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vkus. Clinical signs during the infecti,on have been mild. Annual 
v:accill'ation has not eradicated mink enteritis virus, on farm..,,, but the 
disease has taken a subclinical form. 
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The role played by parvoviral infections in contagious 
diarrhoea in cats and mink is well-known. Feline panJeukopenia 
virus (FPV) may cause disease in most members of the fami.ly 
Felidae. In 1947 a virus olosely related to or identical with FPV 
was recognized as a causative agent of enteritis on a mink farm 
in Ontario, Canada. Since then the disease, mink virus enteritis, 
has been found to occur wherever mink are farmed. The first 
cases in Finland were diagnosed in 1962 (Kangas 1962). The 
vaccination of kits at the age of 8 weeks has been used for con
trolling the diesase ever since inactivated mink enteritis vac
cines became available. 

Within the pasl few years a new disease characterized by 
haemorrhagic enteritis has become a major problem in dogs. A 
parvovirus (CPV) was isolated foom diseased animals by Appel 
et al. (1979). The virus is closely related to FPV and mink enteri
tis virus (MEV), but differs in its anti·genic structure (Parrish 
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et al.1982), host range and biologica1 characteristics (Carmichael 
et al. 1980). Genome differences between FPV, MEV and CPV 
have been shown using DNA restriction enzymes (McMaster et 
al. 1981, Tratschin et al. 1982). 

The natural host range for CPV is currently undetermined. 
In addition to domestic dogs, canine parvovirus infection has 
been reported sporadicaiNy in a few species of nondomestic carni
vores: in captive manned wolves (Fleischer et al. 1979), bush 
dogs (Janssen et al. 1982), crab-eating foxes (Mann et al. 1980) 
and coyotes (Ellerman et al. 1980, Thomas et al. 1984). Severe 
enteritis attributed to CPV has also been diagnosed in housed 
raccoon dog kits (Nyctereutes procyonoides) in eastern Finland 
(Neuvonen et al. 1982). 

Conditions clinically and histo-pathologicaHy resembling 
feline panleukopenia have been reported from arctic fox (Alo
pex Iagopus) (Phillips 1943) and porcupines (Frelier et al.1984). 
Attempts to isolate the causative agent were either not done or 
were unsuccessful. 

Barker et al. (1983) described artificial inoculations of rac
coons (Procyon lotor), red foxes (Vulpes vulpes), skunks 
(Methitis mephitis) and mink (Mustela vision) with various 
parvovirus.es, FPV, MEV and CPV. Mink and raccoons were 
succeptible to MEV and FPV. Inoculation of blue foxes wHh FPV 
seemed to elevate antibody titers, but no olinical signs were seen. 

It is apparent thait parvoviruses. cam, ailso aHee:t spec:ie1s. 01t1her 
than the original one. After the outbreak among farmed raccoon 
dogs in 1980, a serological survey was carried out to study the 
extent to which CPV had spread since the first reported cases 
of the disease, and to reveal possible infections in other fur 
animals. 

Furthermore, the investigation would also indicate how well 
we had succeeded in eraidicati!ng mink einteriltis through vacciin1m
tion. 

MATERIAL AND METHODS 
Serum samples 

During the period from November 1981 to January 1982, a 
total of 1324 samples of blue fox (Alopex la:gopus) serum were 
collected from 50 farms., 942 mink sera from 20 farms, 569 rac
coon dog sera from 26 farms and 442 fitch ferret sera from 10 
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farms. Samples were collected randomly, no discrimination being 
made between age or sexual class. 

During the follow-up studies in 1983 and 1984 fur farmers 
were asked to send material for serological exam1nation from 
blue foxes and raccoon dogs in cases where they had abortion, 
neonatal death or enteritis problems. In 1983 reccoon dog sera 
from 9 farms and in 1984 from 15 farms were submitted for 
parvovirus antibody tests. Blue fox sera were sent from 169 
farms in 1983 and from 142 farms in 1984. 

Haemagglutination inhibition test 
Antibody to parvoviruses was assayed a haemagglutina

tion inhibition test (HI) in microtiter plates as described by 
Carmichael et al. (1980). A CPV isolate, recovered from the 
faeces of an experimentaUy infected raccoon dog, was used as 
the haemagglutiniin (HA) antigen. An HA titer of 8 was added 
for each serum dilution. A 1 % suspension of porcine erythro
cytes served as the indicator cells. The pH of the test system 
was 7.2. Phosphate buffered saline (PBS) was used as diluent. 
Prior to testing, the sera were heat inactivated at 56°C for 30 
min and absorbed for 2 h at 21 °C by. adding 9 parts of porcine 
erythrocyte suspension ( 5 % ) to 1 part of serum. In order to 
detect nonspecific agglutinins the first serum diJution was made 
in duplicate, and the antigen substituted by PBS in 1 of the 2. 
Each test series included a red ceill control, antigen back titra
tion and standard reference serum controls. A titer of 160 or 
more was considered specific for parvovirus. Unspecific inhibi
tions and agglutinations were common in lower titres (Carmi
chael et al. 1980, Thomas et al. 1984). 

Indirect fluorescent antibody staining 
Indirect immunofluorescence staining of the parvovirus was 

used to confirm the specificity of positive HI reactions of blood 
samples. 

IgG from the serum of a blue fox and a raccoon dog were 
precipitated using a saturated solution of ammonium sulphate 
(The & Feltkamp 1970). The precipitates were dissolved in 
0.0175 mol/l phosphate buffer pH 7 .2, and dialyzed against the 
same buffer. The IgGs werre fuiither purified iin a Sephacel 
(Pharmacia Fine Chemicals) column according to the method 
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of Jaton et al. (1979). Phosphate buffer, as described above, 
was used as the eluent. The first protein fraction contained IgG. 
Antisera against raccoon dog and blue fox immunoglobulins were 
raised in rabbits; 100 µg of protein in 0.5 ml of PBS was comb
ined with the same amount of Freund's incomplete adjuvant. 
The rabbits were injected subcutaneously 3 times at 2 week 
intervals. Ten days after the final booster the animals were 
bled and the sera collected for further use. 

Raccoon dog parvovirus was propagated in a canine epithelial 
ce[l line (KP, originating from the National Veterinary Institute, 
Helsinki). Appropriate anount of cells (1 ml) and 0.1 ml of 
parvovirus containing cell culture fluid were seeded at the same 
time in smaH tubes with a coverslip on the bottom. The virus 
was allowed to replicate for 48 h and the coverslips then rinsed 
quickly in aqua and fixed in acetone for 5 min. 

In the indirect fluorescent staining method the sera from 
raccoon dogs and blue foxes were diluted 1 to 10 in PBS. A drop 
of each dHution was added to the fixed cell monolayers, incubated 
in a humified chamber at 37°C for 30 min and washed for 10 
min in PBS. Excess moisture was allowed to evaporate and un
conjugated rabbit anti-raccoon dog IgG or anti-blue fox IgG were 
spread on the coverslips in ditlutions of 1 to 10. The incubation 
and washing procedure was repeated. Fluorescein-conjugated 
anti-rabbit IgG (Dakopatts) in dilutions of 1 to 20 was added 
to the cells. The incubation time was the same as above. Finally 
the coversiips were rinsed and mounted in a drop of glyceroI
PBS pH 7 .2 and examined under an UV microscope. 

Competitive serological enzyme-linked immunosorbent assay 
(ELISA) 

Competitive serofogical ELISA is more specific and able to 
detect smaller amounts of antibodies than the HI-test. It was 
us,ed to confirm positive and negative reactions in some border
line ferret samples. 

The HI-test also failed to detect post-vaccination antibodies 
in mink. Approximately 20 sera from 13 farms were studied with 
the more sensitive ELISA method to determine the serological 
situation after vaccination. 

Raccoon dog parvovirus was purified from faecal samples. 
Suspensfons (20 % ) were treated with chloroform (1 part to 10 
parts of suspension) overnight at 4 °C on a magnetic stirrer. 
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The mixture was clarified by centrifuging for 15 min (4°C), at 
10 000 rpm with a Sorval rotor SS 34. The virus in the super
natant fluid was sedimented by centrifug,ing at 100 000 g for 
3 h with a Beckman ultracentrifuge. The pellet was suspended 
in 0.5 ml of TE buffer (0.01 mol/l Tris-HCl, pH 7.4, 0.1 mol/l 
NaCl, 0.001 mol/l EDTA) and further purified by banding in a 
sucrose gradient at 45 000 rpm for 40 min using a Beckman SW 
50 rotor. Sucrose gradients were formed by pipetting 4.5 ml of 
17 .5 % sucrose in TE buffer into centrifuge tubes. The tubes 
were frozen at -20°C and slowly thawed at refrigerator tem
perature overnight. When thawed they were ready for use (Lei 
197 8). Virus-containing farctions were detected using the HA 
test, pooled and centrifuged in a CsCl gradient. The gradient 
was formed as above by freezing 2 ml of 55 % CsCl in TE buffer 
at -70°C and thawing at 4°C. The peak fractions were dialyzed 
against PBS or pelleted using a Beckman Ti 50 rotor at 35 000 
rpm for 3 h at 4°C. 

Purified raccoon dog parvovirus was used for immunizing 
rabbits. The protein concentration of the virus preparates was 
measured. For each inocula 30 µg of virus protein in 0.5 ml of 
PBS was mixed with an equal amount of Freund's incomplete 
adjuvant. A subcutaneous injection and 2 or 3 boosters at two
week intervals were given before the final bleeding. 

In the ELISA test rabbit anti-parvo antibodies were used for 
catching antibody in microtiter wells and for an anti-parvo 
horse-radish labeled conjugate. After ammonium sulphate pre
cipitation and Sephacel chromatography of the antibodies (Jaton 
1979), the conjugaion with horse-radish was made as described 
by Wilson & Nakane (1978). 

Irradiated, 96-well microtiter plates (Dakopatts) were coated 
with rabbit anti-parvovirus antibodies (0.1 ml per well) as 10-3 

or lQ-4 dilutions in carbonate-bicarbonate buffer (0.05 mol/l, 
pH 9.6, Grauballe et al. 1981). Adsorption was allowed to pro
ceeded for 1 h at room temperature and then the plates were 
washed for 5 min by filling the wells with PBS containing 0.05 % 
of tween R (20). Washing was repeated 3 times. A ceH culture 
medium of raccoon dog parvovirus was diluted 1 to 10 in PBS
tween plus 0.5 % of bovine serum albumin (BSA) and used as 
the antigen. The antigen dilution was added to each well (0.1 ml) 
and incubated at 4°C overnight. Afer he rinsing step (3 times 
5 min), 0.05 ml of the serum to be tested or the control serum 
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In dilution 1: 100 in PBS-tween-BSA were added to 2 wells, and 
0.05 ml of anti-parvo horse-radish conjugate in appropriate dilu
tion was then pipetted into the same weills. The plate was kept 
for 1 h at room temperature. After 3-fold rinsing, freshly pre
pared substrate (orthophenylenediamine 0.4 mg/ml + 0.0006 % 
H20 2 in 0.1 mol/l citrate buffer pH 5.0) was used (0.1 ml/wem 
to develope the colour. The reaction was stopped after 30 min 
incubation at room temperature by adding 0.15 ml of 2 mol/l 
sulphuric acid per well and the adsorbance measured at 492 nm. 
Negative and positive reference sera pretested by the HI technique, 
and a control in which serum dilution was substituted by buffer 
were inC!luded in each test procedure. The O.D. values of the test 
sera were compared to those obtained with negative and positive 
controls. 

RESULTS 
The antibodies found in housed raccoon dogs, blue foxes, 

mink and ferrets are summarized in Table 1. 

T ab I e 1. The results of the HI tests in 1981-82, 19'83 and 19'84. 

1981-82 
Ferrets 
Raccoon dogs 
Blue foxes 
Mink 

1983 
Blue foxes 
Raccoon dogs 

1984 
Blue foxes 
Raccoon dogs 

Fitch ferrets 

No. of animals 

tested positive 

442 0 
569 2145 

1324 279 
942 2;6 

No. of farms 

tested positive 

10 0 
26 12 
50 13 
20 5 

169 59 
9 5 

142 54 
15 7 

Ferrets do not seem to be naturally susceptible to enteric 
parvoviruses. All 422 samples tested were negative. The HI-test 
sugigested a weak positive reaction in 8 samples, but further 
iinvestigation wi1th the ELISA test showed that the titres of 80-
160 were unspecific. 
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Raccoon dogs 
A large proportion of the raccoon dog sera showed positive 

titres to parvovirus. In 1981-82 almost half of the farms (12 
out of 26) and animals (245 out of 569) had suffered from the 
diesas,e. All positive reactors came from eastern Finland. During 
1983, 5 farms out of a total of 9 were infected. Enteritis had 
spread to southern parts of the country. In 1984, 15 farms were 
examined and 7 of them were found to have raccoon dogs with 
high antibody titres. The disease continued to spread, this time 
to southwestern and western Finland. 

Blue foxes 
Blue foxes on 13 farms in the western part of the country 

reacted positively when tested by the HI method. The farms 
were situated close to each other in 3 neighbouring districts. 
Out of 1324 foxes examined, 279 had positive titres ranging 
from 160 to 2560. 

An indirect immunofluorescence test was carried out with 
parvovirus infected ceU cultures and 10 htghly parvo-positive 
blue fox sera in order to confirm that the reactions found with 
the HI were specific. Sera from raccoon dogs with antiparvo 
antibody titres served as positive controls. Samples from each 
animal species stained cultures identically. Strong nuclear 
fluorescence was present in the majority of the fixed ceLls. 

Since no blue fox parvovirus isolate was available, the relation
ship between the putative virus and known ones was determined 
serologically using parallel HI tests with raccoon dog parvovirus, 
CPV and MEV and posHive sera from the same species plus sera 
from blue foxes (Table 2). Blue fox antibodies reacted with the 
highest titres against FPV, and less wih raccoon dog virus or 
CPV. 

Several farms housed more than one species of fur animal. 
On 4 farms, with both foxes and raccoon dogs, only the latter 
were diseased. 3 farms had serologically positive foxes, the rac
coon dogs being negative. 

The blue fox parvovirus has spread rapidly to western and 
southern Finland during the investigation period. In 1983, 59 
farms out of a total of 169 were positive. In 1984, 142 farms 
were examined and 54 were found to be infected. 
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T a b 1 e 2. Haemagglutination inhibition titres using raccoon dog, 
dog and panleukopenia parvoviruses as antigens. 

Raccoon dog Dog parvovirus Panleukopenia 
Sera from virus virus 

Raccoon dogs 1 1280 640 320-640 
2 2560 1280'----2560 1280'----25·60 
3 1280 640 320'----640 

Dogs 1 640 1280 320 
2 1280 2560 1280 
3 1280 2560 1280 

Cats 1 2560 25,60 5120 
2 320 160-320 1280 
3 80 40 160 

Blue foxes 1 640 640'----1280 1280 
2 640 640 1280 
3 320 320 640 

Mink 

When testing was done with the HI 26 mink out of a total of 
942 appeared to give a positive parvovirus reaction (Table 1). 
The positive reactors were found on 5 farms out of 20 tested. 
The results indicated that the HI test could not detect vaccina
tion titres and the values in Table 1 represented samples from 
infected animals. Following this finding the ELISA test was 
used to evaluate the response to vaccination (Table 3). There 

Farm No. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 

T a b 1 e 3. Mink sera tested by the ELISA method. 

Positive 
mink/tested 

3/20 
6/20 

11/2,0 
3/20 

16/20 
8/17 
9/20 
0/20 
9/18 

23/23 
17/22 
17/23 
23/23 

MEV-infected 
mink with high 

titres 

2 

1 

15 
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was great variation between farms as regarded the proportion 
of positive mink. One farm was totailly negative and one had an 
outbreak of mink enteritis, all the animals being positive. 

DISCUSSION 
This investigation indicates that the ferret cannot be a host 

to a field infection by a parvovirus related to FPV or MEV. The 
negative findings correlate well with the earlier reports by 
Ryland&: Gorham (1978) and Neuvonen et al. (1982). In experi
mental infections only neonatal animals inoculated intracere
brally with FPV or MEV were susceptible and showed ataxia. 
The other symptoms of feline panleukopenia could not be in
duced in the classical forms as observed in their natural host, 
i.e. cats and mink. 

During the 4 years which have passed since parvoviral diar
rhoea was first discovered in raccoon dogs, the disease has spread 
gradually all over the country. The disease reached the western 
coast in 1985. The infection has been transmitted primarily by 
breeding animals. The fact that adults can act as symptomless 
virus carriers (Neuvonen et al. 1982) has made the situation 
worse. A few outbreaks may be due to the transmission of CPV 
from domestic dogs, nevetheless, fur farmers are aware that 
dogs or cats should not be allowed to come into close contact 
with caged animals. In nature such infectional pathways are 
common. Since the virus was discovered in Finland in 1979 we 
have isolated CPV from feral raccoon dogs living in urban areas. 

During the primary outbreak in eastern Finland the mortality 
rate among kits varied from 3 to 30 % (Neuvonen et al. 1982). 
Recently rates of as high as 50 % have occurred on newly in
fected farms in West Finland. Circumstantial factors such as 
the mode of infection, possible presence of other infectious agents 
and unsuitable weather conditions can strengthen the patho
genicity of the infection. 

Raccoon dog parvovirus replicates well in many canine and 
feline ceU lines propiolactone inactivated homologous vaccine 
has been used for inoculating 8 weeks old kits in order to 
eradicate the disease. Unfortunately the situation on farms is 
similar to parvo contaminated kennels where high maternal 
antibodies interfere and prevent the development of a sufficient 
immune response (Pollock et al. 1982). Vaccination diminishes 
losses, but does not totally prevent the clinical disease. 
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Blue fox parvovirus is a possible new member to the group of 
enteric parvoviruses. The only information available about a 
similar condition is in a report on arctic for which suffered 
from a disease that clinically and pahologically resembles feline 
panleukopenia (Phillips 1943). Positive anti-parvo titres in feral 
red foxes have been found in Canada by Barker et al. (1983), 
and the same workers have experimentally infected red foxes 
with CPV, MEV and FPV. The viruses did not cause any clinical 
symptoms, although a high antibody response was found to FPV 
inoculation. 

The results from the HI test made using raccoon dog parvo
virus, CPV and FPV as the HA aatigen indicate that blue fox 
parvo may be antigenically closer related to FPV than to CPV. 
Furthermore, it is not the same virus which infects raccoon dogs 
because farms with parvo-positive raccoons have negative foxes 
and vice versa. The silver fox (Vulpes vulpes) also seems to be 
considerably resistant to blue fox virus. The deduction is based, 
however, on a very small test material and remains to be con
firmed. 

When the first blood samples were collected in 1981, the 
disease appeared to be a new one since only a few farms in a 
restricted area were contaminated. Since then the disease has 
spread rapidly via breeding animals and, like raccoon dog 
enteritis, can today be found in all parts of the country. 

The clinical signs have been mild. It has not been possible 
to connect unusual outbreaks of enteric disease with serologic 
findings. However, the number of abortions and neonatal deaths 
seemed to increase in parallel with the novel infection. 

After 20 years of extensive vaccination MEV infection has 
not been totally eradicated from fur farms. The clinical disease 
characterized by severe enteritis and the death of kits, has 
changed to a subclinical form which often remains unidentified. 
According to the results in Table 3 and the HI results not shown 
in detail the most common situation on farms with MEV is that 
1 to 2 individual mink per 50 examined show high antibody 
titres. A more severe outbreak was found on farm No. 10. 
According to the owner, the clinical signs were poor growth and 
occasional, transient diarrhoea. 

Table 3 does not give a precise picture of the effectiveness of 
vaccination because the mink tested were not selected i.e. ac
cording to their age. The samples were obtained both from breed-
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ing animals and from younger ones born in the same year. Mink 
are vaccinated only once at the age of 8 weeks so the negative 
results may represent the older mink with a diminished vac
cination titer, as well as youngsters where vaccination has been 
unsuccesfull. The animals on farm No. 8, which was totally nega
tive, were unvaccinated. 

According to the results subclinical MEV infections are com
mon. In order to avotd economical losses the vaccination program 
must be carried out annually. Sera from juvenile mink at pelting 
time should be colilected and tested serologically in order to study 
the reasons for variable effects of immunisation with vaccines. 
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SAMMANF ATTNING 
Serologiska studier over parvovirusinf ektioner hos finska piilsdjur. 

Parvovirusinfektione1r hos iller, mardhund, blariiv och mink stu
derades. Av dess:a v,isade sig illern vara den end:a okiinsliga djurarten. 
Den ar 1980 rapporterade parvoenteniten hos mardhundarna har spritt 
sig fran ostra Finland till andra delar av landet. En ny medlem i 
parvovirusfamiljen visade s1ig vara smittosam fOr blariivar. Serolog:iskt 
pamiinner viruset mera om kattpestvirus an om hundens parvovirus. 
Den kliniska bilden iir mild. 

Arligen utfOrda vaccinationer har inte utplanat minkenteritviruset 
fran farmerna. Infektionen priiglas av en subklinisk form. 
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