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PREVENTIVE MEDICINE

A comprehensive and consistent medical program should be instituted in all facilities with cheetahs. Consistent programs will help to facilitate movement of cheetahs when they are transferred between institutions (e.g., for breeding) and will also facilitate disease monitoring of the SSP population. 

A protocol of regular physical examinations should be established for ongoing preventative medical care. Complete physical examinations should also be performed at the time of more targeted examinations for specific health problems. The following tables provide required and recommended procedures to be performed during quarantine, pre-shipment, and routine physical exams. Appendix I describes the Standard Health Evaluation Protocol. Institutions may add other procedures to this list at the discretion of their veterinary team.

SSP Required Medical Procedures

	Procedure
	Quarantine
	Routine Exam
	Pre-shipment

	Physical exam
	x
	x
	x

	CBC, blood smear for hemoparasites, serum chemistries
	x
	x
	x

	FCoV, FIV, FeLV serology
	x
	x
	x

	Heartworm testing
	
	
	x

	Serum bank
	x
	x
	x

	Survey radiographs
	
	
	X

	Fecal ova and parasite screening
	x
	x
	X

	Fecal FCoV PCR 
	x
	
	X

	Immunizations
	If needed
	If needed
	If needed

	Dental prophylaxis
	If needed
	If needed
	If needed

	Body weight
	x
	x
	X

	Permanent identification (placement or verification)
	x
	x
	X

	Urinalysis
	x
	x
	X


FCoV=Feline enteric coronavirus, FIV=Feline immunodeficiency virus, FeLV=
Feline leukemia virus

SSP Recommended Medical Procedures

(These procedures are recommended in addition to the required procedures above)
	Procedure
	Quarantine
	Routine exam
	Pre-shipment

	FPV, FHV, FCV, Toxoplasma serology
	x
	x
	x

	Heartworm testing
	x
	x
	

	Survey radiographs
	x
	x
	

	Fecal culture for enteric pathogens
	x
	
	x

	Fecal FCoV PCR
	
	x
	

	Gastroscopy and gastric biopsies
	x
	x
	x

	Abdominal ultrasound
	x
	x
	x

	Approved research requests
	x
	x
	x


FPV=Feline parvovirus/panleukopenia, FHV=Feline herpesvirus, FCV=Feline
calicivirus

Recommended vaccinations

· Cubs: Vaccinate for FHV, FPV, and FCV using a killed product (eg. Fel-O-Vax®, Fort Dodge) at 6 wks, 9 wks, 12 wks, 15-16 wks.  Booster at 6 months. Vaccinate with killed (Imrab 3®, Merial) or canary pox-vectored subunit (PureVax Rabies®, Merial) rabies at 4-6 months and booster at approx. 1 year of age. The canary pox-vectored rabies vaccine (PureVax Rabies, Merial) appears to be safe and produces antibody titers in cheetah cubs (16 weeks and older) and adults (Citino, unpublished data). 

· Adults: Regular vaccination with FHV, FPV, and FCV using a killed product (e.g., Fel-O-Vax®, Fort Dodge), and killed (Imrab 3®, Merial) or canary pox-vectored subunit (PureVax Rabies®, Merial) rabies (at 1-3 year intervals).  Serum antibody titers can be monitored to evaluate response to vaccination and duration of titers.

· Pregnant females: Re-vaccinate for FHV, FPV, and FCV with a killed virus vaccine (eg. Fel-O-Vax®, Fort Dodge) three weeks pre-partum. Use of a MLV vaccine (PureVax Feline, Merial) is under investigation. If MLV vaccines prove safe, then vaccinate females 3 to 4 weeks prior to breeding with MLV vaccine and booster with a killed FHV, FPV, and FCV vaccine (eg. Fel-O-Vax®, Fort Dodge) at 3 weeks pre-partum. 

· Vaccination for FCoV, CDV (Canine distemper virus), FeLV and FIV is not recommended at this time.
Endoparasite control
A parasite-monitoring program includes periodic, regular fecal examinations. Most internal parasite ova are from relatively common parasites from the orders Ascarididae and Strongyloidae (i.e., Toxocara, Toxascaris, Ancylostoma). Fecal examinations should be repeated after treatment to assess treatment efficacy. Not all eggs or larva observed in fecal examinations may be parasitic. The cheetah may be serving as a transport host depending on what it has been fed or what wild animals are consumed. Coccidia may be associated with feeding whole carcass specimens (e.g., whole rabbits). This emphasizes the need for specific identification of parasite species seen in feces and an awareness of the cheetah’s diet. 

The following anthelmintics are considered effective and safe when administered at the dosages listed:

· Pyrantel pamoate: 3-5mg/kg per os. Can be given at this level for 3-5 consecutive days.

· Fenbendazole: 5-l0mg/kg per os. Single day treatment most common, but can be given 3 consecutive days at this dosage.

· Ivermectin: 0.2mg/kg, subcutaneous or per os. Use of ivermectin monthly at a dose of 0.1 to 0.2 mg/kg has eliminated ascarids and kept a large collection ascarid free, as well as being used as a heartworm preventive (Citino, personal communication).
· Praziquantel: 5.5-6.6mg/kg per os or subcutaneously for a single treatment. Higher doses may be necessary, especially if treating cestodes such as Spirometra spp.(Citino, personal communication).

· Sulfadimethoxine: 50mg/kg SID parenteral or per os, as a coccidiostat.

· Trimethoprim-sulfa: 15mg/kg BID or 30 mg/kg SID per os, as a coccidiostat.

Heartworm prophylaxis 

Heartworm testing (feline heartworm antibody test) and prophylaxis should be considered in endemic areas. Products and doses for prevention and treatment are extrapolated from domestic animals.

Ectoparasite control

Fleas, ticks, mites (Cheyletiella spp., Otodectes spp., Notoedres spp., Sarcoptes spp., Demodex spp.) chiggers, lice, biting flies, and hippoboscid flies (Hippobosca longipennis) can infest cheetahs. Fly strike (myiasis) can also occur in cheetahs with external wounds and lesions.  The following products have been used on/in cheetahs (dosages similar to domestic animals) to control ectoparasites with no apparent side effects:

· Fipronil

· Methoprene 

· Imidocloprid

· Lufenuron

· Nitenpyram

· Permethrins

· Ivermectin

· Lime Sulfur

Quarantine 

The quarantine period allows observation and testing to monitor animals for infectious diseases and/or parasites before introducing them into the resident animal collection. A 30-day period is adequate to cover the incubation period of most infectious diseases. The evaluation of a new cheetah begins with a review of its past medical history, including details of any previous medical problems, past immunizations, fecal examinations, anesthetic episodes, serology results, and blood values. Medical history reports should be part of the health certificate and must be sent to the new facility before or when animals are transported. Newly captured animals or animals from non-accredited facilities may require a longer quarantine. Refer to: 

“AZA’s Guide to Accreditation of Zoological Parks and Aquaria and Accreditation Standards” (http://www.aza.org/Accreditation/Documents/AccredStandPol.pdf) or AAZV’s “Guidelines for Zoo and Veterinary Medical Programs and Veterinary Hospitals” http://www.aazv.org/associations/6442/files/zoo_aquarium_vet_med_guidelines.pdf.
Ideally, transition to a new diet should occur prior to shipment. If this does not occur, the cheetah's diet should be gradually changed to the new diet to minimize food refusal and gastrointestinal upset. It is not unusual to have a newly arrived cheetah stop eating because of the environmental change. In some cases it is advantageous to have some of the animal's previous diet accompany it, especially if the food is not available locally. To stimulate appetite, whole carcasses of rabbits may be offered. Feeding chickens is no longer recommended.

Following an acclimation period, a complete physical examination and diagnostic evaluation should be performed under general anesthesia. In addition to the Standard Health Evaluation Protocol (APPENDIX I), required procedures during quarantine include serology for FCoV, FIV, and FeLV and fecal FCoV PCR. Recommended procedures include vaccine serology (FPV, FHV, FCV), Toxoplasma serology, heartworm testing, enteric pathogen culture, survey radiographs, abdominal ultrasound, gastroscopy and gastric biopsies, and approved research requests. During the quarantine period, cheetahs should be screened for enteric parasites by repeated fecal examinations. Three exams are recommended. Body weights should be obtained on all cheetahs entering and leaving quarantine. Frequent assessment of body condition is recommended.

Pre-shipment 

In addition to the Standard Health Evaluation Protocol (APPENDIX I), required procedures include heartworm testing, serology for FCoV, FIV, and FeLV and fecal FCoV PCR plus survey radiographs. Recommended procedures include vaccine serology (FPV, FHV, FCV), Toxoplasma serology, enteric pathogen culture, abdominal ultrasound, gastroscopy and gastric biopsies, and approved research requests. Cheetahs should be screened for enteric parasites by fecal examinations. Body weights should be obtained.
Post-mortem examination
Complete gross and histopathologic examination of all cheetahs that die is required. Samples should be archived for future use. Information on tissue collection, sampling, and storage, and on post-mortem examinations is provided in APPENDIX III. A standard necropsy protocol can also be found at http://www.vetmed.ucdavis.edu/whc/. 

The Cheetah SSP also recommends ongoing comprehensive pathology surveillance by the SSP veterinary pathology advisor, Dr. Linda Munson (http://www.aazv.org) to monitor the prevalence of important cheetah diseases and detect the emergence of new diseases. Of particular importance at this time is determining the prevalence of FIP and coronaviral enteritis, as well as monitoring for new manifestations of coronaviral infection. This information will be critical toward improving our understanding of the prevalence of coronavirus, the risk of disease, and the types of disease that occur in infected cheetahs.


DISEASES (Much of the information for this section is taken from the Proceedings of the AZA Cheetah SSP Disease Management Workshop, June 8-12, 2005)
Extensive disease surveys and the extensive database maintained for cheetahs provide useful information on significant health and disease issues. There is considerable definitive and circumstantial evidence that chronic stress contributes to many of the health problems in captive cheetahs. The major causes of mortality in captive cheetahs in North America include gastritis, glomerulosclerosis, amyloidosis, veno-occlusive disease, and leukoencephalopathy. Disease agents of concern include Helicobacter spp., FCoV, FHP, FPV, and canine parvovirus (CPV). Foreign body ingestion has been documented in several institutions.

Noninfectious Diseases

Gastritis

Most North American captive cheetahs (99%) have lymphoplasmacytic gastritis and 65% have moderate to severe lesions.  Gastritis also is prevalent in South African and European cheetahs (99 % and 81 %, respectively). Affected cheetahs may vomit/regurgitate, have chronic weight loss, pass abnormal feces, or have no clinical signs. Although gastritis is associated with Helicobacter spp. colonization, a direct cause-effect relationship has not been established, because gastritis does not resolve with antibiotic treatment and wild cheetahs have abundant Helicobacter spp., but only rarely develop gastritis.   Based on this notable contrast in prevalence between wild and captive populations and the character of the inflammation, an altered immune response to commensal bacteria is postulated.  The role of chronic stress in modulating the immune response is under investigation. 

Gastroscopy and gastric biopsies (see APPENDIX II) are the only definitive ante-mortem diagnostic tools to test for the presence of gastritis. There are multiple diagnostic tests for Helicobacter spp. infection including histopathology, impression smears, and urease testing of gastric biopsies, breath tests for labeled CO2, serum antibodies, and fecal PCR.  However, Helicobacter spp. are ubiquitous within the population, and their presence does not correlate with gastritis.
There are multiple published protocols for treatment of gastritis (Wack et al, 1997; Lane at al, 2004; Citino and Munson, 2005).  Treatment for gastritis is only recommended in cheetahs with clinical signs (i.e., weight loss, persistent vomiting/regurgitation).  Cheetahs with persistent vomiting/regurgitation should be evaluated for the presence of a hiatal hernia and/or abnormal lower esophageal sphincter function.  Currently, the most effective treatments for gastritis are triple therapies using a proton pump inhibitor and two antibiotics such as lansoprazole-clarithromycin-amoxicillin, omeprazole-clarithromycin-amoxicillin, etc. (Lane, et al. 2004; Citino and Munson, 2005). Most treatments are effective in reducing clinical signs and to some degree temporarily eradicating Helicobacter spp.  Currently, no treatments have been proven to provide long-term reduction in gastritis or eradication of Helicobacter spp. Cheetahs with chronic gastritis and/or regurgitation may need to be fed multiple times per day to provide adequate caloric intake. 

Renal Disease

Systemic AA amyloidosis affecting the kidney, liver, and other organs is highly prevalent in all captive populations (38% NA; 82% SA; 48% Europe) and is the cause of death in many cheetahs.  The amyloid is deposited in the interstitium of the kidneys, along sinusoids in the liver, in the lamina propria of the GI tract, and in the interstitium of endocrine organs.  The occurrence of amyloidosis is highly correlated with chronic gastritis.  There are no specific tests, other than organ biopsy, to detect amyloid at this time.  Standard diagnostic tests for renal function are helpful, but these tests cannot differentiate renal failure due to glomerulosclerosis or pyelonephritis from that due to amyloidosis.  Endogenous creatinine clearance and fractional excretion of electrolytes (i.e., Na, K, P, Ca) may provide earlier diagnosis of decreased renal function than BUN/creatinine.  The sensitivity of serum AA and urine or serum osmolality is not known.  Ultrasound is an insensitive diagnostic tool for this disease. Dietary management and standard therapies for managing renal disease may be beneficial.  Changes in management to reduce stress may be recommended as the risk factors for gastritis are identified.

Glomerulosclerosis is characterized by progressive thickening of the glomerular basement membrane that leads to glomerular ischemia and sclerosis. The lesion resembles that of diabetic nephropathy which results from hyperglycemia and subsequent glycosolation of basement membrane proteins. The lesion also is similar to rat nephropathy which has both genetic and dietary predisposing factors.  The reason for the high prevalence in captive cheetahs is not known, but the relative absence of this lesion in wild cheetahs, suggests an extrinsic cause.  Either diet or metabolic changes due to chronic stress are suspected. The prevalence in NA cheetahs is 67% (23% with moderate to severe disease); 80% in European cheetahs; and 71% in South African cheetahs.

Standard diagnostic tests for renal function will detect end stage lesions. Endogenous creatinine clearance and fractional excretion of electrolytes (i.e., Na, K, P, Ca) and possibly urine protein/creatinine ratio may provide earlier diagnosis of decreased renal function than BUN/creatinine. Dietary management and standard therapies for managing renal disease may be palliative. Changes in management may be recommended if risk factors are identified.

Veno-Occlusive Disease (VOD)

Veno-occlusive disease is caused by fibrous occlusion of the afferent blood supply of the liver (central and sublobular veins), resulting in progressive liver failure and ascites. The cause of this condition is not known.  The prevalence varies by region and over time, features that may elucidate risk factors in a meta-analysis across all populations. The prevalence in the NA population is 63% with 18% having moderate to severe disease, whereas only 10% of SA cheetahs and one wild cheetah had moderate to severe VOD.   No European cheetahs with moderate to severe VOD have been identified. 

The most sensitive ante-mortem diagnostic test is a wedge liver biopsy. Ultrasound may also provide information in chronic or severe cases. Liver enzymes are not sensitive indicators of chronic disease. Standard therapies for liver disease may improve clinical signs. S-adenosylmethionine may be of benefit.

Leukoencephalopathy

Leukoencephalopathy is a serious degenerative disease affecting only North American cheetahs.  The lesion is characterized by bizarre astrocytosis and loss of white matter in the cerebral cortex.  The most common clinical signs are blindness or visual abnormalities, obtundation, behavior change, and ataxia.  The disease emerged in 1996, peaked between 1998-2001, and is now rare.  Sixty-seven animals have been affected to date at 28 different facilities.  Most affected animals are at least 10 yrs old.  The cause is unknown, but epidemiological features suggest exposure to an exogenous agent through diet or medical management. MRI is the most sensitive ante-mortem diagnostic.  Histopathology can confirm the disease.  Rule out feline spongiform encephalopathy and CDV. Treatment is supportive.

Myelopathy

Myelopathy is a serious neurological disease found principally in young European cheetahs.  At least 60 cases have been identified, many of which resulted in death.  The disease is characterized by axonal and myelin loss in the spinal cord without associated inflammation.  A few cheetahs with similar lesions have been identified in the SA and NA populations, but these cases were attributed to copper or other dietary deficiencies.   The clinical onset can be acute and has been linked to stressful events and/or herpesvirus infection.  

Diagnosis is based on characteristic clinical signs (ataxia, paresis) and histopathology.  Feline spongiform encephalopathy should be ruled out.  MRIs have not been shown to be useful in detecting cases. Supportive care and symptomatic treatment are the only available therapies.

Lipomas/lipomatosis

Lipomas, myelolipomas and lipomatosis (infiltration of normal adipocytes) are common in the liver and spleen of captive cheetahs (51% NA; 54% Europe; 13% SA), but only one case has been identified in wild cheetahs.   These lesions are not clinically important, but should be recognized because they have been misdiagnosed as metastatic cancer.  The cause is not known, but dietary or stress-induced metabolic alterations are suspected. These lesions are easily identified using standard imaging procedures such as ultrasonography. Treatment is unnecessary as these lesions do not interfere with organ function.

Mastocytosis

Mast cell “tumors” and generalized mastocytosis are being seen with some frequency in captive cheetahs.  Cheetahs may present with single or multiple firm raised skin masses.  Uninformed pathologists may grade these out as highly malignant mast cell tumors and give a poor prognosis, however, they generally disappear on their own.  They may be associated with insect bites.  A few cheetahs have been seen with generalized or regionalized severe exudative dermatitis with mast cell infiltration.  These cheetahs are often uncomfortable and lose weight.  This lesion has been very responsive to short term corticosteroid therapy and may have an allergic etiology.
Foreign body ingestion

The use of enrichment items such as rubber toys, plastic boomer balls, cardboard boxes, lures, inappropriately sized bones, horse tails, etc. have resulted in choking and gastrointestinal obstructions. Vomiting and anorexia are common clinical signs of impactions. A careful history may help diagnose this condition. 

Toxicities

· Drugs known to cause adverse reactions in cheetahs include griseofulvin and metronidazole.
· The use of neuroleptics (such as haloperidol and zuclopenthixol acetate) may result in extrapyramidal effects.

· Several occurrences of oxalate nephrosis have occurred in North American cheetahs.  Cheetahs of all ages have been affected.  Clinical signs are typical of acute renal failure. The source of oxalates is frequently not identified, although accidental contamination of food is suspected. A definitive diagnosis can be made by urinalysis, serum chemistries, and a Heska test. In addition to supportive treatment, cheetahs could be treated with ethanol.  

Nutritional considerations
· Due to disease concerns (Avian Influenza), the feeding of poultry carcasses to carnivores is no longer recommended.

· There have been numerous reports of carpal valgus deformities in hand-raised cheetah cubs.  Cubs show varying degrees of carpal enlargement, carpal valgus deviations, and loosening or weakness of the carpal support structures with hyperextension.  These growth deformities are likely a nutritional problem associated with commercial kitten milk replacers (KMR, maybe others).  Early addition of meat to the diet (3 weeks), early weaning (6 weeks), and sufficient exercise will reduce the severity of this problem and allow self-correction.  More severe deformities are often seen in cubs with other health issues and reduced growth rates.  Splinting is generally only required in older cubs with more severe deformities. 
· One of the most common types of nutritional disorders is the imbalance of dietary calcium and phosphorus, presenting as a developmental bone malformation (osteodystrophy) due to insufficient supply of dietary calcium. Excessive supplementation of calcium is also known to contribute towards a developmental deformity of the forelegs (osteochondrosis dissecans), enlarged joints, splayed feet, angular limb deformities (in cubs, may not be due to Ca:P alone), and stunted growth. Food items such as muscle meat, liver and heart have a skewed Ca:P ratio in favor of phosphorus. It is probable that cheetahs, like other felids, cannot synthesize adequate vitamin D3 simply through sunlight exposure, thus this nutrient must also be included in diets provided. Commercial diets contain greater amounts of vitamin D3 than supplemented meat diets. 

· Milk clots can occur in hand-reared cubs and gastric impactions can occur when hand-reared cubs are first fed commercial meat products. Pancreatic enzymes, fluids, abdominal massage, exercise, and metoclopramide have been effective in medically managing these cases.

· Lateral head tremors in association with ataxia, partial collapse, loss of balance, paralysis of the hind limbs, and a staggering gait are among the known signs of copper deficiency in cheetahs.  The condition has also resulted in fatal respiratory distress in some cubs. While treatment with dietary copper is usually effective in reversing any symptoms, chronic deficiency can render the effects permanent. Feeding copper deficient diets to pregnant cheetahs can result in severe long bone deformities in cubs.

· Pre-formed vitamin A is an essential nutrient for felids, so must be provided in the diet. As a fat-soluble vitamin, it is stored in the body, so it is not required on a daily basis. Excessive amounts of vitamin A can accumulate in the body to toxic levels, and are associated with skeletal malformations and fractures, internal hemorrhage, enteritis, conjunctivitis, and reduced function of liver and kidneys, in growing animals. There is a potential for hypervitaminosis A if feeding organ meat (esp. liver) along with commercial diets.

· Cheetahs can be very difficult to switch to new diets, so diet transitions should occur slowly and with caution. Some animals may not convert over to new diets. Diet transitions should occur prior to shipping to a new institution so any problems in diet transition can be identified.

· Cheetahs are very sensitive to changes in commercial diet formulation so if cheetahs refuse to eat the diet, diet analysis may be indicated.
· Consider feeding higher fat diets to promote weight gain on an individual animal basis.

· Food-born diseases, such as salmonellosis and clostridial disease, have been associated with raw meat diets. When feeding hand-raised cubs, cooking the meat may reduce these infections.

· Due to inconsistencies in formulations, it is recommended that commercial meat diets used to raise cubs be analyzed to ensure nutritional content.

· Fragments from rib bones can pack into palatine recesses and oral-nasal fistulas can result.

· Consider freezing carcasses (esp. deer) for 48hrs to reduce exposure to viable Toxoplasma cysts.
· Good nutrition is needed to maintain healthy oral structures. Offering bones helps promote good gingival health when cheetahs are maintained on a soft diet.

· Appetite stimulants that are effective in cheetahs include benzodiazepines and B vitamins. Feeding whole prey or live prey may also be effective.

Infectious Diseases

Feline Coronavirus (FCoV)

Feline enteric coronavirus is widespread in the North American cheetah SSP population, despite previous efforts to prevent infection.  Based on limited surveillance, it can be estimated that at least 50% of the North American SSP population has been exposed to coronavirus because of the presence of virus in feces (fecal shedding) and/or positive serology.    Even with this high prevalence, the SSP pathology surveillance has detected only 6 cases of FIP since 1988, indicating that FIP is very rare in cheetahs.  However, coronaviral-induced colitis may be an emerging disease of concern in the population. Coronaviruses change in pathogenicity over time, so it is important to get a current picture of the extent of infection in the SSP population and to be vigilant for new clinical manifestations of FCoV infection.  FCoV should be considered a differential in cases of neonatal diarrhea. 

Given that it is unfeasible for an active SSP to maintain a population that is totally free of FCoV, our aim is to manage the population to minimize disease, but not prevent or eliminate the infection. 

FCoV Management Recommendations
Cheetahs may be transient, intermittent, or persistent shedders of coronavirus.  Shedding status may not correlate with serology and even persistently shedding cheetahs do not necessarily develop disease.  The SSP requires testing prior to movement of cheetahs between institutions (during the preshipment and quarantine examinations).  Animals that test positive should be retested to determine if they are persistent shedders. However, evidence of the virus, either from serology or fecal PCR, should not be a significant deterrent to the movement of cheetahs between institutions. Remove persistent shedders (animals shedding FCoV for at least one day monthly over a 6 month period) from breeding facilities. Persistent shedders are more likely to have replicating virus, providing more opportunities for a pathogenic virus to emerge through mutation.  If a persistently shedding cheetah is genetically valuable, consider artificial reproductive techniques (ART) to enable them to contribute to the population.  House persistent shedders away from other susceptible animals.  Persistent shedders would best be placed as exhibit (not breeding) animals. 

· If disease were to appear within a population, the facility should implement standard disease control protocols.  Testing for persistent shedders should be implemented.  

· If a cheetah develops colitis, coronavirus should be considered a possible differential and testing to rule out coronavirus should be pursued (preferably by biopsy and immunohistochemistry).  Tissue biopsies for histopathology should be submitted to the AZA Cheetah SSP Pathologist (Dr. Linda Munson, University of California, VM-PMI, 4214 VM3A, 1 Shields Ave, Davis, CA 95616).
· Cheetahs with abnormal stool should be tested for coronavirus by PCR.

FCoV Surveillance Recommendations 

All cheetahs in the SSP population are to be screened pre-shipment and during quarantine plus during routine examination if possible. Testing should include 1) serology for both Type I and Type II coronaviruses and 2) PCR for fecal shedding (5 consecutive fecal samples stored at -20 or -70oC).  A cheetah that has a positive PCR test should have 3 consecutive fecal samples retested monthly for 6 months to determine if it is a persistent shedder.  All serology and fecal PCR should be conducted at the University of Tennessee College of Veterinary Medicine Virology Lab by Dr. Melissa Kennedy (submission information and forms can be downloaded from http://www.vet.utk.edu then click on Diagnostic Services, then Virology; or email Melissa Kennedy at mkenned2@utk.edu.
Feline Herpesvirus (FHV)
Infection with feline herpesvirus is widespread in the SSP population and possibly ubiquitous in cheetahs.  Initial signs of disease from FHV infection are sneezing and watery eyes.  In most animals over a month of age, these mild signs will be self-limiting.   A small percentage of neonatal cubs may die from acute infection (usually from FHV-associated pneumonia) or may develop severe and persistent lesions such as corneal ulcers or scars, chronic keratitis, blindness, prolapsed third eyelids, chronic epiphora, or ulcerative dermatitis.  All infected animals become chronic FHV carriers, and a small percentage will have a recrudescence later in life.  Rarely, chronic carriers develop severe ulcerative dermatitis at sites exposed to lacrimal and salivary secretions or persistent, non-resolvable ocular signs such as prolapsed third eyelids or corneal scarring. Cubs that are exposed and develop lesions prior to two weeks of age appear to develop the worst and most persistent lesions.  These infections are probably the result of failure of passive transfer of specific anti-herpes antibodies to the cubs. It appears that having large numbers of highly vulnerable naive cubs of all ages at one time exacerbates the spread of the disease in populations.  Certain females appear to consistently infect their young at an early age, leading to severe lesions.  The source of the virus in cubs is suspected to be the dam. In most cases, the infection is self-limiting. However, in collections where severe or repeated cases have occurred, removing the cubs from the dams and hand raising them can control the disease. 

Current vaccination protocols have not proven to be a reliable preventive measure.  Therefore, we recommend that blood be taken for serology at routine exams and submitted to the Cornell University Diagnostic Laboratory to determine the level of protection in the vaccinated population with the understanding that these tests cannot distinguish between natural and vaccine viral exposure.  Most currently available tests are serum neutralization tests.  Submission information is available at http://www.diaglab.vet.cornell.edu and any questions on cases can be addressed to Dr. Dubovi at 607-253-3923.  PCR tests on conjunctival biopsies or swabs may be necessary to determine active shedding. Viral isolation from conjunctival biopsies or swabs of the conjunctiva, nasal or oropharygeal region followed by sequencing is recommended to identify and characterize the virus. Swabs should be sent in transport media or saline and shipped overnight on cold pack. Treatment with corticosteroids before biopsy may increase the detection of low level or latent shedders. 

Evidence of the virus, either from testing or prior clinical signs, should not be a significant deterrent to the movement of cheetahs between institutions.  The Cheetah SSP will make recommendations to manage the cheetah population to minimize disease, not prevent or eliminate the infection.  Cheetahs within institutions should be managed to minimize potential virus transmission with other species susceptible to feline herpesvirus, such as the Pallas cat. 

FHV Management Recommendations
Management of Outbreaks

· Identify clinical signs consistent with the disease. In order to learn more about the typical course of disease in cheetahs, we recommend mapping any lesions that develop and recording the time course of these lesions.  Recording the location of affected animals and contact animals also is recommended.

· Implement isolation or quarantine procedures immediately. The virus is spread by fomites, often carried by caretakers, and can be difficult to contain. Control procedures may include minimizing contact of the affected animal with other susceptible animals via spatial separation, physical barriers, or other mechanisms.  Animal caretakers should use maximum hygiene methods that promote isolation of the infection to one area.  Methods include separate coveralls, foot baths, boots and gloves, separate tools for animal care, and temporal separation of care of sick from healthy animals, such as care taking for the symptomatic cat at the end of the day.  Alternatively, assign keepers solely to infected animals.  

· Confirm the infection via virus isolation from intranasal swabs and/or biopsies of lesions. All samples from Cheetah SSP institutions should be submitted to Cornell University Diagnostic Laboratory for viral isolation. Submission information can be found at http://www.diaglab.vet.cornell.edu, and Dr. Dubovi can be reached to address questions on cases at 607-253-3923.   The laboratory will bank the isolated virus and store it in a -70 degree freezer for future characterization. Serum samples should be collected for measuring antibody titers.  Tissue biopsies for histopathology should be submitted to the AZA Cheetah SSP Pathologist (Dr. Linda Munson, University of California, VM-PMI, 4214 VM3A, 1 Shields Ave, Davis, CA 95616).  

· Therapies: Antibiotics such as amoxicillin or doxycycline are beneficial to prevent secondary bacterial infections. Interferon may be helpful if available. Most guanine analogue antiviral drugs (e.g., acyclovir) do not seem to be helpful and carry some risk of bone marrow suppression (especially in young cubs), requiring monitoring if used. Famciclovir has shown some efficacy in treatment of herpesvirus infections in domestic cats and has been used in a few cheetahs without side effects (Haefele, personal communication).  Many standard ophthalmic treatments (e.g., trifluridine, Viroptic®) seem to be painful to use in affected cheetahs. Idoxyuridine, formulated by a compounding pharmacy, causes less pain and seems to be beneficial.  An ophthalmic preparation of cidovovir has been found effective in domestic cats.  Cidovovir must be compounded (0.5% in carboxymethyl cellulose) and is expensive, but is effective when administered only twice a day.  The dietary supplement l-lysine at up to 2,500 mg/day may reduce lesions or shedding of virus. Cryotherapy can be effective in treatment of skin lesions. 

· Domestic cats shed virus for about 20 days, however some cheetahs have shed virus for much longer. Keep cheetahs isolated for a minimum of 7 days after all lesions and symptoms have cleared. The virus is probably only viable in the environment for less than 72 hours after a shedding animal has been removed from the enclosure.

Management of Pregnant Females

· Minimize stress for the dam and cubs.

· Temporally space breedings and births of litters in order to minimize the number of susceptible cubs at any one time.

· Physically separate pregnant females as much as possible from other animals.

· Utilize isolation/quarantine procedures as much as possible to prevent potential transmission to the pregnant female.  

· Vaccinate females before breeding and then 2-3 wks before cubbing date because colostral antibody enhancement may be beneficial to neonates by reducing severity of lesions if exposed to the virus.  Use of MLV vaccine is under investigation. If MLV vaccines prove safe, then vaccinate females to be bred with MLV vaccine and then vaccinate again with a killed FHV vaccine at 3 weeks pre-partum. 

· Possibly administrating banked hyperimmune serum from recently vaccinated animals to susceptible cubs could prevent or minimize infection.

· Provide l-lysine as a dietary supplement at up to 2,500 mg/day to dams.

Management of Cubs

· Early detection provides an opportunity to minimize the severity of the lesions the cubs may develop. Visually check cubs at 3 days or as soon as the behavior of the female will allow it. Most animals are managed completely hands off in the first few days after cubbing. Cubs will not develop herpesvirus signs until 3 to 4 days of age at the earliest.

· If lesions develop, document the character and progression of lesions with photographs if possible and provide that information to the Cheetah SSP veterinarian, so that FHV disease can be better characterized in cheetahs.

· If severe lesions are developing, consider removing the cubs from the dam and hand rearing the cubs. Experience indicates that if cubs are removed from the mother, the lesions will immediately begin to subside. If cubs remain with a female that is shedding virus, lesions in the cubs will continue to progress and become more severe.

· When checking cubs, perform a complete exam and consistently record the information including body weight. Collect blood samples for antibody titer research if possible.  Bank serum from cubs for future immunoglobulin quantification.

· Provide cubs l-lysine (120 mg) orally.

· Keep herpesvirus-positive cubs strictly isolated from herpesvirus-negative cubs.  Implement some level of isolation or quarantine procedures immediately, according to institutional circumstances.

Management of cats just prior to and after shipment

· Since stress may precipitate clinical disease from FHV, known positive cats should be treated with L-lysine for several weeks before and after shipment. Shipping animals with active lesions should only be done if clinical signs are mild and if stress can be minimized. 

Enterocolitis

Acute enteritis associated with fever has been seen at White Oak Conservation Center (WOCC). Astrovirus was diagnosed using fecal electronmicroscopy and PCR. This may be an emerging disease in captive cheetahs.

Uncomplicated colitis is a very common health problem in adult captive cheetahs.  Cheetahs with uncomplicated colitis generally have abnormal stool and, otherwise, appear completely normal.  Abnormal stools vary greatly, but generally, are soft, larger in volume than normal, discolored, and have varying amounts of mucus and fresh blood present.  These abnormal stools are generally intermittent and associated with tenesmus.  The most common etiologies seen at WOCC are Clostridium perfringens enterotoxicosis (CPE), Plesiomonas shigelloides, salmonellosis, and feline enteric coronavirus (FeCoV). Definitive diagnosis of CPE requires the identification of C. perfringens enterotoxin in feces by latex bead agglutination or PCR.  Cheetahs should be screened for Salmonella ssp. and Plesiomonas shigelloides in cases of enteric disease. Infection with Salmonella bacteria may require antibacterial drugs and supportive care. Salmonellosis is a zoonotic disease.  FeCoV can be identified in feces by electron microscopy or PCR.
Canine Parvovirus (CPV) or Feline Parvovirus/Panleukopenia Virus (FPV) Infections

Chronic diarrhea and mild necrotizing enteritis have been associated with canine parvovirus and feline panleukopenia virus in cheetahs.  These infections occurred in vaccinated cheetahs, although serum titers of antibodies against parvovirus were not measured.  Most cases that have been followed up with genetic sequencing have been CPV-2b strains.  Transmission from dogs has been likely.  FPV has been less common probably due to recommended vaccination programs.  Parvoviral-associated deaths have occurred in neonatal cheetah in South Africa, probably related to prolonged vaccination intervals in the dam.  Current vaccination protocols for feline parvovirus may be inadequate to prevent infection with canine parvovirus (CPV-2b strains) in most cheetahs. Late pregnancy booster with a killed vaccine may enhance antibody titers in colostrum.  Ante-mortem diagnostic tests include rising antibody titers on paired serum samples and antigen capture ELISA, virus isolation, electron microscopy or real-time PCR assays on feces, services provided by the University of Tennessee virology laboratory (for submission forms and information visit www.vet.utk.edu – click on Diagnostic Services, then Virology).

Feline Leukemia Virus (FeLV) and Feline Immunodeficiency Virus (FIV)

Subclinical infections have been reported rarely in captive cheetahs.  One Namibian cheetah infected with FeLV developed viral-associated lymphoma.  This animal presumably acquired the virus from an infected cheetah in the adjacent enclosure.  There currently is no recommendation to vaccinate, but screening sera from all cheetahs at routine exams and isolation of infected animals is recommended. 

Canine Distemper Virus (CDV)

There is widespread CDV exposure (confirmed by serum antibodies) of cheetahs in some regions (wild cheetahs in Namibia, all cheetahs tested in Europe to date), but clinical disease has not been noted.   Because of the low apparent disease risk, there is no recommendation to vaccinate at this time.

Dermatophytes
Microsporum spp. is a common cause of hair loss in young cheetahs. Trichophyton spp. have also occasionally been found.  Treatment is similar to that in the domestic cat. There is potential for zoonotic disease exposure, particularly from hand-reared cubs.

Toxoplasmosis
Cheetahs with neurologic and respiratory signs or with myositis should be screened for systemic protozoal infections by serologic tests. Symptoms do not always occur but may include anemia, retinitis, iritis, hepatitis, blindness, central nervous disorders, respiratory distress, and diarrhea. Cubs with pre-existing conditions or under particular stress (e.g., worm burdens, during weaning) are most likely to show symptoms. Infection of felines may occur in utero, or from the ingestion of oocysts in contaminated feces or eating infected intermediate hosts such as mice or infected meat. Toxoplasmosis is diagnosed through the presence of oocysts (fertilized cells of the protozoan) in feces or through histopathology.  Immunological tests are available to determine exposure.

ANESTHETICS AND ANALGESICS

Appropriate preparation for anesthesia enhances the safety of the procedure. Cheetahs should be fasted for approximately 8-12 hours prior to an elective procedure. Water should be withheld for at least 6-12 hours, unless medical concerns or weather are a factor. Drug administration should be done in a small area, preferably a restraint cage. Animals that are calmer usually require lower drug dosages and have a smoother induction. If remote drug delivery is necessary, it is best to use the less traumatic lightweight plastic darts or pole syringe. 

Injectable anesthetic recommendations (intramuscular unless specified)
	Drug(s)
	Dosage(s)
	Comments

	Ketamine
	K: 0.2-1 mg/kg IV
	6, 7, 11

	Ketamine:xylazine
	K: 5-10 mg/kg

X: 0.5-1.1mg/kg
	1, 6, 7, 9, 10

	Ketamine:xylazine:midazolam
	K: 3-4 mg/kg

X: 0.75-1.5 mg/kg

Mi: 0.03-0.04 mg/kg
	1, 4, 6, 7, 9, 10

	Ketamine:medetomidine
	K: 2.5mg/kg

Me: 0.05 mg/kg
	2, 6, 7

	Ketamine:medetomidine:butorphanol
	K: 3 mg/kg

Me: 0.03 mg/kg

B: 0.3 mg/kg
	2, 3, 6, 7

	Medetomidine:midazolam:butorphanol
	Me: 0.035 mg/kg

Mi: 0.15 mg/kg

B: 0.2 mg/kg
	2, 3, 4

	Tiletamine-zolazepam (TZ)
	TZ: 3-5 mg/kg
	5, 6, 8

	Medetomidine:TZ
	Me: 0.03 mg/kg

T: 1.6 mg/kg
	2, 6, 8

	TZ:ketamine:medetomidine
	TZ: 1.3-1.5 mg/kg

K: 1.3-1.5 mg/kg

Me: 0.013-0.15 mg/kg
	2, 6, 7, 8

	TZ:ketamine:xylazine
	TZ: 1-1.3 mg/kg

K: 1.6-2.1 mg/kg

X: 0.4-0.52 mg/kg
	1, 6, 7, 8, 9, 10

	Propofol
	P: 0.5-4 mg/kg IV
	11, 12


1. Antagonize xylazine with yohimbine (0.125 mg/kg).

2. Antagonize medetomidine with atipamezole (five times the medetomidine dose).

3. Antagonize butorphanol with naltrexone (1mg per mg butorphanol).

4. Midazolam can be antagonized using flumazenil (0.2 mg per cheetah or 0.03 mg/kg) but may not be necessary.

5. Flumazenil can be used to antagonize the zolazepam fraction of tiletamine-zolazepam during prolonged recoveries.

6. Ketamine and tiletamine-zolazepam should be avoided in cats with known or suspected renal disease.

7. Ketamine can result in seizures (use of diazepam or midazolam may be necessary).  Ketamine alone is not recommended for anesthesia in cheetahs.
8. Tiletamine-zolazepam may result in prolonged recoveries.

9. Xylazine may result in urine contamination during electroejaculation

10. Avoid xylazine in late term gestation.

11. Intravenous ketamine or propofol can be used as an adjunct.

12. May result in apnea.

Inhalation anesthesia

For prolonged medical treatment or surgical procedures, especially in aged and/or ill patients, inhalation anesthesia is recommended following induction with injectable agents. Isoflurane is the recommended inhalation anesthetic for cheetahs. Intubation of cheetah is not difficult and usually does not require application of a topical anesthetic to the larynx. Laryngeal anesthesia also should be avoided because gag reflexes are suppressed and aspiration may occur if the cheetah vomits during anesthesia. Most cheetahs do well on spontaneous respiration with occasional assisted respiration; positive pressure ventilation may be needed in some situations.

Anesthetic monitoring

Physiological monitoring of the anesthetized cheetah is an integral part of the anesthetic procedure. The anesthetist should monitor responsiveness to stimuli, respiration rate, color of mucous membranes, pulse rate and intensity, and muscle tone. Blood pressure, pulse oximetry, capnography, and electrocardiogram (EKG) readings can also be taken. Body temperature must be monitored during anesthesia, especially during prolonged surgical procedures where hypothermia may occur. Forced air thermal heaters are useful for preventing hypothermia in cheetahs.  Elevation of temperature may be seen with convulsions, pre-anesthetic excitement, high environmental temperature, and exposure to direct sunlight. Severe hyperthermia (>40.6°C, 105°F) may require aggressive therapy, including water immersion, cold water enemas, IV fluids (colloids), and antibiotics.

Tranquilizers

	Drug(s)
	Dosage(s)
	Comments

	Diazepam
	0.5-2 mg/kg PO SID-TID
	Can be used long-termed.

	Acepromazine
	0.5-1 mg/kg PO 
	

	Perphenazine enanthate 
	3 mg/kg IM
	Long-acting (5-7 days)

	Zuclopenthixol acetate
	
	Not recommended due to severe extrapyramidal effects, ataxia, anorexia.


Analgesics

	Drug(s)
	Dosage(s)
	Comments

	Meloxicam
	0.1-0.2 mg/kg PO or IM SID
	Oral dose recommended for repeat treatments. 0.2 mg/kg is used as a single loading dose. 

	Fentanyl
	50 mcg/hour SQ osmotic pump

100 mcg/hr patch
	Used for short term post-op analgesia.

	Carprofen
	1-2 mg/kg PO SID
	

	Etodolac
	6 mg/kg SID
	

	Butorphanol
	0.2-0.4 mg/kg SQ or IM
	

	Tramadol
	2.0-2.5 mg/kg PO BID
	Used for short and long-term analgesia.

	Morphine
	0.1 mg/kg epidurally
	Administer 45 min pre-op for rear limb orthopedic procedures.


NEONATAL  MEDICAL CONCERNS
Monitoring cubs using a den box camera is strongly recommended. A cursory physical exam should be done early in life, typically when the dam begins to leave the den (1-2 weeks of age). Dams can inadvertently traumatize cubs (especially back and neck from being carried) and these lesions can result in myiasis. A complete neonatal exam should be conducted on all cubs that must be removed for hand-rearing. This exam should include body weight, rectal temperature, individual identification, and sex determination. Neonates do not thermoregulate well during the first two weeks of life and must be kept warm. Exams should be conducted for congenital abnormalities (e.g., cleft palate, heart defects). Mucus membranes and skin turgor can be evaluated for dehydration. A blood sample should be collected at an early age for a baseline value, but the timing of this sample depends on the preference of the medical staff. Other optional practices include administering prophylactic antibiotics.

If a deficiency in passive immunity is suspected, the cubs should be given subcutaneous and oral serum. This serum can be collected aseptically from the mother if she is healthy. If the mother is not available, serum from a healthy adult cheetah that has been in the collection for at least 1 year can be used as an alternative. The serum should be filtered to remove bacteria, and given at the rate of 150ml/kg subcutaneously divided over several days, and orally at 2-5ml/feeding for 3-5 days.

Pneumonia is frequently reported as a major cause of neonatal death in North American facilities. Additional concerns include angular limb deformities, coronavirus, and herpesvirus which have been addressed above. Additional information and protocols can be found in the hand-rearing sections.

APPENDIX I 

Standard Health Evaluation Protocol

Physical examination: A thorough evaluation of each organ system, body weight, and assessment of body condition are essential. The oral cavity should be inspected for papillomatous plaques under the tongue and other lesions such as ulcers. The use of a flea comb may help identify mild flea infestations. Foot pad lesions (superficial ulcers) can be characteristic of calicivirus infection in cheetahs.

Dental examination: The teeth and soft tissue structures of the mouth and throat should be examined for abnormalities. Odor from the mouth may indicate dental problems. The area of the hard palate adjacent to the carnaissal teeth should be examined for erosions and punctures of soft tissues and possibly the underlying bone that extends into the nasal cavity (palatine erosions). These lesions can be treated by rounding off and shortening the points on the mandibular molar without exposing the root canal.  This can be done prophylactically once the permanent teeth have erupted. Foreign bodies lodged between teeth, such as bone fragments, sticks, etc., can predispose oral disease. These should be removed and infections or traumatic lesions treated as indicated. Calculus accumulation should be removed, with care taken to remove material from the subgingival sulcus. Regular prophylactic dental care is important in preventing bacteremia of oral origin that can contribute to, or promote systemic disease. If an ultrasonic scaler is used, the scraped surfaces should be polished to smooth the surfaces. This will deter future calculus accumulation. 

Identification: It is recommended that each cheetah be individually identified with a subcutaneous microchip (transponder). The location and placement of the transponder has been directed by the SSP. Currently, the specified location for a transponder is between the scapulae (shoulder blades). Prior to transponder insertion, marking of neonates can be safely and easily accomplished by using a livestock marker (a non-toxic beeswax product which clings to the fur) or by shaving. A small dot of color can be applied on a visible part of the body such as a tail tip, ear tip or top of head. Reapplication of the marker is periodically necessary as the product wears off. 

Immunizations: Vaccination status should be reviewed and necessary vaccinations should be given as needed. Severely stressed animals may not mount appropriate titers and should be revaccinated if conditions indicate. 

Blood collection for baseline values and disease monitoring: This includes complete blood count, serum chemistry panel, serum banking, and serologic testing. Cheetahs should also be evaluated for hemoparasites by a blood smear exam. Reference values for captive cheetahs are available through International Species Inventory System (ISIS). 

Urine collection: Urine can be collected by expressing the bladder, catheterizing the bladder, or by cystocentesis. Urine samples should be submitted for routine urinalysis and sediment exam. 

Fecal ova and parasite screening: Routine screening should include fecal flotation and direct smear. 

APPENDIX II

Association of Zoos and Aquarium
CHEETAH SSP GASTRIC BIOPSY PROTOCOL 
 

Institution/owner _____________________________________________
Veterinarian _______________________________________

Address ____________________________________________________
Cheetah name or ISIS # _____________stud book # _____________sex _____________
Birth date/age _____________Weight_____________

Date of biopsy_____________

 

History of vomiting or weight loss: 
 

***Please attach a copy of appropriate medical record***

Treatment (Drug, dose, duration of treatment):
 

History of vomiting or gastritis in other cheetahs at this institution:
 

Other institutions this cheetah has resided:

 

Previous endoscopy and/or biopsy (including dates and results, please include pathologist/lab to whom samples were sent):
  

Sample Acquisition, Handling and Shipment
 

Biopsy procedures

Animal with lesions: Take 20 pinch biopsies (the use of a sharp 2 mm biopsy instrument is recommended) of the mucosa from the affected areas and adjacent regions.

Animals without lesions: Take 20 pinch biopsies, most of which should be from the fundic (body) region, but also take representative biopsies from the cardia and pylorus.

 

Biopsy handling

Fix the 20 pinch biopsies in formalin for histopathology.

 

Shipping formalin-fixed tissues: please obtain proper cites and export permits before shipping tissues.

After 72 hrs in fixative, ship tissues in a leak-proof container in adequate formalin to keep tissues moist. Formalin fixed tissues can be shipped by U.S. Mail or by courier to: 

Dr. Linda Munson 

Dept. VM-PMI 

4214 VM3A

1 Shields Ave 

University of California 

Davis, CA 95616 

Phone: 530-754-7567 

Fax: 530-752-3349 

E-Mail: lmunson@ucdavis.edu 

Gross endoscopy evaluation
	Cheetah id #

	Date:

	Endoscopist: 

 


	Gross lesions
	Cardia
	Body
	Pylorus

	Number of hemorrhages
	
	
	

	Number of ulcers/erosions
	
	
	

	Rugal folds 

0 = appear normal 

1 = thickened 

2 = thickened and flattened 

3 = cobblestone 
	
	
	

	Comments:
	
	
	


 

 

Please note location of the lesions below
APPENDIX III

Cheetah SSP Necropsy Protocol – revised April 2016

**this is a fillable form – if printing / hand writing please circle or highlight needed information

Please submit at minimum this first page with either the subsequent “Gross Examination” worksheet or your own gross necropsy report.

 

Pathology # Click to enter               
Necropsy Date Click to choose a date



Name Click to enter name    
ISIS/ID Click to enter ID  
SB#Click to enter SB#
        

Age/DOB Enter Age or DOB  
DOD Click to choose a date 

Sex ☐ M    ☐ F

Produced Cubs   ☐Yes?  ☐No?  

Euthanized ☐Yes?  ☐No?  
Post-mortem condition of carcass Choose an item.
Institution
Click to enter Institution Name                                                                                                 


Click to enter Street Address                                                                                                     


Click to enter City, State Zip code                                                                                             
Contact
Click to enter name
Contact email for report Click to enter email address
Prosector (if different from contact) Click to enter name and email
Abstract of clinical history:

Click here to enter text.
Gross Diagnoses: 

Click here to enter diagnoses
GROSS EXAMINATION:

Please fill in the below form or attach a gross necropsy report.  If a tissue or site was not examined, please enter “NE” in description. 

 BODY WEIGHT Click to enter (kg)

        

GENERAL CONDITION: (Nutritional condition, physical condition) 

Neonates: examine for malformations (cleft palate, deformed limbs, etc) 

Click here to enter text.
SKIN: (Including pinna, feet) 

Click here to enter text.
MUSCULOSKELETAL SYSTEM: (Bones, joints, muscles) 

Click here to enter text.
BODY CAVITIES: (Fat stores, abnormal fluids) 

Neonates: assess hydration (tissue moistness) 

Click here to enter text.
HEMOLYMPHATIC: (Spleen, lymph nodes, thymus) 

Click here to enter text.
RESPIRATORY SYSTEM: (Nasal cavity, larynx, trachea, lungs, regional lymph nodes) 

Neonates: determine if breathing occurred (do the lungs float in formalin?)

Click here to enter text.
CARDIOVASCULAR SYSTEM: (Heart, pericardium, great vessels) 

Click here to enter text.
DIGESTIVE SYSTEM: (Mouth, teeth, esophagus, stomach, intestines, liver, 
pancreas, mesenteric lymph nodes). Neonates: is milk present in the stomach? 

Click here to enter text.
URINARY SYSTEM: (Kidneys, ureters, urinary bladder, urethra) 

Click here to enter text.
REPRODUCTIVE SYSTEM: (Testis/ovary, uterus, vagina, penis, prepuce, 
prostate, mammary glands, placenta) 

Click here to enter text.
ENDOCRINE SYSTEM: (Adrenals, thyroid, parathyroids, pituitary) 

Click here to enter text.
NERVOUS SYSTEM: (Brain, spinal cord, peripheral nerves) 

Click here to enter text.
SENSORY ORGANS (Eyes, ears) 

Click here to enter text.
LABORATORY STUDIES:(List bacterial and viral cultures submitted and results, 
if available)

Click here to enter text.
FIXED TISSUE CHECK LIST: Preserve the following tissues in 10 % buffered 
formalin at a ratio of 1 part tissue to 10 parts formalin for at least 72 hrs. Tissues should be no thicker than  1 cm. INCLUDE SECTIONS OF ALL LESIONS AND SAMPLES OF ALL TISSUES 
ON THE SSP SURVEILLANCE TISSUE LIST. 

After 72 hrs in fixative, please ship formalin fixed tissues in a leak-proof container 
with adequate formalin to keep tissues moist to: 

Dr. Karen Terio 
c/o Brookfield Zoo Veterinary Hospital 

3300 Golf Rd

Brookfield, IL 60513 

Phone: 312-585-9050 

Email: kterio@illinois.edu

SSP SURVEILLANCE TISSUES and recommended tissue sampling procedures: 

Brain:  cut longitudinally along midline. Please submit entire brain 

Liver:  sections from 3 lobes, including gall bladder 
Spleen:  Cross sections including capsule 

GI Tract:  3 cm long sections of 

Esophagus 

Stomach - multiple sections from cardia, fundus (body), and antrum of pylorus 
Small intestines - duodenum, jejunum, ileum 

Large intestines - cecum, colon 

Pancreas:  representative sections from two areas including central ducts 
Adrenal:  entire gland with transverse incision. 

Kidney: cortex and medulla from each kidney 

Urinary bladder: 2 cm section

Reproductive tract:  Entire uterus and ovaries with longitudinal cuts into lumens of uterine

horns OR Both testes (transversely cut) with epididymis. Entire prostate, transversely cut. 

Salivary gland 

Oral/pharyngeal mucosa and tonsil 
Tongue:  cross section near tip including both mucosal surfaces. 
Lung:  sections from several lobes including a major bronchus 
Trachea 

Thyroid/parathyroids:  leave intact 

Lymph nodes:  cervical, mediastinal, bronchial, mesenteric and lumbar. 

Thymus, if present 

Heart:  longitudinal sections including atrium, ventricle and valves from R & L sides

Eye: Both eyes intact. Remove extraocular muscles and periorbital tissues 
Spinal cord (only if neurologic disease)
Diaphragm and Skeletal muscle: cross section of thigh muscles 

Rib or longitudinally sectioned femur: marrow must be exposed for fixation 

Skin: full thickness of abdominal skin, lip and ear pinna 
Neonates: umbilical stump - include surrounding tissues 
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