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1. ABSTRACT 

The domestic ferret (Mustela putorius furo) is an important household pet and research animal 

model. Susceptibility of ferrets to viral diseases is significant, and over the last decades this 

species has been used in research to study different aspects of some diseases of special interest 

for human and veterinary medicine, such as influenza, distemper and Aleutian disease. Multiple 

experimental studies have been done and published about viral diseases in ferrets; however, little 

has been reported about the spontaneous occurrence in nature. This doctoral thesis describes the 

infection, the clinical outcome and the macroscopic and microscopic lesions observed in ferrets 

naturally infected by canine distemper virus (CDV), ferret systemic coronavirus (FSCV) and 

Aleutian disease virus (ADV). Main conclusions are summarized here: First, an original clinical 

study of a distemper virus outbreak in ferrets that occurred in Barcelona is referenced. Second, a 

novel systemic disease in ferrets caused by a coronavirus is described. Third, new histological 

and immunohistological findings are presented in non-symptomatic ADV-persistently infected 

ferrets. This thesis contributes with new and previously not described clinical and pathological 

findings in ferrets naturally infected by CDV, FSCV or ADV. All these findings are or will be 

published in peer review scientific journals and should be taken into consideration by researchers 

and veterinarians working with ferrets.  
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2. INTRODUCTION  

The domestic ferret is an important pet species and experimental model. Ferrets are very 

susceptible to viral infections and they have been used in multiple research studies to investigate 

important diseases such as influenza, measles or severe acute respiratory syndrome (SARS). 

Most information regarding viral diseases of ferrets has originated from experimental infections, 

but little clinical and pathological information is known from naturally infected animals. The 

goal of this thesis is to contribute to the knowledge on spontaneous viral infections in ferrets, 

focused on canine distemper, systemic coronavirus and Aleutian disease. 

2.1. Canine distemper 

Canine distemper virus (CDV) belongs to the genus Morbillivirus in the family 

Paramyxoviridae; other viruses belonging to this genus include measles virus, rinderpest virus, 

peste des petits ruminants virus, phocine distemper virus, dolphin morbillivirus, porpoise 

morbillivirus, equine morbillivirus, and porcine morbillivirus (Appel, 1987; Fox et al., 1998; 

Greene and Appel, 2006). Canine distemper virus has a relatively large and variable diameter 

with single-stranded RNA (Greene and Appel, 2006). Canine distemper virus is susceptible to 

ultraviolet light, heat, and drying (Greene and Appel, 2006), but it can survive for weeks at 0ºC 

(Greene and Appel, 2006).  

The virus causes canine distemper (CD), an acute to subacute contagious systemic disease 

affecting terrestrial carnivores in the families Canidae, Mustelidae, and Procyonidae (Appel, 

1987; Fox et al., 1998; Roscoe, 1993). Other families within the order Carnivora that can be 

affected by CD include Felidae, Viverridae, Herpestidae, Ailuridae, Ursidae and Hyaenidae 

(Appel, 1987; Appel and Summers, 1995; Greene and Appel, 2006; López-Peña et al., 2001; 
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RoelkeParker et al., 1996). In addition, disease caused by CDV has been reported in pangolins 

(order Pholidota, family Manidae), peccaries (order Artiodactyla, family Tayassuidae), Rhesus 

macaques (order Primates, family Cercopithecidae), and several species of seals and sea lions 

(order Pinnipedia, families Phocidae and Otariidae) (Appel et al., 1991; Barrett et al., 2004; 

Chin et al., 2008; Greene and Appel, 2006; Sun et al., 2010).  The virus has one serotype and 

several strains, and the severity of the disease depends on the viral strain, and on host 

factors such as the species and immunocompetency (Fox et al., 1998; Greene and Appel, 2006; 

Stanton et al., 2003).  

Transmission of CDV is primarily by aerosol or contact with oral, respiratory and ocular fluids 

and exudates containing the virus (Williams, 2001). Other routes of transmission are less 

important (skin, feces, urine); transplacental transmission has been documented in dogs 

(Williams, 2001). Close association between affected and susceptible animals is necessary due to 

the relative fragility of CDV in the environment (Williams, 2001). Incubation period ranges from 

about one week to more than one month (Williams, 2001). Duration of clinical disease is also 

variable and dependent on many factors but ranges from one to six weeks with either resolution 

and recovery or death (Williams, 2001). Viral shedding occurs even if animals are subclinically 

infected, and virus may be shed for up to 90 days after infection, starting about seven days post-

infection (Williams, 2001); however, shorter periods of shedding are more typical (Greene and 

Appel, 2006). Contact among recently infected (subclinical or diseased) animals maintains the 

virus in a population, and a constant supply of puppies helps provide a susceptible population for 

infection (Greene and Appel, 2006).  

In endemic areas where dog populations are high, clinical disease is mostly seen in pups 

following loss of maternal antibody at 3-6 months. In isolated populations of dogs, CD is 
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epidemic, and outbreaks may be severe, widespread, and affect all ages (Greene and Appel, 

2006; Williams, 2001). Immunity to virulent CD is prolonged or life-long, but not as absolute 

after vaccination (Greene and Appel, 2006). However, the protection obtained after clearing the 

infection may be compromised if the animal is exposed to a highly virulent or large quantity of 

virus or if it becomes immunocompromised or stressed (Greene and Appel, 2006). It is estimated 

that 25-75% of susceptible domestic dogs become subclinically infected but clear the virus from 

the body without showing signs of illness (Greene and Appel, 2006).  

Clinical signs of disease depend on the species, strain of virus, immunocompetence of the host, 

etc. Generally, it is a systemic disease that affects particularly skin, respiratory system and 

central nervous system (Greene and Appel, 2006). Clinical signs include depression, 

mucopurulent nasal exudates, cough, fever, anorexia, vomiting, diarrhea, abnormal behavior, 

convulsions, cerebellar and vestibular signs, hyperkeratosis of the skin (foot pads, eyelids, lips, 

anus), and pruritus (Williams, 2001). Changes in hematologic and biochemical parameters are 

nonspecific, although lymphopenia is common (Greene and Appel, 2006; Williams, 2001).  

Diagnosis is usually done based on history, clinical signs, and fluorescent antibody staining on 

smears from conjunctiva or respiratory secretions (Greene and Appel, 2006; Williams, 2001). 

Other techniques such as immunohistochemistry, PCR, serum antibody testing and viral isolation 

can also be performed (Greene and Appel, 2006; Williams, 2001). Necropsy can reveal thymic 

atrophy in young animals, interstitial pneumonia, and other changes observed ante-mortem 

(diarrhea, oculonasal secretion, hyperkeratosis of the skin) (Greene and Appel, 2006). Histologic 

changes include lymphoid depletion, meningoencephalitis, neuronal and myelin degeneration, 

and interstitial pneumonia to suppurative bronchopneumonia (Greene and Appel, 2006; 
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Williams, 2001). Intracytoplasmic and intranuclear eosinophilic inclusion bodies occur in 

epithelial cells, neurons, and astroglia (Greene and Appel, 2006; Williams, 2001).  

Among the species susceptible to CD, the ferret is the one with the highest mortality rate (around 

100%) (Williams, 2001). Presence of virus in blood, nasal mucosa, lung, spleen, and cervical 

lymph nodes has been demonstrated as early as 2 days after experimental infection (Fox et al., 

1998). Viremia persists until the virus is neutralized by antibodies or the ferret dies (Fox et al., 

1998). Transplacental infection has not been reported in ferrets (Fox et al., 1998). Canine 

distemper virus has an immunosuppressive effect by producing lymphoid depletion and 

lymphopenia (Fox et al., 1998; Greene and Appel, 2006).  

There have been many studies of the induction of canine distemper in ferrets. These experiments 

have reported incubation periods of four to 10 days and very high mortality occurring five to 28 

days after the onset of the clinical signs. Affected animals generally develop a systemic disease 

with respiratory, dermatological and neurological signs. The first signs are anorexia, pyrexia, 

photophobia, and serous nasal discharge. An erythematous, pruritic rash appears on the chin and 

eventually spreads to the inguinal area. The oculonasal exudate becomes mucopurulent and 

develops into brown, encrusted material surrounding the lips, nose, chin, and eye; the eyelids 

usually stick shut. Hyperkeratosis of the footpads occurs inconsistently. Secondary bacterial 

infections, such as pneumonia, can be seen, and the ferret may die of it or live long enough to 

develop neurological signs (Crook et al., 1958; Davidson, 1986; Evermann et al., 2001; Fox et 

al., 1998; Gill et al., 1988; Gorham, 1999; Jones et al., 1997; Kauffman et al., 1982; Kilham et 

al., 1956; Rosenthal, 2004; Shen and Gorham, 1978; Stanton et al., 2003; Stephensen et al., 

1997; von Messling et al., 2003; Wimsatt et al., 2001). There have been few descriptions of 
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natural canine distemper in ferrets, probably because the disease has a low prevalence as a result 

of vaccination (Blair et al., 1998; Fox et al., 1998). 

Mortality in ferrets with clinical signs of CD is very high. Most literature reviews indicate a 

mortality rate approaching 100% (Fox et al., 1998; Rosenthal, 2004), although infection with less 

pathogenic strains produce a significantly lower mortality rate (Kauffman et al., 1982). The 

outcome of the disease is likely affected by multiple factors including age and immune status of 

the ferret, strain of virus, infective dose, and route of infection. As some animals may survive, it 

is appropriate to start treatment in ferrets with a presumptive diagnosis of CD, although it is 

unlikely that severe cases or those with neurologic signs will respond to treatment (Evermann et 

al., 2001).  

Treatment should always include broad spectrum antibiotics, as secondary infections are 

common (e.g. bronchopneumonia) (Fox et al., 1998; Rosenthal, 2004). It is always better to 

select the antibiotic based on culture and sensitivity of samples obtained by tracheal wash. A 

study confirmed that the administration of vitamin A reduced mortality in ferrets with CD; it 

should be administered at doses of 50 000 IU (15 mg) of renitol palmitate IM SID for 2 

treatments (Rodeheffer et al., 2007). This study was done using ferrets in which hypovitaminosis 

A was induced, which may not necessarily be the same situation in natural infections. The 

administration of 2 doses of vitamin A has also been useful to reduce mortality in humans with 

measles (another Morbillivirus) (Sudfeld et al., 2010). High doses of vitamin C were suggested 

decades ago as a very effective treatment for distemper in dogs (Belfield, 1967). In that article, 

all dogs affected with CD (12 animals) were treated with vitamin C (at 1 g IV SID for 3 

treatments) and all of them recovered from disease (Belfield, 1967). Although the results of that 

article are difficult to believe nowadays, treatment with vitamin C (reducing the dose for ferrets) 



Introduction 

8 

is worth it as toxicity due to treatment seems unlikely. Hyperimmune serum against CD may also 

be useful (Lewington, 2007), but it is rarely available commercially. Nutritional support (with 

easily digestible diets, aminoacids and electrolytes) is important in clinical cases, as affected 

ferrets lose appetite and develop a poor nutritional status, which reduces the immune function 

that has to fight the disease. Keeping affected ferrets hydrated is also important (Davidson, 

1986). Other symptomatic treatments with anti-inflammatory drugs or bronchodilators may be 

indicated in some cases. Isolation of affected cases is mandatory (Fox et al., 1998).   

Vaccination can also be used as a treatment in the face of an outbreak. Vaccination at the same 

time or a few hours after infection can be effective at protecting from disease, but larger doses of 

vaccinal virus are necessary (Burger and Gorham, 1964). The time interval required for 

development of resistance is inversely related to the dose of modified virus and the more time 

elapsed between infection and vaccination, the higher doses of vaccinal virus will be required 

and the lower the survival rate will be (Burger and Gorham, 1964). Vaccination is not generally 

effective once more than 48 hours have elapsed between infection and vaccination, or when the 

amount of virus is too high or the amount of vaccinia virus too low (Burger and Gorham, 1964); 

however, vaccination in these situations can delay onset of clinical signs and can increase 

duration of disease (Burger and Gorham, 1964). These data imply that vaccination is not 

effective once the ferret has started showing clinical signs. Treatment should always be discussed 

with the owners, and a very poor prognosis should be given in order for them to take an 

appropriate decision.  

Common vaccination of ferrets against CD has resulted in a rare occurrence of this disease in 

many countries. Inactivated vaccines are inferior in protection to modified live vaccines 

(Pavlacik et al., 2007; Williams et al., 1996) and therefore they are not commonly used. 
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Modified live vaccines (MLV) of dog or mink origin are able to produce disease (Davidson, 

1986; Gill et al., 1988) and they are not used either. Modified live vaccines of avian origin (i.e. 

propagated in chick embryo tissues) are considered to be safe in domestic ferrets and other 

species (Appel, 1987; Appel and Summers, 1995; Williams et al., 1996). Many of these vaccines 

use the strain Onderstepoort. Multivalent dog vaccines (with modified live CDV of avian origin) 

have been used safely in ferrets, either using the full dose or using a fifth of the full dose (Fox et 

al., 1998; Lewington, 2007). There is also a recombinant vaccine that contains only a small 

portion of the genetic material of the virus and, therefore, it cannot produce disease. This vaccine 

uses an attenuated canary poxvirus as vector; that is, small portions of genetic material of CDV 

are included in this poxvirus. Safety and effectiveness has been demonstrated with this type of 

vaccines in ferrets and other exotic carnivores (Wimsatt et al., 2003). This vaccine is only 

available in a few countries.  

Canine distemper virus is susceptible to ultraviolet light, heat, and drying (Greene and Appel, 

2006), but it can survive in infected tissues for days at 25ºC, weeks at 2 to 4ºC and years at -70ºC 

(Fox et al., 1998; Greene and Appel, 2006). It can also survive within a pH range of 4.5 to 9.0 

(Fox et al., 1998). Commonly used chemical agents can also inactivate the virus, such as 

quaternary ammonium compounds (e.g. Roccal®-D or Roccal®-D Plus, Pfizer, directions for 

use should be followed), 0.75% phenol, 2-5% sodium hydroxide and 0.1% formalin (Fox et al., 

1998). Virkon-S (a disinfectant made with peroxides) is also effective against CDV according to 

the manufacturer’s label. Fomites (such as handling gloves) are also able to transmit the disease 

and should also be disinfected (Fox et al., 1998). 
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2.2. Coronavirus 

Coronaviruses (genus Coronavirus, family Coronaviridae, order Nidovirales) are large, 

enveloped, positive-stranded RNA viruses (Addie and Jarrett, 2006; Wise et al., 2006). 

Coronaviruses are divided into three groups (I, II and III), although it is not clear whether the 

severe acute respiratory syndrome coronavirus (SARS-CoV) belongs to the second group or 

forms a different, fourth group (Addie and Jarrett, 2006). Group I coronaviruses include feline 

coronavirus (FCoV), transmissible gastroenteritis virus (TGEV), porcine epidemic diarrhea 

virus, canine coronavirus (CCV), human bronchitis coronavirus serotype 229E (HCV 229E), and 

ferret coronaviruses (Addie and Jarrett, 2006; Wise et al., 2010; Wise et al., 2006). Group II 

coronaviruses include human coronavirus strain OC43, murine hepatitis virus, rat coronavirus, 

bovine coronavirus, porcine hemagglutinating encephalomyelitis virus, and equine coronavirus 

(Wise et al., 2006). Avian coronaviruses (infectious bronchitis virus of chickens, turkey 

coronavirus, and pheasant coronavirus) belong to group III (Wise et al., 2006).  

Ferrets can be naturally infected by two different, but related, coronaviruses, the ferret enteric 

coronavirus (FECV) and the ferret systemic coronavirus (FSCV) (Wise et al., 2010). In addition, 

ferrets can be experimentally infected with SARS-CoV and develop a disease similar to humans 

with SARS (Van den Brand et al., 2008).  
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2.2.1. Epizootic catarrhal enteritis 

The FECV produces a gastrointestinal disease in ferrets that has been named epizootic catarrhal 

enteritis (ECE) (Williams et al., 2000; Wise et al., 2006). This disease was first observed in the 

United States in 1993, and the first and only publication about its clinicopathologic 

characteristics appeared in 2000 (Williams et al., 2000). The disease is easily transmitted in 

overcrowded situations and produces severe diarrhea and dehydration, with high morbidity and 

low mortality (Williams et al., 2000). The incubation period is 48-72 hours (Williams et al., 

2000). Initial clinical signs include lethargy, inappetence, and vomiting, with subsequent bright 

green diarrhea with high mucus content (Williams et al., 2000). Older ferrets exhibit more severe 

signs than younger ones, and it is believed that young animals can be asymptomatic carriers of 

the virus (Williams et al., 2000). Mean age of affected animals is 4 years of age (Williams et al., 

2000). 

Epizootic catarrhal enteritis of ferrets shares many similarities with epizootic catarrhal 

gastroenteritis of mink, a disease also produced by a coronavirus (Gorham et al., 1990; Have et 

al., 1992). Microscopic lesions of ECE in ferrets include vacuolar degeneration and necrosis of 

villus enterocytes; villus atrophy, fusion, and blunting; and lymphoplasmacytic enteritis 

(Williams et al., 2000). Lesions are more common in jejunum, and enteric lymph nodes are 

usually enlarged (Williams et al., 2000). Viral particles can be found in the cytoplasm of 

enterocytes at the tip of villi in the jejunum of affected ferrets, and more rarely in the large 

intestine (Williams et al., 2000). Diagnosis can be made by biopsy and immunohistochemistry, 

electron microscopy of feces (Williams et al., 2000) and, more recently, PCR. Virus can be 

detected in feces and saliva (Williams et al., 2000). The disease usually resolves after 5-7 days in 
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healthy young ferrets, and a subsequent period of maldigestion or malabsorption of widely 

varying duration may develop (Hoefer, 2004; Williams et al., 2000).  

Empiric treatment has included broad-spectrum antibiotics, aggressive fluid therapy and 

supportive care (Hoefer, 2004; Williams et al., 2000). Maldigestion after recovering from ECE 

can be treated with a short course of steroids (prednisone 1 mg/kg BID × 14 d) and changing the 

diet to an easily absorbed food (Hoefer, 2004; Williams et al., 2000). Metronidazol has anti-

inflammatory and antibiotic effects and can improve stool consistency (20 mg/kg PO BID) 

(Lewington, 2007). Metronidazol is not very palatable and can compromise owner’s compliance 

with treatment. The combination of enrofloxacin (5 mg/kg PO BID) and amoxicillin/clavulanic 

acid (10-20 mg/kg PO BID) can be another good option (Lewington, 2007). 

Epizootic catarrhal enteritis is a highly contagious and easily transmissible disease (Lewington, 

2007; Williams et al., 2000), and prevention is aimed at avoiding exposure to ferret enteric 

coronavirus. Affected ferrets should be isolated from asymptomatic or unexposed ferrets 

(Hoefer, 2004). Infection can occur through contact with infected ferrets, their feces or fomites 

(Lewington, 2007). Fecal contamination of the environment can be reduced by thorough cleaning 

of litter boxes, cages and bowls (Murray et al., 2010). It should be noted that ferrets carry the 

virus long after clinical signs have resolved, and remain contagious to other ferrets for up to six 

months, perhaps longer (Lewington, 2007).  

Coronaviruses persist in the environment for extended periods of time under appropriate 

conditions (Lewington, 2007). Coronaviruses can be inactivated quite easily with many 

commonly used disinfectants (Rabenau et al., 2005). It should also be noted that the severity of 

this disease appears to have been greatly reduced over the past years, compared to the situation 
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in the 1990s (Lewington, 2007; Murray et al., 2010) and it is common to find positive animals 

without showing any clinical sign (Murray et al., 2010). 

2.2.2. Ferret systemic coronaviral disease 

A new granulomatous disease with histopathological lesions very similar to feline infectious 

peritonitis (FIP) was first reported in ferrets in 2006 (Martínez et al., 2006). These lesions were 

positive for group 1 coronavirus on immunohistochemistry (Martínez et al., 2006). This disease 

will be further discussed in chapters 5 and 6. However, in order to better understand FSCV 

disease, a review of FIP in cats is necessary. 

2.2.3. Feline infectious peritonitis in cats 

Feline infectious peritonitis is caused by FCoV. There are two types of FCoV (I and II); type I is 

wholly feline, while type II have arisen by recombination between type I FCoV and CCV 

(Vennema et al., 1995). Both types are capable of producing a spectrum of clinical signs in cats, 

ranging from asymptomatic infections to diarrhea to FIP. Some strains of FCoV induce FIP 

when they are administered intraperitoneally into cats, and some others do not; this is probably 

due to different cell tropism (Addie and Jarrett, 2006).  

However, it is currently believed that all natural FCoV infections have the potential to cause FIP, 

although they do so in only approximately 10% of infected cats. The enteric strains replicate in 

enterocytes, causing diarrhea or asymptomatic infection, whereas the systemic strains replicate in 

macrophages, leading to systemic infection and FIP. One theory is that for FIP to occur, a 

mutation must occur in an enteric strain to permit replication in macrophages, but this has yet to 

be proved (Addie and Jarrett, 2006; Vennema et al., 1998). 
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Cats become infected by FCoV by ingestion and possibly by inhalation of virus. It is believed 

that type II FCoV replicates in the small intestine and type I in the ileum and colon (Herrewegh 

et al., 1997). Virus is shed in feces from two days postinfection, but in early infections FCoV 

may replicate in the tonsils and oropharynx and be shed in the saliva for only a few hours or days 

(Stoddart et al., 1988).  

Feline infectious peritonitis is an immune-mediated disease, involving virus or viral antigen, 

antiviral antibodies, and complement. Cats that have neither anti-FCoV antibodies nor 

complement do not develop FIP. However, feline infectious peritonitis is an atypical immune 

complex disease because joints and skin are rarely affected (Addie and Jarrett, 2006). 

The immune complexes damage the endothelium of blood vessels, producing exudates (effusive 

FIP) or allowing the virus to enter other tissues and producing pyogranulomata (noneffusive 

FIP). The clinical and pathologic signs that occur in FIP are direct consequence of this vasculitis 

and organ damage. Effusive FIP is the acute form, usually occurring four to eight weeks after 

infection or a stressful event, although it can occur terminally in cases of noneffusive FIP. 

Noneffusive FIP, the chronic form of the disease, occurs weeks to months postinfection and may 

result from a partially successful cell-mediated immune response. Seroconversion occurs 18 to 

21 days after infection (Addie and Jarrett, 2006). 

Many of the cats that become seropositive during natural infection do not develop FIP and have 

less chances to develop the disease after a new exposure to the virus. Cats can eliminate virus for 

months, and some animals become lifelong carriers (Addie and Jarrett, 2006). Some cats can also 

eliminate the infection. Seronegative cats do not shed FCoV, whereas approximately 30% of 

seropositive cats do shed virus. Shedding usually stops after a few months, and only a few 
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infected animals will develop FIP. Transmission occurs through contact with virus-containing 

feces or fomites (Addie and Jarrett, 2006).  

Most FCoV infections are subclinical. Infections with FCoV initially produce brief episodes of 

mild upper respiratory tract signs or diarrhea, and rarely it is observed severe diarrhea and 

vomiting (Addie and Jarrett, 2006). Cats of any age can develop FIP, but approximately 50% of 

cats with FIP are younger than 2 years (Addie and Jarrett, 2006). Multicat situations greatly 

facilitates infection with FCoV and development of FIP (Addie and Jarrett, 2006). Cats with 

effusive FIP have ascites, thoracic effusion, anorexia, mild pyrexia, weight loss, dyspnea, 

tachypnea, scrotal enlargement, pericardial effusion, and mucosal pallor or icterus, and/or 

mesenteric lymphadenopathy. Clinicals signs of noneffusive FIP are more unspecific and include 

mild pyrexia, weight loss, dullness, loss of appetite, dyspnea, iritis, neurologic signs, abnormal 

abdominal palpation (mesenteric lymphadenopathy, irregular kidneys, or nodular irregularities in 

other viscera) (Addie and Jarrett, 2006). Feline infectious peritonitis can also develop in non-

domestic felids (Addie and Jarrett, 2006; Evermann et al., 1988; Juan-Salles et al., 1998). 

The typical hematologic changes in both forms of FIP are lymphopenia and neutrophilia with a 

left shift. Polyclonal hypergammaglobulinemia (gamma globulins > 3.5 g/dL) is a characteristic 

feature of FIP, both in serum and in the effusions. Nonregenerative anemia can be seen in 

noneffusive FIP. Other biochemical alterations reflect damage to organs containing FIP lesions 

(Addie and Jarrett, 2006). 

Diagnosis is made by PCR of fecal contents or biopsies, or histopathology of biopsied organs. 

There are also algorithms to diagnose FIP, based on clinical signs, environment, and laboratory 

findings. Other tests such as serology are not as reliable, and, in addition, a positive antibody titer 
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does not equate FIP. Fluorescent antibody and immunohistochemistry can also be used on 

samples of effusion, cytologies or biopsies (Addie and Jarrett, 2006). 

The essential lesion of FIP is the pyogranuloma. In effusive FIP, all the surfaces of the 

abdominal contents, thoracic contents, or both can be covered in small white plaques. In 

noneffusive FIP, gross pathologic lesions can be much more variable, but the kidney is usually 

affected. In some cats, abnormalities are minimal, and a diagnosis can be made only by 

histologic examination. To diagnose FIP definitively, vasculitis must be demonstrated. The 

lesion consists of an arteriole or venule bordered by a central area of necrosis that is surrounded 

by a perivascular infiltration of mononuclear cells, proliferating macrophages and lymphocytes, 

plasma cells and neutrophils (Addie and Jarrett, 2006) . 

Various drugs are available for treatment of FIP, but no antiviral drugs target FCoV, although 

anticoronaviral drugs are being developed for use in people with SARS (Addie and Jarrett, 

2006). Because FIP is an immune-mediated disease, treatment is aimed at controlling the 

immune response to FCoV, and the most successful treatments consist of relatively high doses of 

immunosuppressive and anti-inflammatory drugs and feline interferon-ω (Addie and Jarrett, 

2006; Pedersen, 1995). Prednisolone (2 to 4 mg/kg/day, given orally, with a gradually reducing 

dose every two weeks until the optimal dosage for the cat is determined by response to 

treatment) tends to make the cat feel better, stimulates the cat’s appetite, and suppresses the 

humoral and cell-mediated immunity response (Addie and Jarrett, 2006). Feline interferon-ω has 

been used with some success in combination with glucocorticoids. Doses were 106 units/kg SC 

every other day and then weekly, or 50 000 units orally per cat for a variable period until 

remission was seen (Ishida et al., 2004). Vaccination has had little success in preventing the 

disease, and it can even induce more disease than natural infections (Addie and Jarrett, 2006). 
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2.3. Aleutian disease 

Aleutian disease (AD) is a chronic and progressive disease caused by a parvovirus (Aleutian 

disease virus; ADV) (Fox et al., 1998). Aleutian disease virus belongs to the family 

Parvoviridae, subfamily Parvovirinae and genus Amdovirus (Jahns et al., 2010). Parvoviruses 

are small, non-enveloped, DNA-containing viruses (McCaw and Hoskins, 2006). Aleutian 

disease virus is distantly related and antigenically different to other parvoviruses (e.g. canine 

parvovirus, feline parvovirus, mink enteritis virus) (Fox et al., 1998; Murakami et al., 2001; 

Stevenson et al., 2001), and is the only member of the genus Amdovirus (Cheng et al., 2010). 

The pathogenicity of different strains of ADV depends on the infected species (Allender et al., 

2008; Cheng et al., 2010). As other parvoviruses, Aleutian disease virus can produce persistent 

infections (Best and Bloom, 2005; Cheng et al., 2010). Parvoviruses are extremely stable and 

resistant to most common detergents and disinfectants (McCaw and Hoskins, 2006), and persist 

in the environment for long periods of time (Jackson et al., 1996a).  

Aleutian disease was first observed in the 1940´s producing a chronic, progressive illness in 

ranch mink (Mustela vison) with the autosomal recessive (aa) Aleutian pelt color (Fox et al., 

1998). These genes are responsible for a bluish pelt of high economic value (Fox et al., 1998; 

Stevenson et al., 2001), and therefore this industry has had important financial losses over the 

last decades due to this disease. Before the identification of ADV, distemper and botulism were 

the primary disease concerns of mink ranchers (Stevenson et al., 2001). Ranchers commonly 

made their own autogenous distemper vaccines by homogenizing spleen from distemper-infected 

mink, making suspensions, and injecting all the mink on their ranch (Stevenson et al., 2001). 

This practice is believed to have led to severe outbreaks of AD in many farms, with high 
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mortality of mink (Stevenson et al., 2001). Aleutian disease was first reported in ferrets in the 

1960’s (Fox et al., 1998). 

Aleutian disease is characterized histologically by hypereactivity of the lymphoid system, with 

lymphoplasmacytic infiltrates in multiple organs (Daoust and Hunter, 1978). Following infection 

with ADV, antiviral antibodies (IgG) bind to virus and form immune complexes (Best and 

Bloom, 2005; Daoust and Hunter, 1978). These protein aggregates deposit in tissues, leading to a 

number of immune-related phenomena and producing some of the lesions and clinical signs 

(Best and Bloom, 2005; Daoust and Hunter, 1978). This mechanism also produces 

hypergammaglobulinemia (gamma globulins > 20% of the total proteins) in infected animals 

(Fox et al., 1998).  

2.3.1. Aleutian disease in mink 

As in other viral diseases, manifestations of clinical AD are likely determined by virus strain and 

host genotype and immune status (Jackson et al., 1996b; Stevenson et al., 2001). While some 

strains produce severe disease in mink, others are asymptomatic (Cheng et al., 2010). In mink, 

the strain Utah-1 produces severe disease, the ferret strain produces mild lesions without 

hypergammaglobulinemia (considered by the authors as essentially non-pathogenic), and the 

strain ADV-G is non-pathogenic (Cheng et al., 2010; Porter et al., 1982). 

Infection in newborn kits results in an acute disease with viral replication in the lung, which 

leads to fulminant interstitial pneumonia and fatal respiratory distress (Best and Bloom, 2005). In 

this form of acute disease in newborn mink, antibodies have a protective role against disease, and 

therefore the term AD is not used to characterize this form (Best and Bloom, 2005). Kits 

surviving the acute infection can develop the chronic form of the disease as adults (Jackson et al., 
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1996a). Infection in adult mink results in a chronic wasting disease with viral replication within 

the lymph nodes (Best and Bloom, 2005), and clinical signs consist of weight loss, poor pelts, 

lethargy, anorexia, polydipsia, anemia and melena (Stevenson et al., 2001). Reproductive signs 

including infertility, small litters, and high stillborn rates can also be noted (Jahns et al., 2010; 

Stevenson et al., 2001). Necropsy findings include small kidneys, splenomegaly, mesenteric 

lymphadenopathy, hepatomegaly, and blood in the intestinal tract (Stevenson et al., 2001), and 

the most characteristic clinicopathologic finding is hypergammaglobulinemia (Best and Bloom, 

2005).  

The hypergammaglobulinemia observed in most mink with AD resembles a polyclonal or 

heterogenous elevation; however, in a few infected mink which had survived AD for an extended 

period of time, a change to monoclonal or homogeneous gamma globulins is observed (Kenyon 

et al., 1967). The production of antiviral antibodies exacerbates disease, and AD is referred 

typically to this chronic form of disease (Best and Bloom, 2005). Lesions in the brain (non-

suppurative meningoencephalitis) have been reported associated with ADV infection but without 

causing clinical signs (Jahns et al., 2010).  

Infection in adult mink can be classified in 2 categories: progressive, characterized by high CEP 

(counter immune electrophoresis) titer (>256) and gamma globulin fraction (>20% of total serum 

proteins) and severe lesions; and nonprogressive, characterized by low CEP titer, normal gamma 

globulin fraction and absence of lesions (Jackson et al., 1996a). Counter immune electrophoresis 

is the gold standard serologic test to diagnose AD. 

In infected mink, viral DNA is commonly detected by PCR earlier than is antiviral antibody 

(Jackson et al., 1996a), but exceptions do exist. Some mink initially have high amounts of viral 
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DNA, then partial clearance, followed by reappearance (Jackson et al., 1996a). Partial viral 

clearance or sequestration occurs early in infection, associated with the immune response to the 

virus (Jackson et al., 1996a). High antibody titer in associated with more severe lesions, but 

DNA can still be recovered from mild or no lesions (Jackson et al., 1996a). There can be mink 

with no detectable virus in blood, but detectable virus in tissues (Jackson et al., 1996a). High 

amount of viral DNA and high CEP titer are also commonly associated with more severe lesions, 

but exceptions do occur (Jackson et al., 1996a). All these statements vary when applied to 

different strains of the virus and different varieties of mink (Jackson et al., 1996a; Jackson et al., 

1996b), and in some situations correlation between viral DNA and renal lesions and correlation 

between CEP and renal lesions has been poor (Jackson et al., 1996a). In addition, lesions in the 

liver and kidney do not necessarily correlate (Jackson et al., 1996a).  

The efficiency of airborne transmission is unclear, as different studies have had different results 

(Jackson et al., 1996a; Jackson et al., 1996b). Some studies have been unable to infect 

seronegative minks when placed in cages where infected mink had lived previously, which led to 

suggest that the virus did not seem to be very contagious (Jackson et al., 1996a). However, other 

studies concluded that the virus can spread rapidly under ranch conditions, and that airborne 

transmission is important (Jackson et al., 1996b). It should be considered that at least in some 

cases, infection in farms has been enhanced by lack of disinfection of tools used to collect blood 

samples. The virus can be detected in saliva, urine and feces (Jackson et al., 1996b).  

Vaccines have had little success in preventing infection and disease (Aasted et al., 1998; 

Castelruiz et al., 2005). Several therapeutic protocols have had some success in treating mink 

with AD, mainly using immunosuppressive drugs such as cyclophosphamide (Cheema et al., 

1972). Melatonin implants have had some protective action against AD, probably due to 
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melatonin's ability to scavenge free radicals, but it could also be due to the induction of 

antioxidant enzymes or to the modulation of immunity (Ellis, 1996). 

2.3.2. Aleutian disease in ferrets  

Ferret strains of AD form a group on their own, and are different from mink strains (Murakami et 

al., 2001). In ferrets, highly pathogenic mink ADV produces low levels on antibody response, 

clearance of the virus after 12 days, no hypergammaglobulinemia, and the animals developed 

mild lesions which were not definitive of AD (Porter et al., 1982). In these ferrets, lymphoid 

hyperplasia was severe in 28% of the animals and mild-moderate in 66%; however, 31% of 

control ferrets also had mild-moderate lymphoid hyperplasia (Porter et al., 1982). Actually, the 

establishment of a direct relationship between AD and lymphocytic infiltrates is difficult, as 

uninoculated control ferrets can also have liver lesions (Kenyon et al., 1967).  

When ferrets from one study were tested for ADV antibodies, positive animals had gamma 

globulins significantly higher than negative ones, but even in positive animals the level of 

gamma globulins was generally lower than 1.5 g/dL (Porter et al., 1982). Ferrets inoculated with 

ferret ADV developed a stronger antibody response, more severe rise in gamma globulins, and 

more severe lesions than when inoculated with mink ADV (Porter et al., 1982). However, even 

with ferret ADV, gamma globulins were generally not high enough to be considered 

hypergammaglobulinemia, and only a few cases had gamma globulins between 2 and 3 g/dL at 

day 120 post-infection; after that, the level of gamma globulins decreased, although it still 

remained higher than in uninoculated ferrets (Porter et al., 1982).  

Lesions in these ferrets with ferret ADV infection are more severe than uninoculated ferrets or 

ferrets inoculated with mink ADV; however, these lesions are not able to produce mortality or 
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clinical signs (Porter et al., 1982). In this study, the level of antibodies was positively correlated 

in some cases to the level of hypergammaglobulinemia and the severity of lesions (Porter et al., 

1982). Germinal center formation in the lymphoid cell infiltrates was seen in ferrets with ADV 

infection, but not in uninoculated ferrets, and proliferation of bile ducts, a common lesion in 

mink with AD, was not seen in ferrets inoculated with any strain of ADV (Porter et al., 1982). 

These findings are compatible with other cases where persistently antibody-positive ferrets were 

followed up for several years and eventually died from unrelated conditions (Chitty, 2009). 

Another work also reported an asymptomatic ferret positive to ADV serology and PCR (urine, 

feces and blood) for at least two years, before dying from unrelated disease (Pennick et al., 

2005); in this case, lesions of AD were present at necropsy, but these lesions were not found in 

the cases reported by Chitty (2009).    

Seroprevalence in domestic ferrets have ranged from 6% to 60% (Fox et al., 1998; Oxenham, 

1990; Porter et al., 1982; Welchman et al., 1993); according to these results, the prevalence is 

significantly higher in the United States when compared to the United Kingdom, and it is 

probably also higher in situation where large amounts of animals are kept, such as farms or 

research facilities. Despite this high seroprevalence in some areas, cases of spontaneous AD in 

ferrets are not commonly reported in the literature, and some pathologists think the disease is 

really rare in domestic ferrets (Michael Garner, personal communication, 2009). Clinical cases 

can show dyspnea, posterior paresis, neurologic dysfunction, chronic wasting, sudden death, 

renal dysfunction, and melena (Fox et al., 1998; Stevenson et al., 2001; Une et al., 2000). 

Hypergammaglobulinemia is common in these cases (Fox et al., 1998; Stevenson et al., 2001), 

but does not always occur (Une et al., 2000). Hypegammaglobulinemia has been reported to be 

more monoclonal in ferrets than in mink (Kenyon et al., 1967). 
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2.3.3. Aleutian disease in other species 

Other than farmed American mink and domestic ferrets, Aleutian disease has also been described 

in captive striped skunks (Mephitis mephitis) (Allender et al., 2008; Pennick et al., 2007), and 

suspected in men (Jepsen et al., 2009) and a wild otter (Wells et al., 1989). Lesions of Aleutian 

disease were also reported in a road-killed striped skunk (Woolf and Gremillionsmith, 1986). In 

captive skunks, clinical signs of the disease included lethargy, sudden death, pyrexia, facial 

tremors, erythema, azotemia, hyperglobulinemia, and the animals developed classical histologic 

lesions of AD (Allender et al., 2008; Pennick et al., 2007). Aleutian disease virus recovered from 

diseased skunks was genetically different from other ADV (Allender et al., 2008). 

Antibodies against ADV have been found in several species of wild carnivores. In southwest 

France, antibodies by CEP were detected in 23% of American mink, 12% of European mink 

(Mustela lutreola), 11% of polecats (Mustela putorius), 24% of stone martens (Martes foina), 

6% of pine martens (Martes martes), and 4% of common genets (Genetta genetta) (Fournier-

Chambrillon et al., 2004). Seroprevalence was significantly higher in American mink compared 

to the other species (the sample size for stone martens was too low to assess significancy) 

(Fournier-Chambrillon et al., 2004). Seropositive native carnivores were found outside the range 

of the American mink (Fournier-Chambrillon et al., 2004). Seropositive animals were not in 

worse physical condition than seronegative ones (Fournier-Chambrillon et al., 2004). 

Hypergammaglobulinemia (gamma globulins > 20%) was observed in all species but polecats, so 

it was suggested that the disease might be non-pathogenic in polecats (Fournier-Chambrillon et 

al., 2004); unfortunately, correlation between serologic status and level of gamma globulins was 

not done.  
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In a study in Spain using CEP, all European mink (90 animals) tested negative for AD, although 

10% of those had hypergammaglobulinemia. This study was performed in an area without 

American mink (Guzman et al., 2008). Within the same study, necropsies performed in 23 

European mink failed to detect any lesion characteristic of AD, but in situ hybridization or PCR 

in tissues were not performed (Guzman et al., 2008). Another study in Spain using CEP did not 

detect ADV antibodies in American mink (14 animals), but 25% of 12 European mink were 

positive (Mañas et al., 2001). All these animals, except for one American mink, had gamma 

globulins < 20% (Mañas et al., 2001). Four out of seven animals [one Eurasian otter (Lutra 

lutra), one European mink, and five American mink] had ADV DNA detected by PCR on pooled 

organs; from these four positive animals (two American mink, one European mink, and one 

Eurasian otter), only one road-killed American mink had lesions compatible with AD (Mañas et 

al., 2001). Isolates obtained from this study were different to previous isolates of ADV obtained 

from the United States and Europe (Mañas et al., 2001).  

In another study in England, 50% of feral American mink tested positive for ADV antibodies 

(Yamaguchi and Macdonald, 2001), although the prevalence divided by age was 0% in juvenile 

animals and 70% in adult ones (Yamaguchi and Macdonald, 2001); it was hypothesized that 

young animals may die from the disease. The native wild American mink is susceptible to 

experimental induction of AD (Kenyon et al., 1967) and can carry disease and infect farm mink 

(Gunnarsson, 2001); however, reports of AD in wild American mink are very scarce.  
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3. OBJECTIVES  

The domestic ferret is a mustelid used for several purposes by humankind. From 1960s ferrets 

have been relevant as a research animal and have been used to study influenza and distemper. 

They have also been used in a lesser degree to study other infectious agents, in cardiovascular 

research, en genetic engineering o as model to study special senses such as vision and hearing.  

Over the last two decades ferrets have become increasingly important as pets, and nowadays they 

are an important exotic animal for veterinary practices in many countries. Historically, and still 

in some areas, the ferret has been used to hunt rabbits.  

Viral diseases cause important disease and mortality in ferrets. Mortality in ferrets affected by 

canine distemper or systemic coronavirus can approach 100%. The prevalence of infection with 

Aleutian disease virus is very high in some populations, although mortality is variable and many 

aspects of the disease are currently unknown. Extensive research on experimental infections has 

been done for some of these diseases such as canine distemper or Aleutian disease, but reports on 

spontaneous infections are very scarce; the objectives of this PhD will try to pr. 

The general objective of this PhD is to contribute to the knowledge of viral diseases in ferrets 

through research and description of spontaneous infections.  

The specific objectives of this PhD are: 

1. Investigate and describe the clinical characteristics of an outbreak of canine distemper in 

ferrets and compare those results with material published on experimental infection. 
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2. Investigate and describe the clinical characteristics of a disease caused by a systemic 

coronavirus. 

3. Investigate and describe the microscopic lesions of the disease caused by a systemic 

coronavirus in ferrets and its relationship with the type I coronaviruses.  

4. Investigate the relationship among symptomatology, microscopic lesions, PCR, serology and 

in situ hybridization in Aleutian disease of ferrets.  
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Outbreak of canine distemper in domestic 
ferrets (Mustela putorius furo)
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In 2006 an outbreak of canine distemper affected 14 young domestic ferrets in Barcelona, Spain. Their 
clinical signs included a reduced appetite, lethargy, dyspnoea, coughing, sneezing, mucopurulent ocular 
and nasal discharges, facial and perineal dermatitis, diarrhoea, splenomegaly and fever. Late in the course 
of the disease, general desquamation and pruritus, and hyperkeratotic/crusting dermatitis of the lips, 
eyes, nose, footpads, and perineal area were observed. None of the ferrets developed neurological signs. 
Non-regenerative anaemia and high serum concentrations of α- and β-globulins were the most common 
laboratory findings. Most of the animals died or were euthanased because of respiratory complications. 
Postmortem there were no signs of lung collapse. Distemper was diagnosed by direct immunofluorescence 
of conjunctival swabs or PCR of several organs, and histology revealed the characteristic eosinophilic 
intracytoplasmic and intranuclear inclusion bodies of canine distemper virus in several organs. The 
minimum incubation periods calculated for six of the ferrets were 11 to 56 days, and in 13 of the ferrets the 
signs of disease lasted 14 to 34 days. Inclusion bodies compatible with infection by herpesvirus were found 
in the lungs of one of the ferrets.

CANINE distemper virus (CDV) belongs to the genus 
Morbillivirus in the family Paramyxoviridae; other viruses 
belonging to this genus include measles virus, rinderpest 
virus, and peste des petits ruminants virus (Appel 1987, 
Fox and others 1998). The virus causes canine distemper, an 
acute to subacute contagious systemic disease affecting ter-
restrial carnivores in the families Canidae, Mustelidae and 
Procyonidae (Appel 1987). Other families such as Felidae, 
Viverridae, Herpestidae, Phocidae, Suidae, Ailuridae, Ursidae 
and Hyaenidae are less susceptible to the disease (Appel 1987, 
Appel and Summers 1995, Greene and Appel 2006). The virus 
has one serotype and several strains, and the severity of the 
disease depends on the viral strain, and on host factors such 
as the species and immunocompetency (Fox and others 1998, 
Stanton and others 2003, Greene and Appel 2006).

There have been many studies of the induction of canine 
distemper in ferrets (Mustela putorius furo). These experi-
ments have reported incubation periods of four to 10 days 
and very high mortality occurring five to 28 days after the 
onset of the clinical signs. Affected animals generally develop 
a systemic disease with respiratory, dermatological and neu-
rological signs (Kilham and others 1956, Crook and others 
1958, Shen and Gorham 1978, Kauffman and others 1982, 
Davidson 1986, Gill and others 1988, Jones and others 1997, 
Stephensen and others 1997, Fox and others 1998, Gorham 
1999, Evermann and others 2001, Wimsatt and others 2001, 
Stanton and others 2003, von Messling and others 2003, 
Rosenthal 2004, Langlois 2005). However, there have been 
few descriptions of the natural disease in ferrets, probably 
because the disease has a low prevalence as a result of vac-
cination (Blair and others 1998, Fox and others 1998). This 
paper describes an outbreak of natural distemper in ferrets, 
with the particular characteristics of generalised pruritus and 
desquamation, a lack of neurological signs, long incubation 
periods, and pneumonia as the main cause of mortality. 

CASE REPORT

History
The seven male and seven female ferrets were affected in 2006 
in Barcelona, Spain (Table 1). They were young animals, most 
of which had been born abroad, and they had been neutered, 
microchipped, vaccinated against rabies and brought to Spain 
when less than two months old. They were then kept on a farm 
that also kept dogs, cats, rabbits, several species of rodents, 
reptiles and birds. Ferrets 7 to 14 were delivered to several 

pet shops and were purchased by private owners to be kept 
as pets, but ferrets 1 to 6 were purchased by a private owner 
directly from the farm and kept together with another young 
unvaccinated ferret. This ferret was born in a Spanish private 
home, did not stay at the farm and did not develop distemper 
although it had direct and constant contact with the other six 
affected ferrets for 38 days. All the owners reported that their 
ferrets were kept indoors without contact with unvaccinated 
dogs. Three of the ferrets were vaccinated against canine dis-
temper with an attenuated vaccine of avian origin (Caniffa MH; 
Merial) but developed clinical signs 11 to 20 days later.

Clinical signs
The first concern of the owners was usually that their ferrets 
became lethargic (sleeping longer than usual), lost their appe-
tite and failed to gain weight. Coughing, sneezing, a serous 
oculonasal discharge, half-closed eyes and dyspnoea were also 
early signs. The serous or catarrhal secretion became mucopu-
rulent, and the eyelids usually became stuck shut. The perineal 
area of some of them became soiled with pasty or green faeces 
(Fig 1a). Generalised and severe pruritus developed in the mid 
to late course of the disease and was followed by desquama-
tion, particularly in the interscapular and dorsal neck areas, 
and later by foci of hyperkeratosis (small scabs) (Fig 1b). As 
the disease advanced dermatitis developed in the perineal area 
(Fig 1c) on the footpads (Fig 1d), and around the lips, nose 
and eyelids (Fig 1e). This dermatitis progressed to hyperkera-
tosis and then to brown, crusted material surrounding the lips, 
nose, eyes (Fig 1f) and, to a smaller extent, the perineal area 
(Fig 1g) and footpads (Fig 1h). The ferrets progressively lost 
condition and the quality of their hair deteriorated. In the final 
stages of the disease, the ferrets developed extensive crusting of 
the head (Fig 1i) and severe respiratory distress.

Clinicopathological findings
During the early course of the disease the body temperature 
of some ferrets was abnormally high, but it became nearly 
normal in the mid-stages and hypothermia was common 
before they died. Increased lung sounds could be heard by 
auscultation, and the ferrets’ respiratory rates were always 
more than 40 breaths/minute, and reached 80 breaths/minute 
in advanced cases. The spleens of the ferrets sometimes 
appeared enlarged on palpation and a cytological evaluation 
of fine needle aspirates from three enlarged spleens revealed 
extramedullary haematopoiesis.

Haematological changes during the early stages of the 
disease included mild non-regenerative anaemia in all five 
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of bacterial pneumonia caused by E cloacae in these ferrets. 
Their poor response to treatment and the development of 
severe dermatitis in ferret 2 led to euthanasia and the confir-
mation of distemper by histology. Postmortem, tissues from 
ferret 1 were positive for the virus by PCR, and postmortem 
histology of ferrets 3, 4, 5 and 6 revealed histological lesions 
compatible with distemper. 

Treatment and outcome
All the ferrets were given treatments including antimicrobi-
als, bronchodilators, mucolytics, fluid therapy and supportive 
treatment. Corticosteroids were prescribed for the extremely 
pruritic ferrets and when owners declined euthanasia. The 
only ferret that survived had been treated with anti-CDV 
hyperimmune serum (Seromoquil; Laboratorios Iven) at an 
early stage of the disease. The owners of seven of the ferrets 
accepted that they should be euthanased on the basis of their 
respiratory distress, intense pruritus, lethargy and/or severe 
crusting of the head. The other six ferrets died naturally.

Incubation periods and course of the disease
Ferrets 1, 2 and 7 were already ill when purchased. Minimum 
incubation periods (days between their purchase and the 
onset of clinical signs) were calculated for six ferrets that 
started to show signs several days or weeks after purchase and 
that had had no contact with any animals afterwards (ferrets 
8 to 13). They ranged from 11 to 56 days with a median value 
of 13·5 days. The duration of disease was calculated for the 
13 ferrets that died (ferrets 1 to 13) and ranged from 14 to 34 
days, with a median value of 21 days. The ferrets’ age at the 
onset of clinical signs was calculated for ferrets 1 to 12 and 14 
and ranged from nine to 24 weeks, with a median value of 18 
weeks. The outbreak lasted three months, from April to June 
2006, a period during which other practitioners in the city of 
Barcelona also observed increased in the numbers of ferrets 
diagnosed with canine distemper.

DISCUSSION

Canine distemper is a serious viral disease with mortality 
approaching 100 per cent in ferrets (Fox and others 1998). 
When the disease is induced experimentally in ferrets its 

animals that were analysed, with haematocrits ranging from 
0·30 to 0·36 l/l, haemoglobin concentrations between 106 and 
114 g/l, and red blood cell counts between 6·72 x 1012 and 
7·12 x 1012 cells/l. Reticulocytes were absent in two ferrets 
that were analysed. Neutrophilia (8·2 x 109/l and 12·3 x 109/l) 
and lymphopenia (0·9 x 109/l and 1·3 x 109/l) were observed 
in two of five ferrets analysed. Plasma biochemical results 
were within the normal ranges for these five ferrets.

Cytology of bone marrow in one ferret revealed lesions 
compatible with erythroid hypoplasia, with eosinophilic 
intracytoplasmic bodies in erythroid precursors. Protein 
electrophoresis revealed increases in α and β-globulins in the 
three ferrets analysed (Fig 2a). Radiography of two ferrets 
showed an increased opacity in the lungs compatible with 
pneumonia (Fig 2b). The results of an abdominal ultrasound 
examination of one ferret were normal. Culture of broncho-
alveolar lavages from three ferrets yielded growths of haemo-
lytic Escherichia coli in two and Enterobacter cloacae in one. 
Faecal analysis of five of the ferrets revealed coccidians in 
four of them.

Diagnosis
A presumptive diagnosis of canine distemper was based on 
the history and clinical signs of the ferrets. During the out-
break, most of the ferrets that had had contact with the farm 
developed the disease. Positive direct immunofluorescence 
examinations of swabs of ocular, nasal and oral secretions 
were used to diagnose six live ferrets (Table 1). Postmortem 
examinations revealed that none of the ferrets had collapsed 
lungs (Fig 2c), but there were a few foci of consolidation 
(Fig 2d). The spleen of some of the ferrets was enlarged. 
Histology of cases 2 to 7, 11 and 12 showed the character-
istic eosinophilic intracytoplasmic and intranuclear inclu-
sion bodies of the virus, particularly in the lungs and skin. 
Inclusion bodies compatible with a herpesvirus were found in 
the lungs of ferret 2 (Fig 2e and f). Tissues from ferret 1 and 9 
were confirmed as positive for the virus by PCR; a fragment of 
its haemagglutinin gene was amplified and sequenced at the 
Servei Veterinari de Genètica Molecular in Barcelona.

Postmortem histology compatible with bacterial pneu-
monia in ferret 1, the isolation of a highly resistant E cloacae 
from ferret 2, and the prolonged respiratory signs without 
neurological signs in ferrets 1 to 6 initially led to a diagnosis 

TABLE 1: Sex, origin and chronology of the disease in the 14 ferrets affected by the outbreak of canine distemper in Barcelona in 
2006

Ferret Sex Origin
Date* of Method of 

diagnosis (PCR) Other relevant informationBirth Purchase Onset of disease Death

 1 F Unknown† 24/01 08/03 08/03 24/03 PCR Dead upon presentation
 2 F Unknown† 20/01 08/03 08/03 08/04† Histology Isolation of Enterobacter cloacae from lungs, 

herpesvirus-like inclusion bodies in lung
 3 F Unknown† 08/01 08/03 29/03 17/04 Histology
 4 F Unknown† 17/01 08/03 29/03 18/04 Histology
 5 M Unknown† 13/01 08/03 29/03 19/04 Histology
 6 M Unknown† 09/01 08/03 29/03 19/04 Histology
 7 M Unknown 11/11/2005 10/03 10/03 29/03‡ IF

 8 F The Netherlands 03/01 06/04 01/06 14/06‡ IF Distemper vaccination on 19/05
 9 F The Netherlands 03/01 20/04 03/05 22/05‡ Histology 

and PCR
10 F The Netherlands 03/01 29/04 10/05 29/05‡ IF
11 M Unknown 03/01 10/04 15/05 08/06‡ IF Distemper vaccination on 25/04
12 M The Netherlands 11/02 01/04 12/04 16/05 Histology Isolation of Escherichia coli from lungs
13 M The Netherlands Unknown 11/04 27/04 23/05‡ IF Isolation of Escherichia coli from the lungs
14§ M Unknown 01/02 Survived IF Distemper vaccination on 04/07

* Dates are in 2006 unless indicated
† North European country according to the vendor
‡ Euthanased
§ Ferret 14 developed distemper while in the pet shop, and the owner could not provide accurate data about its purchase and the onset of 
clinical signs 
F Female, M Male, IF Direct immunofluorescence
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1998) and were also observed in this outbreak. Generalised 
pruritus, particularly in the dorsal cervical and interscapular 
areas, and generalised desquamation have only rarely been 
reported in ferrets with distemper (Davidson 1986, Blair and 
others 1998). Intense pruritus was reported to be a common 
initial clinical sign in naturally infected black-footed fer-
rets (Williams and others 1988), but was absent when the 
disease was induced by the vaccine (Carpenter and others 
1976). Neurological signs are common (Gill and others 1988, 
Stephensen and others 1997, Blair and others 1998, Fox and 
others 1998) and it is usually the cause of death or reason 
for euthanasia. However, different strains of the virus can 
have different neurotropisms (Appel 1987, Evermann and 
others 2001). An experimental infection of ferrets with an 
attenuated strain of the virus produced mild illness with 
some deaths caused by pneumonia, but none of the ferrets 
developed neurological signs (Kauffman and others 1982). 
Neurological signs developed in black-footed ferrets with 
vaccine-induced distemper (Carpenter and others 1976), but 
were absent when they were naturally infected (Williams and 
others 1988). None of the ferrets described here showed any 
signs of neurological involvement, even during the final stage 
of the disease. They all suffered severe respiratory problems 
and these were the main cause of natural death and reason 
for euthanasia. However, the brains of the ferrets were not 
examined histologically, and therefore infection of the central 
nervous system can not be ruled out. Pneumonia was the 
main cause of death in ferrets inoculated with an attenuated 
strain of the virus (Kauffman and others 1982), but it is less 
common or absent in ferrets inoculated with more virulent 
strains (Gill and others 1988, Stephensen and others 1997). 
The duration of the disease has been reported to be 12 to 16 
days for ferret-adapted strains of virus and 21 to 35 days for 
wild canine strains (Fox and others 1998). The duration of 
the disease during this outbreak was similar to the duration 
reported for canine strains, although longer periods of up to 

incubation period lasts from four to nine days (Kauffman and 
others 1982, Stephensen and others 1997, Welter and others 
2000, Evermann and others 2001, Wimsatt and others 2001, 
von Messling and others 2003); however, incubation periods 
are difficult to determine during a natural outbreak because 
the animals’ exact time of exposure is unknown (Williams 
and others 1988). Most of these 14 ferrets had longer incuba-
tion periods, even exceeding 56 days in one case. Incubation 
periods of up to 52 days have been observed in black-footed 
ferrets (Mustela nigripes) that died from a natural infection 
(Williams and others 1988).

Three of the ferrets that had been vaccinated with an atten-
uated vaccine of avian origin developed clinical signs 11 to 
20 days later. This type of vaccine is reported to be safe when 
used in ferrets and has not induced postvaccinal distemper 
(Appel 1987, Appel and Summers 1995). In recent years the 
authors have used the same vaccine without inducing the 
disease in more than 200 ferrets, and it is therefore unlikely 
that their disease was induced by the vaccine. Furthermore, 
the origin and onset of the clinical signs in these three ferrets 
were the same as for the other ferrets affected by the outbreak. 
They were therefore probably incubating the disease when 
they were vaccinated, and the vaccination did not prevent 
the disease from developing. However, the possibility that 
subclinically infected ferrets developed the disease after the 
challenge with the vaccine should also be considered, because 
it has been estimated that 25 to 75 per cent of infected dogs 
become subclinically infected after being vaccinated without 
showing signs of illness (Greene and Appel 2006).

The clinical signs and progression of the disease were in 
some respects different from those previously described for 
distemper in ferrets (Fox and others 1998, Rosenthal 2004). 
Fever (particularly in the early stages of the disease), an oculo-
nasal discharge, dermatitis developing into encrusted mate-
rial, hyperkeratosis of the skin of the footpads, pneumonia 
and death have been commonly described (Fox and others 

FIG 1: External lesions 
in ferrets infected with 
canine distemper virus. 
(a) Dirty and stained fur 
in the perineal area. 
(b) Desquamation 
and crusting in the 
dorsal cervical area. 
(c) Dermatitis of the 
perineal area. 
(d) Desquamation of 
the foot pads. 
(e) Semiclosed eyes 
and dermatitis around 
the eyes and nostrils. 
(f) Crusting dermatitis 
and purulent exudates 
around the lips, nostrils 
and eyes. (g) Crusting
dermatitis in the 
perineal area. 
(h) Hyperkeratosis and 
crusting of the foot 
pads. (i) Severe facial 
crusting dermatitis

(a) (b) (c)

(d) (e)

(g) (i)

(f)

(h)
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The biological variations between strains of the virus can 
influence the characteristics of the disease induced, such as its 
incubation period, duration, severity, neurological tropism 
and mortality rates (Davidson 1986, Appel 1987, Evermann 
and others 2001). The species, age and immunological status 
of the animal infected also play a role in the development of 
the disease (Appel 1987). As has been described in black-footed 
ferrets (Carpenter and others 1976, Williams and others 1988) 
the strain, infecting dose and route of transmission could have 
been the cause of the clinical differences observed between post-
vaccinal or experimentally induced distemper and the natural 
infection described here. Its immunological status may also 
explain the absence of clinical signs in a ferret that lived with 
six of the affected ferrets (ferrets 1 to 6) for 38 days. It was born 
in a private home in Spain and, unlike the other ferrets, did not 
experience any stressful events when less than two months old, 
such as early weaning, vaccination, microchipping, neutering, 
and long journeys; as a result its immunological status may 
have been good enough to overcome an initial infection.

Mortality rates in ferrets with distemper may range from 
50 to 100 per cent (Davidson 1986), and treatment should 
always be attempted. The administration of anti-canine dis-
temper hyperimmune serum warrants consideration but, in 
agreement with Evermann and others (2001), the authors 
consider that treatment is unlikely to be successful once a 
ferret shows moderate to severe clinical signs.

This outbreak of canine distemper in ferrets was charac-
terised by generalised pruritus, long incubation periods, the 
absence of neurological signs and pneumonia as the main 
cause of death. An attenuated strain of the virus was believed 
to be involved, and concomitant infections with E cloacae, 
E coli, and a herpes-like virus were also present. Natural dis-
temper can differ greatly from the disease induced experi-
mentally or by the vaccine, and veterinarians should be aware 
of the possible variations in its clinical course in order to 
diagnose the disease. Vaccination is vital for the prevention 
of the disease in ferrets.
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seven weeks have been reported for ferrets naturally infected 
with the disease (Blair and others 1998).

Bronchoalveolar lavages of three of the ferrets recovered 
haemolytic E coli from two and E cloacae from one. Both 
bacteria belong to the family Enterobacteriaceae, can be 
found in soil, water or faeces, and can induce infections in 
situations of overcrowding and lack of hygiene (Quinn and 
others 1994, Harbarth and others 1999). In ferrets, haemo-
lytic E coli have been isolated from the intestine of both 
healthy and diseased animals, suggesting that the organism 
is part of their normal intestinal microflora (Liberson and 
others 1983, Marini and others 2004). Although bacterial 
cultures were made from only three of the ferrets, there 
were gross lesions of interstitial pneumonia in all the fer-
rets examined postmortem and secondary bacterial pneu-
monias were thought to have affected all of them, probably 
in association with unhygienic or overcrowded conditions. 
In addition, inclusion bodies compatible with a herpesvi-
rus were found in the lung of ferret 2. Infectious bovine 
rhinotracheitis virus has been isolated from a healthy ferret 
(Porter and others 1975), but to the authors’ knowledge this 
is the first report of herpesvirus-like inclusions in the lung 
of a ferret. There were no differences in the clinical signs 
observed between the ferrets with herpesvirus-like inclusion 
bodies, those with E cloacae or E coli infections, or any of 
the other ferrets, so the importance of these findings in the 
outbreak is questionable.

FIG 2: Clinicopathological findings in ferrets infected with canine distemper virus. 
(a) Protein electrophoresis showing increases in α- and β-globulins. (b) Radiograph 
showing infiltrates in the lung. (c) Absence of collapse of the lungs indicating interstitial 
pneumonia. (d) Focus of consolidation in a lung. (e) Bronchial epithelium showing 
inclusion bodies of the virus (arrows). Haematoxylin and eosin. x 400. (f) Bronchial 
epithelium showing inclusion bodies compatible with herpesvirus (arrows). 
Haematoxylin and eosin. x 400
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Clinical aspects of systemic granulomatous 
inflammatory syndrome in ferrets (Mustela 
putorius furo)
D. Perpiñán, C. López

Nine ferrets (Mustela putorius furo) were diagnosed with systemic granulomatous inflammatory 
syndrome between 2005 and 2006. Common signs included diarrhoea, lethargy, weight loss, and 
weakness in the hindlimbs. Pathological findings consisted of mesenteric lymphadenopathy, 
splenomegaly, hypergammaglobulinaemia and non-regenerative anaemia. The condition was 
progressive and fatal in all the cases.

FELINE infectious peritonitis (FIP) is a progressive debili-
tating condition affecting domestic and wild felids around 
the world. It is caused by an enteritis-inducing strain of 
feline coronavirus (FCoV) that is believed to mutate and 
develop the ability to replicate within macrophages. The 
condition has two clinical forms: an effusive, wet form, 
and a non-effusive, dry form. In the effusive form a high-
protein effusion appears in the pleural and/or peritoneal 
cavities. The non-effusive form is more chronic and is char-
acterised by the formation of perivascular granulomas in 
various organs. Clinical FIP, whatever its form, is fatal in 
over 95% of cases (Weiss 1994, Pedersen 1995, McReynolds 
and Macy 1997a, b).

In 2004, a novel and fatal syndrome characterised by 
mesenteric lymphadenopathy and hypergammaglobulinae-
mia was observed in domestic ferrets (Mustela putorius furo) 
in Spain. The dead animals had lesions similar to those of 
the non-effusive form of FIP, and immunohistochemistry 
detected coronavirus antigen in several organs (Martínez 
and others 2006). New cases of this condition have since 
been diagnosed and it has become a threat to the pet fer-
ret population. This paper describes the clinical aspects 
of the condition in nine ferrets that had been diagnosed 
histopathologically with systemic granulomatous inflam-
mation and that were positive for coronavirus antigen by 
immunohistochemistry.

CASE REPORT

History
Five of the affected ferrets were females and four were 
males. Eight of them had been purchased at pet shops, 
and three had originated from New Zealand, one from the 
Netherlands and one from Spain; the other four were of 
unknown origin (Table 1). Little was known about their 
history before they were purchased, but some of them had 
been kept at the same farm, which also kept cats, dogs, rab-
bits, several species of rodents, reptiles and birds, before 
being delivered to different pet shops. The ferrets were 
finally purchased by private owners in the city of Barcelona, 
were fed a commercial dry ferret food, and had little or no 
access to the outdoors. Six of the affected ferrets lived with 
other ferrets and one lived with ferrets and cats. Three of 
the ferrets had been vaccinated against distemper with an 
attenuated vaccine of avian origin during the month after 
they were purchased.

Ferrets 1 and 4 were born in 2003 (before the first cases 
were detected) and died after the introduction and death of 
young companions (Table 1). Ferret 4 showed clinical signs 
three months after the death of its new companion (fer-
ret 3). Ferret 1 showed clinical signs five months after the 
introduction of a new young ferret and died four months 

later. Its companion became ill and died shortly afterwards, 
with clinical signs and pathological findings strongly sug-
gestive of granulomatous inflammatory syndrome (GIS); 
unfortunately, it was not examined postmortem. Apart 
from ferrets 1 and 4, the clinical signs appeared when they 
were between five and 38 weeks of age (median 18 weeks), 
and shortly after or up to 20 weeks after purchase (median 
three weeks).

Clinical signs
In seven of the ferrets, brown or yellow-green diarrhoea was 
the first clinical sign. Parasites (Giardia species and coccidia) 
were detected in the faeces of two of them, but specific treat-
ment did not solve the problem although the parasites were 
eliminated. Over the course of the disease the diarrhoea pro-
gressed from brown to yellow-green, and finally to green or 
haemorrhagic. Lethargy, hyporexia or anorexia, weight loss or 
inability to gain weight in young animals were also early signs 
observed in six of the ferrets; the other three ferrets developed 
these signs later in the course of the disease. The hindlimbs 
of six of the ferrets became progressively weaker, either as 
an early sign or later in the course of the disease. Tremors 
and convulsions preceded the death of two of the animals. 
Coughing was recorded in three of the ferrets, vomiting in 
two, jaundice in one, and focal areas of skin erythema were 
observed in one of them. All the ferrets showed intermittent 
signs of improvement during the course of the disease.

Clinicopathological findings
All the ferrets were below their optimal weight and enlarged 
abdominal masses could be palpated in all of them. 
Exploratory laparotomy, radiography or postmortem exami-
nation revealed mesenteric lymphadenomegaly in all nine, 
splenomegaly in eight, and nephromegaly in three (Figs 1, 2, 
3). In some cases the surface of the enlarged organs, particu-
larly the kidneys and lymph nodes, were irregular. A rectal 
temperature of more than 40°C was observed in only three 
of the animals. The haematological changes in seven animals 
were variable and non-specific, and included non-regenera-
tive anaemia in four, neutrophilic leucocytosis in two and 
total lymphopenia in three.

Hyperglobulinaemia with polyclonal gammopathy was 
detected in the plasma of all the animals, but concurrent 
mild hyperproteinaemia was observed in only four of them. 
The globulin levels were always greater than 42 g/l and con-
stituted 77·2 to 88·9 per cent (median 79·9 per cent) of all 
the plasma proteins. In addition, gamma-globulin levels 
were always greater than 18 g/l and constituted 35·5 to 60·9 
per cent (median 43·6 per cent) of the plasma proteins. The 
ratio of albumin:globulin was low in all cases (0·13 to 0·29, 
median 0·26). Moderately high levels of α- and β-globulins 
were also common in all the ferrets (Fig 4). In the five ferrets 
in which biochemical measurements were made, the activi-
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ties of aspartate aminotransferase and alkaline phosphatase 
and the concentrations of blood urea nitrogen, creatinine, 
glucose, cholesterol, calcium and phosphorus were normal.

Serum antibodies for Aleutian disease were not detected 
in any of the six ferrets tested (Quickchek ADV; Avecon 
Diagnostics). Radiographs of four of the ferrets revealed 
ascites in one, splenomegaly in three and nephromegaly in 
two. Contrast studies of one of these animals revealed an 
abdominal mass displacing its intestines (Fig 5).

Treatment and outcome
Depending on their clinical signs and clinicopathological 
findings, the treatment of the ferrets varied and included 
glucocorticoids, anabolic steroids, antibiotics, antiprotozo-
als, cytotoxic and non-steroidal anti-inflammatory drugs 
(NSAIDs), and nutritional support. Some of the ferrets 
appeared to improve for a few weeks or even months, but 
their condition eventually deteriorated and all of them died 
or were euthanased. Ferret 1 had an enlarged spleen and was 
splenectomised, and laparotomies with lymph node biopsies 
were performed in ferrets 2 and 9. The splenectomised ferret 
survived for three months after surgery. Ferrets 2 and 9 were 
positive for granulomatous disease and were euthanased one 
week after the surgical procedure. In the six ferrets that did 
not undergo surgery, the interval between the onset of their 
clinical signs and death was from one to six months (median 
three months).

DISCUSSION

A novel condition in ferrets, with histopathological lesions 
similar to those observed in FIP and positive for group 1 coro-

navirus antigen by immunohistochemistry, was first reported 
by Martinez and others (2006). The authors have tentatively 
named this condition granulomatous inflammatory syn-
drome (GIS) of ferrets. Veterinarians working with exotic 
animals should be aware of the common clinical signs and 
clinicopathological findings associated with this syndrome in 
order to provide an appropriate diagnosis and prognosis. 

The observations in these nine ferrets suggest that if 
a young ferret develops diarrhoea as a first clinical sign 
within a few months of purchase, and also has mesenteric 
lymphadenopathy and polyclonal hypergammaglobuli-
naemia, it is strongly suggestive of the disease. Although 
splenomegaly and weakness in the hindlimbs were also 
common findings, they are unspecific findings common in 
many ferret diseases (Welchman and others 1993, Antinoff 
2004, Petrie and Morrisey 2004). In addition, the discom-
fort caused by splenomegaly or lymphadenomegaly can also 
induce posterior paresis (Antinoff 2004). Fever, anaemia 
and lymphopenia were inconsistent findings in the ferrets 
with GIS, and they have also been reported to be intermit-
tent during the course of FIP (Pedersen 1995, McReynolds 
and Macy 1997a, de Groot-Mijnes and others 2005). Other 
clinical signs, for example, convulsions, jaundice and cough-
ing may specifically depend on the formation of granulomas 
in various organs (McReynolds and Macy 1997a). Although 
one of the affected ferrets had ascites, its histopathological 
lesions and the analysis of the fluid present in the coelomic 
cavity were similar to the non-effusive form of FIP. It is likely 

TABLE 1: Sex, origin and dates of birth, purchase by private owners, onset of clinical signs 
and death or euthanasia of the nine ferrets diagnosed with granulomatous inflammatory 
syndrome

Ferret Sex Origin Birth
Purchase by 

private owners
Onset of 

clinical signs
Death or 

euthanasia

1 F Spain 01/06/2003 01/10/2003 10/10/2004 03/02/2005
2 M Unknown 22/07/2004 15/10/2004 08/11/2004 23/11/2004
3 M New Zealand 14/07/2004 18/09/2004 11/02/2005 07/03/2005
4 M New Zealand 01/04/2003 10/09/2003 03/06/2005 04/07/2005
5 F New Zealand 01/09/2004 15/01/2005 25/05/2005 20/09/2005
6 M The Netherlands 15/02/2005 21/03/2005 21/03/2005 29/08/2005
7 F Unknown 01/09/2004 01/11/2004 02/12/2004 07/06/2005
8 F Unknown 13/04/2005 20/08/2005 20/08/2005 18/10/2005
9 F Unknown 03/01/2006 * 29/06/2006 27/07/2006

* Ferret 9 was not purchased by a private owner and was diagnosed while in the pet shop
M Male, F Female

FIG 1: Lymph node enlargement (arrow) in ferret 9 before 
exploratory laparotomy and biopsy; histopathology revealed 
granulomatous inflammation typical of granulomatous 
inflammatory syndrome

FIG 2: Enlargement 
of mesenteric lymph 
node (arrows) in ferret 
6; histopathology 
revealed granulomatous 
inflammation typical 
of granulomatous 
inflammatory syndrome FIG 3: Splenomegaly (arrows) in ferret 9
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that the ascites were induced secondarily to the granulomas 
in parenchymatous organs. Some exudates may be present in 
the body cavities of cats with non-effusive FIP (Weiss 1994).

The differential diagnoses for ferrets with mesenteric 
lymphadenomegaly and hypergammaglobulinaemia include 
Aleutian disease, lymphoma, and chronic inflammatory 
bowel disease. Aleutian disease does not always induce 
hypergammaglobulinaemia and lymphadenomegaly (Porter 
and others 1982, Welchman and others 1993, Une and oth-
ers 2000, Petrie and Morrisey 2004) and, when present, they 
are generally less marked than in these cases of GIS (Porter 
and others 1982, Welchman and others 1993, Fox and oth-
ers 1998, Petrie and Morrisey 2004). Unlike the cases of GIS 
described here, the gammopathy in Aleutian disease is mono-
clonal (Palley and others 1992, Erdman and others 1998), and 
diarrhoea is not associated with the disease in ferrets (Fox 
and others 1998, Petrie and Morrisey 2004). Serological tests 
for antibodies to Aleutian disease are available and may help 
in the diagnosis of any of these conditions (Porter and others 
1982, Petrie and Morrisey 2004). Lymphoma may produce 
gross lesions identical to GIS, but it has not been linked to 
hypergammaglobulinaemia in ferrets (Erdman and others 
1996, 1998, Williams and Weiss 2004), although polyclonal 
and monoclonal gammopathies have been rarely described 
in dogs and cats with lymphoma (Morrison 1998, Vail and 
MacEwen 2001, Couto 2003). Lymphocytosis and abnormal 
lymphocytes may be observed in some cases of lymphoma 
(Erdman and others 1998, Williams and Weiss 2004), but 
they have not been observed in ferrets with GIS. Inflammatory 
bowel disease occurs more commonly in ferrets less than 16 
weeks old, and causes diarrhoea with tenesmus and straining. 
The disease may become chronic, with antigenic stimulation 
and secondary hypergammaglobulinaemia and lymphad-
enomegaly, but usually the affected large bowel appears to be 
thickened when palpated (Fox 1998, Hoefer and Bell 2004, 
Williams and Weiss 2004).

Histological signs of a granulomatous inflammatory reac-
tion in several organs has been used to diagnose GIS in ferrets 
(Martínez and others 2006). However, a tentative diagnosis 
can be made on the basis of the animal’s history, clinical signs 
and clinicopathological findings. An exploratory laparotomy 
to obtain biopsies of mesenteric lymph nodes for histology 
were successful in diagnosing the condition in live animals. 

Other diagnostic options useful in cats with FIP, such as FCoV 
serology or a PCR on faeces or tissue biopsies warrant further 
investigation.

Treatment was unsuccessful in all the cases, although this 
statement could be biased because in most cases the condi-
tion was diagnosed by histopathology postmortem, and some 
affected animals that recovered may not have been diagnosed. 
In addition, the treatment was not the same for all the ani-
mals, although it always included corticosteroids and symp-
tomatic/supportive therapy. The treatment and prevention of 
GIS in ferrets should follow similar guidelines as in FIP. Finally, 
initial recoveries after treatment may not be related to the 
effectiveness of a treatment but may be the normal course 
of the disease, as has been described in FIP (de Groot-Mijnes 
and others 2005).

Most of the ferrets were young animals imported from 
abroad. Such ferrets are weaned, neutered, microchipped, and 
vaccinated against rabies when less than two months of age. 
They are then sent to other countries, kept on overcrowded 
multispecies farms from where they are delivered to pet 
shops, and finally, to a private owner. Immunosuppression 
due to stress can be expected under these conditions, 
and they are therefore likely to be susceptible to disease. 
Immunosuppression facilitates the development of FIP in cats 
(de Groot-Mijnes and others 2005), and a similar situation 
may be expected in ferrets with GIS. In addition, FIP has been 
reported to be mainly a disease of younger cats raised in large, 
multiple-cat households or shelters, especially where the fae-
cal-oral route of transmission of the coronavirus is favoured, 
such as where the cats are kept closely confined, and share 
litter, food and water containers (Pedersen 1995). This situa-
tion was common in the ferrets affected by GIS.

As with FIP (Pedersen 1995), GIS may be either a new 
condition or it may have been present for a long period, but 
changes in the way domestic ferrets are reared and housed 
may have favoured the infection and disease. The authors 
think that the emergence of ferrets as a household pet, their 
increased contact with cats and others species, the immuno-
suppression associated with the stresses of weaning, neuter-

FIG 4: Polyclonal hypergammaglobulinaemia in ferret 
8; there are also increases in alpha- and beta-globulins; 
granulomatous inflammatory syndrome was diagnosed 
postmortem by histology

S

FIG 5: Contrast 
radiograph of ferret 
5; the space in the 
abdomen without 
intestinal loops 
was occupied by 
an enlarged lymph 
node (arrows); 
granulomatous 
inflammatory syndrome 
was diagnosed 
postmortem by 
histology. 
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ing, vaccination, shipment, and movements from farms to 
pet shops before arriving in a new home, and the unsani-
tary condition of some farms that keep or breed ferrets may 
have had an influence on the origin and development of the 
disease. The epidemiology of GIS follows patterns similar to 
that of FIP, with outbreaks usually followed by a return to the 
endemic form of the disease (Pedersen 1995). In fact, eight of 
these nine confirmed cases (and some other probable ones) 
were detected during 2005, and only one during 2006.

The clinical aspects of GIS in ferrets are similar to those 
of the non-effusive form of FIP in cats, which is caused by 
a coronavirus (Pedersen 1995). The hypothesis that a coro-
navirus is the aetiological agent of GIS is strongly supported 
by the histopathological and immunohistochemical findings 
(Martínez and other 2006). In addition, a coronavirus has 
been associated with enteritis in ferrets (Williams and others 
2000). However, the aetiology and pathogenesis of GIS in fer-
rets requires further investigation because Koch’s postulates 
have not been fulfilled. Cats could play a role in the trans-
mission of the disease, although they were not reported to 
have been in contact with most of the affected ferrets while 
they were in private houses. In most cases it seems probable 
that they were infected before they were purchased, and con-
tact with cats or other animal species during their stay at the 
multispecies farm cannot be ruled out. In addition, there was 
strong evidence that transmission between ferrets occurred 
in cases 1 and 4 and therefore transmission between ferrets 
may have spread the disease while they were on the farm.

GIS in ferrets has clinical, clinicopathological and epidemi-
ological characteristics similar to those of FIP in cats, and its 
histopathological and antigenic characteristics are also com-
patible with FIP (Martínez and others 2006). Further studies 
are needed to elucidate the aetiological agent of GIS and the 
role of FCoV in the development of the disease. The knowl-
edge gained with FIP in cats should complement the results of 
this study in the understanding of GIS in ferrets.
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Summary
Tissues from nine ferrets with granulomatous lesions similar to those seen in feline infectious peritonitis were ex-
amined histopathologically and immunohistochemically. Four main types of lesions were observed: di¡use gran-
ulomatous in£ammation on serosal surfaces; granulomaswith areas of necrosis; granulomaswithout necrosis; and
granulomas with neutrophils. Other less commonly seen lesions were granulomatous necrotizing vasculitis and
endogenous lipid pneumonia. FCV3-70 monoclonal antibody produced immunolabelling of group1coronavirus
antigen in tissue samples from eight animals, the antigen being present in the cytoplasm of macrophages in the
di¡erent types of granulomatous lesions.

r 2007 Elsevier Ltd. All rights reserved.
Keywords: coronavirus; feline coronavirus; ferret; granuloma;Mustela putorius furo; viral infection
Introduction

Feline infectious peritonitis (FIP) is a common and
fatal disease in cats and some non-domestic felids,
caused by the feline coronavirus (FCoV) (Wack, 2003;
Hartmann, 2005).This virus is included in the Corona-
viridae family, a group of enveloped positive-stranded
RNAviruses. FCoV belongs to group1, which includes
human coronavirus strain 229E, porcine transmissible
gastroenteritis virus, canine coronavirus, porcine epi-
demic diarrhoea virus and ferret enteric coronavirus
(FECV) (Wise et al., 2006).
Over the past few decades, ferrets (Mustela putorius

furo) have become popular in the exotic pet trade.
These animals usually share their habitat with other
domestic animals and are therefore at risk of being in-
fected with viral diseases, such as canine distemper or
rabies (Brown, 2004). Recently, clinicians in the Barce-
lona area reported domestic ferrets with clinical signs
front matter
2007.10.002

to: J.Mart|¤ nezMart|¤ nez, Histologia i Anatomia PatoloØ gica,
inaØ ria, Universitat AutoØ noma de Barcelona, Bellaterra,
Spain (e-mail: jorge.martinez.martinez@uab.es)
and visceral lesions similar to those in cats with FIP.
In 2004^5, tissues from ferrets a¡ected by this novel
disease were submitted to our laboratory. Some showed
granulomatous lesions similar to those produced by
FCoV in felids, and in some tissues FCoV virus-like
antigenwas detected (Mart|¤ nez et al., 2006).
The purpose of this retrospective study was to

characterize these granulomatous lesions and to
demonstrate group 1 coronavirus antigen by immuno-
histochemical methods.
Materials and Methods

Samples

Para⁄n wax-embedded tissues obtained in 2004^5
from nine ferrets (nos1^9;Table1) with granulomatous
lesions were selected from the archive of the Pathology
Diagnostic Service, Facultat deVeterinaØ ria, Universitat
AutoØ noma de Barcelona. Because it was not possible to
collect every tissue from each ferret, the samples con-
sisted of kidney (n ¼ 8), spleen (7), lung (6), lymph node
r 2007 Elsevier Ltd. All rights reserved.
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Table 1
Immunohistochemical examination of tissues from a¡ected ferrets

Immunohistochemical results in

Ferret no. kidney spleen lung lymph node intestine liver heart pancreas adrenal gland

1 � � � + � N N N N
2 � N N + N N N N N
3 + N N N N N N N +
4 � � � � � � � N N
5 � � + N � + + N N
6 � + � + + + N N N
7 + � + + N � � + N
8 � � � � � � � + N
9 N + N N N N N N N

+, Positive; ^, negative; N, no available tissue.

Group I Coronavirus in Ferret Granulomas 55
(5), intestine (5), liver (5), heart (4), pancreas (2) and
adrenal gland (1) (Table1).

Histopathology

Sections (4 mm) were cut from each tissue and stained
with haematoxylin and eosin (HE). Granulomatous
lesions were classi¢ed as proposed by Kipar et al.
(1998a), with oneminormodi¢cation, namely the addi-
tion of a new category of lesion (granuloma with neu-
trophils), described below. Additional sections were
stained by the Ziehl^Neelsen, periodic acid-Schi¡
(PAS) andWarthin^Starrymethods to exclude aetiolo-
gical agents such as mycobacteria, other bacteria
(includingHelicobacter spp.), and fungal organisms.

Immunohistochemistry (IHC)

FCV3-70 monoclonal antibody (Custom Monoclonal
Internationals,West Sacramento, CA, USA) was used
to detect FCoV by the peroxidise-anti-peroxidase
method described by Kipar et al. (1998a), positive and
negative control tissues being included.

Results

Clinical Observations

The ferrets consisted of ¢ve males and four females,
aged 4^24 months. All were privately owned and kept
indoors. One was in contact with cats and four were
housed with other ferrets. Clinical signs, which
were non-speci¢c, included diarrhoea, hind-limb
weakness, anorexia and weight loss. Enlarged lymph
nodes, splenomegaly, anaemia and hypergammaglo-
bulinaemia were also present. Aleutian disease serol-
ogy (Quickcheks ADV, Avecon Diagnostics, Bath,
PA, USA) was negative in all cases. Treatment with
corticosteroids, antibiotics and supportive care was un-
successful and all animals eventually died or were
humanely destroyed. Post-mortem examination was
conducted by the clinician, who then submitted
samples in formalin to the laboratory.

Immunohistochemical and Histopathological Findings

Various tissues from eight of the nine ferrets were
positive by IHC for coronavirus antigen. Positive label-
lingwas representedbya granular cytoplasmic precipi-
tate in macrophages in the granulomatous lesions
(Fig. 1a, b). The numbers of positive tissues were
as follows: lymph node (4 animals), kidney (2), spleen
(2), lung (2), liver (2), pancreas (2), intestine (1), heart
(1), and adrenal gland (1) (Table1).
In the eight IHC-positive animals, the granuloma-

tous lesions were variable. According to their cellular
composition and distribution, the lesions were classi-
¢ed as: di¡use granulomatous in£ammation on serosal
surfaces; granulomas with areas of necrosis; granulo-
mas without necrosis; granulomas with neutrophils.
Di¡use granulomatous in£ammation on serosal sur-

faces was mainly observed in tissue from lymph nodes
(5 animals) and intestine (3), and occasionally in
kidney (1) and heart (1). It consisted of a moderate-to-
severe in£ammatory in¢ltrate composed mainly of
macrophages, with a few lymphoplasmacytic cells, ac-
companied by destruction of mesothelial cells and ex-
tension into the surrounding adipose tissue. In some
cases, the serosal surfaces were covered with layers of
precipitated exudate containing numerous small gran-
ulomas. In the lymph nodes, this exudatewas generally
accompanied by a ¢broblastic proliferation; in the in-
testine, underlying muscle ¢bres and submucosa were
occasionally a¡ected, and in the heart the in¢ltration
extended into large areas of the myocardium. Corona-
virus antigen, restricted to a small number of in¢ltrat-
ingmacrophages, was observed inmost of these lesions.
Granulomas with areas of necrosis were restricted

principally to serosa and the parenchyma of lymph
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Fig. 1a,b. Lung of ferret naturally infected by coronavirus. (a) Accumulation of macrophages, intermingled with lymphoplasmacytic cells,
consituting histiocytic in£ammation. HE. (b) Some macrophages show positive labelling for coronavirus antigen, consisting of a
granular precipitate in the cytoplasm. IHC. Bars, 25 mm.

Fig. 2a,b. Lymph node of ferret naturally infected by coronavirus. (a) Granuloma without necrosis, showing centre composed of macro-
phages surrounded by lymphoplasmacytic cells. HE. (b) Coronavirus antigen is present in some macrophages in the centre of
the granuloma. IHC. Bars, 50 mm.
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nodes (4 animals). In one case this type of granuloma
was found in the pancreatic parenchyma. A large area
of central necrosis was surrounded by a small rim of
macrophages and a thin layer of lymphoplasmacytic
cells. In two lymph nodes (ferrets nos 2 and 6), patchy
liquefactive necrosis was accompanied by small accu-
mulations of cholesterol crystals and foamy macro-
phages. In most cases viral antigen was detected, but
usually in only small numbers of macrophages.
Granulomas without necrosis were observed in the

spleen (3 animals), lymph nodes (2) lung (1), pancreas
(1), Peyer’s patches (1) and omentum (1).These granulo-
mas were small, with a core of macrophages sur-
rounded by a broad rim of lymphoplasmacytic cells
(Fig. 2a). Focal, moderate accumulations of connective
tissuewere observed in three tissue samples from spleen
and one lung tissue sample. In the omentum, some of
these granulomas were seen to be adjacent to vessels.
In most of the granulomas, viral antigen was observed
in a large number of macrophages (Fig. 2b).
Granulomas with neutrophils were found in various

organs including kidney (2 animals), spleen (1), lung (1),
lymph node (1), liver (1), and adrenal gland (1).The cen-
tre of each granuloma contained a large accumulation
of neutrophils, surrounded by a thick layer of macro-
phages and lymphoplasmacytic cells (Fig. 3a). In the
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Fig. 3a,b. Spleen of ferret naturally infected by coronavirus. (a) Granuloma with neutrophils. Large accumulation of neutrophils in the
centre, surrounded by a broad rim of macrophages and lymphoplasmacytic cells. HE. (b) Coronavirus antigen present in a mod-
erate number of macrophages surrounding neutrophils. IHC. Bars, 50 mm.
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renal cortex and lungs, the granulomas were numerous
and con£uent. Numerous IHC-positive macrophages
were seen in most of the lesions (Fig. 3b).
Other lesions were observed less frequently. Granu-

lomatous necrotizing vasculitis was seen within a dif-
fuse granulomatous reaction in the serosa of one
lymphnode, anda fewmacrophages containedcorona-
virus antigen. In addition, focal perivascular lympho-
plasmacytic in¢ltrateswere detected in the omentumof
the intestine, but no viral antigen was detected.
Finally, together with other granulomatous lesions in

other organs, lung tissue showedevidence of endogenous
lipid pneumonia in two ferrets (nos 1 and 5). It varied
from mild, with a patchy subpleural distribution, to se-
vere, with di¡use alveolar accumulation of cholesterol
crystals and foamy macrophages, intermingled with
normal macrophages, lymphoplasmacytic cells and
¢brosis. Immunohistochemical labelling was positive in
a small number of macrophages in the lesions of ferret 5.
No coronavirus antigen was detected in any tissue

from ferret 4. However, the microscopical lesions seen
in this animal were similar to those observed in the
other eight ferrets, namely small granulomas without
necrosis in the spleen and a di¡use granulomatous re-
action on the serosa of the lymph node.
No evidence of other possible pathogenic agents was

observed with Ziehl^Neelsen, PAS orWarthin^Starry
stains.
Discussion

The FCV3-70 monoclonal antibody used to detect
group 1 coronavirus antigen, and the criteria used to
classify the granulomatous lesions, were basically the
same as those previously used in cats (Kipar et al.,
1998a). Eight of the nine ferrets showed coronavirus
antigen in at least one of the tissues examined.
The histological lesions were closely similar to those

described in cats with FIP, but three features merit com-
ment. (1) The number of neutrophils among in¢ltrating
cells in necrotizing lesions incats havebeen foundtovary
greatly between studies (Kipar et al., 1998a; Berg et al.,
2006), whereas when neutrophils occurred in the present
study they were always abundant. As a result of this ob-
servation, a new granuloma category was established,
namely granulomas with neutrophils.This suggests that
neutrophils may have an important pathogenic role in
ferrets. (2) Endogenous lipidpneumonia (alveolar histio-
cytosis) was observed in lung samples from two ferrets.
Additionally, granulomatous in£ammationwith necrosis
and lipid accumulation was seen in the lymph nodes
of two other ferrets. In three of these four cases, IHC
revealed viral antigen in macrophages associated with
these lesions. Despite the small number of animals with
such lesions, these observations may indicate that some
ferrets have a natural predisposition to develop granulo-
matous lesions with accumulation of lipids, not necessa-
rily associated with coronavirus infection. Consistent
with this interpretation, endogenous lipid pneumonia
hasbeen related to a non-speci¢c response to injury com-
pounded by as yet unknown inherent species-dependent
factors (Dungworth,1993). (3) Granulomatous necrotiz-
ing vasculitis was observed less frequently than in cats.
It is possible, however, that the granulomatous lesions
were so extensive and severe in the ferrets that the vascu-
lar structures could not be detected.
The FCoV-like antigen distribution andthe percentage

of a¡ected animals showing positive immunolabelling
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resembled these features as reported in catswith FIP, par-
ticularly with regard to necrotic granulomas, which
usually showed a large area of necrosis, FCoV antigen
being restricted to a few macrophages. Possibly, unla-
belled macrophages contained only minimal amounts of
virus, or reduced numbers of macrophages decreased the
likelihood of detecting viral antigen (Kipar et al.,1998a).
It should be emphasized that, as in cats, the di¡erent

types of lesion previously described and the viral anti-
gen expression variedwithin the same animal and even
within the same organ. It has been hypothesized that
recurrent bouts of monocyte-associated viraemia with
development of new lesions in each viraemic phase is
responsible for this variation (Kipar et al., 2005). Such
a hypothesis might explain the negative IHC results in
ferret 4, in which lesions consistent with coronavirus
infection were observed. In our opinion, because this
animal hadprobably su¡ered previousbouts of corona-
virus viraemia, the quantity of virus present was mini-
mal in the ¢nal stage of the disease when the animal
was killed. Studies on FIP suggested that the examina-
tion of manymore granulomatous tissue sectionsmight
have revealed occasional antigen-positive macro-
phages in occasional granulomas.
In cats with FIP, coronavirus antigen has been de-

monstrated by immuno£uorescence or immunohisto-
chemistry (Pedersen and Boyle, 1980; Tammer et al.,
1995). In the present study, the primary antibody used
for IHC was FCV3-70, which is known to react with
feline, canine, porcine and ferret coronaviruses (Kipar
et al.,1998a,b;Williams et al., 2000). Canine and porcine
coronavirus have not been reported to produce granu-
lomatous lesions in heterologous species and FECVhas
been reported to produce epizootic catarrhal enteritis
in only one such species, namely the ferret (Williams
et al., 2000; Wise et al., 2006). There would seem to be
three possible explanations for the presence of corona-
virus antigen in the granulomatous lesions described in
this report: an infectionby FCoV; an infectionby amu-
tated FECV (as in the case of FCoV in cats); or infec-
tion by an unknown coronavirus. Further research is
therefore required to clarify the type of coronavirus re-
sponsible for the appearance of these lesions in ferrets.

Acknowledgments

We gratefully acknowledge Ms Blanca PeŁ rez and Ms
Aida Neira for expert technical assistance with histolo-
gical processing. We also thank Carlos LoŁ pez from
‘‘Maragall Exotics Centre Veterinari’’ (Barcelona) for
his collaboration. M. E. Kerans provided assistance
with English usage.
References

Berg, A. L., Ekman, K., Belak, S. and Berg,M. (2006). Cellu-
lar composition and interferon-gamma expression of the
local in£ammatory response in feline infectious peritoni-
tis (FIP).VeterinaryMicrobiology, 111,15^23.

Brown, S.A. (2004). Basic anatomy, physiology, and husban-
dry, In: Ferrets, Rabbits, and Rodents Clinical Medicine and

Surgery, Quesenberry, K.E., Carpenter, J.W. (Eds.), 3rd
Edit.,W.B. Saunders, Philadelphia, pp. 2^12.

Dungworth, D.L. (1993).The respiratory system. In: Pathology
of Domestic Animals, Jubb, K.V.F., Kennedy, P.C., Palmer,
N. (Eds.), Vol. 2, 4th Edit., Academic Press, London,
pp. 539^698.

Hartmann, K. (2005). Feline infectious peritonitis.Veterinary
Clinics of North America: Small Animal Practice, 35, 39^79.

Kipar, A., Bellmann, S., Kremendahl, J., Kohler, K. andRe-
inacher, M. (1998a). Cellular composition, coronavirus
antigen expression and production of speci¢c antibodies
in lesions in feline infectious peritonitis.Veterinary Immuno-
logy and Immunopathology, 65, 243^257.

Kipar, A., Kremendahl, J., Addie, D. D., Leukert,W., Grant,
C. K. and Reinacher, M. (1998b). Fatal enteritis asso-
ciated with coronavirus infection in cats. Journal of Com-
parative Pathology, 119,1^14.

Kipar, A., May, H., Menger, S.,Weber, M., Leukert,W. and
Reinacher, M. (2005). Morphologic features and develop-
ment of granulomatous vasculitis in feline infectious peri-
tonitis.Veterinary Pathology, 42, 321^330.

Mart|¤ nez, J., Ramis, A. J., Reinacher, M. and Perpin� aŁ n,
D. (2006). Detection of feline infectious peritonitis virus-
like antigen in ferrets.Veterinary Record, 158, 523.

Pedersen, N. C. and Boyle, J. F. (1980). Immunologic phe-
nomena in the e¡usive formof feline infectious peritonitis.
AmericanJournal ofVeterinary Research, 41, 868^876.

Tammer, R., Evensen, O., Lutz, H. and Reinacher, M.
(1995). Immunohistological demonstration of feline infec-
tious peritonitis virus antigen in para⁄n-embedded
tissues using feline ascites or murine monoclonal
antibodies. Veterinary Immunology and Immunopathology, 49,
177^182.

Wack, R.F. (2003). Felidae. In: Zoo andWild Animal Medicine,
Fowler, M.E., Miller, R.F. (Eds.), 2nd Edit., W.B. Saun-
ders, Philadelphia, pp. 491^501.

Williams, B. H., Kiupel, M.,West, K. H., Raymond, J. T.,
Grant, C. K. and Glickman, L. T. (2000). Coronavirus-
associated epizootic catarrhal enteritis in ferrets. Journal
of theAmericanVeterinaryMedical Association, 217, 526^530.

Wise, A. G., Kiupel, M. and Maes, R. K. (2006). Molecular
characterization of a novel coronavirus associated with
epizootic catarrhal enteritis (ECE) in ferrets. Virology,
349,164^174.
Received,March 5th, 2007

Accepted, October 4th, 2007

� �



52 

 

 

 

 

 

 



Papers 

Testing for Aleutian Disease Virus in clinically healthy ferrets (Mustela putorius furo) 

D. Perpiñán, U. Blas-Machado, E. Mackey, P. Ciembor, C. Gregory, B. W. Ritchie 

David Perpiñán, DVM, MSc, Dip ECZM (Herpetology) (corresponding author) 
Current address: Hospital for Small Animals, Royal (Dick) School of Veterinary Studies, The 
University of Edinburgh, Easter Bush Campus, Midlothian EH25 9RG, United Kingdom 
Email: david.perpinan@ed.ac.uk 
Telephone: 0034 691149961 
Institution: Department of Small Animal Medicine and Surgery, College of Veterinary Medicine, 
University of Georgia, 501 D. W. Brooks Drive, Athens, Georgia 30602, USA 
 
Uriel Blas-Machado, DVM, PhD, DACVP 
Athens Veterinary Diagnostic Laboratory, College of Veterinary Medicine, University of 
Georgia, 501 D. W. Brooks Drive, Athens, Georgia 30602, USA 
 
Elizabeth Mackey, DVM 
Department of Small Animal Medicine and Surgery, College of Veterinary Medicine, University 
of Georgia, 501 D. W. Brooks Drive, Athens, Georgia 30602, USA 
 
Paula G. Ciembor, DVM, MS, PhD 
Infectious Diseases Laboratory, Department of Small Animal Medicine and Surgery, College of 
Veterinary Medicine, University of Georgia, 501 D. W. Brooks Drive, Athens, Georgia 30602, 
USA 
 
Christopher R. Gregory, DVM, PhD 
Infectious Diseases Laboratory, Department of Small Animal Medicine and Surgery, College of 
Veterinary Medicine, University of Georgia, 501 D. W. Brooks Drive, Athens, Georgia 30602, 
USA 
 
Branson W. Ritchie, DVM, MS, PhD, DABVP (Avian), Dip ECZM (Avian) 
Department of Small Animal Medicine and Surgery, College of Veterinary Medicine, University 
of Georgia, 501 D. W. Brooks Drive, Athens, Georgia 30602, USA 
 
Keywords: Aleutian disease, histology, in-situ hybridization, parvovirus, serology, PCR 
 
Word count:  



Aleutian disease (AD) is a chronic and progressive disease caused by a parvovirus (Aleutian 

disease virus; ADV) (Fox et al., 1998).  The disease is characterized histopathologically by a 

hypereactivity of the lymphoid system, with increased number of lymphocytes and fewer plasma 

cells in multiple organs (Fox et al., 1998). The pathogenicity of different strains of ADV depends 

on the infected species; for example, while generally considered a severe disease in minks 

(Neovison vison), AD causes a mild disease in ferrets (Mustela putorius furo) (Allender et al., 

2008; Cheng et al., 2010; Porter et al., 1982).  

The relationship between infection with ADV and development of AD is unclear in ferrets. Both 

experimental and spontaneous infections can result in disease and death (Fox et al., 1998; 

Stevenson et al., 2001; Une et al., 2000). However, although antibodies can be detected in up to 

60% of the ferret population (Fox et al., 1998; Oxenham, 1990; Porter et al., 1982; Welchman et 

al., 1993), the disease is rarely diagnosed in veterinary hospitals and pathology services. 

Increased number of lymphocytes and plasma cells in multiple organs, a characteristic 

histopathological feature of AD, has also been reported in control ferrets (Kenyon et al., 1967; 

Porter et al., 1982). Clinical signs of AD are non-specific (Fox et al., 1998; Stevenson et al., 

2001), and the most characteristic clinical finding, a monoclonal hypergammaglobulinaemia 

(Fox et al., 1998; Stevenson et al., 2001), can be absent in both clinical cases and experimentally 

infected ferrets (Porter et al., 1982; Une et al., 2000). Moreover, ADV DNA has been recovered 

from ferret tissues with no lesions and it is not unusual to have poor correlation among different 

diagnostic tests (Jackson et al., 1996); thus, the correlation between the degree of positivity to 

different diagnostic tests and the severity of AD is not always good (Jackson et al., 1996a). 

Furthermore, there are cases that never develop clinical disease despite being positive with both 

serological and antigen detection tests (Pennick et al., 2005). Therefore, the definitive diagnosis 



of AD in a ferret is not an easy task, and only those cases where a combination of diagnostic tests 

has been used (e.g. compatible histopathology with detection of antigen in lesions) can be clearly 

assigned to AD. 

The purpose of the current study was to compare ADV serology, ADV antigen detection and the 

presence of histological lesions associated with AD in 10 apparently healthy ferrets and evaluate 

their use in the diagnosis of AD.  

Material and Methods 

Animals 

Ten clinically healthy adult ferrets (animals 1-10) were used for this study. Ferrets had been part 

of an influenza study and served as non-infected, negative controls. Ferrets were maintained 

during experiments at facilities operated by the Research Animal Resources Department at the 

College of Veterinary Medicine, University of Georgia. The protocol was approved by the 

Institutional Animal Care and Use Committee and specified the sacrifice of these ferrets at the 

end of the study. 

Anaesthesia, necropsy and collection of samples  

Ferrets were anaesthetized with isoflurane in oxygen via a facemask. Once surgical anaesthesia 

was achieved, they were euthanized with an injection of potassium chloride into the cranial vena 

cava. Once death was confirmed, a sample of 3 mL of blood was collected from the heart; one 

mL was placed in ethylenediaminetetraacetic acid (EDTA) tubes, and 2 mL were placed in 

heparin tubes. In addition, from each ferret a saliva sample was collected using a cotton-tip swab 

and a urine sample was obtained putting gentle pressure on the bladder; both samples were 

stored in separate sterile containers. Necropsies were performed within 3 hours of death, and 

samples of liver, kidney, stomach and intestines were collected and placed in neutral-buffered, 



10% formalin fixative solution. In addition, samples of liver and small intestine from ferrets 6-10 

were stored at -20ºC. Formalin-fixed tissues were trimmed, routinely processed, embedded in 

paraffin, sectioned at approximately 5 microns, stained with hematoxylin and eosin, and 

evaluated microscopically.  

Pathological score 

Organ tissue sections were examined under light microscopy and the lesion severity and 

distribution scores were recorded. The severity scores were recorded as follows: 0 = no 

significant tissue alterations (normal histology); 1 = minimal tissue alterations; 2 = mild tissue 

alterations; 3 = moderate tissue alterations; 4 = severe tissue alterations. The distribution score 

was recorded as follows: F = Focal; M = Multifocal; D = Diffuse. 

Serology, Polymerase Chain Reaction (PCR) and in-situ hybridization 

Blood, saliva, urine and frozen samples were submitted to the Infectious Diseases Laboratory at 

University of Georgia. A PCR test was used for detection ADV DNA in saliva, urine and blood 

in EDTA. Serology against ADV was performed on heparinised blood. From ferrets 6-10, PCR 

tests were performed on frozen tissues and DNA ISH tests were performed on formalin-fixed, 

paraffin-embedded tissue sections. Tissue samples from a ferret that died with AD were used as 

an ISH positive control.  

Statistical analysis 

Non-parametric Spearman correlation tests were done between severity score (sum of the 

numbers of all organs) and serology; severity score and PCR (urine + saliva); and serology and 

PCR (urine + saliva); p < 0.05 was used as significance level (Wessa, 2012).  

Results 

Pathology 



No significant gross findings were detected at necropsy in any of the ferrets. Histopathological 

findings were similar in all ferrets, and the results are summarized in Table 1 and Fig. 1. Of the 

tissue samples collected, significant findings were predominantly detected in the liver, stomach, 

and small intestines. In the liver, dense collections of small lymphocytes, with few plasma cells 

and rare neutrophils expanded and obscured portal and perivenular tissues throughout the liver 

(Fig.1A-B). In the stomach, the mildly hypercellular lamina propria had increased numbers of 

lymphocytes, few plasma cells and rare eosinophils, with frequent, scattered lymphoid follicles, 

which extended onto the deeper muscularis mucosa and superficial submucosa (Fig.1C-D). In the 

small intestine, the villi were short and the crypts long and hyperplastic; the adjacent, diffusely 

hypercellular lamina propria contained increased numbers of plasma cells, with fewer 

eosinophils and rare lymphocytes. In some places, plasma cells and eosinophils extended into the 

superficial submucosa (Fig.1E-F). 

Serology, PCR and ISH 

Results from serology and PCR from blood, urine and saliva are shown in Table 2. The PCR and 

ISH from liver and intestine of ferrets 6 to 10 were all negative.  

Statistics 

Correlation between severity score and serology was -0.564 (p=0.089); between severity score 

and PCR was 0.205 (p=0.569): and between serology and PCR was -0.646 (p=0.043).  



 

Ferret  PCR Blood PCR Urine PCR Saliva Serology 

1 - - - 1:160 

2 - - - 1:40 

3 - - - 1:160 

4 - ++ - 1:80 

5 - + ++ 1:40 

6 - + ++ 1:40 

7 - ++ ++ 1:40 

8 - No sample  - 1:80 

9 - - + 1:80 

10 - - + 1:80 

 

Table 2. Serology and ADV PCR from blood, urine and saliva in 10 clinically healthy ferrets.  

Legend: - = negative; + = mildly positive; ++ = moderately positive. 



 

Ferret Liver Kidney Stomach Small 
intestines 

1 2 M 0  0  0  

2 2 M 0  2 M 3 D 

3 1 M 0  0  0  

4 2 M 0  1 M 2 D 

5 1 M 0  2 M 0  

6 2 M 0  1 F 0  

7 2 M 0  0  1 D 

8 1 M 1 M 0  1 D 

9 2 M 0  0  0  

10 1F 0  2 F 1 D 

 

Table 1. Inflammation severity and distribution score in 10 clinically healthy ferrets.  

Legend: Severity score: 0 = no significant tissue alterations; 1 = Minimal; 2 = Mild; 3 = 

Moderate; 4 = Severe. Distribution score: F = Focal; M = Multifocal; D = Diffuse. 

 

 

 



 

 

 



FIG 1. Representative tissue alterations recognized in the liver, stomach and small intestine in 

clinically healthy ferrets from the present study. (a) Liver, ferret 4. The portal areas are 

hypercellular (arrows). HE. Bar =  200 µm. (b) Liver, ferret 4. Higher magnification of Fig 1a. 

The portal areas have increased numbers of lymphocytes (arrow). The asterisk (*) is the lumen of 

a cholangiole. HE. Bar = 10 µm. (c) Stomach, ferret 3. The mildly hypercellular gastric mucosa 

has an expansive lymphoid follicle (arrows). HE. Bar = 100  µm. (d) Stomach, ferret 2. Higher 

magnification of Fig. 1c. The lamina propria has increased numbers of lymphocytes (arrow) and 

plasma cells (arrow head). The asterisk (*) is the lumen of a gastric gland. HE. Bar = 10 µm. (e) 

Small intestine, ferret 4. The lamina propria mucosa is diffusely hypercellular (arrow). HE. Bar = 

100 µm. (f) Small intestine, ferret 4. Higher magnification of Fig. 1e. The lamina propria has 

increased numbers of plasma cells (arrow) and eosinophils (arrow head). HE. Bar = 20 µm.      



Discussion 

Clinically healthy research ferrets from the current study were seropositive to ADV in 100% of 

the cases. Seroprevalence in previous studies has ranged from 6 to 60% (Fox et al., 1998; 

Oxenham, 1990; Porter et al., 1982; Welchman et al., 1993). When considering ADV PCR from 

samples taken antemortem, 60% of animals were positive in at least urine or saliva. Clinically 

healthy ferrets with positive serology and/or active infection (with excretion of virus through 

urine and faeces) have been previously reported (Pennick et al., 2005; Welchman et al., 1993).  

All ferrets from the current study had increased numbers of lymphocytes and/or plasma cells in 

at least one organ. Most infiltrates were seen in liver and gastrointestinal tract, and only 10% of 

ferrets had similar infiltrates in kidney. Histopathological lesions compatible with AD have been 

reported in ferrets not infected by ADV or ferrets without any clinical signs (Kenyon et al., 1967; 

Porter et al., 1982; Welchman et al., 1993). In the current study, ADV DNA was not detected 

from frozen samples of liver and intestine in ferrets 6 to 10 using both PCR and ISH; the lack of 

viral DNA in histopathological lesions (independently of positive serology and ADV excretion) 

suggests that these ferrets were not suffering AD. 

Serological titres did not correlate well with histological lesions; as an example, the two animals 

with the highest titres (1:160, ferrets 1 and 3) had only minimal to mild inflammatory infiltrates 

in the liver and also had lower severity scores. The animal with the highest severity score 

(intestine of ferret 2) was among the four animals with the lowest serological titres (1:40). 

Statistically, correlation between serology and severity score was not significant, but the results 

of these statistical tests should be interpreted cautiously, as the sample size was small. 

Correlation between histology severity score and PCR was also not statistically significant, but a 



statistically significant strong negative correlation was seen between serology and PCR. Again, 

due to small sample size, the value of these correlations should be interpreted with caution. Lack 

of good correlation between detection tests has also been observed in other studies of AD; Porter 

et al. (1982) experimentally infected ferrets with ADV and showed that the level of antibodies 

was positively correlated only in some cases to the level of hypergammaglobulinaemia and the 

severity of lesions. In minks infected with ADV, correlation between viral DNA and renal 

lesions, and correlation between serology (by counterelectrophoresis) and renal lesions was poor 

(Jackson et al., 1996). In addition, lesions in the liver and kidney did not necessarily correlate 

with each other (Jackson et al., 1996). The negative correlation observed in the current study 

between ADV serology and PCR is more difficult to explain: small sample size should be 

considered, but it should be pointed out that the role of antibodies in the development of disease 

is still not completely known. As an example, the presence of antibodies has been directly 

associated with the development of AD (Best and Bloom, 2005; Fox et al., 1998), but antibodies 

have been shown to be protective in mink kits (Best and Bloom, 2005) and some vaccine-

induced antibodies have shown some success at preventing the disease (Aasted et al., 1998; 

Castelruiz et al., 2005). Further research is needed to understand the relationship between 

antibodies and induction/protection from AD. 

Considering that all animals from the current study were apparently healthy and with no clinical 

signs of disease, positivity to PCR, serology, histology, or even a combination of all these tests, 

was not considered adequate to diagnose AD. However, it has been demonstrated that 

histopathological lesions, serological titres and hypergammaglobulinaemia are commonly higher 

and more important in animals affected by AD than in animals free of the disease (Jackson et al., 

1996); Porter et al., 1982). In the authors’ opinion, the detection of ADV DNA in organs with 



compatible lesions of AD is the only available way to accurately diagnose AD, although clinical 

signs, severe histological lesions and high levels of gamma globulins, antibodies and antigen 

excretion can be helpful. The usefulness of ADV PCR on blood should be further investigated in 

the diagnosis of AD in ferrets, as all ferrets in the current study were both negative to ADV PCR 

on blood and to AD.  

In conclusion, ferrets without clinical signs and without a definitive diagnosis of AD can have 

high seroprevalence, can shed virus and can have histopathological lesions compatible with AD. 

Therefore, a definitive diagnosis of AD should not be based on the combination of positive 

serology, positive PCR on urine or saliva or the finding of compatible histopathological lesions; 

in the current study, these variables did not even correlate well. We advocate for a more accurate 

diagnosis of AD based on identification of ADV within compatible histological lesions.  

 Acknowledgements 

This study was funded thanks to a grant from the Pamela de Journo Endowment Fund, 

University of Georgia. 

References 

AASTED, B., ALEXANDERSEN, S., CHRISTENSEN, J. (1998) Vaccination with Aleutian 

mink disease parvovirus (AMDV) capsid proteins enhances disease, while vaccination with the 

major non-structural AMDV protein causes partial protection from disease. Vaccine 16, 1158-

1165. 



ALLENDER, M. C., SCHUMACHER, J., THOMAS, K. V., McCAIN, S. L., RAMSAY, E. C., 

JAMES, E. W., WISE, A. G., MAES, R. K., REEK, D. (2008) Infection with Aleutian disease 

virus-like virus in a captive striped skunk. Journal of the American Veterinary Medical 

Association 232, 742-746 

BEST, S. M., BLOOM, M. E. (2005) Pathogenesis of Aleutian mink disease parvovirus and 

similarities to B19 infection. Journal of Veterinary Medicine Series B-Infectious Diseases and 

Veterinary Public Health 52, 331-334 

CASTELRUIZ, Y., BLIXENKRONE-MØLLER, M., AASTED, B. (2005) DNA vaccination 

with the Aleutian mink disease virus NS1 gene confers partial protection against disease. 

Vaccine 23, 1225-1231 

CHENG, F., CHEN, A. Y., BEST, S. M., BLOOM, M. E., PINTEL, D., QIU, J. M. (2010) The 

Capsid Proteins of Aleutian Mink Disease Virus Activate Caspases and Are Specifically Cleaved 

during Infection. Journal of Virology 84, 2687-2696 

FOX, J. G., PEARSON, R. C., GORHAM, J. R. (1998) Viral diseases. In Biology and Diseases 

of the Ferret. 2nd ed. Ed J. G. Fox. Lippincott Williams & Wilkins, Philadelphia, Pennsylvania, 

United States. pp 355-374 

JACKSON, M. K., ELLIS, L. C., MORREY, J. D., LI, Z. Z., BARNARD, D. L. (1996) 

Progression of Aleutian disease in natural and experimentally induced infections of mink. 

American Journal of Veterinary Research 57, 1753-1758 



KENYON, A. J., HOWARD, E., BUKO, L. (1967) Hypergammaglobulinemia in ferrets with 

lymphoproliferative lesions (Aleutian disease). American Journal of Veterinary Research 28, 

1167-& 

OXENHAM, M. (1990). Aleutian disease in the ferret. Veterinary Record 126, 585-585 

PENNICK, K. E., STEVENSON, M. A. M., LATIMER, K. S., RITCHIE, B. W., GREGORY, 

C. R. (2005) Persistent viral shedding during asymptomatic Aleutian mink disease parvoviral 

infection in a ferret. Journal of Veterinary Diagnostic Investigation 17, 594-597 

PORTER, H. G., PORTER, D. D., LARSEN, A. E. (1982) Aleutian disease in ferrets. Infection 

and Immunity 36, 379-386 

STEVENSON, M., GATES, L., MURRAY, J., BLOOM, M. E. (2001) Aleutian mink disease 

parvovirus: Implications for companion ferrets. Compendium on Continuing Education for the 

Practicing Veterinarian 23, 178-185 

UNE, Y., WAKIMOTO, Y., NAKANO, Y., KONISHI, M., NOMURA, Y. (2000) Spontaneous 

Aleutian disease in a ferret. Journal of Veterinary Medical Science 62, 553-555 

WELCHMAN, D. D., OXENHAM, M., DONE, S. H. (1993) Aleutian disease in domestic 

ferrets - diagnostic findings and survery results. Veterinary Record 132, 479-484 

WESSA, P. (2012) Spearman Rank Correlation (v1.0.1) in Free Statistics Software (v1.1.23-r7), 

Office for Research Development and Education, URL 

http://www.wessa.net/rwasp_spearman.wasp/ 

 



Final conclusions 

 67 

8. FINAL CONCLUSIONS   

Conclusions from chapter 4 (Outbreak of canine distemper in domestic ferrets) 

- Canine distemper in the studied population affected young ferrets after the loss of maternal 

immunity. 

- Stressful events, such as weaning, transportation, routine surgeries (spays and castrations) or 

diet changes could have facilitated infection and the development of clinical disease. 

- The characteristics of spontaneous disease (incubation period, length of disease, severity, 

neurologic tropism and mortality) differed significantly compared to observations in 

experimental infections. This could be related to the strain of virus, infective dose, infective 

route, and ferret’s age and immune status. 

- This study presented the first reported case of inclusion bodies compatible with herpesvirus 

infection in the lung of a ferret. 

Conclusions from chapter 5 (Clinical aspects of Ferret Systemic Coronaviral Disease in 

domestic ferrets) 

- The clinical characteristics of Ferret Systemic Coronaviral Disease are described for the first 

time. This disease has similar characteristics to Feline Infectious Peritonitis. 

- The disease affected mainly young animals; most important clinical signs were diarrhea and 

loss of body condition; and the main clinical and laboratory findings were polyclonal 

hypergammaglobulinemia and the presence of abdominal masses on palpation. 
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- The disease eventually caused the death of all the animals in the study. 

- Cats did not seem to be implicated with the development of disease in ferrets. 

Conclusions from chapter 6 (Identification of group I coronavirus antigen in multisystemic 

granulomatous lesions in domestic ferrets) 

- Ferret Systemic Coronaviral Disease is characterized microscopically by a granulomatous 

inflammatory reaction affecting multiple organs, similar to the histologic changes observed in 

cats with FIP. 

- Granulomas were divided morphologically in 4 types: a) diffuse granulomatous inflammation 

in serosal surfaces; b) granulomas with areas of necrosis; c) granulomas without necrosis; and d) 

granulomas with neutrophils. 

- Immunohistochemistry demonstrated the presence of antigen against type I coronavirus in the 

macrophages of the granulomatous lesions. 

Conclusions from chapter 7 (Testing for Aleutian disease virus in clinically healthy 

domestic ferrets) 

- Antibody prevalence against ADV was very high in the population studied. 

- Antigen of ADV was not found in any of the histologic lesions compatible with AD, and 

therefore it was concluded that lymphoplasmacytic infiltrates in these animals are not a 

necessary consequence of ADV infection. 

- The study described healthy ferrets (without AD) with histologic lesions compatible with AD, 

positive PCR for ADV and positive serology against ADV antibodies. 



Final conclusions 

 69 

- There was a poor correlation among the results of the diagnostic tests performed (PCR, 

serology and histopathology).   

- Detection of ADV antigen in tissues with lymphoplasmacytic infiltrates was recommended as a 

method to provide definitive diagnosis of AD. 


