is the genus and species of the domestic ferret?
2. T or F  In the study reported here, time of year had a significant effect on aggression in paired ferrets.
3. The authors described several behaviors that were evidence of intimidation in ferrets.  List two of them.

4. T or F  In the study reported here, caging ferrets next to each other for 2 weeks did not decrease aggression when the ferrets were introduced.
5. T or F Intact male ferrets are indiscriminately aggressive.

ANSWERS:

1. Mustela putorius furo

2. F

3. Urinating and defecating upon fleeing

4. T

5. F

Wilson et al.  2003.  Suspected pseudohypoparathyroidsim in a domestic ferret.  JAVMA 222(8):1093-1096.

SUMMARY: A 1.5 year old neutered male domestic ferret (Mustela putorius furo) presented on emergency service for intermittent seizures of 6 hours duration.  Upon presentation, the animal was lethargic and marginally hypoglycemic.  Initial treatment of hypoglycemia was unrewarding.  Further diagnostics revealed a decreased total calcium and increased serum phosphorus.  Parathyroid PTH) level was extremely high.  Treatment with calcium carbonate did not result in improvement .  A vitamin D analog, dihydrotachysterol (DHT) was initiated and titrated to achieve normal calcium and phosphorus values.  A diagnosis of pseudohypoparathyroidism (PHP) was confirmed.  This is based on low calcium and high phosphorus concentration with normal renal function and elevated PTH concentrations.  This condition has only been documented in humans and is considered hereditary.  Low calcium, high phosphorus and high PTH concentrations may also be seen in nutritional secondary hyperparathyroidism in young growing animals, chronic renal secondary hyperparathyroidism and tumor lysis syndrome.  None of these conditions were evident in the ferret.  Hypercalciuria, nephrocalcinosis, urolithiasis and reduced renal function have all been identified in human patients treated for hypoparathyroidism with calcium and vitamin D supplementation.  Animals on this treatment regimen should be followed for renal complications.

QUESTIONS:
1.  
Give the genus and species of the domestic ferret.

2.  
Give 3 differentials for low serum calcium, high serum phosphorus and high serum PTH concentrations.

3.  
What complications are common with vitamin D and calcium supplementation?
ANSWERS::

1.  
Mustela putorius furo

2.  
Pseudohypoparathyroidism, nutritional secondary hyperparathyroidism (young animals), chronic renal secondary hyperparathyroidism, tumor lysis syndrome

3.  
Hypercalciuria, nephrocalcinosis, urolithiasis and reduced renal function

Wagner et al.  2001.  Leuprolide acetate treatment of adrenocortical disease of ferrets.  JAVMA 218(8):1272-1274.

SUMMARY: Adrenocortical diseases (ACD) are common in neutered middle-aged to older ferrets and include nodular hyperplasia, adrenocortical adenoma, and adrenocortical adenocarcinoma. The adrenal tissues of these ferrets produce a variety of sex hormones, such as estradiol, 17 a-hydroxyprogesterone (17-OHP), androstenedione, and dehydroepiandrosterone sulfate (DHEA). Major clinical signs in females are alopecia and swollen vulva. Less frequent signs are pruritus, muscle atrophy, hind limb weakness, and sexual activity or aggression. Males may develop prostatic cysts and urethral obstruction. 

With some ACD, metastases and bone marrow suppression can be a fatal sequela to chronic exposure to these hormones, especially estrogen. Chronic stimulation of the adrenal cortex by gonadotropins FSH and LH contributes to the pathogenesis. Early age neutering and long photoperiods with indoor housing are possible etiologies. Surgical adrenalectomy  is the only curative treatment for ferrets.

Leuprolide acetate, a long-acting GnRH analog, results in prolonged suppression of pituitary gonadotropin release in ferrets in ACD. A high concentration for a prolonged period desensitizes the pituitary gland to native GnRH. If effective, leuprolide could be used as a safe short-term alternative to surgical treatment in older ferrets or those which are anesthetic risks.

The purpose of the study was to determine the clinical effects of leuprolide administration in 20 client owned ferrets with ACD.

M&M: ACD was diagnosed in male and female ferrets on the basis of clinical signs (listed above) and elevated plasma hormone concentrations with commercially available radioimmunoassays. Under isoflurane anesthesia, adrenal gland ultrasonography was performed and ferrets received 100 ug of leuprolide intramuscularly.

Results: No adverse effects were reported. Pruritus, sexual behavior, aggression, alopecia, swollen vulvas, enlarged adrenal glands subsided over the course of several weeks. Elevated hormone levels were decreased. However, clinical signs recurred in all ferrets approximately 1.5-8 months post-treatment (average 3 months). Repeated injections might be helpful, but long-term leuprolide use in ferrets has not been investigated.

Species comparison: Plasma FSH and LH are increased in spayed ferrets, dogs and castrated dogs. Indoor housing could stimulate GnRH and LH production.

Humans and mice have LH receptors in their adrenal glands and adrenal tumors. The cells with LH receptors may be steroidogenic. Castrated mice are reported to develop adrenocortical tumorigenesis from LH stimulation.

QUESTIONS:
1.   Name 3 adrenocortical disease in neutered middle-aged to older ferrets.
2.   Name the major and minor clinical signs of ACD in female ferrets.
3.   What is leuprolide's mechanism of action?
4.
What is the average time of recurrence of clinical signs after leuprolide administration?

ANSWERS:
1.   Nodular hyperplasia, adrenocortical adenoma, adrenocortical adenocarcinoma
2.
Alopecia, swollen vulva, pruritus, muscle atrophy, hind limb weakness, sexual activity, aggression
3.   GnRH analog, which causes prolonged suppression of pituitary gonadotropin release
4.   3 months

Williams et al.  2000.  What is Your Diagnosis?  JAVMA 217(11):1625-1626.

SUMMARY: Evaluation of a 2 year old spayed female ferret presenting with acute onset of labored breathing. The ferret appeared normal 2 days prior, but became dyspneic and listless 1 day prior to presentation. This ferret was pair-housed indoors with an apparently healthy ferret with no known history of trauma. 
Physical examination revealed lethargy, abnormal adventitial sounds including crackles, a grade II/VI systolic murmur and splenomegaly. CBC was within normal range. An inverse calcium to phosphorus concentration ratio was noted on serum biochemical analysis. 
Survey thoracic radiographs (Figs 1 & 2) revealed pleural effusion and pulmonary atelectasis. Thoracocentesis yielded 45 mls of blood-tinged hazy fluid with a protein concentration of 3.5 g/dl. Cytological examination was consistent with chylous effusion. Thoracic ultrasound (Fig 3) showed parallel hyperechoic lines consistent with adult Dirofilaria immitis within the right atrium and caudal vena cava. 

Euthanasia was performed due to poor prognosis. Dilation of the right atrium and ventricle and the presence of adult heartworms were detected on necropsy. Microfilaria were identified within alveoli. 
Ferrets are not a definitive host for D. immitis; therefore, severe disease can result from the presence of 1 or 2 worms. Ultrasound may be more sensitive than laboratory tests for the detection of heartworms in aberrant hosts; however, recognition of adult heartworms using ultrasound is dependent on the quality of the equipment and the skill of the user. When heartworm disease is suspected, recheck examinations are recommended. 
QUESTION: 
1. 
What were the differential diagnosis for chylous effusion of the ferret's thorax in this paper? 

ANSWER: 

1. 
Congestive heart failure, neoplasia, heartworm disease 

Bodri.  2000.  Theriogenology question of the month.  JAVMA 217(10):1465-1466.

SUMMARY: This report discusses an 8-month-old male ferret presented with a single testes within the scrotal sac. It had reportedly been neutered and descented prior to being purchased by the owner. Two scars were evident in the anal region indicating that descenting had been performed. It was presumed that the contralateral testis had been removed at the time of extirpation of the anal glands, but no scrotal scars were evident. It was surmised that the ferret probably had a cryptorchid testis at the time of the original surgery and that testis had descended later to create the monorchid condition. 

Most ferrets are neutered and descented at approximately 6 weeks of age prior to sale at pet stores. Testes have a greater likelihood of being completely descended in 6 month old ferrets, which is the time that veterinarians usually neuter them.  Cryptorchidism has been reported in cats, dogs, Florida panthers, mountain lions and black bears. It is postulated to have a genetic basis in some species, but also may be influenced by prenatal hormones, environmental contamination, nutritional deficiency of the dam and delayed testicular descent. 

Other ferret information (not in the article): 

Genus/species: Mustela putorius furo

Female ferret: jills 

Male ferret: hobs 

Baby ferrets: kits 

Gestation: 42 days 

Litter size average: 8 

Weaning: 6-7weeks 

Sexual maturity: spring following their birth or at 9-12 months 

Breeding: seasonally polyestrous (March to August) coitus induces ovulation within 30-35 hrs 

Gross anatomical features: lack a cecum, appendix, seminal vesicles and prostate gland 

QUESTIONS: 

1. Name the genus and species of the common European ferret. 

2. Estrous females have high endogenous estrogen levels that may cause what fatal condition? 

3. How can the condition in question 2 be treated? 

ANSWERS: 

1. Mustela putorius furo 

2. Bone marrow depression 

3. After a female is in estrus, she can be treated with one IM injection of 50-100 IU of HCG or by breeding. Treatment of bone marrow depression is difficult and most animals with a PCV of less than 10% do not survive. The use of whole blood transfusion and surgery may be the most logical treatment. (LAM p. 395) 

Williams et al.  2000.  Coronavirus-associated epizootic catarrhal enteritis in ferrets.  JAVMA 217(4):526-530.

SUMMARY:  Since 1993, epizootic catarrhal enteritis (ECE) has been diagnosed in domestic ferrets (Mustela putorius furo).  High morbidity and low mortality with initial signs of lethargy, inappetence, and vomiting characterize the disease.  Subsequently, profuse bright green diarrhea with high mucus content develops.  Older ferrets tend to have more severe signs whereas younger animals have mild or subclinical infection.  Coronavirus-like particles have been observed in feces.  Histology commonly demonstrates a combination of atrophic and inflammatory enteric lesions characteristic of chronic coronavirus infection.  The objective of the cross-sectional study done on 119 ferrets with presumed viral epizootic diarrhea and 5 control ferrets was to characterize clinical signs and lesions and to identify the etiologic (presumptively a coronavirus).

Clinical records, biopsies, and necropsy specimens of ferrets with presumed ECE were reviewed.  Immunohistochemical staining for coronavirus antigen was performed on paraffin-embedded tissues from aproximately10% of affected ferrets to identify viral antigen and determine its distribution.  Transmission electron microscopy (TEM) was performed on fecal samples and sections of jejunum.  Virus isolation studies as well as immunofluorescent tests for other similar viruses were performed.

Average age of ferrets with ECE was around 4 years.  Treatment tended to be palliative (i.e. broad-spectrum antibiotics, SC fluids), depending on severity of clinical signs.  Morbidity was limited to adults, with mortality < 5%.  Epizootics generally subsided within a few weeks.  Grossly, ferrets with acute ECE had bright green diarrhea with high mucus content and hyperemia of affected portions of the small intestines.  Histologically, affected animals either had lymphocytic enteritis, villus atrophy with fusion and blunting, vacuolar degeneration and necrosis of apical epithelium, or a combination of these lesions (see Figures 1 and 2).  Immunohistochemistry was positive in 60-80% of affected animal samples for coronaviral antigens within jejunum.  All samples from control animals were negative.  Virus isolation was unsuccessful and other similar viruses were not detected via immunofluorescent tests.  Utilizing TEM, both fecal and jejunal mucosal samples from ferrets with ECE demonstrated coronavirus-like virions characterized by an evenly spaced array of 20-nm pin-shaped peplomers distributed around the periphery (see Figures 3 and 4).

Results of this study strongly support the hypothesis that a coronavirus is the etiologic agent of ECE.  Coronaviruses are pleomorphic, single-stranded RNA viruses that affect numerous animal species.  Typically, coronaviruses are responsible for enteric infection, diarrhea (usually self-limiting) and, in some species, wasting and death.  The coronavirus described in this report belongs to Coronavirus antigenic group 1, a mammalian group containing the coronaviruses that cause transmissible gastroenteritis in pigs, feline infectious peritonitis in cats, and enteritis in dogs.  Concurrent bacterial infections are an associated risk factor for increased mortality in coronaviral infections.  Recommended treatments include supportive measures (i.e. fluids, electrolytes, antibiotics).  If malabsorption occurs, oral prednisone and high digestible nutritional supplements may be helpful.

QUESTIONS:

1. True or False:  high morbidity and high mortality characterize epizootic catarrhal enteritis.

2. Which type of virus is suspected of being the causative agent in epizootic catarrhal enteritis?

3. True or False:  Younger ferrets tend to have more severe clinical signs whereas older ferrets tend to have mild or subclinical disease.

4. What are the characteristic gross and histological lesions of epizootic catarrhal enteritis?

5. What other viruses are similar to the etiologic agent of epizootic catarrhal enteritis?

ANSWERS:

1. False.  High morbidity and low mortality.

2. A coronavirus

3. False.  Younger ferrets – mild or subclinical disease; older ferrets – more severe clinical signs.

4. Gross: Bright green diarrhea with high mucus content, hyperemia of affect portions of small intestines.  Histology: lymphocytic enteritis; villus atrophy, fusion, and blunting; vacuolar degeneration and necrosis of villus enterocytes; some combination of the preceding microscopic lesions.

5. Coronavirus antigenic group 1:  Transmissible gastroenteritis in pigs, feline infectious peritonitis in cats, enteritis in dogs.

Cathers et al.  2000.  Acute ibuprofen toxicosis in a ferret.  JAVMA 216(9):1426-1428.

SUMMARY: An adult male castrated ferret (Mustelo putorius furo) was presented with the chief complaint of an acute onset of vomiting, dyspnea and depression. History included treatment of surroundings with a pyrethrin spray. Supportive care consisting of oxygen was given during the physical exam. The physical exam was within normal limits with the exception of decreased mentation. Bloodwork was submitted and fluid therapy was initiated. Activated charcoal and dexamethasone were given.  Emesis was not induced due to the fact that the animal was now recumbent.  The owner then remembered that the ferret had access to ibuprofen.  Misoprostol was given to counter the gastric ulceration associated with NSAID toxicosis. The ferret continued to deteriorate and succumbed 8 hours after presentation. 

Gross and microscopic necropsy findings were unremarkable. Toxicological analyses for ibuprofen were performed on serum, urine, and liver. The concentrations found were above those considered toxic in other species. Clinical signs of ibuprofen toxicosis in dogs and cats include signs of lethargy and depression, but rarely as severe as in this case.  In small animals, ibuprofen has a more narrow margin of safety than in humans, and has been associated with gastrointestinal irritation and hemorrhage. Treatment of ibuprofen overdose is supportive and symptomatic.  Other treatment modalities could include: GI absorbents and cathartics (for acute presentations), GI tract protectants, cytoprotective agents, mucosal coating agents, antacids and motility stimulators. 

QUESTIONS:
1. What is the genus and species of the ferret? 

2. What class of agents does ibuprofen belong to and what is their mode of action? 

3. 
Name one drug for each category (i.e. penicillin) 

a. 
Histamine receptor antagonists 

b. 
Cytoprotective agents 

c. 
Mucosal coating agents 

d. 
Motility stimulators 

ANSWERS: 

1 Mustela putoris furo 

2 NSAID: act by inhibiting cyclooxygenase which is necessary for prostaglandin formation 

3 a. 
Cimetidine, ranitidine 


b. 
Misoprostol 


c. 
Sucralfate 


d. 
Metoclopramide 

Foertster et al.  2000.  What’s Your Diagnosis?  JAVMA 216(5):665-666.

SUMMARY: Three-year-old castrated male ferret was referred due to 2.5 week history of coughing and gagging after eating. Ferret had lost weight but continued to have a good appetite and was alert. Physical exam noted respiratory stridor (laryngeal gurgling sounds) and a palpable mass in the retropharyngeal region; no abnormalities were noted on oral exam. Cervical radiographs revealed a defined, diffusely mineralized soft tissue mass in the retropharyngeal region causing the trachea to be displaced ventrally. In addition the cervical vertebrae and adjacent skull were roughened in appearance. All other lab and x-ray results normal. 

Rule outs for the mass included infection, or neoplasm. Masses with similar appearance radiographically include hematomas, chronic granulomas, calcinosis circumscripta and soft-tissue sarcomas. Fine-needle aspirate cytology results: dense aggregates of large, irregularly-shaped cells and pink extracellular matrix. Cell nuclei were varied in shape and size, some were multinucleated, nucleoli were visible. Cytoplasm abundant, pale blue and mottled with rare vacuoles. Cytology consistent with cervical chordoma. Mass was resected to best extent surgically despite guarded long-term prognosis due to recurrence; histology confirmed chordoma. 

Article states that chordomas are common neoplasms in ferrets but usually are found on the tip of the tail. Several reports have noted them in the cervical region in ferrets, so chordoma should be included in the rule out list when a cervical mass is noted in a ferret. Distant metastases have not been reported, however recurrence and local bone invasion is common with chordomas. 

No questions were submitted.

Shoemaker et al.  2000.  Correlation between age at neutering and age at onset of hyperadrenocorticism in ferrets.  JAVMA 216(2):195-197.

SUMMARY: The paper describes the results of a prevalence survey on hyperadrenocorticism in a Dutch ferret population where neutering at an early age is uncommon, and a retrospective study of medical records to determine the influence of age, sex and age at neutering for ferrets diagnosed with hyperadrenocorticism. 
Hyperadrenocorticism is most often diagnosed in neutered ferrets and it has been suggested that neutering at an early age may be a contributing factor. In the U.S., ferrets are neutered at 4-6 weeks of age; whereas in the Netherlands, ferrets are neutered at 0.98+ 0.65 years of age. Results of studies using mice show that when certain strains of mice are neutered early, nodular adrenocortical tumors develop in one of both glands. 

Prevalence survey - A questionnaire sent to members of a Dutch ferret foundation provided useful data on 1,274 ferrets that had not been diagnosed with hyperadrenocorticism. Most ferrets (91% males, 82% females) had been neutered between 0.5 and 1.5 years of age. Eighty-seven ferrets had not been neutered. During the survey period, 7 cases of hyperadrenocorticism were confirmed by histopathology of adrenal glands post-surgical removal. Additionally, 7 cases of hyperadrenocorticism were suspected, but not confirmed. Therefore, the prevalence of confirmed cases of hyperadrenocorticism in a Dutch ferret population was estimated to be 0.55%. 
Retrospective analyses - The authors reviewed the medical records of 50 ferrets (33 males, 17 females) diagnosed with hyperadrenocorticism. Information on gross and histopathological findings, sex, age at neutering, age at time of diagnosis and interval between neutering and time of diagnosis was recorded. Histological examination of surgically removed adrenal glands confirmed hyperadrenocorticism in 46 of 50 ferrets. For 4 ferrets, diagnosis was made on macroscopic appearance and improvement of clinical signs following adrenalectomy. All 50 ferrets had been neutered. The median age at time of neutering was 1 year (mean 1.4 + 1.2 years, range 0.5 to 6 years). The median age at diagnosis of hyperadrenocorticism was 5 years (mean). The median interval between neutering and diagnosis was 3.5 years (mean). Sex was not associated with prevalence of disease. 

A significant correlation was found between age at neutering and age at diagnosis. It was speculated that following neutering, there is a persistent stimulation of the adrenal cortices by LH and FSH due to a lack of negative feedback for the removed ovaries/testes on hypothalamic GnRH resulting in adrenocortical hyperplasia or tumorigenesis. 
QUESTIONS: 

1. 
What are the common clinical signs of hyperadrenocorticism in ferrets? 

2. 
What other disease etiology commonly causes alopecia in intact female ferrets? 

ANSWERS: 
1. 
Bilaterally symmetrical alopecia, pruritis, pot-bellied appearance, muscle atrophy. Neutered female ferrets show vulvar enlargement, mucoid vulvar discharge, sexual behavior. Male ferrets show dysuria, caudal abdominal mass, urinary tract blockage. 

2. 
Estrus associated aplastic anemia (hyperestrogenism) 

Weiss et al.  1999.  Surgical treatment and long-term outcome of ferrets with bilateral adrenal tumors or adrenal hyperplasia: 56 cases (1994-1997).  JAVMA 215(6):820-823.

SUMMARY: Hyperadrenocorticism is common (reported prevalence 25%) in domestic ferrets (Mustela putorius furo).  Clinical signs are due to excess sex steroid production by the primary adrenal tumor or adrenal hyperplasia.  The following clinical signs are considered highly suggestive of hyperadrenocorticism in ferrets: bilaterally symmetric alopecia, swollen vulva in a spayed female (rule out for this sign - retained ovarian remnant), and/or return to male behavior in castrated males.  Treatment of hyperadrenocorticism in ferrets includes both medical (mitotane, ketoconazole) and surgical modalities (unilateral adrenalectomy, subtotal bilateral adrenalectomy).  Surgery is considered the treatment of choice.  The objective of this retrospective study was to determine signalment, clinical signs, concurrent diseases, response to surgical treatment, and long-term outcome of ferrets with bilateral adrenal tumors/hyperplasia.

56 ferrets with bilateral adrenal tumors/hyperplasia confirmed histologically were followed > 18 months after either subtotal bilateral adrenalectomy, or an initial unilateral adrenalectomy followed by a unilateral subtotal adrenalectomy when tumors/hyperplasia developed on the contralateral adrenal.  If signs of lethargy or anorexia were observed for > 4 days post-op, glucocorticoid and mineralocorticoid supplementation was given and a sodium-to-potassium (Na:K) ratio was done.  The normal Na:K ratio in a ferret is 25:1 to 35:1.  If the ratio was <25:1, deoxycorticosterone pivalate (DOCP) was administered.  If the Na:K ratio was >25:1 or there was an incomplete response to DOCP within 48 hours of administration, prednisone was given.

Common clinical signs found in this group of ferrets pre-op included bilaterally symmetric alopecia, lethargy, muscle atrophy, large vulva, pruritis, return to male sexual behavior, and stranguria in males.  Concurrent conditions included splenomegaly, insulinoma, cardiomyopathy, and gastric hairball.  Hematological and serum biochemical analyses were nondiagnostic.  Bilateral adrenal tumors/hyperplasia were found in 68% of ferrets at the time of surgery whereas 32% of ferrets had unilateral adrenal tumors/hyperplasia and later developed tumors/hyperplasia of the contralateral adrenal (mean recurrence interval - 11 months).  Histology revealed that nodular hyperplasia (51%), adrenocortical carcinoma (31%), and adrenocortical adenoma (18%) were the most common findings.  Cysts were associated with 36% of right adrenal tumors but none with the left adrenal.  Only 45% of ferrets had histologically different tumor types in each of their adrenal glands.  No evidence of hematogenous metastasis was found in any of the ferrets, but large adrenocortical carcinomas were locally invasive.  Only 5% of ferrets required glucocorticoid/mineralocorticoid supplementation following subtotal bilateral adrenalectomy.  Clinical signs resolved after surgery in all ferrets that survived surgery (mortality rate < 2%).  Recurrence after bilateral adrenalectomy was 15% with a mean long-term follow-up period of 30 months.

There were no gender differences in terms of adrenal tumor prevalence.  Mean age of onset of these tumors was 4.4 years.  One or more of the following clinical signs led to a successful diagnosis of hyperadrenocorticism in 98% of cases prior to surgery:  bilaterally symmetric alopecia (most common clinical sign), a large vulva in spayed females, and return to sexual behavior in castrated males.  ACTH stimulation tests and dexamethasone suppression tests are ineffective in diagnosing hyperadrenocorticism in ferrets.  Ultrasonography and increased serum estradiol and androstenedione can also aid diagnosis.  Based on study findings, surgery is the treatment of choice for ferrets with bilateral adrenal disease.  Medical treatment (mitotane, ketoconazole) resulted in fair to poor results in ferrets with hyperadrenocorticism.

QUESTIONS

1. What are the three clinical signs that are considered highly suggestive of hyperadrenocorticism in ferrets?

2. True/False – An ACTH stimulation test or dexamethasone suppression test are more useful in diagnosing hyperadrenocorticism in ferrets than serum estradiol or androstenedione levels.

3. True/False – Treatment of choice for hyperadrenocorticism in ferrets is surgery.

4. True/False – After subtotal bilateral adrenalectomy, most ferrets will require glucocorticoid or mineralocorticoid supplementation.

ANSWERS:

1. Bilaterally symmetric alopecia (most common clinical sign), swollen vulva in spayed females, and return to sexual behavior in castrated males.

2. False

3. True

4. False
Xiantang et al.  1998.  Neoplastic diseases in ferrets: 574 cases (1968-1997).  JAVMA 212(9):1402-1406.

SUMMARY:  Early studies failed to show that chemical and viral carcinogens induce tumors in ferrets (Mustela putorius furo).  This led to the belief that ferrets were resistant to tumor development and that historically, tumors in ferrets are rare.  However, as ferrets have become more popular as pets and as research animals, neoplastic disease has been increasingly observed and documented.  The Veterinary Medical Data Base (VMDB) at Purdue University has compiled information on diseases diagnosed in all animal species from 24 American and Canadian university veterinary hospitals since 1968.  The objective of this retrospective study, using this data base, was to determine the incidence of neoplastic disease in ferrets.  Medical records from the VMDB at Purdue University from 1968 to May 1997 were reviewed to identify ferrets with neoplastic disease.  Data on tumor type, organ or system affected, sex, age, geographic location of affected ferrets, participating institution, and year of diagnosis were retrieved.  An attempt was made to correlate clinical signs with tumor type when this information was available.

12% of ferrets in the data base had 1-3 tumor types.  Primary tumors were found in every system (see Table 1 on p. 1404).  Endocrine (39.7%), hemolymphatic (15.2%), integumentary (12.9%), and digestive (8.4%) systems were most commonly affected.  Types of tumors most commonly found overall were pancreatic islet cell (21.7%) and adrenocortical cell (16.7%) tumors and lymphoma (11.9%), which accounted for 50.3% of tumors.  Pancreatic islet cell and adrenocortical cell tumors accounted for 97% of endocrine tumors.  Lymphomas accounted for 78% of hemolymphatic tumors diagnosed.  Tumors of the integument were more diverse:  mast cell, squamous and basal cell, and sebaceous gland tumors were found with approximately equal frequency.  Osteomas and chondromas were the predominant tumor types of the skeletal system.  Tumors of the reproductive system were found most often in the ovary and testis.

Clinical signs varied with tumor type and organ primarily affected.  The majority of pancreatic islet cell tumors were functional and caused variable clinical signs (hypoglycemia, seizures, hind limb paralysis, generalized weakness, weight loss, ataxia).  The predominant clinical signs associated with adrenocortical cell tumors were alopecia and enlarged vulva.  Clinical signs attributable to lymphoma were lymphadenopathy and organomegaly; to thoracic lymphoma were dyspnea, respiratory distress, and pleural effusion; to lymphoma affecting bone marrow was aplastic anemia; and to multicentric lymphoma were hypercalcemia and generalized tissue mineralization.  A sex predilection was not found, although tumors were found more commonly in spayed females and castrated males than in sexually intact females and males, respectively.  Age of affected ferrets ranged from <1 month to >15 years, with a mean age of approximately 4.8 years.  Tumor bearing ferrets were approximately 2 to 3 times older than unaffected ferrets.  Overall tumor incidence was highest in ferrets between 4 and 7 years old.  The most common types of tumors were also found in ferrets 4 to 7 years old.  The number of tumors diagnosed in ferrets and percentage of neoplastic disease has increased since 1973.

The incidence of tumors was higher in neutered ferrets, compared with sexually intact ferrets, in this study.  Because the adrenal gland and gonads are associated closely during embryogenesis, early gonadectomy may remove negative feedback that gonads have on the adrenal gland and other endocrine tissues (where 2 of most common tumor types are found in ferrets).  Age may also be a factor.  Neutered ferrets were older than sexually intact ferrets and would have had a longer time to develop tumors.  Morphologic criteria for malignancy described in the literature should be applied cautiously to tumors from ferrets.  Some islet cell tumors that appear benign may metastasize in ferrets.  Conversely, focal attenuation or lack of a capsule may be seen in nonneoplastic or hyperplastic lymph nodes and uncommonly in the adrenal gland of ferrets.  In conclusion, ferrets have an incidence and spectrum of neoplastic disease similar to other mammalian species.

QUESTIONS:

1. Fun Ferret Fact Review: What are the order, family, genus, and species of the domestic ferret, European polecat, Siberian polecat, and black-footed ferret?  What is the diploid number (2N) for the domestic ferret?  What is the average gestation period for the domestic ferret?

2. According to this study, what are the four most commonly affected body systems with respect to neoplastic disease in the ferret?

3. According to this study, what are the three most common tumor types seen in ferrets?

4. What are the most common clinical signs attributed to the three most common tumor types reported in ferrets?

5. True/False – There is a sex predilection towards females with respect to overall tumor incidence in ferrets.

ANSWERS:

1. Order: Carnivora


Family: Mustelidae


Genus & species: 
Mustela putorius furo (domestic ferret)





Mustela putorius (European polecat)





Mustela eversmanni (Siberian polecat, also steppe polecat)





Mustela nigripes (black-footed ferret, endangered species)


Diploid # (2N) = 40 (FYI - same as the mouse and the squirrel)


Gestation = 42 days

2. Endocrine, hemolymphatic, integumentary, and digestive systems.

3. Pancreatic islet cell tumors, adrenocortical cell tumors, and lymphoma.

4. Pancreatic islet cell tumors:  hypoglycemia, seizures, hind limb paralysis, generalized weakness, weight loss, ataxia (majority were functional).


Adrenocortical cell tumors: alopecia, enlarged vulva.


Lymphoma:  General – lymphadenopathy, organomegaly; thoracic - dyspnea, respiratory distress, pleural effusion; bone marrow - aplastic anemia; multicentric – hypercalcemia, generalized tissue mineralization.

5. False.  A sex predilection was not found, although tumors were found more commonly in spayed females and castrated males than in sexually intact females and males, respectively
