
CHAPTER 9 

Canine Parvovirus 
Origin and Significance of a "New" 
Pathogen 

GUNTER SIEGL 

I. INTRODUCTION 

Until very recently individual autonomous parvoviruses were assumed 
to have a characteristic, rather narrow natural host range. Moreover, par
voviruses pathogenic for a certain species were found to exhibit a distinct 
and unique antigenicity. Up to 1978 this "law" also applied to the par
voviruses infecting dogs. The autonomous minute virus of canines (MVC) 
was isolated from the feces of asymptomatic dogs by Binn in 1970. It 
proved to be serologically unrelated to any other member of the genus 
Parvovirus as well as to the helper-dependent canine adeno-associated 
virus (cAA V) isolated by Sugimura and Yanagawa (1968) and characterized 
by Onuma and Yanagawa (1972a,b). Both agents apparently are wide
spread in canine populations; however, no direct relationship between 
infection and a distinct syndrome could be conclusively established. 
Therefore, considerable interest was aroused when, starting in the spring 
of 1978, the appearance of a large number of articles, both in the lay press 
and in scientific journals, signaled the rapid spread of a parvovirus in dogs 
almost simultaneously in widely separated geographical regions. Infec
tion was manifested either as a fulminant enteritis of high morbidity and 
mortality in dogs of all ages or as a subacute myocarditis in puppies three 
to eight weeks of age. The causative virus, rapidly known by concerned 
dog owners as "Killer Virus/' "The Parvovirus/' or merely "The Virus" 
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generally is referred to in scientific articles as canine parvovirus (CPV) 
or, to distinguish between MVC and CPV, as CPV-2 (Carman and Povey, 
1980). It has several quite unusual features. The most outstanding is the 
fact that this virus not only causes a panleukopenia-enteritis syndrome 
in dogs similar to that known to occur in felines and mink (Siegl, 1976), 
but has also proved to be serologically and genetically closefy related to 
the feline parvovirus (FPV). In consequence, "CPV" is now considered to 
be a host range variant of the latter virus rather than a true canine virus. 
Throughout this review, however, it will be referred to as canine par
vovirus (CPV). 

Before 1978 all experimental attempts to transmit the feline parvo
virus to young or adult dogs had failed (Siegl, 1976). Retrospective analysis 
of serum samples also indicated that, up to that time, dogs apparently 
were naturally refractory to infection with both wild type and attenuated 
strains of FPV. The sudden appearance and rapid dissemination of FPV 
in dogs therefore raises several unpleasant, yet very important questions. 
For example: 

1. Can the canine variant of FPV be readily distinguished from the 
feline and mink variants for diagnostic and scientific purposes? 

2. Is canine parvovirus infection a naturally occurring or a man-made 
disease? In other words, did the switch in host range from felines 
or mink to canines occur under field conditions or has it been 
brought about in a laboratory where strains of FPV-accidentally 
or deliberately-were adapted to growth in canine cells? 

3. Which factors contributed to the worldwide, rapid spread of the 
"new" pathogen, thereby circumventing all legal and quarantine 
barriers established to prevent importation of foreign diseases? 

4. Should we anticipate a further extension of the host range of FPV 
to other animal species or even to man? If so, what are the meas
ures to be taken to prevent such an event? 

It is with consideration of these points that the data contained in 
the many papers (more than 110 have come to this author's notice at the 
time this chapter was completed in summer, 1981!) published already on 
"canine parvovirus" have been compiled, evaluated, and compared to the 
characteristics of the two well-known variants of feline parvovirus-fe
line panleukopenia (FPLV) and mink eneteritis virus (MEV). The features 
of clinical disease, pathologic findings, and diagnostic procedures, are 
only briefly summarized and the reader interested in details is referred 
to the specific articles. 

II. THE VIRUS 

The first correlation between canine enteritis and parvoviruses was 
based on the detection by electron microscopy of small spherical, virus-
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like particles in the feces of puppies with nonfatal diarrhea (Eugster and 
Nairn, 1977). To what extent, and if at all, these particles were related 
to the virus later implicated in the worldwide outbreaks of canine en
teritis is not known. The virus could not be propagated in cell cultures 
and neither serological nor physiochemical data other than a diameter of 
18-20 nm were reported. In contrast, the virus involved in the outbreaks 
of enteritis and myocarditis starting in 1978 has been the subject of nu
merous reports. The many individual pieces of data collected in various 
laboratories now add up to a fairly complete picture. 

A. Physicochemical Characteristics 

According to various observations, the spherical, nonenveloped virus 
particle has a diameter of 21 ±3 nm (e.g., Appel et ai., 1978; Cooper et 
ai., 1979; Eugster et ai., 1978; Gagnon and Povey, 1979; Fletcher et ai., 
1979; Johnson and Spradbrow, 1979; Osterhaus et al., 1980a). The infec
tious virus bands at densities between 1.38 and 1.43 g/ml in CsCI(Os
terhaus et al., 1979; Bourtonboy et al., 1979b; Williams, 1980) and sed
iments with 110 S (Siegl et ai., unpublished). It resists heating to 60°C 
for at least 1 hr and is also stable at pH 3IJohnson and Spradbrow, 1979). 
The viral genome is a single-stranded DNA 4,900 ± 100 nucleotides long. 
This is the same size that has been determined for the genomes of both 
MEV and FPLV (McMaster et al., 1981; Tratschin et ai., 1982). Nothing 
is known with respect to the physical properties of the structural poly
peptide(s) of the virus. 

B. Biological Properties 

1. Hemagglutination 

The known physicochemical parameters do not allow discrimination 
between the canine virus and the feline and mink variants of FPV. Such 
a distinction is possible, however, on the basis of biological properties. 
Until recently, FPL V has been assumed to agglutinate pig erythrocytes 
only at 4°C and to elute quickly from the red blood cells at 20°C (Johnson 
and Cruickshank, 1966; Siegl, 1976). Carmichael et al. (1980), however, 
have found that both FPL V and MEV also agglutinate rhesus monkey 
erthrocytes and CPV has been reported to react with pig erythrocytes, 
rhesus monkey, African green monkey, cynomolgous monkey, crab-eat
ing macaque, and cat red blood cells (Burtonboy et al., 1979b; Carmichael 
et al., 1980; Gagnon and Povey, 1979; Johnson and Spradbrow, 1979, 
Osterhaus et al., 1980). Hemagglutination by the canine virus apparently 
is relatively insensitive to temperatures above 4°C. It has also been re
ported to be unaffected by changes in pH between pH 5.8 and 7.2 (Car
michael et ai., 1980; Moraillon et ai., 1980; Tratschin et ai., 1982). In 
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fact Carmichael et ai. 11980} suggest that it is possible to distinguish 
between FPLV and CPV by comparing the ability to agglutinate pig eryth
rocytes at pH 6.5 and 7.2. Whereas FPLV agglutinates this type of red 
blood cells preferentially at pH <6.5, the canine variant also shows con
siderable hemagglutination activity at pH 7.2. We have been able to cor
roborate the observation of Carmichael et ai. 11980}, and, in agreement 
with Moraillon et ai. 11980}, have found that CPV more closely resembles 
MEV than FPLV ITratschin et ai., 1982}. The use of this characteristic to 
distinguish among the three variants under routine conditions, however, 
is dangerous, because pig erythrocytes tend to agglutinate spontaneously 
below pH 6.5. 

Inconsistent hemagglutination results with the canine virus have 
been observed with horse ICarmichael et ai., 1980j Gagnon and Povey, 
1979} and rat red blood cells IAppel et ai., 1979aj Osterhaus et ai., 1980} 
and no reaction was reported with human 0, dog, cattle, goat, sheep, 
guinea pig, mouse, hamster, turkey, goose, and chicken erythrocytes I Car
michael et ai., 1980j Osterhaus et al., 1980}. 

2. Antigenicity and Serology 

The most important and most intriguing finding in the early attempts 
to characterize the causative agent of canine epidemic enteritis and my
ocarditis was that this virus proved to be antigenically closely related to, 
if not identical with, feline parvovirus. This was demonstrated repeatedly 
by hemagglutination-inhibition IHI} tests, immunofluorescent IIF} stud
ies, and serum neutralization ISN} assays in which anti-FPLV sera were 
as effective in revealing the respective antigenic determinants of the 
newly isolated virus as homologous anti-CPV antibodies IAppel et al., 
1979aj Johnson and Spradbrow, 1979i Tratschin et ai., 1981}. Most au
thors therefore concluded that differentiation between FPL V, MEV, and 
CPV is not possible on the basis of serological reactivity. In contrast, 
Lenghaus and Studdert 11980} observed that, although two strains of virus 
isolated from cases of canine parvovirus enteritis and canine parvovirus 
myocarditis, respectively, were indistinguishable, they proved closely re
lated to but clearly distinguishable from both wild-type and vaccine 
strains of FPLV by serum neutralization. Neutralization titers were al
ways higher with the homologous than with the heterologous antisera. 
Hemagglutination-inhibition, however, could not distinguish between 
the viruses. 

Flower et ai. 11980} have provided direct evidence for the existence 
of a specific extra antigenic determinant on the canine virus particle. It 
was demonstrable both by agar gel precipitation and, following pread
sorption with FPLV, by hemagglutination inhibition with anti-CPV 
serum. Our results ITratschin et ai., 1982} are well in agreement with 
these findings. Using both dog sera collected in natural outbreaks of the 
disease and sera prepared in laboratory dogs against the three variant 
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viruses, it was shown that antisera against FPL V and MEV do not dis
tinguish between the viruses in HI and plaque reduction tests. Antisera 
prepared against CPV, however, react with the homologous virus at con
siderably higher dilutions than with the two heterologous agents, which 
again cannot be distinguished from each other. 

With regard to the antigenic relationship of CPV to other members 
of the genus Parvovirus, Black et ai. (1979) and Eugster (1980) reported a 
serologic relatedness between the canine parvovirus and porcine parvo
virus (PPV) which could be observed by fluorescent antibody staining. 
Most authors, however, agree that CPV is unrelated to PPV, the minute 
virus of canines (MVC), and to bovine parvovirus (BPV) (Appel et ai., 1980, 
Carmichael et ai., 1980). Moreover, CPV did not cross react with the 
Norwalk agent, a human parvovirus-like agent incriminated in human 
enteric disease (Appel et al., 1980a,b). Tratschin et ai. (1982) recently 
performed HI tests with antisera raised in rabbits against partially purified 
antigens of MVC, PPV, BPV, MVM, RV, HI virus, RT virus, TVX virus, 
and LulII virus. All these sera failed to inhibit agglutination of pig red 
blood cells by CPV. Attempts to localize CPV antigen in infected feline 
kidney cell cultures with anti-PPV serum in an indirect immunoflu
orescent test were also negative. Therefore, the possibility that the new 
canine virus is serologically related to any member of the genus parvo
virus other than FPV is remote. 

3. Host Cell Spectrum and Replication 

The in vitro host cell range of CPV parallels the extended red blood 
cell spectrum. Whereas FPL V and MEV were reported to replicate in fe
line, mink, and ferret cells only (Siegl, 1976), CPV could be propagated
although with variable success-in canine, feline, mink, racoon, and bo
vine cells (Appel et al., 1979a; Black et ai., 1979; Carmichael et ai., 1980; 
Gagnon and Povey, 1979; Hitchcock and Scamell, 1979; Johnson and 
Spradbrow, 1979; Osterhaus et ai., 1980). Eugster (1980) has reported rep
lication in Vero (African green monkey kidney) cells, and according to 
Appel et ai. (1980b), human cells are also susceptible. 

Of the primary cell cultures tested, canine fetal lung, kidney, and 
intestine (Johnson and Spradbrow, 1979; Eugster, 1980), as well as feline 
fetal lung and kidney (Eugster, 1980) gave the most consistent results. 
The permanent cell lines found most suitable for the isolation and prop
agation of the virus were the canine cell line An established recently 
by Binn et ai. (1980) as well as the feline cell lines NLFK (Siegl et ai., 
unpublished), CRFK (Eugster, 1980, Robinson et ai., 1980b; Hinaidy, 
1981), and FEmb (Lenghaus and Studdert, 1980). Results ranging from 
completely insusceptible (Carmichael and Binn, 1981) to excellent rep
lication (Eugster, 1980, Osterhaus et al., 1980, Hinaidy, 1981; Siegl and 
Kronauer, unpublished) were observed with the Madin Darby canine kid
ney (MDCK) cell line. 
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In all cell culture studies viral replication has been found to be de
pendent on cellular proliferation. Resting cell sheets and aged cultures 
support virus replication only to a very low degree. Cytopathologic 
changes observable by light microscopy in the unstained monolayer do 
occurj yet, depending on the type of cell, the age of the culture, and the 
multiplicity of infection, such changes may be highly variable and some
times indistinguishable from the alterations associated with aging of the 
monolayer. Likewise, the basophilic intranuclear inclusion bodies de
tected by May-Griinwald/Giesma or H&.E staining in canine kidney (Gag
non and Povey, 1979), canine fetal lung (Johnson and Spradbrow, 1979), 
MDCK (Osterhaus et 01., 1980j Hinaidy, 1981), and NLFK (Siegl and Kron
auer, unpublished), may be ill defined or completely missing in other cell 
types (e.g., Johnson and Spradbrow, 1979). The most reliable way to mon
itor viral replication therefore is either by the extraction and quantifi
cation of viral hemagglutinin or by fluorescent antibody staining of in
fected monolayers (Johnson and Spradbrow, 1979j Carmichael and Binn, 
1981 j Eugster, 1980j Hinaidy, 1981 j G. Siegl and G. Kronauer, unpub
lished). Results of studies based on the use of these techniques suggest 
that the kinetics of replication of the three variants of FPV do not differ 
significantly. Finally, plaque assays and plaque neutralization tests with 
CPV can be performed in NLFK, CRFK, and An cells (G. Siegl and G. 
Kronauer, unpublished j 1.E. Carmichael, personal communication) ac
cording to the method used by Siegl and Kronauer (1980) to plaque FPLV 
and MEV. 

4. In Vivo Host Range 

The in vivo host range of CPV cannot be discussed without making 
detailed reference to the in vivo host range of feline panleukopenia virus. 
For the latter virus direct evidence and circumstantial observations sug
gest that all members of the family Felidae-including domestic cats, 
leopards, panthers, tigers and lions-are naturally susceptible. 

On the other hand, all laboratory animals, including young and adult 
dogs, tested in the extended studies performed between 1930 and 1945 
were found to be refractory to infection (for reference see Siegl, 1976). 
However, in 1947 huge outbreaks of a feline panlertkopenia-enteritis
like disease which started in Canada (Schofield, 1949) and spread rapidly 
to farms in other regions of the world, occurred in ranch mink. The virus 
incriminated in these epidemics-mink enteritis virus (MEV)-was re
peatedly shown to be serologically indistinguishable from the already 
well-known feline panleukopenia virus (McPherson, 1956j Gorham et 01., 
1965 j Johnson, 1967j Scott et al., 1970) . .An exception of these results 
was the report by Myers et al. (1959) that the antigenic relationship be
tween MEV and FPV is only partial. Whether the disease in mink was 
started by the introduction of wild-type feline panleukopenia virus into 
the farm animals or whether a mutant or variant virus with an expanded 
host range suddenly manifested in a new species is difficult to determine 
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by retrospective analysis. It must be mentioned, however, that feline 
panleukopenia virus could be transmitted experimentally without pre
vious adaptation to another member of the family Mustelidae, the ferret 
lJohnson et ai., 1967). 

The 1947 outbreaks of mink enteritis now are referred to frequently 
as the first practical example of the potential of feline parvovirus to ex
pand its host range to other species. In fact, however, there is reliable 
evidence that, as early as 1938, the enteric syndrome had already been 
noticed in wild raccoons roaming in the vicinity of cat farms with a high 
reported incidence of feline panleukopenia-enteritis. In 1940, the disease 
also occurred in raccoons kept in fur farms. It could be prevented by 
prophylactic treatment of exposed animals with anti-feline-enteritis 
serum (Waller, 1940). More recently, experimental infection and natural 
disease in raccoons has been reported by Gorham et ai. (1966) and Nettles 
et al. (1980). A virus indistinguishable from MEV has also been isolated 
from a coatimundi (Johnson, 1969). 

Neither young nor adult dogs could be infected with wild-type feline 
parvovirus (Urban, 1933; Kikuth et al., 1940). This finding is in agreement 
with the more recent observation that no antibodies to this virus can be 
detected in canine sera collected before 1976 (Black et ai., 1979; Johnson 
and Spradbrow, 1979; Schwers et al., 1979; Carmichael et al., 1980; Os
terhaus et ai., 1980; Walker et ai., 1980) in spite of the documented, 
continued presence of the virus in feline populations since the end of the 
last century (Zschokke, 1900; Siegl, 1976). The insusceptibility of dogs 
to FPV infections apparently also extends to the modified FPV strains 
contained in commercial attenuated vaccines. Lloyd-Evans (1980) re
cently reported that such strains of FPV did not replicate in vaccinated 
dogs. Injected virus could neither be recovered from nor detected by flou
rescent antibody staining in any internal organ of vaccinated pups. In 
contrast, Appel et al. (1980a) and Carmichael and Binn (1981) feel that 
attenuated FPV strains replicate, yet, to a very limited extent, in the dog. 
The generally better antibody response observed after injection of atten
uated living virus than after the use of killed vaccines is thought to sup
port this point of view. With both types of vaccine, however, the success 
of vaccination is highly dose dependent (Appel et al., 1980a,b). At least 
104 TCIDso of live FPV virus have to be injected to successfully trigger 
an immunological reaction in dogs (Carmichael and Binn, 1981) and it 
may be argued that the quality of the antigen (which in the case of at
tenuated vaccines is unaffected by inactivating agents) rather than the 
replication of the virus is responsible for the better vaccination results. 

Whether or not the variant virus incriminated in mink enteritis is 
able to replicate in dogs has never been the aim of extended experimental 
studies. However, Moraillon et al. (1980) recently reported on the suc
cessful induction of acute fatal enteritis in dogs after feeding them ho
mogenates prepared from the intestines of naturally diseased mink (Mo
raillon et al., 1979b). The virus-strain V22-could be reisolated from 
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infected dogs in a feline lung cell line. It showed the hemagglutination 
characteristics of MEV and closely resembled the latter virus in its re
striction site pattern (see Section II.B.5). However, neither Tratschin et 
ai.(1982) nor Carmichael (personal communication) was able to propagate 
the virus in the canine cell lines A72 and MOCK which otherwise readily 
supported replication of all CPV strains. According to Appel (personal 
communication), the parvovirus isolated from raccoons with parvovirus 
enteritis proved to be not infectious for dogs by oral-nasal inoculation. 

The canine variant of FPV is distinguished from the feline and the 
mink virus by its undisputed ability to infect probably all members of 
the family Canidae. Dogs of all breeds were found to be equally suscep
tible. The enteric form of canine parvovirus disease was observed in a 
captive coyote population (Everman et ai., 1980), in maned wolves, and 
in a crab-eating fox (Fletcher et ai., 1979 j Mann et ai., 1980). Besides these 
closely related species, domestic cats without antibodies were found to 
be susceptible to experimental infection with the virus (Osterhaus et al., 
1980 j Carmichael, personal communication). Apart from a mild leuko
penia and rise in temperature, however, disease symptoms were absent 
in these animals. In contrast, raccoons were not susceptible to CPV in
fection (Appel, personal communication). After oral-nasal exposure, they 
did not shed virus in feces and they did not seroconvert. . 

There have been frequent reports of human vomiting and diarrhea 
in persons closely associated with dogs suffering from parvovirus disease. 
Significant attention was paid to these observations. However, neither 
Carmichael (personal communication), who searched more than 300 sera 
of such individuals for hemagglutination-inhibiting antibodies, nor Len
ghaus and Studdert (1980), who tested more than 200 sera for both HI 
and/or SN antibody to CPV, found any serologic evidence for transmission 
of the virus from dog to man. Lenghaus and Studdert also were Unable 
to demonstrate the presence of parvoviruses in samples of human diar
rheal feces and vomitus. We have analyzed only a few episodes of human 
enteric disease observed in parallel to canine parvovirus-like enteritis 
(Siegl and Kronauer, unpublished), yet, our results are identical to those 
reported by the American and the Australian groups. In this context, it 
has to be mentioned that infections with Campylobacter jejuni can 
mimic parvovirus enteritis or may be present in dogs together with CPV 
(Fleming, 1980). Campylobacter jejuni is known to be readily transmitted 
from dogs to man and vice versa (Bruce et al., 1980). Therefore, it may 
be advisable to test cases of human vomiting and diarrhea which are 
observed concomitantly with parvovirus-like disease in dogs for the bac
terial pathogen. 

C. Restriction Endonuclease Cleavage Site Analysis of the Viral 
Genome 

Restriction endonucleases cleave double-stranded DNA at specific 
nucleotide sequences. They thus can be used to produce a set of fragments 
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of the DNA molecule which, when separated by electrophoresis, give a 
characteristic restriction site pattern. This technique of characterizing a 
viral genome has been repeatedly used with great success to reveal the 
genetic relationship between different serotypes, strains, or isolates of 
DNA viruses IMulder et al., 1974j Osborn et a1., 1974j Buchman et ai., 
1978j Rymo et ai., 1979). For viruses containing a single-stranded DNA 
genome such an analysis is also possible if the double-stranded replicative 
form IRF) DNA can be isolated in sufficient quantity and purity from 
infected cells. This has proved possible for various parvoviruses, and 
McMaster et ai.11981) and Tratschin et ai.11982) have used the technique 
to characterize the genetic relatedness between the canine, feline, and 
mink variants of feline parvovirus, between individual strains of CPV, as 
well as several attenuated vaccine virus strains. In the initial set of ex
periments IMcMaster et ai., 1981) the relationship between CPV and MEV 
was determined using 25 restriction enzymes. Seventeen of these en
zymes cleaved the RF DNA of both viruses at least once and a total 79 
restriction sites were mapped. Of these sites, 68, or 86%, were found to 
be common for both types of DNA, indicating that the canine and mink 
variants are indeed closely related viruses. In additional studies only those 
seven enzymes were used which previously were shown to distinguish 
between CPV and MEV ITratschin et ai., 1981). They were responsible 
for the generation of 60, or 76% of all restriction sites mapped. Under 
these conditions, reference strains of FPL V and MEV were distinguished 
by only one mapped site and MEV strains VI and V22 isolated recently 
by Moraillon et ai. 11979, 1980) also showed only minor differences. On 
the other hand, the CPV strains isolated in the U.S.A. and in Belgium in 
1978, in Switzerland and in Germany in 1980, yielded a relatively con
stant restriction site pattern which allowed their undisputed differentia
tion from both the wild-type and the attenuated vaccine strains of FPL V 
and MEV. An example is given in Figs. 1a and lb. The restriction site 
pattern derived from the genomes of the vaccine viruses resembled more 
closely those of the wild-type FPL V and MEV viruses than the one char
acteristic for the genome of the canine variant. However, at least in the 
case of one of the vaccine viruses the process of attenuation has led to 
the generation of those three HinfI restriction sites which are character
istic for CPV ISee Fig. 2). It then could be speculated that this virus rep
resents an ancestor of CPV from which the genome of the canine virus 
was derived by introduction of five additional specific mutations. 

All differences in genome structure revealed by these studies are 
located in a region of CPV-nucleic acid which, by analogy with data re
ported for other parvoviruses IGreen et a1., 1979j Tal et a1., 1979), has to 
be assumed to code for viral capsid proteins. Moreover, variations in ge
nome length observed with the attenuated vaccine strains at least par
tially appear to be due to insertions and/or deletions within the same 
region of the nucleic acid close to the 5' -end of the virion DNA molecule. 
Therefore, it may be hypotheSized that the genomic differences revealed 
by restriction site mapping are directly related to structural and func-
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FIGURE 1. Gel electrophoresis patterns of viral RF DNAs restricted with the enzyme Mbo!!. 
(A) Comparison of MEV (a) and FPLV (b) with CPV isolated in Switzerland (c), Belgium (d) 
and the United States Ie). IB) Comparison of FPLV la) with four live attenuated vaccine 
strains (b-e). 

tional differences of the viral capsid proteins as reflected by the differ
ences in antigenicity, hemagglutination pattern, and host cell range. 

III. THE DISEASE 

In contrast to the early observations which suggested that canine 
parvovirus infections are highly lethal-up to 80% of affected dogs were 
reported to die in certain outbreaks-it is now understood that there is 
a wide range in the severity of infections from the completely asymp
tomatic case to the peracute dysenteric animal which dies within 24 hr. 
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FIGURE 2. Comparative restriction enzyme maps of the DNAs of CPV, FPLV, MEV, and 
six live attenuated vaccine strains. Each horizontal line represents one single-stranded virus 
genome with its 3' -end at the left. The scale is given in map units (percentage of the genome). 
The map of MEV is used as a basis for comparison. Restriction enzyme sites in common 
to all viruses are not shown; additional sites are drawn above the line, whereas those missing 
are drawn below the line. The dotted line at the right-hand end of the map of vaccine strain 
B indicates a deletion of about 0.2 kb, VI and V22 are two MEV strains isolated recently 
in France. CPV strains were derived from the feces of naturally infected dogs in Switzerland 
(CH), Belgium (Be), Germany (Ger) and the U.S.A. The vaccine strains are commercially 
available and originate from FPLV (strains A,B,C,E, and F) and MEV (strain D). Restriction 
enzymes used were HinfI (Hf); HaeIII (He); HphI (Hh); AluI (AI); MboII (MbII); HincII (Hc); 
MboI (MbI). [This figure has been reproduced from Tratschin et 01. (1982) with permission 
of the Tournal of General Virology.] 

Moreover, it is clearly evident that with increasing distribution of the 
virus in dog population, both the age at which animals preferentially 
succumb to infection and the predominant clinicopathological features 
of the infection have changed. However, it is still true that two distinct 
clinical forms-the enteric-panleukopenic form and the cardiac form
can be observed. 

A. Enteritis and Panleukopenia 

During the original outbreaks of canine parvovirus disease in 1978 
acute enteritis occurred in dogs of almost any age; yet, young dogs rep
resented a significant proportion of all affected animals. At the present 
time, enteritis has become the characteristic manifestation of infection 
in weaned pups at between the ages of seven and fourteen weeks. 

Retrospective analysis of naturally occurring infections, as well as 
experimental studies have indicated that the incubation period of the 
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enteric form after oral or nasal exposure to the virus varies from five to 
ten days. In experimental infections this time may be shortened to four 
days if the virus is administered intravenously j Carmichael and Binn, 
1981). The initial signs of overt disease are depression, anorexia, and, 
more or less frequently, fever up to 41°C. Vomiting is frequently the first 
characteristic indication of disease. Diarrhea then generally commences 
within 6 to 24 hr. Although the disease was originally described as "hem
orrhagic" enteritis, blood is not always present in the vomitus and/or the 
stools. Animals may die at any time following the development of the 
enteric syndrome. However, in the uncomplicated cases which now seem 
to outnumber the fatal ones, affected animals recover rapidly after three 
to four days of illness and the course of the disease rarely exceeds one 
week jfor references see Appel et ai., 1978; Bestetti et ai., 1979; Black et 
ai., 1979; Burtonboy et a1., 1979a; Coignoul and Dewaele, 1979; Fletcher 
et ai., 1979; Fllickiger, 1980; Fritz et ti1., 1979; Gagnon and Povey, 1979; 
Johnson and Spradbrow, 1979; McCandlish et a1., 1979; Moraillon et ai., 
1979a, 1980; Robinson et a1., 1980b; Woods et a1., 1980). 

In parallel to the development of the enteritis syndrome, hemato
logical examinations frequently revealed the development of a frank leu
kopenia. Various observations suggest that this leukopenia generally is 
due to an absolute neutropenia, a moderate shift of band neutrophiles, 
absolute lymphopenia, and an absolute monocytosis. During the first two 
to five days of illness cell counts as low as 100 cells per mm3 have been 
reported but counts of 500 to 4000 per mm3 are much more common at 
the peak of illness. In uncomplicated cases as well as after experimental 
infection of laboratory dogs an early transient leukopenia may be the only 
clinical parameter indicative of successful infection. Recovery of dogs is 
always signaled by a rise of white blood cell counts. During convalescence 
the majority of dogs then experience a compensatory leukocytosis with 
cell counts as high as 80,000 per mm3 jFritz, 1979j Fllickiger, 1980). 

The pathological changes associated with the enteric form of canine 
parvovirus disease are very similar to those found in feline panleukopenia. 
They have been described repeatedly in great detailjBestetti et ai., 1979; 
Carpenter et ai., 1980; Cooper et a1., 1979; Fletcher et ai., 1979; Fritz, 
1979j Hayes et a1., 1979; Kelly, 1978; Meunier et a1., 1981; Nelson et al., 
1979; Pletcher et ai., 1979; Robinson et ai., 1980b), therefore, only a brief 
summary will be given. Macroscopically, the changes may vary from a 
mild sequential enteritis to a diffuse enteritis with dark intestinal con
tents. Microscopically, the changes mostly consist of an acute necrosis 
of epithelial cells of the small intestine with occasional eosinophilic in
clusion bodies in the nuclei of adjacent, undestroyed epithelial cells. Ne
crosis of lymphoid tissues can be extensive and may involve Peyer's 
patches, lymphnodes, spleen, and thymus. Changes in the bone marrow 
include destruction of the blast cells and a massive appearance of im
mature neutrophiles jAppel et ai., 1980b; Black et ai., 1979; Cooper et 
al., 1979; Fritz, 1979; Thomson and Gagnon, 1978). 
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In attempts to reproduce the enteric disease under experimental con
ditions, Carmichael and co-workers (cited by Carmichael and Binn, 1981) 
have shown that, upon infection by the oral route, the virus apparently 
replicated first in the lymphoid tissues of the oropharynx. This initial 
replication was followed by a brief viremia which could be demonstrated 
three to five days after infection. In parallel with and subsequent to the 
spread of the virus, viral antigen was detected by immunofluorescent 
staining in intestinal crypt epithelial cells as well as in the thymus, 
spleen, lymph nodes, and bone marrow. Necrosis of the cells of these 
tissues therefore seems to be due to the direct attack of the virus. Viral 
shedding in the feces usually commenced three to four days after infec
tion, i.e., again in parallel with the viremic phase. Maximal concentra
tions of up to 109 TCIDso of virus per g of stool have been reported at 
the height of clinical disease. Excretion of virus generally is limited to 
the period of acute enteritis and rarely extends for more than 10-12 days 
(M. Appel, personal communication). 

As has been mentioned in the introduction to this chapter, the out
come of parvoviral infection in young and adult dogs can vary from the 
clinically inapparent case to acute dysenteric disease. The factors which 
determine the severity of the disease are not completely understood. Cir
cumstantial evidence, however, suggests that among the factors respon
sible are the route and dose of infection, the general health of the animal 
and, last but not least, the presence of intestinal parasites as well as the 
influence of secondary bacterial infections. Thus, it is a rather constant 
finding that experimentally infected, specific-pathogen-free dogs rarely 
experience the enteric form of the disease. Most frequently they react 
with nothing but a very brief episode of leukopenia (Appel et a1., 1979a; 
Osterhaus et a1., 1980). On the other hand, conventionally raised dogs, 
dogs with a history of parasitic infections, or dogs starved for 24 to 48 hr 
before infection develop the symptoms of enteritis much more readily 
(Carman and Povey, 1980; Carmichael and Binn, 1981; Eugster, 1980; 
Moraillon et a1., 1980; Robinson et a1., 1980b). Finally, the age of the 
animal at the time of infection apparently is important with respect to 
the susceptibility of the cells of the different organs. This will be dis
cussed in the following chapter in context with the cardiac form of canine 
parvovirus infection. 

B. Myocarditis 

Myocarditis due to infection with CPV occurs in two clinical pre
sentations. The most common one is seen in puppies three to eight weeks 
of age (McCandlish et a1., 1980; Lenghaus et a1., 1980). It is characterized 
by sudden death of the affected animals, occasionally preceded by a rather 
short period of dullness and dyspnea. In puppies eight weeks and older 
premonitory signs of the disease consist of acute severe respiratory dis-
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tress, depression, and weakness. In almost 90% of cases the affected an
imal then dies within 1 to 24 hr. The mortality rate in affected litters 
was seen to vary between SO and 100%. Some of the survivers subse
quently died at up to one year of age (McCandlish et al., 1980). 

Upon necropsy, the findings at both the macroscopic and the micro
scopic level are variable. In severe cases pale areas of myocardium may 
be recognized. Edematous changes are found predominantly in the lung; 
yet, the spleen, liver, and gallbladder also can be affected. Histologically 
the disease presents as a marked interstitial myocarditis with loss of 
myofibers, multifocal myofiber necrosis, and mononuclear cell infiltrate. 
Most typical are large basophilic and strongly Feulgen-positive intranu
clear inclusion bodies. According to immunofluorescent staining, the in
clusions contain viral antigen and electron microscopy reveals masses of 
roughly spherical particles with a diameter of 15-22 nm. Such inclusions 
are not found in the lung, spleen, or liver of animals dying from acute 
myocarditis (Bestetti et al., 1979; Hayes et al., 1979; Huxtable et al., 
1979; Jeffries and Blakemore, 1979; Jezyk et al., 1979; Kelly and Atwell, 
1979; Lenghaus et al., 1980; Lenihan et al., 1980; McCandlish et al., 1979; 
Robinson et al., 1979a,b, 1980a; Thompson et al., 1979; Van den Ingh, 
1980). 

Attempts to reproduce experimentally the cardiac syndrome by in
oculation of puppies at the age of four to seven weeks either with ho
mogenates from affected myocardium or with virus isolated in cell cul
ture from such homogenates failed (Hayes et al., 1979; Lenghaus et al., 
1980; Robinson et al., 1980b). In most instances the infected animals 
experienced nothing but a mild diarrhea; yet, Robinson et al. (1980b) 
observed the development of the complete enteric syndrome in two litters 
at three to five days after inoculation. On the other hand, Lenghaus et 
al. (1980) succeeded in inducing both acute and chronic myocarditis by 
inoculation of puppies in utero eight days before parturition. Two pup
pies-clinically normal at birth-developed acute disease 23 and 27 days 
after inoculation, respectively. Two other puppies were euthanized at 87 
and 131 days after inoculation and showed extensive focal fibrosis within 
the myocardium. All four animals had high antibody titers to the virus 
one day after birth. 

As in most other syndromes related to infection with parvoviruses, 
attempts have been made to explain the genesis of canine parvovirus 
enteritis and especially of canine parvovirus myocarditis on the basis of 
the evident predilection of the agent for actively dividing cells in rapidly 
proliferating tissues. Such a concept apparently fits excellently with the 
interaction of the virus with the intestinal epithelial cells as well as with 
the cells of the lymphopoietic and hematopoietic tissues. Adaptation of 
the concept to the genesis of myocarditis, however, meets with difficul
ties. Bishop (1972) has shown that in newborn puppies, 2-4% of my
ocardial cells undergo division until approximately day IS postparturi
tion. As pointed out by Robinson et al. (1980a), this period of relatively 
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rapid cell division correlates well with the strict age incidence of the 
myocardial syndrome. However, both in the pre- and in the postnatal 
phase of life the heart is only one out of many differentiating and pro
liferating tissues. Therefore, if dividing cells represent the only parameter 
controlling the susceptibility of tissues, generalized rather than localized 
viral replication should occur. Such generalized disease including pneu
monitis, hepatitis, gastritis, nephritis and enteritis has been observed by 
Lenghaus et al. (1980) in a litter of puppies within ten days after birth. 
However, a generalized course of CPV infection seems to be the exception 
and Robinson et al. (1980a) never found histopathological evidence of 
myocarditis in parallel with necrosis in theoretically vulnerable tissues 
such as intestinal epithelium, bone marrow, and lymphoid organs. 

There are most likely three main factors which determine the out
come of canine parvovirus infection in newborn puppies: the age of the 
animal at the time of infection, the immune status of the bitch, and the 
ability of individual tissues to support viral replication. It is self-evident 
that congenital infection leading to myocarditis and neonatal infection 
resulting in generalized disease can only occur in offsprings of nonim
mune bitches. Puppies born to immune bitches, however, obviously be
come susceptible only as passively transmitted maternal antibodies dis
appear; i.e., generally between 7 and 14 weeks of age. On the other hand, 
it is tempting to speculate whether upon infection of fetuses in utero, 
the apparently rapid immunologic reaction of the bitch (Lenghaus et al., 
1980) is capable of restricting viral replication to the myocytes or whether 
both pre- and postnatally the myocytes are the only cell type able to 
support viral replication. In this context, Lenghaus et ai. (1980) pointed 
to the fact that, according to the observations of Bishop and Hine (1975), 
myocytes of dogs pass from a mononuclear state at birth to a largely 
binuclear state at the age of about eight weeks. Such a transition could 
provide a special cellular environment for the replication of the virus. 
The idea is well in line with the most recent trend in experimental par
vovirus research which has been initiated by Tattersall (1978) and clearly 
demonstrates that susceptibility to parvovirus infection is in fact con
trolled by cellular differentiation. 

A final explanation could be that congenital infection results in my
ocarditis because all the other organs and tissues are able to undergo repair 
whereas the myocardium-comparable to the cerebellum in feline 
ataxia-underwent a definite and uncorrectable defect. 

C. Immunity, Antibody Prevalence, and Manifestation of 
Infection 

Both by retrospective serological analysis of naturally occurring in
fections and in serological follow-up studies of experimentally induced 
disease, the immunological response of dogs to infections with the canine 
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parvovirus was found to be rather fast. HI-antibodies can be detected as 
early as three or four days after infection (Appel et al., 1980bj Carmichael 
et al., 1980) and may be present in considerable concentration at the 
height of clinical disease. Intestinal antibodies apparently are present in 
the feces at later stages of infection (Eugster, 1980). They give rise to 
clumping of virus particles in the fecal extracts and have to be assumed 
to interfere with the isolation of virus in cell cultures unless special pre
cautions are taken. 

In early convalescent sera extremely high HI-antibody titers (some
times> 1: 80,000) can be recorded. Such titers may decline within days 
and weeks to a considerably lower level but then they persist in parallel 
with SN antibodies at only slowly diminishing titers for months or even 
years. Appel et al. (1980a) and Carmichael et al. (1980) have stated that 
HI titers> 1: 80 are equivalent to solid immunity. Circumstantial evi
dence, however, suggests that even barely detectable antibody titers are 
sufficient to prevent infection or, cautiously speaking, at least induction 
of clinically overt disease. Whether such low humoral antibody titers can 
prevent replication and excretion of the virus in the feces remains a mat
ter of discussion. Eugster (1980) reported intermittent shedding of the 
virus up to 8 days after challenge infection of dogs immunized with an 
experimental inactivated canine parvovirus vaccine. 

Only relatively little information is available concerning the signif
icance and development of antiviral immunity in the course of infections 
resulting in myocarditis. Lenghaus et al. (1980) have shown that, upon 
experimental in utero infection of fetuses, the bitch developed high levels 
of HI-antibodies within five days after surgery. Comparable high HI-an
tibody titers were detected in the sera of the offspring one day after par
turition. In spite of this immunity, acute myocarditis could be diagnosed 
in two puppies at 15 and 19 days after parturition, respectively. In two 
others infection resulted in a clinically inapparent, chronic myocarditis. 
It may be assumed, however, that congenital infection of fetuses which 
could terminate in myocarditis is prevented by humoral immunity of the 
bitch. The increasing prevalence of antibodies in canine populations due 
to the rapid spread of natural infection as well as to the measures of 
vaccination taken by concerned dog owners therefore can be expected to 
reduce drastically the incidence of myocarditis. The same factors already 
have changed the age prevalence of the enteric form of the disease. Pups 
born to immune dams passively acquire antibody to CPV via the placenta 
and the colostrum (Appel et al., 1980b j Meunier et al., 1981). Depending 
on the bitch's titer, these antibodies either disappear within some few 
weeks or persist as long as 12 to 16 weeks. They interfere both with 
natural infection and prophylactic vaccination (Appel et al., 1980aj 
McCandlish et al., 1980). In a virus-contaminated surrounding the enteric 
disease then will occur preferentially in weaned pups 7 to 14 weeks of 
age which succumb to infection as soon as passively transmitted im
munity vanishes. 
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IV. THE ORIGIN OF CPV 

During the first half of this century feline panleukopenia virus has 
repeatedly given rise to huge epidemics in various parts of the world (Siegl, 
1976). Since then effective vaccines have been developed, but the virus 
has remained endemic and is still a major pathogen of felines. Exposure 
of dogs to the virus therefore is continuously possible. However, neither 
circumstantial nor experimental evidence point to a natural susceptibil
ity of this species to feline panleukopenia virus before or after the recent 
outbreaks of canine disease. In consequence, the agent incriminated in 
canine disease must represent a viral entity with altered biologic prop
erties in spite of the difficulty in distinguishing it serologically from feline 
panleukopenia virus under routine diagnostic conditions. 

As discussed in Section II in more detail, the differences between 
CPV and both wild-type and attenuated strains of FPLV/MEV consist of 
the undisputed ability of CPV to replicate in canine cells, in subtle an
tigenic differences, and in the red blood cell spectrum as well as the pH 
and temperature sensitivity of the viral hemagglutinin. With respect to 
the latter characteristics, however, CPV more closely resembles MEV 
than FPL V. Finally, unambiguous identification of CPV is possible by 
restriction enzyme digestion of the viral replicative form (RF) DNA. The 
multiple structural differences revealed by this technique are located in 
a region of the viral genome which, by analogy with other parvoviruses, 
has to be assumed to code for the viral structural proteins. 

There is convincing evidence that all CPV strains characterized to 
date have identical biological properties. This observation conforms to 
the extraordinarily close genetic relationship revealed by restriction en
zyme analysis of four CPV strains which were isolated in widely separated 
geographical regions within a period of two years. It is quite unlikely that 
these viruses have evolved in parallel and separately from different FPLV I 
MEV ancestor strains. Rather, the possible evolution of a descendant of 
FPLV or MEV into a prototype canine parvovirus and its efficient and 
rapid spread all over the world has to be considered. 

The factors predisposing the evolution of a prototype virus with the 
biological characteristics of CPV have been a matter of much speculation. 
We can put aside all theories based upon a hypothetical recombination 
between the minute virus of canines (MVC) and canine adenovirus (Ev
ermann, 1980) or between several other nondefective parvoviruses such 
as MVM, PPV, and BPV (Danson, 1980). The serologic and genetic data 
strongly argue against them. On the other hand, the possibility that CPV 
derives from MEV must be considered more seriously. These variants of 
the feline parvovirus have largely identical hemagglutination character
istics; yet, they are distinguished by both host cell range and restriction 
enzyme pattern. Nevertheless, Moraillon et a1. (1980) reported on the 
ability to induce the full spectrum of enteric disease in dogs by feeding 
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them the intestines of mink which died from natural MEV infection. The 
genome of the virus reisolated from diseased dogs showed a restriction 
enzyme pattern consistent with the one recorded for wild-type MEV. In 
contrast to all isolates of viruses recovered so far from infected dogs, 
however, it also failed to grow in canine cells (Tratschin et al., 1981; 1.E. 
Carmichael et al., personal communication). Therefore, further trans
mission experiments with additional strains of MEV seem to be necessary 
to allow for a thorough evaluation of the intriguing results reported by 
the French investigators. 

Considering the multiple, yet constant structural differences be
tween the genomes of CPV and FPLV IMEV, the possibility that CPV has 
arisen by mutation under field conditions without selective pressure and 
within a relatively short period of time seems remote. It is much more 
likely that wild-type FPLV or MEV has been adapted to growth in canine 
cells under laboratory conditions. Such an adaption could have occurred 
accidentally. Contamination of cell cultures with parvoviruses takes 
place quite frequently and can be prevented only by the most stringent 
precautions (Hallauer et al., 1971; Siegl, 1976; Bannard et al., 1976; Net
tleton and Rweyemamu, 1980). Thereby, the source of virus could have 
been cells experimentally infected with FPL V IMEV and handled together 
with canine cells in one and the same laboratory as well as primary cell 
cultures prepared from latently infected tissues such as feline kidneys 
(O'Reilly and Whitaker, 1969) and passaged in parallel with canine cells 
in a cell culture laboratory. Cross contamination of cell cultures may 
remain undetected for a rather long time (Hallauer et al., 1971; Nettleton 
and Rweyemamu, 1980). However, the contaminating virus could be 
spread efficiently in every product derived from such cultures. 

On the other hand, the process of adaptation could have been ini
tiated deliberately in attempts to achieve rapid attenuation of a wild-type 
FPL V IMEV strain for vaccine purposes by continuous passage in heter
ologous cells. The resulting variant virus then would have been spread 
in the final commercial product and introduced into dogs via contact with 
vaccinated cats or mink. Whereas it will prove impossible to resolve the 
origin of CPV if the prototype virus has arisen accidentally and was dis
tributed in a cell culture-derived product unrelated to FPLV/MEV, sam
ples of modified living FPL V IMEV vaccines can be tested for the presence 
of virus with characteristics similar to CPV. This has been done with six 
different vaccines produced in various countries and commercially avail
able in Switzerland (Tratschin et al., 1982). None of these samples con
tained virus that replicated in canine cells. Changes in the restriction 
enzyme pattern of the respective genomes obviously had occurred in the 
course of attenuation; however, the patterns of all vaccine strains proved 
much more closely related to those of the wild-type viruses than to the 
canine variant of FPV. The latter study, based on the analysis of a rather 
limited number of vaccine strains, allows no straight conclusion as to 
whether or not FPL V IMEV vaccines were involved in the generation and 
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distribution of the new canine virus. Yet, further strains and even indi
vidual lots of vaccines can easily be tested and the experimental design 
may prove useful in preventing similar unpleasant events in the future 
Isee Conclusions). 

It would be very helpful, in coming to a reliable decision in favor of 
one or the other theories, if the epidemiological data related to the spread
ing of CPV disease would give a more coherent picture. The first well
documented cases of canine enteritis and myocarditis resulting from in
fection with a virus unambiguously identified as CPV were observed be
tween spring and early fall 1978. This is true for the U.S.A., Canada, 
Australia, New Zealand, South Africa, and Europe. With the exception 
of Europe, the time of appearance of clinical diseases conforms excellently 
to the appearance of antibodies to CPV in canine sera IAppel et ai., 1980b; 
Burrows, 1978; Carmichael et ai., 1980; Fliickiger, 1980; Helfer-Baker et 
al., 1980; Hoffmann et ai., 1980; Kelly, 1978; McCandlish et al., 1979; 
Meunier et ai., 1981; Mulvey et ai., 1980; Osterhaus et ai., 1980; Smith 
et ai., 1980; Walker et ai., 1980). Schwers et ai. 11979), however, reported 
that 3 out of 56 sera collected in Belgium between June 1976 and June 
1977 contained HI-antibody I;::: 1280) to the virus. In France, Chappuis 
11980, Recueil du Syndicat des Veterinaires Praticien) initially was unable 
to detect antibodies in a "large number" of diagnostic sera collected before 
1978. More recent studies IPetermann and Chappuis, 1981), however, 
suggest an extraordinary high incidence of CPV infections already in 1977, 
as 20% of sera collected at this time proved positive. 

Most veterinarians involved in the study of canine parvovirus disease 
agree that the introduction of virus into a virgin, fully susceptible pop
ulation of canines is unlikely to pass unnoticed. Under these conditions 
infection is signaled by a rapidly increasing incidence of acute, frequently 
fatal enteritis. Therefore, it remains to be explained how the virus could 
have given rise to a considerable proportion of inapparently infected an
imals about two years before epidemic disease was recorded in Belgium 
lin 1978) as well as in France laround October 1979). Moreover, it is barely 
understandable that the virus should have been introduced almost si
multaneously into the U.S.A., Australia, Great Britain, and South Africa 
in 1978 whereas countries in the vicinity of France and Belgium like 
Switzerland, Germany, and Austria, experienced the first documented 
outbreaks of canine enteritis in 1979, Le., about one year later and in 
parallel with the overt outbreak of disease in France. 

There is a final enigma associated with the epidemiology of the can
ine parvovirus. Most countries have established strict legal regulations 
to prevent importation of foreign pathogens. The known stability of par
voviruses that allow CPV to survive even under unfavorable conditions 
for long periods of time may account for a relative inefficiency of quar
antine regulations. Besides, dog owners may have transported virus pas
sively on contaminated clothing and shoes thus giving rise to localized 
outbreaks of canine enteritis subsequent to dog shows (L.E. Carmichael, 
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personal communication). However, it is unlikely that these were the 
main mechanisms by which infection spread almost simultaneously to 
North America, South Africa, Australia, and in Europe. Therefore, the 
idea that the virus was spread in a commercial product designed for vet
erinary use (Johnson and Spradbrow, 1979) is appealing. This would in 
fact explain the close genetic relationship of the CPV isolates character
ized to date, the efficient and almost simultaneous spread of the virus to 
far distant locations, as well as the readiness by which all quarantine 
regulations were circumvented. 

v. CONCLUSIONS 

All available data concerning the characteristics of the pathogen re
sponsible for the worldwide outbreaks of canine epidemic enteritis and 
myocarditis indicate that this virus is a variant of feline parvovirus. It 
can be distinguished unambiguously from the other two variants-feline 
panleukopenia virus and mink enteritis virus-on the basis of an ex
tended in vitro host cell range and a characteristic restriction enzyme 
pattern. Antigenic differences have also been reported; their significance 
and usefulness for diagnostic purposes, however, are still a matter of dis
cussion. There is reliable evidence that all CPV strains isolated to date 
are identical. 

The first well-documented and virologically proven episodes of can
ine parvovirus disease were observed within a rather brief period of time 
in widely separated geographical locations. In most of these regions can
ine sera collected before that event did not contain antibodies to the virus. 
These epidemiological data and the evident complex biological and ge
netic differences between CPV and FPLV/MEV argue against the possi
bility that CPV evolved under field conditions by stepwise mutation and 
acquired its pathogenicity in the course of frequent dog-to-dog passages. 
Rather, the generation of the new pathogen under highly selective pres
sures provided in a biological laboratory must be seriously considered. 

Transmission of parvoviruses is favored by their extraordinary ability 
to survive even under the most unfavorable conditions for a rather long 
period of time. Therefore, dog owners may have transported the virus 
during international flights on contaminated clothing. However, it is 
open to question whether these factors alone can account for the almost 
simultaneous appearance of canine parvovirus disease on four continents 
as well as for the rapidity with which all quarantine regulations were 
circumvented. In consequence, dissemination of the virus in a commer
cial product for veterinary use such as, for example, in a viral vaccine 
still cannot be excluded. Independent of the vehicle involved in the spread 
of CPV, however, it has become evident that the existing legal regulations 
apparently are rather ineffective in preventing the spread of a parvovirus. 
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Epidemic canine parvovirus enteritis and myocarditis is the second 
serious episode in which a variant of feline parvovirus has established 
itself as a threatening pathogen in a previously unaffected and even un
susceptible species. The origin and genesis of mink enteritis virus, o~
served for the first time in ranch mink in Canada in 1947, has never been 
analyzed in detail. There are also no suggestive experimental data as to 
whether the potential to cross species barriers is inherent to all parvo
viruses or whether it is limited to feline parvovirus. In any case, the 
potential for spread to further, unrelated species seem to be signaled for 
CPV by its ability to replicate in cultures of bovine and human cells. 

The scenario of an epidemic disease with the features of feline pan
leukopenia, mink enteritis, or canine parvovirus disease in valuable an
imal livestock or even in man is highly worrying. Therefore, every pos
sible measure should be taken to prevent such an event. In this respect, 
the most obvious possibility is to avoid any selective pressure on the 
virus which would favor mutation in the direction of variants with new 
biological properties. Selective pressure evidently is created by the re
peated and uncritical injection of living modified FPLV or MEV vaccine 
virus into dogs or further animals as well as by the use of heterologous 
cell culture systems to speed up attenuation of viruses for vaccine pro
duction. It would also seem highly desirable to avoid the use of attenuated 
parvovirus vaccines altogether. Injection of such vaccines obviously adds 
to the dissemination of virus mutants of largely unknown biological po
tential. As long as this is not feasible, safety tests should be requested 
for every attenuated parvovirus vaccine proving at least the inability of 
the virus to replicate in cell cultures derived from human tissues as well 
as in cells of the most important domestic animals. Additionally, a re
striction enzyme pattern should be established and depOSited, thus al
lowing the unambiguous identification of the virus if necessary. Finally, 
experimental analysis of the factors and mechanisms controlling the rep
lication and pathogenicity of parvoviruses should be given the highest 
priority. 
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