FERRET: Mustela putorius furo


INTRO: Desc. from European polecat to ill snales & rodents, then to hunt rabbits;  market fur = fitch; RSCH USE: bacteriology, viroloy (e.g. distemper, influenza), reporduction, teratology, pharmacology, physiology, endocrinology, gastroenterology, embryology, neurology. cardiology, toxicology, 


VARIETIES: fitch - buff w/ black masks, feet, tail;


albino - pink-eyed;  albino phenotype and color mutants (e.g. Siamese, silver, and silver mitt) are rec. to fitch;  female = jill, male = hobs, babies = kits;


RESTRAINT: hold above shoulders, squeeze forelimbs, and put thumb under chin; can use routine anesthetics;  HOUSING:  dog, cat, or rbt cages; nest box preferred;  males can be housed together except if breeding;  females can be penned together unless they have kits;  


BIOLOGY: NORMAL LIFE CYCLE:eys/ears open 3-5 wks; solid food at 14 d;  weaned at 6-7 weeks;  adult wt by 4 mos.  Males (600-2000g) are 2x size of females ;both sexes have a 30-40% wt fluctuation due to photoperiod (weigh less in spring due to loss of subQ fat);  live about 5-6 yrs (lab), 9-10 yrs (pet);  BLOOD COLLECTION: toenail clip, caudal tail vein, jugular, orbital blee, cardiac punc-ture (transthoracic or transdiaphragmatic) w care.  HEMATOLOGY: sim to cat except ferret has higher Hct, RBC #, and retic ct (4.6%); females in estrus have a lower plt and leukocyte count; CHEMISTRY: Chem. panel about same as dog or cat; mild-mod.  U/A: protein-uria is normal; hier proteinuria may be due to high systolic blood pressure & thick renal arterial walls;  male urine is dark - may get false po. for ketonuria; EKG sim. to cat except for hier R wave (2.0 mV); cardiac silhouette looks like LV is dilated but it isn't!! HR = 250/m;  RR= 33-36/m TEMP= 39oC; BP 140/110 +35/31 mmHg; REPRODUCTION: sexually mature in spring following birth (9-12 mos); breeding season is lt dep't & can be induced by artificial lt; can get 2 ltrs/yr if start early;   ANATOMY: endothel-ialchorial placenta (like all carnivores); males have an os penis;   ESTRUS: seasonally polyestrous (Mar-August); will remain in heat up to 6 months if not breed; sx: enlged vulva (see Pct, BB, p. 388); induced ovulator (ovul'n 30-35 hrs after coitus);  vulva regresses to N size 2-3 weeks after copulation; if no fertilization, get pseudoprgncy for 42 days; GESTATION: 42 d;  implantation: 12-13 d postfertiliz'n; MALES: sexually active from Dec. to July, see testes descend to scrotum when active;  spermatogenesis ceases,gonads decr. in size, and test. levels drop when not breeding; 





UNIQUE ANATOMY: No cecum, apppendix, seminal vesicles, or prostate ("CASS"); Dental Formula: 3/3, 1/1,4/3,1/2; supernumary incisors are common in adults;  poorly dev. sweat glands - prone to heat exhaustion over 90oF ; musk glands lateral to anus (can remove when spay/castrate at 6-8 mos);  splenic extramedullary hematopoiesis, lymphoid nodules in int. submucosa,splenomegaly from congestion & extramed. hematop's is f; 90% are NOT neoplasia! BEHAVIOR:  inclined to burrow, inquisitive, playful, genial, can train to litter bc like to go in one place; females w/ litters can be ferocious!!! NUTRITION:  stnd wet feed mink diet works well;  can also use dry cat food suppl w/ 5% fresh liver;  eat to their caloric requirement!! - therefore can get low protein intake on cat food w/ subsequ. low reproduction.  Cannot digest fiber;  food goes thru in about 3-4 hrs!! VACCINATIONS: canine distemper (MLV of chick embryo origin; inactivated don't work; if use ferret origin - may get dz!!) like dog;  boosters q 3 yrs;  if kits are from vax females and over 10 wks, only give one shot; Rabies - use approved killed vaccine; rabies rpt from vaccination w/ live vaccine;  not susc. to other dog, cat viruses, but are susc. to human influenza (tho not routinely vax for it); should also vax w/ Bot C; SURGICAL: spay/castrate at 6-8 mos; castr'n reduces roaming, aggressiveness, and odor; Descent by removing lat'l anal glands - reduces, but doesn't eliminate odor; ESTROGEN TOXICITY: females get fatal bone marrow suppression from hi endogenous estrogen of estrus (30-50% prevalence);can give 100 IU of HCG 10+ d after estrus to induce ovulation - will cycle out of heat for 20-25 days and remain anestrous 40-50 d; Do Not Use megastrol acetate to delay/prevent estrus - get pyometras!!! LAS 40:1 - gnotobiotic derivation; most critical element was diet in hand rearing - ferret milk required for 1st 7 days;  saw internal hemorr. by day 13.


DISEASES: 


BACTERIAL BOTULISM:  Clostridium botulinum. A, B, and esp. sensitive to C.  TRNS: ingestion of toxin in cont. food (more f on pelt farms); CLSX: dysphagia, ataxia, paresis win 12-96 h after eating cont. food; death from resp. paralysis; GROSS: none; PATHOGENESIS: toxin blocks the release of acetylcholine at neuromusc. jxn to produce flaccid paralysis; DDX: clsx, esp. in more than one ferret is pathognomonic;  can also demonstrate toxin in food or ingest; RX: none available;  CONTROL: vaccination w / type C and food from good sources;


�
�
PROLIFERATIVE COLITIS:  Campylobacter fetus spp jejuni (or CLO organisms);  G- comma to S-shaped bugs w/ flagella;  dz is sim. to that of hamsters and swine; TRNS: fecal-oral, but unknown really; CLSX: gree mucohemorr feces, anorexia, dehydr'n, partial rectal prolapse;  GROSS:  thickened descending colon w/ reddening; muscular & mucosal layer hypertropy w/ inflamm'n;  Use Warthin -Starry to see bugs; (See Pct, BB, p. 390& 391); DDX: Salmonella, endocrine disorders, pyometra, hepatic dz, pancreatitis can all cause diarrhea;  RX: none work - try symptomatic.  CONTROL: cook feed esp. chicken, decr. fecal-oral cycle w/ wire-bottom cages;  TUBERCULOSIS: Avian, Bovine, Human strains; TRNS: inhalation, ingestion, wound infection; CLSX: emaciation, pelvic adductor paralysis which may progress to all 4 limbsl mesenteric LN enlarged; DX: thermal response to subQ tuberculin; DDX: posterior paralysis: hemivertebrae, vertebral fx, IVD dz, hematomyelia, myelitis; CONTROL: isolate/ euthanize; ABSCESSES: due to Staph, Strep, Pasteurella, Corynebacteria, Actinomyces israeli, E. coli ; TRNS: penetrating wound CLSX: subQ (fights), uterine (estrous jills), vulval, oral (bones) abscesses; pyometra may have systemic sx;  DX: biopsy, aspirate, drain; DDX: neoplasia TX: drain, culture, a'bcs; if pyometra - a'bcs and cycle out of heat w/ HCG.  CONTROL: limit time female w/ male to decr. bite wounds; good husbandry;  MASTITIS: f in nursing jills; Strep, Staph, E. coli most f;  CLSX: lg, firm, red MG; can get fulminant, gangrenous mastitis w/ E. coli w/ septicemia & death; RX: gentamycin; if bad case, can resect gland and tx w/ ampicillin & gentamycin;  SALMONELLOSIS:  not higly susc., but can get S. typhimurium w. dysentery wt loss, fever, gastroenteritis, and splenic & hepatic necrosis; DX: culture from feces;


VIRAL DISEASES:


CANINE DISTEMPER: pantropic;  (Morbillivirus: Phocine distemper in seals, Distemper, Measles, Rinderpest, Peste de Pest Ruminants); TRSN: aerosol; CLSX: 7-10 d post-exp;anorexia, mucopur. ocul/nasal dschg, rash under chin, in inguinal area & around anus10-12 d post-exp.; death 12-16 d (if ferret-adapted strain) or 21-35 d (if dog adapted strain);  some survive catarrhal phase to then die during the neuro phase w/ hyperexcitem't, excess saliv'n, tremor, convulsions, coma, death; GROSS: acute/no lesions, or INIB/ICIB. DX: IFA, histopath; RX: don't bother; CONTROL: vax! in outbreak, immediatlely  vax healthy ferrets;


subacute measles virus encephalitis, subacute sclerosing panencephalitis, 346


INFLUENZA: Human orthomyxo; TRNS: droplet from humans; CLSX: 48 hr post-exp see listlessnes, fever, anorexia, serous nasal dsch; later get paroxysmal sneezing and mucopurulent nasal dsch; low mortality; GROSS:  maybe mild pneumonia, but usu. don't die; RX: antihitamine to relieve congestion, but usu. no tx nec.; immune about 5 wks after exposure or vaccine, but no commercial vax available or rec.;  see  Reye's syndrome, hyperammonemia, 342   ALEUTIAN DISEASE:  Parvovirus.  Biological diff''ce from ferret ADV & mink ADV.  LAS 45:5 (432) says is genetically determined in mink (but not ferret) so it was named Aleutian mink dz bc that was where it was first seen; also differs from mink in that mink get immune complex glns vs clsx in ferrets;   TRNS:  shed in saliva, urine, & feces; fecal-oral, aerosol; vertical ; CLSX: usu. subclinic, but can get cachexia to melana;  may die if stressed; LAS 45:4 reported ataxia, incoordination, & tremors due to lymphocytic infiltration of CNS.  DX: hypergamma-globulinemia (exceeds 20%); CIE is used to detect Ab in mink or ferrets; GROSS: gray nodules in various tissues; hepatosplenomagaly HISTO:  lymphacytic/ plasmacytic infiltration of liver, spleen, lungs, kidneys follicular hyperplasia of Lns; systemic prolif'n of lymphoid cells & vasculitis (hi plasma cells make hi gammaglobulin); DX: counterimmunoelectrophoresis for Ab; DDX: acute ns enteritis, campylobacteriosis, or ulcers if cachexia & ulcers; botulism, Aleutian mink diseases, distemper, rabies, eclampsia, tuberculosis, spinal cord damage (e.g. due to hematomyelia 2o to hyperestrogenism, IVD, or hemivertebra) if ataxia, incoordination, & tremors; RX: none CONTROL: screen w/ CIE, test & cull isolate if dx;  can persist for years!!


RABIES: rhabdovirus; TRNS: usu. & from MLV; DDX: distemper; CONTROL: decr. exposure; vax


ROTAVIRUS:  CLSX: occ. hi mortality in yng (3-5 wk old) kits w/ diarrhea; DDX: lactation failure, poor diets, dirty nest boxes


OTHER VIRAL: FeLV - Ab pos, but no clsx; could be cross-rxn;  NOT infectious to Fe Panleuk or Mink Enteritis Virus or Cn Parvo.  Exp'tly inf. w/ pseudorabies, mink encephalopathy, and IBR;


FUNGAL:  Microsporum canis, usu. from cats


PARASITES:


Protozoa: Toxoplasmosis, coccidiosis  reported


LAS 43:4 - Cocciosis: Tsosopora laidawi, Eimeria furonis (gi & entire length of villus), E. icticlia ( SI & only tip of villus)


Nematodes: Toxascaris leonina - dull hair, pot belly, wasting in yng ferrets;  Dirofilaria immitis - only need 6-10 worms to get resp. distress, ascites, and death; Must use occult test.  Vy susceptible, but not mff'emic; D. immitis is straight (tail) & tapered (head)


Trematodes/Cestodes: no rpts


�
Mites/Fleas: same as dogs/cats;  Sarcoptes scabei - Two Forms: 1) skin predominant - focal to gen alopecia & intense pruritis; see mite in scrapings 2) toe & feet lesions where feet are swollen, scabby, and clawless if not  treated! RX: remove scabs, trim claws, apply sulfur or lime/suflur dips; organophos/ carbamates - caution!! carbaryl shampoos weekly x 3 tx; CCS to reduce itch; Ctenocephalides spp (flea); Otodectes coynotis (ear mite) - tx w/ rotenone or pyrethrins


lymphatic filariasis in, 368 (Brugia malaya):Tropical filarial eosinophilia - difference is prominence of lesions in liver rather than lung. Persistent swelling in hind paws.


NUTRITIONAL/METABOLIC: 


VITAMINS: def. problems prob. same as mink: thiamin (Chastek's paralysis), biotin (achromotrichia), Vit E (anemia), Vit D + Ca/P imbalance (rickets)


MINERALS:  Zinc oxide over 500 ppm toxic! see decr. feed intake/wt loss; >3000 ppm lethal win 2 wks! see anemia, NS sx; GROSS: pale soft kidneys; pale, fatty liver;  HISTO: diffuse nephrosis (mostly cortical), macrocytic hypochromic anemia, fatty infiltration of lvr


ECLAMPTOGENIC TOXEMIA/NURSING SICKNESS:  CLSX:  anorexia, muscle incoord., weakness, wt loss, and death; RX: vit/min. suppl. suitable for cats should be given during prgncy & lactation;  also give 05% NaCl in diet;





BONE MARROW SUPPRESSION: Due to high estrogen during estrus; CLSX:  bone marrow depression - pancytopenic, so predisposed to bleeding & infections;  CLSX: pale, bilat. symm. alopecia, melena, subQ petechia, pneumonia, depression.  Can get neuro sx from hemorr. into CNS;  anemic, thrombocytopenic, leukopenic; GROSS:  thin water blood, pale fatty BM, subQ petechiae to ecchymoses, GI hemorr, hydro- or pyometra; HISTO: hypocellular BM & decr. splenic extramedullary hematopoesis;  DDX: since can mimic any dz from lethargy to pneumonia, must pay attention to history!!!  CONTROL: spay if not going to breed prior to 8 mos.; tx w/ HCG or breed if comes into estrus; RX: spay if Hct isn't too low  (tho has been done at 6%!);  another was given 15 blood transfusions (10 ml ea) over 5 months plus anabolic steroids, CCS, force feeding, and vitamins;  can also try to cycle out of heat w/ HCG and give anabolic steroids, vitamins, & transfusions;


UROLITHIASIS:  frequent; see same sx as w/ cats; renal  & cystic calculi - struvite; tx same as cat; reduce dietary ash & give lots of water; POSTERIOR PARALYSIS: can  also see incontinence;  DDX: hemivertebrae, vertebral fx, IVD, hematomyelia, myelitis; RX: try CCS, but f recurs; GASTRIC ULCERS: unkown etiology; antrum & lesser curvature; dx on melena & pm findings; LAS: Helicobacter mustelae - related to H. pylori; animal model for human ulcers - chronic gastritis, duodenal ulcers, gastric cancer; CONGENITAL/HEREDITARY:  anencephaly, neuroschisis, gastroschisis, cryptorchidism, anury, amelia, corneal dermoids, cataracts; See F55 - congenital brain anomoly model.   CANNIBALISM:  worse in some lines than others, but most dams and kits will consume a dead neonate;  ENDOCRINOPATHIES:  sim. to dog/cat; (e.g. dm); see bilaterally symmetrical alopecia of tail &/or ventral abd. in estrous females and breeding males (unknown etiology). 


NEOPLASIA:  dominates literature; variety of spont. epithelial & mesenchymal tumors; f incidental or clinical presentation not reported; lymphosarcoma - 4 cases rptd; unknown rel'n bw FeLV; ovarian leiomyomas - do not interfere w/ ovulation or pregnancy (incidental findings); bilateral ovarian thecomas w/ endometrial hyperplasia - also incidental; adrenal adenoma, cutaneous SCC, cutaneous mast cell tumor (slow growing, not metastasizing); adenocarcinomas: pancreatic/incidental & hepatic in a cachectic ferret w/ chronic draining abd. fistula; megakaryocytic myelosis; LAS 44:6 - ceruminous gland adenocarcinoma (ear); Comp. Path Bull, Feb. '93: chordoma - at/near tip of tail, more f in females (in mature animals);


Most f tumor is lymphosarcoma.


Most f repro tumor is ovarian leiomyoma


Insulinomas (pancreatic islet cell tumors) are more f than adrenal gland cortical adenocarcinomas.


LAS 46:1: benign, splenic multipe myelolipoma (sim. to human, adrenal, solitary, benign myelolipoma


LAS 44:6 - lymphosarcomas, chordomas, insulinomas, ovarian stromal tumors, cutaneous tumors


LAS 45:4 - thymomas in 2 adult ferrets w/ cranial mediatinal masses.  CLSX: chronic intermittent vomiting, dyspnea, lethargy;  GROSS: cardiomegaly, splenomegaly; cystic mass in cranial mediastinum  (lymphosarcoma usu. not cystic).  HISTO: thymic epithelial cells & small l'cytes 


AALAS PS30 Ferrets "Idiopathic Hypersplenism" enlgd spleen, anemia, lymphocytosis, & hypergammaglobulinemia! Found Type C retrovirus particles! W/ this condition, have circulating lymphocytes (+) TRAP (tartrate - resistant acid phosphate) & surface Ig(-)/MODEL - HTLV "Hairy Cell Leukemis" (profound splenomegaly & TRAP(+) lymphs)


AALAS PS31: T0 char. ferret lymphoma, used universal human TCR antiserum, ferret lymphoma's CD3(+)  & sIg(-)  i.e. T cells (not B's) used Immunohistochem (Av-Bio, Diaminobenzidine - mediates color change)





MISCELLANEOUS: 


MEGASOPHAGUS (LAS 43:5)


�
SEIZURES:  ddx distemper, insulinoma, rabies


DDX FOR DIARRHEA


Salmonella,rotavirus, AD, Campylobacter, helminths, protozoa (Giardia, coccidia, crypto); endocrine disorders, pyometra, hepatic dz, pancreatitis 


ALOPECIA:  most f reason in intact female is estrus, most f reason in a spayed pet is adrenal neoplasia


MODELS


GENERAL:  bacteriology, viroloy (e.g. distemper, influenza), reporduction, teratology, pharmacology, physiology, endocrinology, gastroenterology, embryology, neurology. cardiology, toxicology, 








�


FASCICLES


brain malformations induced by mcthylazoxymcthanol acctate, 55, 55 (S)


55	Congenital Malformations of the Brain (ferrets)


Human:   Micrencephaly, lissencephaly, hydranencephaly, & cerebellar hypoplasia, congenital brain malformations usually of unknown etiology


Animal:   Effects of methylazoxymethanol acetate on brain development in ferrets


Model:   Ferret induced by IP injection of MAM Ac (methyl-azoxymethanol acetate) during gestation ; hepatotoxic & neurotoxic.  Gestational day of injection determines which abnormality will be seen; d28 see hydranencephly with 4th ventricle exposure & cerebellar dysplasia similar to Dandy-Walker syndrome.  SUPPLEMENT 55:  retinal dysplasias 1/8 neonates TX on day 32; functional evaluation shows severely impaired cognitive ability. 	





lymphatic filariasis in, 368 


368	Lymphatic Filariasis (ferrets)


Human:   Lymphatic filariasis


Animal:   Brugia malayi infection in the ferret 


Model:   Ferret inoculated SQ with infective larvae of Brugia malayi develop similar pathology, resembling syndrome in human infection with lymphatic dwelling filaria, Wuchereia bancrofti, B.  malayi, & B.  timori.  Inj.  into hind paw established in regional lymphatic vessels & circ.  microfilariae seen during 3rd mon.  post inoc. ; Tropical filarial eosinophilia - difference is prominence of lesions in liver rather than lung. Persistent swelling in hind paws.





Reye's syndrome, 342 


hyperammonemia, 342 


342	Reye's Syndrome (ferrets)


Human:   Reye's syndrome


Animal:   Hyperammonemia in ferrets


Model:   Ferret:  human influenza B infection IN on day 1, also given aspirin in water BID for 3 days, day 3 NPO, day 4 started on arginine free diet; see symptoms within 2 hrs of feeding arginine free diet.  Similarities between human & ferret:  prodromal influenza infec.  , hyperammonemia; development of encephalopathy.  Difference between ferret & human is vomiting in humans (even tho ferret is an antiemesis model in tox testing). 


occurs bc ferrets suscep. to influenza; 





subacute measles virus encephalitis, 346 


subacute sclerosing panencephalitis, 346


346	Subacute Sclerosing Panencephalitis (ferrets)


Human:   Subacute sclerosing panencephalitis


�
Animal:   Subacute measles virus encephalitis in ferrets


Model:   Disease of children caused by defective measles virus.  A defective cell-associated strain of measles virus (SSPE strain D. R. ) passed in brain cell cultures & inoculated intracerebrally into young ferrets; fe develop acute fatal encephalitis from 3-12 days post inoc.  Subacute enceph of fe slows viral & immunolog.  characteristics & clinical & pathological similarities with human disease; however clinical stage of animal disease usually more sudden onset & of shorter duration than SSPE. 





If feed kitten chow for life, get chronic interstitial nephritis & hyperproteinema





DONT"USE:





Ovabam 


Acetometaphin


Sulfaquinalozoline


Aspirin





AAE


Adrenal Assoc. Estrogenism: squ. metaplasia of prostate & disuria - Bruce William's POLA notes





�


LAS:


Cataractogenesis, microphthalmia (43:6)


Ulcers - Helicobacter mustelae (AALAS PS05 	Helicobacter mustelae - requires urease activity to 	colonize the ferret stomach (antrum))


Inhalation Toxicity - 40:2





LAS 45:2 (151)vWF found in the endothelium of the vena cava, in the goblet cells of lungs, & in the endothelial, & medial layers of the aorta.  Sim. to other spp: activity, Ag conc., plama multimer distrib'n, & localiz'n in tissues.  Diff't from other spp: 1) multimeric distr. skewed toward smaller MW molecules, 2) found in mucous goblet cells instead of ciliated cells in the lungs, & 3) large multimers were not released after adm. of DDPAV (1-deamino-8-D-arginine-vasopressin = antidiuritic H arginine vasopressin which stimulates the release of vWF from tissue stores).  Used ELISA, gel electrophoresis, botocetin-limiting dilution test for vWF activity, immunoperoxidase, IFA, and immunogold EM to characterise vWF in the various tissues after stimulating release w/ DDAVP.   Botrocetin test uses snake venom to quantify platelet aggregation.  Homeostatic plasma conc. of vWF is maintained by release of small multimers from endothelial cells or subendothelium.  However, large multimers are released from Weibal-Palade bodies of endothel. or platelets when there is stimulation from thrombin, fibrin, histamine, etc.  Large multimers are more biologically active.  Ferret may abe a good model for vWF activity in hemostasis, thrombosis, & atherosclerosis.  Dogs & pigs are also models. 
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