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Summary 

 Canine parvovirus (CPV) type 2 is a member of the Protoparvovirus genus of 

the Parvoviridae family and has emerged about forty years as the leading cause of 

acute gastroenteritis in puppies. Its ubiquity, high contagiousity and high rates of 

morbidity and mortality have granted a great importance in Veterinary Medicine and 

considered as a new pandemic pathogen of dogs. Arduous work in the past decades 

has led to important progress on the knowledge of the origin of this virus and its 

ability to undergo sustained transmission in the new host. This virus has originated 

as a host range variant from feline panleukopenia virus (FPV) by via of wild 

carnivores through mutations in the capsid protein that CPV-2 gained the ability to 

infect dogs. Around 1980, it was rapidly replaced by a new antigenic variant, called 

CPV-2a. Later, two new antigenic variants were described based on the change 

resulting from the presence of at VP2 residue 426 located at the top of the three-fold 

spike on the capsid structure, CPV-2b and CPV-2c. As a consequence of CPV rapid 

evolution, these variants have been reported circulating worldwide. CPV is an 

important example of a viral pathogen that evolved by cross-species transmission 

affecting many carnivore species.  

Thus, the main objectives of this work were to detect the presence of CPV and 

to characterize the strains in dogs from Portugal, also in cats and wild carnivores. To 

evaluate the phylogenetic relation of the detected strains with reference strains 

reported worldwide and to investigate the effect of in vitro possible mutations that 

may occur in the residue 426. 

The recording of clinical information and the detection of CPV by testing fecal 

samples of dogs suspected of being CPV infected between 2012 and 2014 showed 

that younger dogs, depressed and dehydrated were more likely to be CPV-infected 

and dogs that had received anthelminthic treatment and showed hypothermia were 

less likely to be CPV-positive. 

 We could confirm by characterizing the CPV cases throughout several regions 

of Portugal that the three antigenic variants are widespread in dog population of 

Portugal, showing a geographic distribution not uniform. CPV was detected in 

198/260 (76.2%) of the fecal samples. The dominant variant was CPV-2c (51.5%), 

followed by CPV-2b (47.5%) and CPV-2a (1%). This study also demonstrated that 

CPV-2c was the only detected variant in both Islands (Açores and Madeira Island), 
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being the first time that this virus was reported in the Portuguese Islands. The 

phylogenetic analysis demonstrated that the isolates were similar to other European 

strains, and that this virus continues to evolve. 

In the canine population analyzed, we determined the presence of 50/78 

(64.1%) vaccinated dogs against CPV positive for this virus. Most of animals showed 

clinical signs short time after CPV vaccination, but 19 animals showed clinical signs 

after 10 days of the vaccination, suggesting vaccination failure. Of these, the dogs 

that had a complete vaccination schedule were infected by CPV-2c. However, the 

small number of cases is not enough to directly associate the vaccination failure with 

the CPV variants detected. 

A domestic cat infected by CPV-2c was detected in Portugal for first time. In 

more 31 cats that were analyzed in the periods of 2006-2008 and 2012-2014, this 

virus was not found. As expected, FPV was detected in 18 (58%) and the found 

strains were divergent from those reported previously, while related to viruses that 

have been sampled in European, Asian and the American cats.  

We also investigated the presence of CPV in 227 free-ranging wild carnivores 

from Portugal. From several tissues collected and stored during seventeen years 

(1995-2011). CPV was detected in 4 (1.8%) animals. Their characterization showed 

two wolves infected by CPV-2b, one by CPV-2a and one stone marten by CPV-2c. 

Finally, to explore the possible role of the changes in VP2 position 426, four 

single mutations introduced in an infectious CPV clone were transfected into canine 

and feline cells. These mutations have not been observed in field isolates. The 

results shows that three mutations (426-Gly, -Gln and –Ala) had the ability to infect 

both in vitro hosts, suggesting that they can be sellected in nature. However, the 

mutant 426-Lys was only infectious to dog cells.  

 In conclusion, with the present study a more detailed knowledge about the 

CPV in dog Portuguese population was acquired and constitutes a substantial 

contribution to the CPV literature, an important enteric pathogen of dogs. 
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Resumo 

 O parvovirus canino (CPV) tipo 2 é membro do género Protoparvovirus, 

família Parvoviridae, que emergiu há cerca de 40 anos como a causa de 

gastroenterites agudas em cachorros. Este assume grande importância em Medicina 

Veterinária por ser ubiquitário, altamente contagioso causando elevadas taxas de 

morbilidade e mortalidade. O trabalho desenvolvido nas últimas décadas levou a um 

melhor conhecimento deste vírus, relativamente à sua origem e à sua capacidade de 

infetar novos hospedeiros. Este vírus originou-se como uma variante do vírus da 

panleucopenia felina por intermédio de carnívoros selvagens, nos quais sofreu 

mutações na proteína da cápside, ganhando a capacidade para infear cães. Por 

volta de 1980, o vírus foi rapidamente substituído por uma nova variante antigênica, 

designada por CPV-2a. Mais tarde, duas novas variantes antigénicas foram 

descritas com base na mutação observada no resíduo 426 da região VP2, localizada 

na superfície da cápside, a CPV-2b e CPV-2c. Devido à evolução do CPV, estas 

variantes atingiram uma distribuição a nível mundial. O CPV é um bom exemplo de 

um agente viral que evoluiu por transmissão entre espécies, afetando muitas 

espécies de carnívoros. 

 Assim, os objetivos principais deste trabalho foram a deteção de CPV e a sua 

caracterização em cães de Portugal, e também em gatos e carnívoros selvagens. E 

ainda, avaliar a relação filogenética entre as variantes circulantes em Portugal e as 

variantes já descritas assim como de investigar in vitro as possíveis mutações que 

podem ocorrer no resíduo 426. 

 A informação clínica e a deteção de CPV a partir de amostras fecais 

recolhidas de cães suspeitos de infeção entre 2012 e 2014 demostraram que os 

cães mais jovens, deprimidos e desidratados foram mais propensos a ser infetados 

por CPV e os cães que tinham recebido tratamento anti-helmíntico e apresentaram-

se com hipotermia revelaram ser menos propensos a ser CPV-positivo. 

 A caracterização do CPV que foi realizada de amostras provenientes de 

várias regiões do país confirmou a circulação das três variantes antigênicas na 

população canina de Portugal, apresentando uma distribuição geográfica não 

uniforme. CPV foi detectado em 198/260 (76,2%) das amostras fecais analisadas. A 

variante dominante foi a CPV-2c (51,5%), seguida pela CPV-2b (47,5%) e CPV-2a 

(1%). Este estudo demonstrou que CPV-2c foi a única variante detetada em ambas 
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as ilhas (Açores e Madeira), sendo a primeira vez que este vírus foi relatado nestas. 

A análise filogenética demonstrou que os isolados foram semelhantes a outras 

estirpes europeias, e que este vírus continua a evoluir. 

 Explorou-se de igual modo, dentro da população canina analisada, os animais 

já vacinados contra o vírus da parvovirose canina que contraíram parvovirose. O 

vírus em estudo foi detetado em 50/78 (64,1%) dos cães vacinados contra CPV. A 

maioria dos animais demostraram sinais clínicos pouco tempo após a vacinação de 

CPV, mas 19 destes demostraram sinais clínicos 10 dias após a vacinação, 

sugerindo casos de falha vacinal. Destes animais, os que tinham o esquema vacinal 

completo foram infetados por CPV-2c. No entanto, não foi possível estabelecer uma 

associação direta entre a falha vacinal e as variantes detetadas. 

 Foi detetado pela primeira vez em Portugal, o caso de um gato doméstico 

infetado por CPV-2c. Foram analisados mais 31 gatos entre os períodos de 2006-

2008 e 2012-2014, onde o CPV não foi detetado. Contudo, como esperado, o vírus 

da panleucopenia felina foi detetado em 18 (58%) gatos e as estirpes encontradas 

mostraram-se divergentes das descritas anteriormente.  

 A presença de CPV em 227 carnívoros selvagens de Portugal também foi 

investigada a partir vários tecidos recolhidos e armazenados durante 17 anos (1995-

2011). CPV foi detetado em 4 animais (1,8%). A caracterização genética demostrou 

que dois lobos estavam infetados pelo CPV-2b, um pelo CPV-2a e uma fuinha pelo 

CPV-2c. 

 Finalmente, explorou-se a infeciosidade de mutações alternativas na posição 

426 na região VP2 do CPV, pelo que foram introduzidas quatro mutações únicas 

num clone CPV infecioso, através da transfeção destas em células caninas e felinas. 

Este trabalho revelou os seguintes aminoácido mutantes, Gly, Gln e Ala no resíduo 

426 como infeciosos para o hospedeiro felino e os aminoácidos Gly, Gln, Ala e Lys 

infeciosos para células caninas, sugerindo que a posição deste aminoácido na 

superfície do vírus poderá ser suscetível a estas alterações na natureza. 

 Em conclusão, este estudo permitiu a aquisição de conhecimentos sobre o 

CPV na população canina Portuguesa e constitui uma contribuição substancial para 

a literatura do CPV, como um importante agente entérico dos canídeos. 
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1.1. Etiology of canine parvovirus 

  

1.1.1. Taxonomy and virus structure 

 

 The canine parvovirus type 2 (CPV-2) belongs to the genus Protoparvovirus, 

member of the Parvoviridae family, that has been included within the species 

Carnivore protoparvovirus 1, together with feline panleukopenia virus (FPV), mink 

enteritis virus (MEV) and raccoon parvovirus (RPV), according to the International 

Committee on Taxonomy of Viruses (ICTV, 2014).   

 Parvoviruses have small (~25nm diameter), non-enveloped icosahedral 

capsids. The three-dimensional structure of CPV-2 particles has been determined at 

atomic resolution using X-ray crystallography (Tsao et al., 1991; Agbandje et al., 

1993, Xie and Chapman, 1996). The virus has a linear single-stranded and negative 

sense DNA genome of ~5,200 nucleotides, containing two major open reading 

frames (ORFs, Figure 1.1 and Table 1.1). The ORF in the 3' half of the genome 

encodes the nonstructural proteins (NS1 and NS2), while the ORF in the 5' half of the 

genome encodes the structural proteins (VP1 and VP2). At either end of the genome 

palindromic hairpins of about 150 bases are used in the replication of the viral DNA 

(Reed et al., 1988; Parrish, 1999).  

 

 
Figure 1.1. Basic genetic organization of CPV-2, with the key amino acid position that allowed the 
genotyping of the CPV-2 strains (adapted from Demeter et al., 2010). 

 

 

 The parvoviral capsid contains 60 protein subunits of VP1 (5-6 copies) and 

VP2 (54-55 copies), and those share a common structure. The coding regions for the 

VP1 (727 residues) and VP2 (584 residues) proteins overlap, apart from a 143 amino 

acid N-terminal region unique to VP1 (Tsao et al., 1991; Agbandje et al., 1993). The 

two structural proteins are produced by alternative splicing of viral mRNAs (Reed et 

al., 1988; Wang et al., 1998; Parrish and Kawaoka, 2005). The VP2 protein can be 

cleaved near its N-terminus by host proteases to produce another structural protein, 

VP3. The capsid proteins have a highly conserved central core composed of an 
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eight-stranded anti-parallel β-barrel with flexible loops between the β-strands that 

interact to form most of the capsid surface. The surface features of the capsid 

includes a 22 angstroms (Å) long raised region (spike) on the three-fold axes, a 15 Å 

deep depression (canyon) surrounding cylindrical structures at the five-fold axes, and 

a 15 Å deep depression (dimple) at the two-fold axes (Figure 1.2). In addition, the 

three-fold axis is the most antigenic region of the capsid and serves as a target for 

neutralizing antibodies (Figure 1.3; Tsao et al., 1991; Agbandje et al., 1993). 

 

Table 1.1. Autonomous parvovirus genes and their functions (adapted from Parrish and Kawaoka, 
2005). 
Gene Known functions 

NS1 Nuclear protein involved in controlling viral DNA replication; recognizes 
and nicks the viral DNA during replication, helicase activity; controls DNA 
packaging into the capsid; controls cellular apoptosis; binds a number of 
cellular proteins. 

NS2 Found in nucleus and cytoplasm, actively transported by Crm1; has a role 
in efficient capsid assembly in cells, and in some cases it complements 
the viral capsid assembly in a host-specific manner. 

VP1 (overlaps with VP2, 
additional N-terminal 
sequences) 

As for VP2; also contains a phospholipase A2 activity that is important for 
the process of cell infection. Basic sequences of the unique region may 
control the process of nuclear transport. 

VP2 Assembles to form capsids, which control the viral cell-receptor interaction 
with the TfRs and SAs, and controls the packaging of the DNA. Antigenic 
epitopes are the primary target of antibody immunity, which is protective 
against infection. 

 

 

 

 

 
Figure 1.2. Structure schematic representation of the CPV-2 by crystallographic analysis (based on 
Xie and Chapman, 1996; http://www.virology.wisc.edu/virusworld).  
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Figure 1.3. The viral surface is shown as a stereographic projection where the polar angles ϕ and θ 
represent the latitude and longitude of a point on the viral surface, respectively. The virus surface is 
represented as a quilt of amino acids and the icosahedral asymmetric unit of the virus is indicated by 
the triangular boundary. To visualize the different copies of the capsid protein in the road map that 
comprise the asymmetric unit, VP2 molecules are displayed in tints of magenta, green, and blue. 
Escape mutations from neutralizing antibodies are colored red for site A and dark blue for site B 
(adapted from Hafenstein et al., 2009).  

 
 
1.1.2. Origin and virus emergence 

 

 In the 1970s, CPV-2 emerged as a new virus in domestic dogs. It caused a 

pandemic disease and spread though Asia, Australia, New Zealand, the Americas 

and Europe in early 1978 (Parrish et al., 1988, 1999). This virus was identified as 

CPV type 2 to distinguish it from the distantly related minute virus of canine (MVC) or 

also known as canine parvovirus type 1 (CPV-1) (Carmichael et al., 1994). Molecular 

clock estimates and phylogenetic studies indicated that CPV-2 likely emerged a 

number of years before spreading globally in dogs in 1978 and 1979 (Parrish et al., 

1988; Shackelton et al., 2005; Hoelzer et al., 2008). Testing for antibodies in dog 

sera showed that the first positive titers in dogs in Greece and Belgium, between 

1974 and 1976 (Schwers et al., 1979; Koptopoulos et al., 1986), while the first 



Chapter 1   

 

 

6 

 

positive sera in the USA, Japan and Australia, were reported early in 1978 (Parrish, 

1999). Since that year, the virus has been ubiquitous in dogs throughout the world 

(Parrish, 1999). During 1979, wild coyotes in the USA also became widely infected 

(Thomas et al., 1984).  

 The phylogenetic relationships between CPV-2 isolates from dogs and the 

viruses from cats (FPV), mink (MEV), raccoon (RPV), raccoon dog (raccoon dog 

parvovirus, RDPV) and blue fox (blue fox parvovirus, BFPV) showed that all CPV 

derived from a single common ancestor, and that the strains most similar to viruses 

from different wildlife animals including raccoons and foxes (Allison et al., 2012, 

2013). CPV was shown to be related to a virus similar to the long recognized FPV, 

but likely not from cats (Truyen et al., 1995). CPV-2 likely arose when it acquired 

mutations that allowed binding to the transferrin receptor type-1 (TfR) on the surface 

of canine cells (Truyen et al., 1996a; Shackelton et al., 2005; Allison et al., 2012). 

Several studies have demonstrated that the TfR plays a key role in the susceptibility 

of cells to infection by these viruses (Hueffer et al., 2003; Palermo et al., 2006). 

 CPV and FPV are over 98% identical in DNA sequence but have specific host 

ranges, antigenic and hemagglutination (HA) properties which are controlled by the 

capsid protein gene (Chang et al., 1992; Truyen et al., 1995; Shackelton et al., 2005). 

The successful cross-species viral transfer and adaptation to the new canine host 

involved few amino acid changes in and around the three-fold spike (Truyen et al., 

1995). These six genomic changes were sufficient for CPV-2 to acquire the canine 

host range, but lost the ability to replicate in feline host (Chang et al., 1992; Truyen 

and Parrish, 1992). Three differences at VP2 residues 93 (Lys to Asn), 103 (Val to 

Ala), and 323 (Asp to Asn) between FPV and CPV-2 could introduce the canine host 

range (Chang et al., 1992; Truyen et al., 1995). The changes of VP2 residues 80 

(Lys to Arg), 564 (Asn to Ser) and 568 (Ala to Gly) were associated to the loss of the 

ability to replicate in cats (Truyen et al., 1994a) and are shown in Figure 1.4 and 1.5. 

However, residues 232 (Val to Ile) and 375 (Asp to Asn) also changed between FPV 

and CPV-2 sequences. The residue 375 variation was found only in some isolates of 

the original strain of CPV-2, and in later CPV variants that residue reverted to an 

Asp, suggesting that 375Asn is not critical to the success of CPV in nature. However, 

VP2 residue 375 that is located on the side of the threefold spike, this amino acid 

together with 323 determines the pH dependence of hemagglutination (Parrish, 

1991a; Parrish et al., 1991b; Chang et al., 1992).    
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Figure 1.4. The locations of the mutations between FPV and CPV variants in the structure of the 
capsid. (A) The surface of the capsid is shown as a projection, where an icosahedral asymmetric unit 
of the capsid is shown as a triangle. (B) The surface-exposed of the CPV capsid, where the three VP2 
426 residues (1 to 3) from the three different VP2 monomers located on the top of the three-fold spike 
are visible and are equivalent to shown in (A). VP2 residues 80, 564 and 568 in FPV, as well as 
residues 87, 297, 300 and 305 in the new antigenic of CPV-2a, -2b and -2c (along with residue 101, 
which is not surface exposed) appear to determine the ability to replicate in cats. Residues 93 and 323 
differ between CPV-2 and FPV and control canine host range and influence canine TfR binding, while 
residue 426 differs between the new antigenic variants (Based on Steinel et al. (2000) and Allison et 
al. (2014)). These locations were visualized using the PyMOL Molecular Graphics System, version 
1.5.0.4 Schrödinger, LLC.  

  

 

1.2. Genetic evolution of canine parvovirus 

 

1.2.1. Emergence of antigenic CPV-2 variants 

 

 After the detection of CPV-2 in many countries, this virus was replaced around 

1980 in the USA by an antigenically and genetically variant virus, designated CPV-

2a. While the CPV-2 strain was present in the USA, Japan, Belgium and Australia 

prior to 1980, it was replaced by the CPV-2a variant in all of those countries between 

1979 and 1982, as well as, in France and Denmark (Parrish et al., 1988). The 

examination of sera collected from wild coyotes (Canis latrans) between 1979 and 

1984 in the USA also indicated that these were originally infected by CPV-2 (Thomas 

et al., 1984), but that after 1980 the juvenile coyotes were being infected with CPV-

2a, as well as by the 426Asp variant also known as CPV-2b (Parrish et al., 1988).   

 The natural global replacement of CPV-2 by CPV-2a over a period of 2 to 3 

years indicates that CPV-2a has a strong epidemiological advantage over CPV-2 

(Parrish et al., 1988). It was also seen that the CPV-2a and its derivatives had 

regained the ability to infect cats, and it also became the most common virus in many 
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other carnivores (Truyen et al., 1996a). CPV-2a became the new dominant lineage 

and underwent further evolution, gaining several common point mutations in various 

lineages. Some of these mutations changed the antigenic properties of the capsid 

and reached high frequencies in viral populations (Maya et al., 2013). The CPV-2a 

strain that emerged in 1979 differs in only five or six amino acids from CPV-2 isolates 

(Parrish et al., 1991b). The changes of the residues 87 (Met to Leu), 300 (Ala to Gly) 

and 305 (Asp to Tyr) allowed the replication in cats (Figure 1.4 and 1.5). Other 

changes also occurred in the capsid protein gene, residues 101 (Ile to Thr), 297 (Ser 

to Ala) and 555 (Val to Ile), between originally CPV-2 and -2a (Tsao et al., 1991; 

Agbandje et al., 1993; Truyen et al., 1996a).  

 In addition to the original CPV-2a antigenic type, there are two antigenic 

variants called CPV-2b (or VP2 426Asp) and CPV-2c (or VP2 426Glu). Although not 

all scientists are in agreement with the virus nomenclature, the reference to CPV-2a, 

-2b and -2c is prevalent in the literature. CPV-2b was first detected in 1984 in the 

USA (Parrish et al., 1991b) and CPV-2c was identified in 2000 in Italy (Buonavoglia 

et al., 2001). However, a recent study (Decaro et al., 2007a) showed that the oldest 

CPV-2c strain was isolated in 1996, thus providing evidence that this variant had 

been circulating in Germany 4 years before its first detection in Italy. Antigenic 

differences among the three variants are associated with changes at residue 426 

(Asn in CPV-2a, Asp in CPV-2b, and Glu in CPV-2c). This mutation affects the major 

antigenic region (epitope A), which is located at the top of the three-fold spike in the 

VP2 protein. From the DNA sequence analysis of CPV-2a and -2b it was shown that 

the second variant differ only two amino acids from the first, in the VP2 protein. The 

two CPV-2b specific coding changes resulted in differences in VP2 residues 426, 

previously referred, and 555 in the VP2 region (Figure 1.5). The substitution of VP2 

residue 555 (Ile to Val) represented a reversion to or retention of the sequence of 

CPV-2, and only the difference at residue 426 determined the altered epitope 

recognized and represented a replacement unique to CPV-2b (Parrish et al., 1991b). 

As the CPV-2b and -2c antigenic strains differ from CPV-2a at only one position (VP2 

residue 426), they are now considered by some authors to be variants of CPV-2a 

rather than distinct subtypes (Organtini et al., 2015).   
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Figure 1.5. Some of the evolutionary process of CPV-2 in dogs. Designation of CPV-2 antigenic 
variants and FPV based on major antigenic sites occurring in the VP2 capsid protein, such as the host 
range players. Amino acid positions were based on reference sequence with the accession number 
M24004 (FPV-b), M23255 (CPV-d), M24000 (CPV-31), M74849 (CPV-39) and FJ005196 (G7). 

 

 Other non-synonymous substitutions at the VP2 region were also reported in 

the variants. An amino acid change at VP2 position 297 (Ser to Ala) was observed 

both in CPV-2a and CPV-2b. Residue 297 is located in a minor antigenic site close to 

epitope B but no changes in the antigenicity of those variants have been reported. 

CPV-2a/2b having a mutation at 297 residue (Ser to Ala) have sometimes been 

designated as New CPV-2a and -2b (Martella et al., 2005; Ohshima et al., 2008). The 

mutation of VP2 residue 440 (Thr to Ala) has been observed in the same isolates 

which showed a mutation of VP2 residue 324 (Tyr to Ile). VP2 residue 440 may 

influence the antigenic structure as it is located in the GH loop of the VP2 protein on 

the surface of the capsid, while VP2 residue 324 is likely to have an effect on CPV 

host range similar to the previously characterized residue 323 (Hong et al., 2007; 

Mittal et al., 2014). An additional mutant, Asp-300, of CPV-2a/2b has been detected 

in recent years in domestic or wild felids in southern Asia, as well as in raccoons. The 

mutation 300-Asp is probably the expression of a further adaptation of the virus to 

replication in the feline or raccoon hosts (Ikeda et al., 2000; Allison et al., 2012). 
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 Nowadays, the three antigenic variants have a worldwide distribution, and are 

found to infect a variety of different hosts. The regaining of the feline host range and 

infection of other hosts is likely to be a selective advantage for the virus (Truyen et 

al., 1996a). While CPV-2 is considered a host range variant of a virus closely related 

to FPV that gained the ability to infect dogs via wild carnivores, as previously 

reported, the emergence of CPV-2a was previously suggested to be due to host 

adaptation in dogs (Allison et al., 2012). A recent study (Allison et al., 2012) showed 

that raccoons from the USA have harbored parvoviruses similar to CPV for over 20 

years. In a phylogenetic analysis of the VP2 protein many raccoon parvovirus 

sequences, as well as a single isolate from a bobcat, fell in intermediate locations 

between the dog-associated CPV-2 and CPV-2a strains. Hence, raccoon 

parvoviruses may have played a central role in the transition between CPV-2 and the 

later CPV-2a and related variants that not only infected dogs but regained the ability 

to infect cats, a property lost by CPV-2. The CPV-2a-specific residues at 87 and 101 

position were likely acquired during evolution of the virus in raccoons, while the 

changes at 300 and 305 were acquired when the virus transferred back to the canine 

host (Figure 1.5). However, other wild animals may have also played a role in the 

evolution and spread of CPV-2, such as, wolves, foxes, jackals and coyotes that 

have been found to be susceptible to CPV-2 disease (Thomas et al., 1984; Steinel et 

al., 2001).  

 Based on clinical signs, it is not possible to distinguish any of the CPV 

sequence variants (Markovich et al., 2012). Although a few reports suggest that 

CPV-2c may cause more severe clinical signs and mortality particularly in adult dogs 

than other strains (Decaro et al., 2008a), others describe less-severe disease and 

lower mortality rates in dogs infected with that virus (Decaro et al., 2005c).  

 Co-infections by multiple CPV variants in domestic dogs are not commonly 

reported, however, two cases have been detected (Battilani et al., 2007; Vieira et al., 

2008a). A recent study by Perez et al. (2014) reported 2 co-infections, in which one 

dog was infected by CPV-2c and CPV-2a strains, where the sequences examined 

differed in 29 nucleotides, and in the other dog the CPV sequence included a minor 

CPV-2a strain (13.3% of the viral population) and a major recombinant strain 

(86.7%). The recombinant strain arose from the inter-genotypic recombination 

between CPV-2c and CPV-2a strains within the VP1/VP2 gene boundary. These 

data indicate that co-infections and recombination are currently occurring between 
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circulating strains in natural populations of CPV, indicating that both may be relevant 

forces in the generation of viral diversity and the emergence of new genotypes. 

Rapid genomic evolution by genetic interchange may be regulated by restricting 

recombination to particular hotspots in the genome that favor the interchange of the 

entire VP2 gene (Perez et al., 2014). 

 

1.2.2. Host ranges for antigenic CPV-2 variants 

 

 Domestic cats 

 

 The original CPV-2 does not replicate in cats, on the other hand, it replicates 

in feline cells in vitro (Parrish, 1991a; Truyen and Parrish, 1992). In contrast, the new 

variants of CPV-2 have also penetrated the feline host range and they are able to 

infect and replicate in cats, causing disease indistinguishable from FPV (Truyen et 

al., 1996a; Battilani et al., 2011). In Vietnam and Taiwan, Ikeda et al. (2000) revealed 

that more than 80% of the isolates from cats were of the CPV type, rather than FPV. 

CPV-2a and -2b viruses have also been isolated in feline cells in vitro and in 

domestic cats in vivo from Japan, USA, Taiwan and Vietnam (Truyen et al., 1995; 

Mochizuki et al., 1996; Truyen et al., 1996a; Ikeda et al., 2000). Diseased cats have 

also been detected with CPV-2c (Miranda et al., 2014) or co-infections by multiple 

CPV variants (Battilani et al., 2006) or mixed infections with FPV and CVP-2-like (Url 

et al., 2003; Battilani et al., 2011). Some studies have also reported the presence of 

CPV-2 variants in fecal and bone marrow samples of healthy cats (Clegg et al., 2012; 

Haynes and Holloway, 2012). Retrospective typing of parvovirus isolates in clinically 

affected domestic cats has revealed a small percentage (about 5%) of CPV 

infections caused by CPV-2a or -2b (Truyen et al., 1996b). 

 

 Wild animals 

 

 Parvoviruses are relatively stable in the environment and indirect transmission 

likely plays an important role in the transmission and maintenance of the viruses in a 

population, particularly in wild carnivore populations which may be characterized by 

low contact rates between animals. Transmission between domestic and wild 

carnivores may also readily occur, while direct transmission through close contact or 
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predation on smaller carnivores has been proposed, the viruses are probably readily 

transmitted across long distances by fomites (Barker and Parrish, 2001; Hoelzer and 

Parrish, 2010). 

 The host ranges of the CPV variants are complex and diverse. Although CPV 

isolates have been recovered from domestic cats and dogs, they have naturally been 

detected in a variety of related carnivores. Infection with CPV has already been 

demonstrated in Canidae, Felidae, Procyonidae and Mustelidae family (Barker and 

Parrish, 2001; Steinel et al., 2001) and the families of wild carnivores where the 

presence of CPV were detected are summarized in Table 1.2. However, several 

studies reported the detection of CPV in other wild carnivores by serological analysis 

(Santos et al., 2009; Woodroffe et al., 2012), and consequently there are no 

sequences available on GenBank database. 

 

Table 1.2. Species and taxonomic family of wild carnivores infected by CPV variants, according to the 
references analyzed.  
Family Species Regular name CPV variants 
Canidae Canis lupus Gray wolf 2a, 2b, 2c 
 Otocyon megalotis Bat-eared fox 2b 
 Vulpes vulpes Red fox 2a 
 Canis latrans Coyote 2b, 2c 
 Nyctereutes procyonoides Raccoon dog  2a 
Felidae Acinonyx jubatus Cheetah 2b 
 Panthera tigris altaica Siberian tiger 2c 
 Felis bengalensis Leopard cat 2a, 2b, 2c 
 Puma concolor Puma 2b, 2c 
 Lynx rufus Bobcat 2a, 2c 
Viverridae Paguma larvata Masked palm civet 2a 
Mustelidae Martes foina Stone marten 2a, 2b 
 Aonyx cinerea Asian small-clawed 

otters 
2c 

Ailuridae Ailurus fulgens Red panda  2a 
Ursidae Ailuropoda melanoleuca Giant panda  2a 
Procyonidae Procyon lotor Raccoon 2a, 2b 

 

 

 The 300 residue is important in distinguishing the antigenicity and host range 

among parvovirus but may vary among CPV isolates (Qin et al., 2007). Alanine holds 

the position in CPV-2; in CPV-2a and -2b it is Gly; in CPV-2c of the Vietnamese 

leopard cat Asp (Ikeda et al., 2000). During 1995 to 1997, CPV-2a or -2b variants 

were isolated from three leopard cats (Felis bengalensis), in Vietnam and Taiwan. 

Other three leopard cats showed the substitution (Gly to Asp) at the conserved 300 
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residue, while were designated as leopard cat parvovirus (LCPV), but currently 

designated by CPV-2c (Ikeda et al., 2000). In 2004, nucleotide and phylogenetic 

analysis of the capsid protein VP2 gene classified the red panda parvovirus (RPPV) 

as a CPV-2a from red panda (Ailurus fulgens) in China. The substitution of Val for 

Gly at the conserved 300 residue in RPPV presents an unusual variation in the CPV-

2a amino acid sequence and is a further evidence for the continuing evolution of the 

virus (Qin et al., 2007). Chen et al. (2011) showed that the isolates from the raccoon 

dog parvovirus (RDPV) and masked palm civet parvovirus (MCPV) were antigenically 

similar to CPV-2a, but had a change at G300S and classified as CPV-2a-like. The 

G300S mutation would have contributed to the adaptation of CPV-2a to raccoon 

dogs (Nyctereutes procyonoides) and masked palm civets (Paguma larvata). In 

addition, the MCPV had a change at T301A in VP2 protein. Residue 301, following 

residue 300, is located in loop 3 at the extremities of the threefold spike on the viral 

surface. Therefore, its changes might also affect antigenicity and host range of CPV. 

Other evidence for the continuing evolution of the canine parvovirus was the 

identification of the Q370R point mutation in the VP2 gene from a giant panda 

(Ailuropoda melanoleuca) classified as CPV-2a (Guo et al., 2013). All variants have 

succeeded in regaining the feline/carnivores host and new genomic mutations can be 

expected in future (Steinel et al., 1998). 

 Steinel et al. (2000) reported the detection of CPV-2b viral DNA in six 

cheetahs (Acinonyx jubatus) from Namibia and USA and, in a bat-eared fox (Otocyon 

megalotis) from Namibia. CPV-2a sequence was also found in the fecal sample of 

the Siberian tiger (Panthera tigris altaica) from a German zoo. The very high 

prevalence of CPV-2a/2b infections in these large cats compared to domestic cats 

may suggest a higher susceptibility of these species for these virus types (Steinel et 

al., 2000). An isolate from a stone marten (Martes foina) collected in Portugal 

revealed the presence of CPV-2b (Duarte et al., 2013), such as a stone marten CPV-

2a strain was referred by Steinel et al. (2001). In Italy, four isolates from wolves 

analyzed by Battilani et al. (2001) were antigenically and genetically identified as 

CPV-2b. The phylogenetic analysis from several nondomestic animals, such as, 

raccoon (Procyon lotor), coyote (Canis latrans), gray wolf (Canis lupus 

baileyi/nubilus/occidentalis), puma (Puma concolor), striped skunk (Mephitis 

mephitis), bobcat (Lynx rufus) (Allison et al., 2012, 2013) revealed the presence of 

the three CPV variants. A recent study by Filipov et al. (2014) detected two wild 
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carnivores parvovirus positive, a wolf (Canis lupus) and a red fox (Vulpes vulpes), 

both being infected by CPV-2a strains. A diagnosis of canine parvovirus type 2c was 

also made in a group of Asian small-clawed otters (Aonyx cinerea) (Gjeltema et al., 

2015). 

 

1.3. Epidemiology 

 

 The virus is highly contagious, and most infections are generally acquired by 

the fecal-oral route through the contact with contaminated feces in the environment. 

In addition, people, instruments (equipment in veterinary facilities or grooming 

operations), insects, and rodents can serve as vectors. Dogs may carry the virus on 

their hair coat for extended periods. The incubation period of CPV-2 in the field is 4 to 

14 days (McCaw and Hoskins, 2006). 

 The disease can affect dogs at any age, but severe infection is most common 

in puppies between 6 weeks and 6 months of age (Houston et al., 1996). All breeds 

are susceptible to the disease, although the mixed breeds are described to be less 

susceptible than purebreds. Rottweilers, Doberman Pinschers, English Springer 

Spaniels, American Pit Bull Terriers and German Shepherd are the purebreds that 

have been reported with higher risk for CPV enteritis (Glickman et al., 1985; Houston 

et al, 1996). Dogs were more likely to be infected with CPV enteritis in summer and if 

they had not been currently vaccinated (Houston et al, 1996).  

 

The worldwide distribution of antigenic CPV-2 variants in the global dog 

population 

 

 The early evolutionary history of CPV was characterized by global 

dissemination and strain replacement. CPV-2a replaced the CPV-2 worldwide within 

2 or 3 years, indicative of an increased fitness in dogs (Parrish et al., 1988). At the 

end of 1983, Houston et al. (1996) showed that CPV infection had been reported in 

50 countries around the world. The dynamics of the spread and evolution of CPV 

may have changed since it emerged. In contrast to the early period, the most recent 

endemic phase of the disease appears to be characterized by geographical genetic 

differentiation (Hoelzer et al., 2008; Clegg et al., 2011). 
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 Between 1979 and 2005, nearly 600 articles, papers, numerous text chapters 

and monographs have been published on the subject of CPV-2, according to 

Carmichael (2005), with over 1000 listed in PubMed. Canine parvovirus infection has 

been reported from Africa, Asia, Australia, the Americas and Europe (Steinel et al., 

1998; Decaro et al., 2007a; Meers et al., 2007; Vieira et al., 2008b; Kumar and 

Nandi, 2010a; Markovich et al., 2012; Perez et al., 2012; Castanheira et al., 2014), 

and there are large numbers of publications which have reported the frequencies of 

different CPV variants in various countries and regions. Table 1.3 summarizes the 

presence of the CPV variants around the world in the domestic dog population, 

based on the analyzed references. Moreover, the CPV-2 variants have been reported 

in 41 countries distributed by 5 continents. The CPV-2a (VP2 426Asn) has been 

reported in 37 countries, the CPV-2b (VP2 426Asp) in 31 countries, and the CPV-2c 

(VP2 426Glu) reported in 20 countries. Those three strains have been reported to co-

circulate in 15 countries, mainly in European and South American countries (Figure 

1.6). However, these numbers may change as there are several other countries 

where current studies are based on CPV positive serology testing, namely Cape 

Verde (Castanheira et al., 2014), Pakistan (Muzaffar et al., 2006) or Zimbabwe 

(McRee et al., 2014). 

 

 

Figure 1.6. Geographical distribution of CPV variants based on 426 residue detected in domestic 
dogs worldwide. Orange: presence of three CPV variants; Green: presence of two of three CPV 
variants; Yellow: presence of one of three CPV variants. 
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 Recent epidemiological reports indicate that CPV-2a with VP2 426Asn is the 

predominant variant in Australia (Meers et al., 2007), most of Asian (Yoon et al., 

2009, Phromnoi et al., 2010; Chou et al., 2013; Yi et al., 2014; Timurkan et al., 2015) 

and European countries (Ntafis et al., 2010; Decaro et al., 2011a, 2013; Cavalli et al., 

2014; Filipov et al., 2014), and this is the only variant reported in New Zealand 

(Ohneiser et al., 2015), Nigeria (Dogonyaro et al., 2013), Hungary (Demeter et al., 

2010), Czech Republic (Decaro et al., 2007a), Slovenia and Romania (Decaro et al., 

2012), while it was not detected in Vietnam and Mexico, as well as, from an outbreak 

in a litter in Sweden (Table 1.3, Figure 1.7.A).  

 The prevalence of CPV-2b (VP2 426Asp) has been reported in several 

countries within the five continents (Table 1.3, Figure 1.7.B), and that was found to 

be the predominant antigenic variant in Ireland (McElligott et al., 2011), the United 

Kingdom (Decaro et al., 2007a), USA (Hong et al., 2007), African countries (Steinel 

et al., 1998; Touihri et al., 2009; Dogonyaro et al., 2013) and in four of nine Asian 

countries (Nakamura et al., 2004; Kumar and Nandi, 2010a; Ahmed et al., 2012; 

Soma et al., 2013). Both CPV-2a and CPV-2b were distributed in equal proportion in 

Belgium (Decaro et al., 2013), Switzerland, and in Austria where these antigenic 

types were exclusively isolated (Truyen et al., 2000). Additionally, a sequence with 

VP2 426Asp was isolated from a dog in Russia (GenBank) (Chausov EV, Ternovoi 

VA, Protopopova EV, Durymanov AG, Shestopalov AM, Loktev VB and Netesov SV, 

unpublished data, accession number JN033694).  

 Approximately 20 years after the emergence of the CPV-2c, this is found 

prevalent in Brazilian (Calderon et al., 2011; Perez et al., 2012; Pinto et al., 2012; 

Aldaz et al., 2013) and European countries (Decaro et al., 2011a; Sutton et al., 

2013). However, that variant has not been detected in Oceania (Table 1.3, Figure 

1.7.C). In Poland, all isolates were classified as CPV-2c during 1995-2009, while 

between 1982 and 1985 the isolates were CPV-2a and -2b (Majer-Dziedzic et al., 

2011).  

 The VP2 residue 426 variants of CPV coexist in different ratios in dog 

populations around the world (Truyen et al., 1996a). Their relative frequencies and 

genetic characteristics vary according to the geographic region analyzed and the 

time of sample collection. The reasons for the different ratios in various countries are 

unknown, but immune-selection by vaccines based on different antigenic types seem 

unlikely, as many vaccines used in different parts of the world are based on the 
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original type CPV-2 (Steinel et al., 1998). Cross-protection has been demonstrated 

with the use of these vaccines against infection with the different VP2 426 variants 

(Spibey et al., 2008; Wilson et al., 2013). The co-existence of those three variants in 

various populations in the world and in different ratios shows that there is likely no 

strong evolutionary advantage for one type or the other (Steinel et al., 1998). 
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Figure 1.7. Worldwide distribution of CPV-2 variants in domestic dogs. Red: presence of CPV-2a 
variant (A); Pink: presence of CPV-2b variant (B); Green: presence of CPV-2c variant (C). 

 

 

 The temporal and geographic variability and the relative frequencies 

 

 Depending on the year of collection of the canine samples, the frequency of 

the CPV variants has revealed interesting changes in their distribution and variability. 

Table 1.3 shows the variant types reported globally in the dog population, while Table 

1.4 shows their temporal variation within different countries.   

 During 6 years, the variants prevalence was analyzed on collected samples of 

the Uruguayan dog population. CPV-2c was the main variant retrieved on samples 

from 2006, with only one CPV-2a (Perez et al., 2007) and CPV-2c was the only 

variant detected from samples collected between 2007 and 2009. However, an 

unexpected epidemiological change has occurred in Uruguay in 2010, where a 

divergent CPV-2a strain emerged in the CPV-2c homogenous population. This 

variant rapidly spread through the national dog population and the sequence analysis 

showed amino acid substitutions (267Tyr, 324Ile, and 440Ala) that were not 

observed in the Uruguayan CPV-2c (Perez et al., 2012). In 2011, the frequency of 

the CPV-2a increased to levels of 85% in the canine population (Maya et al., 2013). 

 In Brazil, all the three variants were found circulating in the canine population, 

however in different proportions, being the predominant variant type dependent on 

the year of study. CPV-2a was the predominant variant during 1980-86, which was 
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substantially replaced by CPV-2b from 1990 to 1995 (Pereira et al., 2000).  All 

samples from 1995 to 2003 were identified as CPV-2a, and from 2004 to 2006, both 

CPV-2a and CPV-2b were observed. From 2006 to 2009, most of the samples were 

characterized as CPV-2b, with only one sample classified as CPV-2c in 2008 (Castro 

et al., 2010), and that become the most predominant variant circulating in Brazil 

between 2008 and 2010 (Pinto et al., 2012). 
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 The predominance of variants may also vary according to the regions of the 

country where the samples are collected (Yi et al., 2014). For example in Portugal, 

the predominant CPV-2 variants found in the continental south regions and in the 

Islands differed from those detected in the samples collected in the continental north 

of country (Miranda et al., 2016), however, the distribution of CPV in China did not 

show any geographical correlation (Yi et al., 2014). The reason for the uneven world 

distribution of the different viral variants is still not clearly understood but could be 

related to the changing dynamics that the virus has experienced since its emergence 

in the 1970s (Hoelzer et al., 2008). These data provide new evidence of the role of 

local genetic diversity and migration events during CPV evolution and, emphasize the 

dynamic changes in CPV variants and highlight the importance of ongoing 

surveillance programs to provide a better understanding of the virus epidemiology 

(Perez et al., 2012; Maya et al., 2013). However, this variability did not happen within 

certain countries, like Hungary (Demeter et al., 2010; Decaro et al., 2013; Csagola et 

al., 2014), Japan (Ohshima et al., 2008; Soma et al., 2013) and China (Zhang et al., 

2010; Yi et al., 2014), where different studies during several years showed the 

presence of the same predominant variant type. Based on these data, the three 

different antigenic variants of parvovirus, 2a, 2b and 2c, are currently circulating 

worldwide, being however difficult to state which is predominant. 

 

1.4. Pathogenesis 

 

 Canine parvovirus is an autonomous virus which infects dogs through the via 

oronasal exposure to feces from infected dogs. The viruses have a broad tropism for 

mitotically active cells (Figure 1.8). CPV causes an acute disease, 

with virus replicating for less than seven days before being cleared by the developing 

immune responses (Parrish, 1995).  

 After ingestion, initial viral replication occurs in the lymphatic tissues of the 

oropharynx, including the tonsils, retropharyngeal or local lymph nodes. The virus 

begins to replicate in the thymus, spleen and bone morrow 1 to 3 days after infection, 

and after approximately 3 days the virus is also recovered from the intestinal-

associated lymphoid tissues, particularly the Peyer's patches. The virus becomes 

disseminated throughout the animal and the virus infection of systemic and intestinal 

lymphoid tissues occurs as early as three days after its inoculation and is associated 
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with viremia. Intestinal epithelial infection is first detected four days after oral 

inoculation. Fecal virus excretion occurs from the fourth days after oral virus 

inoculation, however, few dogs can continue to shed virus for up to 12 days (Pollock, 

1982a; Macartney et al., 1984; Carman and Povey, 1985; Meunier et al., 1985; 

Parrish, 1995; Hoelzer et al., 2008). Significant lymphopenia is often observed 

between 3 and 7 days after CPV infection (Pollock, 1982a).  

 

 

Figure 1.8. Schematic representation of CPV pathogenesis infection in dogs, including the viral 
location at various days post infection (p.i.) and tissues infected (based on Carman and Povey, 1985; 
Meunier et al., 1985; Parrish, 1995; Hoelzer et al., 2008).  

 

 

 The most affected cells in puppies are the lymphoid tissues, intestinal 

epithelium, bone marrow and heart. Myocarditis occurs only if neonatal puppies are 

infected during the period of rapid myocardial cell proliferation (beginning in utero 

and completed within the first 2 weeks of age) (Meunier et al., 1984). In animals older 

than about 4 weeks, the virus replicates mainly in tissues containing proliferating 

cells, including the bone marrow, lymph nodes, in some cases in the spleen and 

intestine in the progenitor cells in the crypts of Lieberkϋhn. Cytolysis of the bone 

marrow and other lymphoid cells leads to lymphopenia, leukopenia and neutropenia, 

while loss of intestinal epithelial cells results in hemorrhagic enteritis, the most 

pronounced clinical signs associated with parvovirus infections of carnivores (Figure 

1.9). CPV infects the germinal epithelium of the intestinal crypts of the ileum and 

jejunum between 3 and 5 days after inoculation, causing destruction and collapse of 

the epithelium (Figure 1.10). Lymphoid depletion can involve loss of all myeloid 
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progenitor cells, decreasing the number of circulating thrombocytes, erythrocytes, 

granulocytes and mast cells. However, viral strain, individual host and host-species 

differences result in preferential tissue tropisms and differential clinical symptoms, so 

that the manifestation of clinical disease can vary from severe to subclinical. If 

animals survive the acute infection, complete recovery normally occurs (Nelson et al., 

1979; Parrish, 1995; Hoelzer and Parrish, 2010). 

 

 

 
Figure 1.9. Sequential pathogenesis of CPV-2 infection in dogs (adapted from McCaw and Hoskins, 
2006).  

 

 

1.5. Clinical signs/manifestations 

 

 Canine parvovirus was first observed around May 1978 when two new 

diseases of dogs were seen: myocarditis leading to sudden death in neonatal pups, 

and enteritis accompanied by diarrhea in dogs older than 2 months, with the virus 

infecting virtually all of the wild and domestic dogs in every region of the globe 

(Parrish, 1990). The clinical manifestations of disease are strongly dependent on the 
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age of the host, and clinical signs are similar in wild and domestic animals (Parrish, 

1995). 

 

 
Figure 1.10. Schematic representation of pathogenesis of diarrhea in the cases of CPV infection in 
dogs. Normal intestinal villus showing cellular differentiation along the villus (A). Parvovirus-infected 
villus showing collapse and necrosis of intestinal villus (B) (adapted from McCaw and Hoskins, 2006). 

 

 

 CPV infection of neonatal puppies can result in death from myocarditis or 

cardiac syndrome, generally between 3 and 8 weeks of age, but sometimes up to 16 

weeks of age at death (Robinson et al., 1980; Sime et al., 2015). Mortality in litters 

varies between 20 and 100%, and disease onset is rapid, and characterized by 

cardiac arrhythmia, cardiomegaly, myocarditis, dyspnea, pulmonary edema, 

pulmonary congestion, and interstitial pneumonia, followed by death (Carpenter et 

al., 1980; Robinson et al., 1980; Meunier et al., 1984). The pulmonary lesions are 

considered secondary to the myocardial dysfunction. The collapsed dying puppy may 

have cold extremities, pale mucosa and show gasping respiration or terminal 

convulsions. The abdomen is swollen with hepatomegaly and ascitic fluid is blood 

tinged (Carpenter et al., 1980). Some of the puppies that survive the acute disease 

develop ventricular myocardial fibrosis and die of congestive heart failure (Robinson 

et al., 1980) or the survived puppies also have signs of cardiopulmonary disease but 

are apparently well at 18 months of age (Carpenter et al., 1980). Dogs that survive 

the acute myocarditis phase can go on to develop chronic cardiac changes and 

ultimately, juvenile dilated cardiomyopathy (Sime et al., 2015). The age dependence 

of the myocardial infection is probably due to the active cell division of the myocardial 
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cells in pups only under 15 days of age (Bishop, 1972). There is no diarrhea because 

the virus multiplies rapidly in muscle cells of the immature heart (Nandi and Kumar, 

2010). 

 The most common form of the disease is enteritis. In the majority of the cases, 

the disease is seen in dogs less than 6 months of age and clinical signs occur after 

an incubation period of 3-7 days. It is characterized by vomiting, diarrhea, 

dehydration and in severe cases fever (greater than or equal to 39.4ºC) and lowered 

white blood cell (WBC) counts. Leukopenia is an often finding, with WBC counts 

dropping below 2000-3000 cells/μL of blood. Early clinical signs are depression, loss 

of appetite, vomiting, high fever and severe diarrhea (Figure 1.11). There is a slight 

rise of temperature in the initial stage of the disease but gradually turn to subnormal 

level with advancement of vomiting and diarrhea (Stann et al., 1984). Although there 

is no consistent character of the stool, it may be watery, yellow in color or tinged with 

frank blood in severe cases, hemorrhagic diarrhea is reported as the major clinical 

sign. The disease is characterized by a rapid clinical course with death often 

occurring 2 to 3 days after the onset of signs (Nelson et al., 1979). Clinical disease is 

more severe in dogs with underlying compromise of humoral immunity, secondary to 

concomitant infection, low maternal antibody titers, or environmental stresses (Prittie, 

2004). 

 

 
Figure 1.11. A case of canine parvovirus infection with severe diarrhea, vomiting, dehydration and 
depression undergoing treatment.  
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 Canine parvovirus infections have also been associated with neurological 

lesions. Agungpriyono et al. (1999) suggested that the brain lesions were not induced 

by direct CPV-2 infection or by thrombosis but were related to severe myocardial 

lesions producing prolonged hypoxia and/or ischemia. However, Decaro et al. 

(2007b) detected CPV-2 DNA in the nervous tissues, including brain, cerebellum and 

cerebral bulb from natural infected dogs. A case of CPV-2c infection in a kitten with a 

cerebral abscess and neurological disease was reported (Decaro et al., 2011b). The 

cat displayed ataxia and convulsions together with signs of gastroenteritis. 

 Cutaneous manifestations, such as canine erythema multiforme was also 

reported to be caused by CPV-2 infection in a dog with severe parvoviral enteritis. 

Skin lesions consisted of ulceration of the footpads, pressure points, mouth, and 

vaginal mucosa; vesicles in the oral cavity; and erythematous patches on the 

abdomen and perivulvar skin. This case reported that a viral etiology was possible in 

case of canine erythema multiforme, in which a causative drug cannot be clearly 

established (Favrot et al., 2000).   

 

1.6. Diagnosis 

 

 A rapid diagnosis of CPV-2 infection is especially important in kennels and 

shelters in order to isolate infected dogs and prevent secondary infections of 

susceptible contact animals (Desario et al., 2005). A presumptive diagnosis of CPV-2 

can be made based on the clinical signs such as depression, vomiting, diarrhea, loss 

of appetite and fever (Nandi and Kumar, 2010). Parvoviral gastroenteritis in its 

fulminant form is readily diagnosed clinically (Barker and Parrish, 2001). However, 

other clinical complications of secondary infection or thrombosis can occur (McCaw 

and Hoskins, 2006). In addition, the hematologic test can help in diagnosis. 

Lymphopenia, leukopenia and neutropenia can be shown in severe cases associated 

the lesions in bone marrow and other lymphoid cells, but a leucopenia is present in 

less than half of infected dogs at the time of hospital admission (Prittie, 2004; Hoelzer 

and Parrish, 2010).  

 A presumptive diagnosis is readily made post mortem, based on the 

characteristic suite of gross and microscopic enteric (histologic evidence of intestinal 

crypt cell necrosis), lymphoid, and myeloid lesions, perhaps with recognition of 

intranuclear inclusions, or demonstration of viral antigen or nucleic acid by using 
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molecular probes in tissue sections (Stann et al., 1984; Muneer et al., 1988; 

Waldvogel et al., 1992; Matsui et al., 1993; Truyen et al., 1994b).  

 Viral enteritis has become recognized as one of the most common causes of 

infectious diarrhea in dogs younger than 6 months. CPV-2, canine coronavirus, and 

canine rotaviruses have been incriminated as primary pathogens. Other viruses, like 

astrovirus, adenovirus and calicivirus have been also observed in feces from dogs 

with diarrhea (Hammond and Timoney, 1983; Barker and Parrish, 2001; McCaw and 

Hoskins, 2006). Although the clinical diagnosis of CPV-2 infection is inconclusive 

since several other pathogens may cause diarrhea in dogs, when diarrhea occurs in 

any dog such a test will be important to immediately verify or exclude CPV infection. 

For this reason, a clinical diagnosis should always be confirmed by laboratory tests 

(Esfandiari and Klingeborn, 2000; Desario et al., 2005).  

 

1.6.1. Methods based on detection of CPV-2 

 

 A better detection method would be one that is not only speedy, accurate and 

sensitive, but also simple and economical for its practical field-based applications 

(Mukhopadhyay et al., 2012). 

 Several laboratory methods have been developed to detect CPV-2 in the feces 

of infected dogs (Desario et al., 2005). In clinic, the detection method would be 

performed immediately beside the animal giving a result in a few minutes of time 

instead of several days when the sample is sent to a laboratory, that allow a rapid 

and simple diagnostic and have the obvious advantage over the existing laboratory 

tests, for example hemagglutination inhibition (HI), enzyme-linked immunosorbent 

assay (ELISA) and electron microscopy (EM) (Esfandiari and Klingeborn, 2000).  

 

 Immunochromatographic (IC) test and enzyme-linked immunosorbent 

 assay  

 

 The IC test and CPV ELISA detection kit, based on the use of monoclonal 

antibodies, is most common rapid field diagnostic method used in clinical practice 

(Kuffer et al., 1995; Esfandiari and Klingeborn, 2000). These tests are simple, rapid, 

reproducible and sensitive for the detection of CPV antigen from fecal samples of 

dogs and can be performed by veterinarians, as well as by owners (Esfandiari and 



  Chapter 1 

27 

 

Klingeborn, 2000). Sample preparation and test performance is simple, the tests 

require no extra equipment and provides a result in less than 15 minutes (Drane et 

al., 1994). However, large amounts of viral antigen are required to produce a clearly 

visible band and the interpretation of results may be affected by the subjectivity of a 

test operator (Figure 1.12). This is especially common when amounts of virus are low 

(Esfandiari and Klingeborn, 2000; Desario et al., 2005). In addition, the period of 

fecal virus shedding is brief; CPV-2 is seldom detectable by 4 to 12 days after natural 

infection. This corresponds to 4 to 7 days of clinical illness. Positive results confirm 

infection or may be induced by all attenuated live CPV-2 vaccines (vaccine virus can 

yield a false-positive result in dogs 4 to 12 days after vaccination); negative results 

do not eliminate the possibility of CPV-2 infection. Generally, vaccine-induced 

reactions are weak positive compared with natural infection (Prittie, 2004). These 

tests are affected by relatively low sensitivity with a specificity of 100% (Drane et al., 

1994; Kuffer et al., 1995; Esfandiari and Klingeborn, 2000).  

 

 

Figure 1.12. The IC test: positive (A) and negative (B) test results. 

 

 The determination of serum CPV-specific immunoglobulin (Ig) M and IgG titers 

are available for documentation of CPV infection. In dogs with parvoviral enteritis, 

71% had IgG antibodies and 68% had IgM antibodies, but high titer of serum IgG 

antibodies were also found in dogs with diarrhea due to other causes (Stann et al., 

1984). Serodiagnosis of active CPV infection requires detection of anti-CPV antibody 

that is of recent origin (i.e. IgM class antibodies) in the face of typical clinical signs. 

Lack of anti-CPV antibodies in a puppy presenting acute gastroenteritis is usually 

sufficient to rule out CPV as the causative agent (Prittie, 2004). Fecal antigen testing 

is a more widely utilized diagnostic tool, as serologic tests are more expensive and 

are associated with longer turnaround times (Prittie, 2004). 

 Other methods of detecting parvoviral antigen in feces include electron 

microscopy, viral isolation (VI) and stool hemagglutination. 
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 Hemagglutination assay 

 

 The HA test is simple, rapid, inexpensive and easy to perform, but requires 

continuous supply of red blood cells (RBC) of porcine origin and the presence of non-

specific agglutinin in feces makes the HA test less reliable for CPV detection with 

relatively low sensitivity (Mochizuki et al., 1993). The viral HA titer commonly ranges 

between 128 and 10,240, between PI days 4 and 7, or when the signs of enteritis 

commence. The HA activity generally ceases between PI days 7 and 9 (Carmichael 

et al., 1980). The required fresh erythrocytes cause problems related to the 

management and housing of donor pigs. Other species’ erythrocytes, e.g., cat or 

rhesus monkey red cells, may be used, but they are either difficult to obtain in the 

quantities required or are expensive. Nevertheless, for a clear reading of the HA test, 

good quality erythrocytes should be ensured since the test is affected by an altered 

coefficient of erythrocyte sedimentation which may occur in case of stress or disease 

of the donor pig (Desario et al., 2005). Additionally, the HA method depends upon the 

antigenic structures in the virus capsid. Virus mutants with amino acid changes in 

regions determining the antigenicity may exhibit altered hemagglutination capacity 

(Strassheim et al., 1993). This test can be carried out only in specialized laboratories. 

However, the HA test carried out in a 96- well plate format allows rapid processing of 

many samples and the results are read after only 4 h (Desario et al., 2005).  

 As a general rule, parvoviruses cause hemagglutination of erythrocytes. 

Inhibition of hemagglutination by CPV-2 antisera can be used to demonstrate serum 

antibody. The presence of high HI titer in a single serum sample collected after the 

dog has been clinically ill for 3 or more days is diagnostic for CPV-2 infection. Rising 

titers (seroconversion) can also be demonstrated when acute and 10- to 14-day 

convalescent serum samples are compared using either canine or feline parvovirus 

in HI and virus neutralization (VN) tests (McCaw and Hoskins, 2006). Moreover, non-

hemagglutinating strains have been described (Cavalli et al., 2001). 

 

 Viral isolation   

 

 Virus isolation is an alternative method for detection of CPV-2, more sensitive 

than previously tests (Mochizuki et al., 1993). VI requires the availability of cell 

cultures that can be propagated only in laboratories with specialized personnel and a 
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cell culture capability, since some strains do not produce clear cytopathic effects in 

the cell culture (Decaro et al., 2005a; Desario et al., 2005). The cell lines like 

Crandell feline kidney (CRFK), Madin-Darby canine kidney (MDCK) cells and canine 

cell line (A-72) can be used for CPV isolation. Last line proved to be particularly 

useful for isolation and growth of CPV because cytopathic effects were pronounced 

on initial culture or after one additional passage (Mochizuki et al., 1993; Nandi and 

Kumar, 2010). 

 Moreover, VI is labor-intensive and time-consuming for routine diagnostic 

testing; it requires a long incubation period (5–10 days) and additional testing by 

immunofluorescence (Figure 1.13) or HA assay in order to detect viral antigens. The 

main disadvantage of VI is the low sensitivity, most likely due to antibodies in the 

intestinal lumen of the infected dogs which may bind virions and prevent both HA and 

viral attachment to cell receptors (Mochizuki et al., 1993; Desario et al., 2005).  

   

   
Figure 1.13. Immunofluorescence assay performed in NLFK (A) and A72 (B) cells infected with CPV-
2a. 

 

 

 Electron microscopy  

  

 The traditional method for EM identification of parvovirus-like morphology is 

poorly sensitive (Decaro and Buonavoglia, 2012). EM examination of intestinal 

contents demonstrated the presence of many viral particles which have a diameter of 

24 nm and whose profile is consistent with an icosahedral shape by negative staining 

(Burtonboy et al., 1979). The comparison of the ELISA with the DNA Hybridization 

assay, the HA assay and EM for the detection of canine parvovirus infections showed 

that the lowest correlation among the three assays compared to the ELISA was 
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obtained with the EM examination of samples. Although no ELISA-negative samples 

were EM positive, only 11 of 27 (40.7%) ELISA-positive samples were EM positive 

(Teramoto et al., 1984). 

 

 Polymerase chain reaction (PCR) assay 

 

 PCR assay have higher sensitivities and specificities than conventional 

methods of viral antigen determination in feces (Mochizuki et al., 1993) and is 

classified as the gold standard (Cho et al., 2006). Recently, several PCR-based 

detection methods for CPV in fecal samples including conventional PCR (Mochizuki 

et al., 1993; Pereira et al., 2000), nested PCR (Hirasawa et al. 1994) and real-time 

PCR employing TaqMan probe (Decaro et al. 2005a) and SYBR Green (Kumar and 

Nandi, 2010b) have been applied for laboratory diagnosis because of their sensitivity 

and specificity. However, these assays require 2 to 4h, special equipments and 

technical expertise (Mukhopadhyay et al., 2012). 

 The PCR with the outer or inner primer pair alone (single PCR) could detect 

10 fg of viral replicative form (RF) DNA on agarose gel electrophoresis; whereas as 

little as 100 ag of the RF DNA was detected by the nested PCR, which was shown to 

be 100 times more sensitive than the single PCR. Thus, the nested PCR seems to be 

a sensitive, specific and practical method for the detection of CPV in fecal samples 

(Hirasawa et al. 1994).  

 Decaro et al. (2005a) developed a rapid, specific and sensitive real-time PCR 

assay for detecting and quantifying CPV-2 DNA in the feces of dogs with diarrhea. 

The CPV-2 real-time PCR assay was demonstrated to be more sensitive than both 

the HA and conventional PCR, allowing to detect low viral titers of CPV-2 in infected 

dogs from the quantitation over a range of eight orders of magnitude (from 102 to 109 

copies of standard DNA). Real-time PCR assay based on TaqMan technology is an 

attractive alternative to conventional PCR and has been established as gold standard 

for diagnosis of CPV-2 infection (Desario et al., 2005). This method has several 

advantages over conventional PCR, allowing a large increase in throughput and 

enabling simultaneous processing of several samples; it is also less time-consuming 

than conventional gel-based PCR. The CPV-2 real-time PCR assay will also help in 

gaining new insights into the pathogenesis of CPV-2 infection, with particular regard 

to the amounts of CPV shedding in infected dogs or in animals challenged during 
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vaccine trials. The possibility of determining precisely the duration and the amounts 

of viral shedding in the feces is of fundamental importance to evaluate the efficacy of 

vaccines. Therefore, the real-time PCR can be a valuable diagnostic test with high 

sensitivity and specificity and can detect virus shedding during the initial stages of 

infection in dogs as well as in carrier animals and accordingly, the appropriate 

prevention and control strategy can be implemented (Decaro et al., 2005a; Kumar 

and Nandi, 2010b). A SYBR Green based on real-time PCR was also highly 

reproducible and standard curve was linear over a range of seven orders of 

magnitude, from 10 to 108 copies, allowing a precise calculation of CPV-2 DNA in 

samples containing a wide range from 10 to 109 copies of viral DNA (Kumar and 

Nandi, 2010b). In addition, the real-time PCR is no need to analyse the PCR product 

by agarose gel electrophoresis and that amount of the DNA present in the sample 

can be quantitated. Everything will be graphically shown on the monitor of the 

computer (Decaro et al., 2005a). However, use of real-time PCR assay is limited 

because of cost of instrumentation, cost of enzyme mixes sold by the machine 

manufacturers and the cost of reagents especially fluorogenic probe that is more 

expensive than the regular primers (Curry et al., 2002). 

 

 Loop-mediated isothermal amplification (LAMP) assay 

 

 LAMP technique can be used as a potent field diagnostic test for the detection 

of CPV as it is less sensitive than PCR to inhibitory substances present in biological 

samples (feces). This amplifies specific DNA sequences under isothermal conditions 

within 60 min and employs a DNA polymerase and a set of four specially designed 

primers (Notomi et al., 2000; Cho et al., 2006; Mukhopadhyay et al., 2012).  

According to Mukhopadhyay et al. (2012), the template DNA was prepared by a 

simple boiling and chilling method, which it is simple, less labor oriented and less 

time-consuming when compared to kit method. This method of DNA extraction is 

easy to perform and can be readily adopted in clinical laboratories for field diagnosis 

of CPV infection by LAMP assay. The LAMP assay showed to be more sensitive in 

comparison with conventional PCR assay. The detection limit of the LAMP was 

0.0001 median tissue culture infective doses (TCID50)/mL, whereas the detection limit 

of the PCR was 1000 TCID50/mL. Cho et al. (2006) found 100% of the relative 

sensitivity and 76.9% of the relative specificity of LAMP and the detection limit of the 
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LAMP method was 10-1 TCID50/mL (Cho et al., 2006).  However, none of these 

nucleic-acid detection methods were designed to be quantitative and contain a 

certain risk of carryover contamination (Decaro and Buonavoglia, 2012).  

 The studies indicates the potential usefulness of LAMP, which is a novel, 

simple, rapid, specific, highly sensitive and cost-effective alternative method to PCR-

based methods for direct detection of CPV from the suspected fecal samples of dogs 

(Cho et al., 2006; Mukhopadhyay et al., 2012). 

 

1.6.2. Methods based on characterization of CPV-2  

 

 With the exception of discrimination between vaccine and field viruses, virus 

strain determination may have a limited interest for practitioners, taking into account 

that prognosis and treatment of CPV enteritis (mainly supportive) disregard the 

involved variant. However, virus characterization is of particular interest under an 

epidemiological point of view. The methods used for characterization of the CPV 

strains can be performed only in highly specialized laboratories. While diagnosis of 

CPV infection is easily feasible using innovative techniques, such as PCR and real-

time PCR (Decaro and Buonavoglia, 2012). 

 The characterization of CPV-2 is sometimes ambiguous, frequently requiring 

more than one technique for definitive prediction of the viral variant, taking into 

account the single-nucleotide polymorphisms encountered in the VP2-protein gene 

between variant 2a and 2b and between variant 2b and 2c (Decaro et al., 2005b). 

The identification of the CPV-2 variants is mainly performed by hemagglutination 

inhibition test with monoclonal antibodies (MAbs), PCR-restriction fragment length 

polymorphism (RFLP) with enzyme MboII, PCR with sequence analysis and specific 

real-time PCR assay. 

 

 Hemagglutination inhibition with monoclonal antibodies  

 

 Traditionally, the only method available for characterization of CPV strains has 

been HI using MAbs. A panel of four MAbs (A4E3, B4A2, C1D1 and B4E1) was used 

commonly for antigenic characterization of FPV, CPV-2, CPV-2a and CPV-2b, 

through assessing the HI reactivity (Parrish et al., 1982; Martella et al., 2004; Desario 

et al., 2005). The discrimination by MAbs of CPV type 2a from the variant type 2b is 
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based on only a single MAb (B4A2), which recognizes type 2a but not type 2b; 

however, this MAb is not able to recognise even CPV-2c (Table 1.5). Recently, a 

MAb (21C3) was developed which can differentiate the new variant 2c from type 2b 

CPVs (Nakamura et al., 2003, 2004). In addition, MAbs A3B10 (MAb8), B6D5 

(MAbF), B2F12 (MAbG), B2G11 (MAbH), B4E1 (MAbD), A4E3 (MAb14), C1D1 

(1D1), C7D6 (7D6), and B4A2 (MAbI) were previously reported elsewhere (Parrish et 

al., 1982; Parrish and Carmichael, 1983). P2-215, 2D9, 3G5, and 4G1 were reported 

previously, which P2-215 is known to be specific for FPV and MEV (Horiuchi et al., 

1997). Nakamura et al. (2003) were classified four MAbs that distinguish antigenic 

variants of CPV-2 into three groups on the basis of their reactivities: MAbs which 

recognize CPV-2a, CPV-2b, and CPV-2c (MAbs 2G5 and 20G4); MAb which reacts 

with only CPV-2b and CPV-2c (MAb 21C3); and a MAb which recognizes all types of 

the FPV subgroup viruses (MAb 19D7). The reactivity of MAb 20G4 with CPV-2c was 

higher than its reactivities with CPV-2a and CPV-2b. 

 However, MAb analysis can be applied only on fecal samples with optimal HA 

activity or with CPV isolates obtained in cell cultures (Desario et al., 2005). Only 

specimens with HA titers ≥1:64 can be characterized, but several samples with high 

CPV DNA titers test negative or poorly positive by HA. Moreover, only few HA-

negative samples are successfully amplified on cell cultures in order to increase their 

HA titer (Decaro et al., 2005a; Desario et al., 2005). 

 

Table 1.5. Reactivity of MAbs to CPV-2 variants by HI test.  

Virus                           Monoclonal antibodies  
 A4E3 B4A2 C1D1 B4E1 21C3 

FPV - + - + - 

CPV-2  + + - + - 
CPV-2a + + + - - 

CPV-2b + - + - + 

CPV-2c + - + - - 

(+) positive reaction; (-) negative reaction.  

 

 

 PCR-restriction fragment length polymorphism  

 

 The PCR-RFLP assay using a restriction enzyme, MboII, was found to 

recognize selectively the sequence GAGAA at nucleotides 4062-4066 at the VP2-

encoding gene, allowing differentiation of CPV-2c strain from variant CPV-2, -2a and 
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-2b strains, as reported by Buonavoglia et al. (2001). Only the PCR products 

obtained from CPV-2c strains are cut by MboII, generating two fragments of about 

500 and 80bp. However, RFLP analysis is not able to differentiate CPV-2b from 

CPV-2a, since both types remain undigested after MboII digestion (Buonavoglia et 

al., 2001; Martella et al., 2004). In addition, CPV-2a strains have been detected in 

Hungary that were misleading genotyping as CPV-2c by this method due to a 

constant point mutation in the VP2 gene introducing an MboII restriction site 

(Demeter et al., 2010). Samples that tested PCR-positive and not recognized as 

CPV-2c by RFLP need to be subjected to sequence analysis for prediction of type 2a 

or 2b specificity (Desario et al., 2005).  

 Other restriction enzymes can be used for the characterization of CPV-2. The 

RFLP analysis employed the endonucleases RsaI and HphI in order to differentiate 

the CPV-2 antigenic variants were used by Sakulwira et al. (2001). Digestion by RsaI 

enzyme produced a characteristic pattern distinguishing the vaccine strain CPV-2 

from either wild strain CPV-2a and CPV-2b. Similarly, cleavage by HphI provided a 

specific differentiation pattern. According to Sagazio et al. (1998), the products were 

digested by the restriction enzymes RsaI, HpaII, HindIII and PvuII using specific 

primers.  

 

 PCR and sequence analysis 

 

 The PCR product as it is or cloned in the suitable cloning vector can be 

sequenced using the suitable primer with the help of automated DNA sequencer for 

typing of CPV strains. The sequence is analyzed using the appropriate software. This 

is an important technique to know with certainty the particular variant of the CPV 

present in the field sample. Both the nucleotide and amino acid sequence data can 

also be used to know the percent homology and the phylogenetic analysis of CPV-2 

isolates from different geographical regions (Nandi and Kumar, 2010).  

 Therefore, only the sequence analysis could predict definitively the viral type 

(2a or 2b) for samples negative by HA and not digested or giving misleading results 

by PCR-RFLP, leading to a remarkable increase of costs and time losses (Desario et 

al., 2005). The sequence analysis gives ample information for the characterization of 

the variants CPV, since it is only necessary to include at least the residue 426 of 

VP2-protein gene. Based on the sequence analysis CPV-2 and CPV-2a type could 
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be differentiated, through the full VP2 region sequencing that including other 

informative residues (Table 1.6) believed essential for prediction of the viral variant 

(Desario et al., 2005). 

 

Table 1.6. Summary of the comparative amino acid in the VP2 protein between FPV, CPV-2 
and CPV-2 variants by sequence analysis (based on Steinel et al., 2000 and Parrish et al., 
1991b). 

Virus Amino acid position 

 80 87 93 101 103 300 305 323 426 564 568 

FPV Lys Met Lys Ile Val Ala Asp Asp Asn Asn Ala 

CPV-2 Arg Met Asn Ile Ala Ala Asp Asn Asn Ser Gly 

CPV-2a Arg Leu Asn Thr Ala Gly Tyr Asn Asn Ser Gly 

CPV-2b Arg Leu Asn Thr Ala Gly Tyr Asn Asp Ser Gly 

CPV-2c Arg Leu Asn Thr Ala Gly Tyr Asn Glu Ser Gly 

 

 

 Real-time PCR using minor groove binder (MGB) probe assay 

 

 The MGB probe technology was applied to obtain rapid identification and 

characterization of the CPV-2 variants in the fecal samples of dogs. MGB probes are 

short TaqMan probes conjugated with molecules that form hyper-stabilized duplexes 

with complementary DNA, allowing reduction in length and increase in specificity. 

The MGB probe assays using type-specific probes labeled with different fluorophores 

(FAM and VIC) were able to detect the single nucleotide polymorphisms existing 

between types 2a/2b and 2b/2c. Both the MGB probe assays developed for 

discrimination of types 2a/2b and 2b/2c were found to be highly specific, sensitive 

and reproducible, ensuring a precise quantitation of the CPV-2 DNA and enabling 

rapid and unambiguous identification of the CPV-2 variants. These methods are an 

attractive tool for an allelic discrimination and virus genotyping of CPV-2a, -2b and -

2c variants (Decaro et al., 2005b, 2006a).  

 A study (Decaro et al., 2005b) showed a 100% concordance between the 

MGB probe assays and the combined conventional methods (HI with monoclonal 

antibodies, PCR-RFLP, sequence analysis) for prediction of CPV-2 antigen 

specificity. In comparison with the traditional typing methods, the MGB probe assays 

are more labor and time saving. In fact, the 96-well format and the automation of 

some steps allow for a simultaneous processing of several samples and, combined 
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with the rapid method of DNA preparation, ensure a direct characterization of the 

CPV-2 variants within 5–6 h, considering that theoretically two different runs should 

be performed for the two MGB probe assays (Decaro et al., 2006a). However, these 

assays are more expensive and can be performed only in highly specialized 

laboratories. The limit of the type 2a/2b assay is represented by the fact that the type 

2a-specific probe is not able to discriminate between the original type CPV-2 and 

CPV-2a (Decaro et al., 2006a). So the real result is type 2a or 2 even if the latter 

virus does not circulate actually in dog population and it is only present in vaccinal 

formulations (Parrish et al., 1988). For this problem it was developed other MGB 

probe assay that allow to discriminate between the vaccine (old type) and field 

strains of CPV-2 (2a, 2b and 2c) by Decaro et al. (2006b), although it does not 

discriminate between field strains and type 2b-based vaccines, recently licensed to 

market in some countries. 

 CPV-2c strains uncharacterized by the MGB probes have been reported 

(Decaro et al., 2009a) and were only confirmed by sequence analysis. Such strains 

displayed a non-coding mutation in the probe binding region that prevented the 

correct hybridisation of the type-specific probe. These findings highlight the need to 

update the CPV-typing methods based on single nucleotide polymorphisms as 

additional mutations may hinder the correct strain characterization, reinforcing 

previous suggestions to keep using diagnostic molecular tools that target more 

conserved regions to avoid false-negative results (Decaro et al., 2006a). 

 Recently, a real-time PCR assay, based on MGB probe technology was 

developed for rapid discrimination between true FPV from CPV strains. The assay 

takes advantage of a single nucleotide polymorphism at position 3753 of the viral 

genome (corresponding to residue 323 of the capsid VP2 protein) and of the ability of 

MGB probes to bind specifically only to perfectly complementary sequences. The 

FPV/CPV assay was proven to be highly specific, sensitive and reproducible and 

correlated well with a TaqMan assay able to recognize canine as well as feline 

parvoviruses (Decaro et al., 2008a). 

 

1.7. Treatment  

 The treatment of CPV enteritis may be expensive, thus making the early 

recognition of dogs requiring aggressive therapy crucial for the final outcome (Prittie, 

2004). The rate of infected dogs that survive is variable and in the absence of 
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treatment, the percentage of animals that survive is low (9%). In treated dogs the 

survival rates can reach 95% (Glickman et al., 1985; Prittie, 2004). Dogs suspected 

of parvovirus gastroenteritis should be isolated from other susceptible animals, 

including cats. Therapy is entirely supportive and clinical signs based, aimed at 

mitigating the effects of dehydration and electrolyte imbalance during the phase of 

intestinal infection (Pollock and Coyne, 1993). 

 Symptomatic treatment with fluid, electrolyte, and broad spectrum antibiotic 

may save the life of the animal. The restoration of the electrolyte and fluid balance is 

the most important goal of therapy. Re-establishment of effective circulating blood 

volume in puppies that present in hypovolemic shock and fluid replacement for 

losses secondary to ongoing diarrhea and vomiting is mandatory in severely affected 

puppies. The initial fluid of choice is a balanced electrolyte solution (for example 

lactated Ringer’s solution), mainly by the high risk of potassium depletion due to 

vomiting and diarrhea. Fluid deficits should be replaced as soon as possible (within 

1–2 h of presentation) in dogs that present in hypovolemic shock (Prittie, 2004; 

McCaw and Hoskins, 2006). Also important is the caloric support via parental route 

as most of the patients are pediatrics thus with low glucose stores or inadequate 

neoglucogenisis.  

 In affected dogs, the disruption of the mucosal barrier and severe neutropenia 

should be treated with broad spectrum antibiotics (e.g. ampicillin, gentamycin and 

cephalosporins). These will provide excellent coverage against gram-negative and 

anaerobic bacteria that may translocate from the disrupted gut. Enrofloxacin has 

been proved to be effective against canine hemorrhagic gastroenteritis but it has 

been associated with the development of cartilage abnormalities in young large 

breed dogs (Prittie, 2004; McCaw and Hoskins, 2006; Nandi and Kumar, 2010). 

Metabolic acidosis develops if the diarrhea is severe and potassium chloride 

supplementation may be necessary to maintain electrolyte balance and to prevent 

the development or worsening of hypokalemia (Prittie, 2004). During the early phase 

of the disease, the application of hyperimmune serum may help to reduce the virus 

load and render the infection less dramatic. Such treatment has been shown to 

reduce the mortality and shorten the length of the disease however hyperimmune 

serum is difficult to obtain (Prittie, 2004; McCaw and Hoskins, 2006).  

 Anti-emetics as chlorpromazine, metaclopromide, marapitant or ondansetron 

may be necessary in case of severe vomiting. However, there are also reports that 
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antiemetic treatment did not control emesis in CPV infection and prolong the duration 

of hospitalization (Mantione and Otto, 2005). To correct the gastric hyperacidemia  

the use of H1 antagonists (e.g. cimetidine, ranitidine, famotidine) or proton-pump 

blockers may be the options (Prittie, 2004). In addition, the administration of the 

recombinant feline interferon-omega showed in a significant reduction in the severity 

of enteritis in affected dogs and decreased morbidity and mortality (Martin et al., 

2002; Nandi and Kumar, 2010). 

 Pups that survive the first 3 to 4 days of CPV-2 enteritis usually make a rapid 

recovery, generally within 1 week in uncomplicated cases. Severely ill pups that 

develop secondary sepsis or other complications may require prolonged 

hospitalization (McCaw and Hoskins, 2006). One of the major complications is the 

hypoproteinemia due to severe protein-loosing enteropathy, thus colloid or plasma 

support may be warranted. 

 
1.8. Control and prevention 

 

 As the virus is firmly entrenched in both the wild and domestic canine 

population, elimination of the virus is impossible, and CPV-2 will remain a concern for 

the small animal practitioner indefinitely (Pollock and Coyne, 1993). The virus is 

ubiquitous, can survive for more than 6 months at room temperature, and is readily 

transported among dogs via cages, soiled bedding, or humans. In kennel situations, 

good hygienic practices, including vigilant disinfection of all exposed surfaces and 

personnel, are paramount for prevention of nosocomial transmission of viral infection 

(Prittie, 2004). 

 As the canine parvovirus is not enveloped, it is especially hardy in the 

environment. It is able to overcome winter freezing temperatures in the ground 

outdoors and many household disinfectants are not capable of killing it indoors. 

Infected dogs shed virus in their stool in gigantic amounts during the 2 weeks 

following exposure. An average infectious dose for an unvaccinated dog is 1000 viral 

particles. An infected dog sheds 35 million viral particles per ounce of stool. Indoors, 

virus loses its infectivity within 1 month; therefore, it should be safe to introduce a 

new puppy indoors 1 month after the active infection has ended. Outdoor, freezing is 

completely protective to the virus. If the outdoor is contaminated and is frozen, one 

must wait for it to thaw out before safely introducing a new puppy. Shaded areas 
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should be considered contaminated for 7 months. Areas with good sunlight exposure 

should be considered contaminated for 5 months (Scott, 1980; Eleraky et al., 2002).  

 Canine parvovirus is resistant to most common disinfectants. Sodium 

hypochlorite (1 part common household bleach to 30 parts water) and potassium 

peroxide (Trifectant or Virkon) which is an effective and inexpensive disinfectant. It is 

important that exposure to this disinfectant be prolonged (at least 10 minutes) and 

thorough. All canine parvovirus isolates have similar properties. Items that cannot be 

treated with either of these chemicals can be disinfected with steam. Chlorine dioxide 

and potassium peroxymonosulfate have also been reported to completely inactivate 

the CPV-2 virus and these disinfectants can aid in controlling nosocomial 

transmission of viruses with less of the deleterious effects of sodium hypochlorite 

(Scott, 1980; Eleraky et al., 2002; McCaw and Hoskins, 2006). 

 Good zoo sanitary practices in kennels, dog shelters including through 

disinfection of surfaces and personnel are important to control of CPV-2 infection. 

Another strategy to reduce risk for parvoviral outbreaks is to segregate juvenile 

animals from adults. Puppies or kittens should not be housed with adults. Puppies 

can be housed together; littermates can be housed together in small groups and 

unrelated puppies that were already living together before admission can also be 

housed together (Nandi et al., 2013). Animals introduced into a facility should be 

quarantined for 30 days, or longer if required to complete an immunization series. 

This will more than encompass the incubation period for parvovirus, should the 

animal have been exposed prior to arrival. To minimize risk of exposure, species 

susceptible to these parvoviruses should not be mixed in holdings, and efforts should 

be made to prevent intrusions by cats, dogs, and raccoons (Barker and Parrish, 

2001). In addition, all efforts to reduce stress should be pursued, since substantially 

reduces the risk of contracting infections (Nandi et al., 2013).    

 Immunization is the key to successful control and prevent of the disease in 

domestic animals (Pollock and Carmichael, 1983). After the emergence of the 

disease, effective vaccines (killed and attenuated) for canine parvovirus are 

available. Modified live virus vaccines were soon developed being the first CPV 

vaccine available in 1979. The vaccines appear to be safe and to confer protective 

immunity allowing much of the disease to be controlled. However, the virus is still 

widely distributed in nature, and if pups are not vaccinated, and or when maternal 

antibodies interfere with their vaccination, they generally become naturally infected 
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(Parrish, 1999). Maternal antibody suppresses response to vaccination in young 

pups and is the major problem in the control of infection (Pollock and Carmichael, 

1983). 

 

 Immunity and Vaccination 

 

 Puppies get protected during the first few weeks of their life through the 

transfer of maternally derived antibodies (MDA) acquired via colostrum. Antibody to 

CPV was transferred from an immune bitch to her pups through the placenta and 

colostrum. Colostral transfer accounted for approximately 90% of the maternally-

derived CPV antibody (Pollock and Carmichael, 1982b). Maternal antibodies protect 

against infection by wild-type viruses and also interfere with vaccination and inhibit 

the development of active immunity (Decaro et al., 2005d; Jakel et al., 2012). In the 

case of the modified live virus (MLV) CPV vaccines, they inactivate the virus after 

vaccination by neutralization in the puppies (Decaro et al., 2005d). The decline of 

maternal antibody level starts from first to 13 weeks in the pups. Vaccines used to 

date are unreliable when given in the presence of maternal antibodies (Nandi et al., 

2013). The period between the disappearance or when there are very low titters of 

protection by maternally derived passive immunity and the ability to respond to 

vaccination with the development of active immunity is referred to as “immunity gap” 

or “window of vulnerability” (Scott et al., 1970; Carmichael et al., 1983). During this 

period, generally between 7 and 12 weeks of age (Figure 1.14), the dogs become 

susceptible to infection by wild-type viruses or to vaccines and several clinical cases 

are observed (Scott et al., 1970; Decaro and Buonavoglia 2012; Truyen and Parrish 

2013). 

 Vaccination is the most cost effective and ideal method to control the disease 

in animals (Nandi et al., 2013). Puppies are routinely vaccinated against CPV during 

their first months of life, following an annual vaccination (Table 1.7). A more common 

approach is to repeatedly vaccinate the dogs at intervals of 3-4 weeks, starting at 6 

to 8 weeks of age and finishing around 16 weeks of age or above. All dogs should 

receive a booster one year after the completion of the initial series followed by 

booster every 3 years (Day et al., 2010; Jakel et al., 2012). The studied CPV-2 

vaccine reported a minimum durantion of vaccinal immunity (DOI) of 7 years based 

on challenge and a DOI of 9 years based on serology (Schultz, 2006). The initial 
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vaccination of puppies is generally performed using monovalent CPV-2 vaccines and 

in the remaining times using multivalent vaccines. The vaccination is an important 

and effective method in the strategies to control and prevent the canine parvovirus 

infection in dogs (Nandi et al., 2013). Active virus circulation and initial vaccination 

programs helped developing herd immunity in animal populations, which greatly 

reduced mortality and further spreading of the virus (Decaro and Buonavoglia 2012; 

Nandi et al., 2013). MLV vaccines are widely used, since inactivated vaccines are 

able to induce only short-term immunity (Truyen and Parrish 2013). These vaccines 

prepared by using either the original type CPV-2 or its variant CPV-2b, have been 

described as highly effective, being able to protect dogs against parvoviral disease 

as well as all currently circulating variants, and almost completely safe (Day et al., 

2010). In general, the results of six controlled trials using MLV vaccine reported 

benefits in terms of reductions of clinical signs, serological tests and virus shedding 

in most cases (Hernandez-Blanco et al., 2015). The killed (inactivated) CPV-2 

vaccines are less effective and take much longer to induce an immune response 

when compared with the MLV vaccines (Table 1.8). They are not recommended for 

routine use. Killed vaccines may provide some benefit in wild and exotic species or 

pregnant bitches, where MLV vaccines are not recommended (Day et al., 2010).  

 

 
Figure 1.14. The immunity gap is defined as being the period during which maternal immunity no 
longer protects the puppies from infection by canine parvovirus, but does still interfere with the 
development of a vaccinal immunity (adapted from Truyen et al., 2009). 
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Table 1.7. Canine vaccination guidelines according to the world small animal veterinary association - 
WSAVA (adapted from Day et al., 2010). 

Vaccine 
Initial puppy vaccination 
(≤16 weeks) 

Initial adult vaccination 
(>16 weeks) 

Revaccination 
recommendation 

CPV-2 (MLV) Begin at 6-8 weeks of 
age, then every 3-4 
weeks until 14-16 weeks 
of age. 

Two doses, 3-4 weeks 
apart are generally 
recommended by 
manufacturers. 
One dose is considered 
protective. 

Revaccination at 1 year, 
then not more often than 
every 3 years. 

CPV-2 (Killed) Not recommended.   

 

 

 Vaccination failure 

 

 Nowadays, the use of these vaccines is questioned due to the evolution of the 

CPV-2 (Truyen, 2006), this has not allowed control of the wild-type virus (Parrish and 

Kawaoka, 2005). Many of the currently used vaccines are modified live virus 

vaccines based on the original virus type CPV-2 isolated at the end of the 1970’s or 

early 1980’s (Truyen, 2006). Several studies have shown that certain vaccines based 

on CPV-2 protect dogs against infection with the new antigenic types, including CPV-

2c, under experimental conditions (Spibey et al., 2008; Larson and Schultz, 2008). 

Wilson et al. (2013) showed that vaccination of dogs with containing CPV-2b 

vaccines protects against challenge with a virulent field strain of CPV-2c. For the last 

years, the discussion point has been whether the antigenic alterations that this virus 

has undergone could reduce the effectiveness of current CPV vaccines, especially 

the emerging variant 2c and/or whether there is a need for new vaccines. A recent 

study showed that most dogs developing parvovirus-like diarrhea after vaccination 

were infected by the field virus alone (Decaro et al., 2007c). Another study showed 

that the current CPV vaccines have failed to be protective against field strains (Mittal 

et al., 2014). In addition, there is field evidence of parvovirus infection that caused 

more severe disease in vaccinated dogs and that the CPV-2c is more frequently 

associated to severe disease in adult dogs and that have completed the vaccination 

scheme than CPV-2a and CPV-2b (Decaro et al., 2007c, 2008b, 2009b). However, 

Markovich et al. (2012) found no association between CPV strain and disease 

severity or clinical outcome. The evaluation of the vaccine efficacy is not easy, 

Hernandez-Blanco et al. (2015) has studied six clinical trials and was not possible to 
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reach a final conclusion regarding the cross-protection of licensed CPV-2 and CPV-

2b vaccines against the variant 2c in puppies, because of the small samples sizes in 

included trials, short follow-up and the methodological limitations observed. Truyen 

(2006) defended that vaccines should contain the newest antigenic types of a given 

virus, as this implies the most complete protection, provided the new vaccines are as 

immunogenic as the old ones. The mismatch between the vaccine and an infecting 

strain may contribute to the increasing the risk of an outbreak in the canine 

population (Hernandez-Blanco et al., 2015). 

 The interference by maternal antibodies in puppies is considered the primary 

cause of vaccination failure (Decaro and Buonavoglia 2012). MDA declines with a 

half-life of 9.7 days (Pollock and Carmichael, 1982b). The HI test has been useful to 

measure antibodies which correlated well with immunity. Puppies with a HI titer ≤1:80 

are susceptible to infection and are in need of immunization, and a HI titer ≥1:80 is 

considered protective for infection. However, a HI titer from maternal derived 

antibodies of ≥1:20 will interfere with vaccination (Pollock and Carmichael, 1982b; 

Carmichael et al., 1983; Buonavoglia et al., 1992; Pratelli et al., 2000). Vaccination is 

likely to be successful when the maternal antibodies titres were 1:10-1:40 (Pratelli et 

al., 2000) and when the HI titers were less than 10, more than 95% of the dogs 

responded to the vaccine (Carmichael et al., 1983). Riedl et al. (2015) defended that 

antibody status should be determined instead of periodic vaccinations to ensure 

reliable protection without unnecessary vaccinations in adult dogs. Since dogs 

without protective titres before vaccination or with body weight <10 kg were more 

likely to have an adequate titre increase. Intervals of more than four years since the 

last vaccination and rare contacts with other dogs were determined as main risk 

factors for the absence of antibodies (Riedl et al., 2015).  

 In addition, there are other reasons that may be associated to a vaccine failure 

in CPV disease, such as, the improper zoosanitory measures, disinfection practices; 

follow up of incorrect vaccination schedule, the immunocompromised host and the 

presence concomitant diseases (Nandi et al., 2013). The success of vaccination also 

depends on the type of vaccine used, for example, the inactivated vaccines are less 

effective and take much longer to induce an immune response when compared with 

the MLV vaccines (Day et al., 2010). 
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Table 1.8. Comparison of the effective vaccines to canine parvovirus available (adapted 
from Greene and Schultz, 2006) 

Killed (inactivated) vaccine Attenuated (modified live) vaccine 

Pregnant animals Outbreaks Pregnant 
No reversion to virulence Might revert to virulence 
Stability in storage No preservatives for storage 
Safe in immunosuppressed animals Can produce vaccine-induced illness in 

immunosuppressed hosts 
Shorter duration of immunity than 
modified live vaccines 

Prolonged protection 

Minimum of 2 doses needed for maximum 
protection 

One administration can protect, 
Rapid protection 

Increased risk of allergic complications Reduced allergenicity 
Higher antigen mass needed Lower antigen mass needed 
Restricted to parenteral use Administer by natural routes 
Adjuvants frequently required Without adjuvants 
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 The continuing evolution of CPV forces the scientists in the world to work in 

this field permanently. A continuous epidemiological surveillance is important for the 

knowledge and the understanding of its evolution within country, monitoring the 

prevalent circulating CPV variants that can contribute to the implementation of more 

adequate and efficient control measures in animals.Therefore, the main purpose of 

this thesis is to contribute to the understanding of the canine parvovirus variants 

circulation in the Portuguese canine population, in total natural conditions. Also, it 

was evaluated the type of wild carnivores within the Portuguese carnivores 

population could be contributing to the epidemiology of CPV.  

 

 The specific aims of this project were: 

1. The evaluation and identification of the factors associated with the occurrence of 

CPV infection in dogs. This topic was investigated by associations between the 

historical data and clinical signs of dogs suspected of being infected with CPV and 

CPV status by statistical analysis. 

2. The detection and characterization of CPV in fecal samples from dogs in Portugal 

(continent and islands). Addressed by screening dog fecal samples for the presence 

of CPV, partial or/and full length sequence of the minor capsid protein (VP2 region) 

and evaluation of phylogenetic relationships.  

3. Investigate the CPV variants infecting vaccinated dogs: Preliminary results on the 

characterization of CPV in dogs that developed the disease after being vaccinated.    

4. CPV detection in the feline population. The characterization of the CPV detected in 

a cat and the genetic analysis of FPV circulating in domestic cats.   

5. The detection and characterization of CPV in tissues from free-ranging wild 

carnivores. Molecular characterization of the CPV isolates obtained from carnivores 

samples. The partial or/and full length sequence of the minor capsid protein (VP2 

region) and evaluation of phylogenetic relationships.  

6. In vitro investigation of the potential evolution in the residue 426 in feline and 

canine cell cultures. Specific changes introduced in the viral capsid were 

investigated.  
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Abstract  

We report a field study that investigated the CPV strains present in dogs that 

developed the disease after being vaccinated. Fecal samples of seventy-eight dogs 

that have been vaccinated against CPV and later presented clinical signs suspected 

of parvovirus infection were used. Fifty (64.1%) samples tested positive by PCR for 

CPV. No CPV vaccine type was detected. The disease by CPV-2b occurred in older 

and female dogs when compared to that by CPV-2c. The clinical signs presented by 

infected dogs were similar when any of both variants were involved. In most cases of 

disease, the resulting infection by field variants occurred shortly after CPV 

vaccination. Two dogs that had been subjected to a complete vaccination schedule 

and presented clinical signs after 10 days of vaccination, had the CPV-2c variant 

associated. The phylogenetic studies showed a close relationship of the isolates in 

vaccinated dogs to European field strains. Although the limited sample size in this 

study, the findings point to the significance of the continuous molecular typing of the 

virus as a tool to monitor the prevalent circulating CPV strains and access the 

efficacy of current vaccines. Adjustments on the vaccine types to be used may have 

to be re-evaluated according to each epidemiological situation in order to achieve 

dog’s optimal immune protection against CPV.  

 

Keywords: Canine parvovirus; Dog; Enteritis; Vaccination.  
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Introduction 

 Canine parvovirus type 2 (CPV-2) is one of the most important virus infecting 

domestic and wild canids (Allison et al., 2012, Nandi et al., 2013). It suddenly 

appeared at the end of the 1970s and to have originated as hosts range variant from 

feline panleukopenia virus (FPV) that adapted to the canine host via wild carnivores 

(Truyen et al., 1995, Hueffer et al., 2003, Palermo et al., 2006, Allison et al., 2012). In 

its adaptation to the new host, the virus has antigenically changed and CPV-2 was 

rapidly replaced by two new antigenic variants, CPV-2a (426Asn) in 1979 and CPV-

2b (426Asp) in 1984 (Parrish et al., 1985, 1991). Later, in 2000 a new antigenic 

variant, CPV-2c (so called CPV-426Glu) was described (Buonavoglia et al., 2001), 

and it has now been reported from all over the world (Steinel et al., 1998, Decaro et 

al., 2007a, Markovich et al., 2012).  

 The disease induced by CPV-2 causes a high morbidity and often mortality in 

dogs, mainly characterized by vomiting, hemorrhagic diarrhea, fever and dehydration 

in unvaccinated young dogs (form enteritis) and myocarditis in puppies of less than 3 

months of age. These clinical signs usually occur after an incubation period of 3-7 

days (Macartney et al., 1984, McCaw and Hoskins, 2006).  

 Puppies get protected during the first few weeks of their life through the 

transfer of maternally derived antibodies (MDA) acquired via colostrum (Decaro et 

al., 2005, Jakel et al., 2012). The decline of maternal antibody levels starts from first 

to 13 weeks in the pups. The vaccines used to date are unreliable when given in the 

presence of maternal antibodies (Nandi et al., 2013). The period between the 

disappearance or when there are very low titters of protection by maternally derived 

passive immunity and the ability to respond to vaccination with the development of 

active immunity is referred to as “immunity gap” (Scott et al., 1970). During this 

period, generally between 7 and 12 weeks of age, the dogs become susceptible to 

infection by wild-type viruses or to vaccines and several clinical cases are observed 

(Scott et al., 1970, Decaro and Buonavoglia, 2012; Truyen and Parrish, 2013). 

 The vaccination of puppies is routinely done during their first months of life, 

following an annual vaccination. A more common approach is to repeatedly vaccinate 

the dogs at intervals of 3-4 weeks, starting at 6 to 8 weeks of age and finishing 

around 16 weeks of age or above (Day et al., 2010, Jakel et al., 2012). The initial 

vaccination of puppies is generally performed using monovalent CPV-2 vaccines and 

in the remaining times using multivalent vaccines. The vaccination is an important 
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and effective method in the strategies to control and prevent the canine parvovirus 

infection in dogs (Nandi et al., 2013). Active virus circulation and initial vaccination 

programs helped developing herd immunity in animal populations, which greatly 

reduced mortality and further spreading of the virus (Decaro and Buonavoglia, 2012; 

Nandi et al., 2013). Many of the currently used vaccines are based on the original 

virus type CPV-2 isolated at the end of the 1970’s or early 1980’s (Truyen, 2006, Day 

et al., 2010). Several studies have shown that certain vaccines based on CPV-2 

protect dogs against infection with the new antigenic types, including CPV-2c, under 

experimental conditions (Spibey et al., 2008, Larson and Schultz, 2008). Wilson et al. 

(2013) showed that vaccination of dogs with containing CPV-2b vaccines protects 

against challenge with a virulent field strain of CPV-2c. For the last years, the 

discussion point has been whether the antigenic alterations that this virus has 

undergone could reduce the effectiveness of current CPV vaccines, especially the 

emerging variant 2c and/or whether there is a need for new vaccines. A recent study 

showed that most dogs developing parvovirus-like diarrhea after vaccination were 

infected by the field virus alone (Decaro et al., 2007b). Another study showed that the 

current CPV vaccines have failed to be protective against field strains (Mittal et al., 

2014). In addition, there is field evidence of parvovirus infection that caused more 

severe disease in vaccinated dogs and that the CPV-2c is more frequently 

associated to severe disease in adult dogs and that have completed the vaccination 

scheme than CPV-2a and CPV-2b (Decaro et al., 2007b, 2008, 2009). However, 

Markovich et al. (2012) found no association between CPV strain and disease 

severity or clinical outcome. Truyen (2006) defended that vaccines should contain 

the newest antigenic types of a given virus, as this implies the most complete 

protection, provided the new vaccines are as immunogenic as the old ones. 

 The interference by maternal antibodies in puppies is considered the primary 

cause of vaccination failure (Decaro and Buonavoglia, 2012). However, there are 

other reasons that may be associated to a vaccine failure in CPV disease, such as, 

the improper zoosanitory measures, disinfection practices; follow up of incorrect 

vaccination schedule, the immunocompromization of the host and the presence 

concomitant diseases (Nandi et al., 2013). The success of vaccination also depends 

on the type of vaccine used, for example, the inactivated vaccines are less effective 

and take much longer to induce an immune response when compared with the 

modified live vaccines (Day et al., 2010). 
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 To further understand the potential of vaccination failure and the development 

of CPV disease in immunized dogs, we conducted a field study to investigate and 

compare the course of the disease in vaccinated dogs as well as to find out to which 

CPV variants disease was associated. 

 

Materials and methods 

 A total of 78 dogs with a clinical diagnosis suggestive of parvovirus infection 

and with vaccination records were included in this study. The dogs were presented to 

Veterinary Clinics in the country during 2012-2014 and the general information 

(breed, age, sex, lifestyle, housing conditions and anthelminthic treatment), the 

clinical signs (attitude, hydration status, mucous color, body condition, gastroenteritis 

signs and temperature), and vaccination status were recorded. A fecal sample of 

each dog was collected and stored at -80⁰C for later analysis. 

 The extraction of DNA from fecal samples was performed as previously 

described (Miranda et al., 2014). The PCR assay was carried out to amplify a 

fragment with 583 nucleotides (nt) of the partial VP2 region (Buonavoglia et al., 

2001). Selected samples that were found positive by PCR assay were further 

amplified for the complete vp2 gene (1755 nt) as previously described (Miranda et 

al., 2016). Sequences comparison was conducted using CPV reference strains from 

Europe and rest of the world, including vaccine strains, retrieved from the GenBank 

database, using the Geneious R6 software (Biomatters Ltd., Auckland, New Zeland). 

A phylogenetic tree was constructed that covered the complete VP2 coding region, 

using the Neighbor-Joining method as implemented in Geneious R6. Phylogenetic 

tree reliability was estimated with 1,000 bootstrap replications. 

 

Results               

Samples 

 Of the 78 fecal samples analyzed, 50 (64.1%) tested positive for CPV by 

conventional PCR assay. Information regarding breed, age, vaccination status and 

period of time between the last vaccine dose and the onset of clinical signs are 

shown in Table 1. The majority of the samples (29/50) were retrieved from puppies 

up to 4 months old. Forty-two (84%) dogs were immunized with monovalent or/and 

multivalent vaccines based on the original virus type, CPV-2, and only one (2%) dog 

was immunized with a multivalent CPV-2b based vaccine. For the seven (14%) 
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remaining dogs, no vaccine type/brand was reported. The analysis of the genetic 

sequences of the amplified virus fragment obtained from positive dogs showed that 

all were CPV in type. One (2%) CPV strain was characterized as CPV-2a, twenty-

one (42%) as CPV-2b and twenty-eight (56%) as CPV-2c. No vaccine type was 

detected. 

 Only seven puppies out of the positive dogs had received three doses of CPV-

2 vaccine (Table 1) and one of the seven (PT089/13) had the last vaccine dose 

before completing 4 months of age. Six dogs had been subject to a complete 

vaccination protocol after 4 months of age, of which five were Portuguese Podengo 

(PT161/13 to PT165/13) and one was Labrador Retriever (PT238/14). Of the seven 

dogs that were immunized with a CPV-2 vaccine strain, four were detected with CPV-

2b and three with CPV-2c. Only two dogs showed the onset of clinical signs 1 month 

after of the last vaccine dose. The remaining 5 puppies presented a gap of less than 

10 days between the last vaccine dose and the onset of clinical signs.  

 According to the manufacturer’s instructions the immunity based by the 

vaccine action is produced between 3 and 10 days after vaccination. Therefore, a 

total of 19 among the CPV infected dogs presented the first clinical signs 10 days 

after they had been vaccinated (Table 1). Out of the 19 dogs, six were infected by 

CPV-2b and thirteen by CPV-2c. Of the dogs that were infected with CPV-2b only 

one received two vaccine doses, but two dogs that had the full vaccination schedule, 

were infected with the CPV-2c variant. 

 

The CPV antigenic variants and the severity of the clinical signs  

 The clinical signs presented by CPV infected dogs after they have been 

vaccinated, are shown in Table 2 and grouped by CPV variants. In general, most 

animals affected by both predominant CPV variants were depressed showing a 

dehydration status and normal temperature. However, while the majority of the CPV-

2b infected dogs showed low body condition, most of the CPV-2c infected dogs 

showed normal mucous membrane color, being the CPV-2b and -2c variants found 

to be predominant in dogs with diarrhea and vomiting simultaneously. The 

percentage of recovered animals was over 90% for any of the involved variants. Most 

of the infected dogs by CPV-2b (52.4%) were female and no differences in gender 

were found in dogs infected with CPV-2c (50%-50%).  Overall, the vaccinated dogs 
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showing clinical signs 10 days after the last vaccine doses showed very similar 

results with those of the global dog population infected by CPV.  
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Genetic comparisons of the field isolates in this study with the commercial 

vaccine strains  

 The sequence analysis of the field variants in this study detected seven 

synonymous mutations and a non-synonymous mutation (Phe267Try) in the dog 

sequence PT238/14 which had received the full vaccination scheme and presented 

clinical signs over 10 days after the last vaccine dose. 

 Selected complete VP2 sequences obtained from this study have been 

deposited to GenBank database under the accession number KT275252-KT275256. 

The relation between these sequences, 32 non-Portuguese isolates and 4 

commercial vaccines CPV strains (Figure 1) have been compared. The vaccine 

strains included three viruses with the CPV-2 type and one with CPV-2b. The dogs 

sequences used are of those dogs that had received 2 (PT013/12, PT036/12 and 

PT262/14) and 3 vaccine doses (PT089/13 and PT238/14). The phylogenetic 

comparison showed a close relation of the CPV sequences of dogs in this study to 

European field isolates and none to vaccine strains.  
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Figure 1. Neighbor-joining tree based on the full-length vp2 gene sequences of CPV obtained from 
vaccinated dogs, including worldwide and vaccine strains. Virus sequences in this study have been 
deposited in the GenBank database (accession number KT275252 (PT013/12), KT275253 
(PT036/12), KT275254 (PT089/13), KT275255 (PT238/14) and KT275256 (PT262/14)) are shown with 
solid arrow and the commercial vaccine strains are shown with bold letters. The bootstrap support 
(>70 %) is indicated above the respective branches. 
 

 

Discussion 

 Parvoviruses have been known of causing severe disease in younger 

unvaccinated animals. The vaccination has an important role in the strategies for the 

prevention of this disease, providing complete and long-lasting protection. The use of 

live attenuated vaccine is reported to prevent the development of clinical signs, 

reduce viral shedding, limit disease severity and reduce internment time, and all 
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together reduce significantly the fatality cases in vaccinated dogs compared to 

unvaccinated dogs (Spibey et al., 2008). However, the development of infection in 

vaccinated animals and the emergence of new strains have been contributing to 

question the efficacy of current vaccines.  

 This study reports on cases of CPV infection in vaccinated dogs, in Portugal. 

The sequence analysis of the strains obtained from 50 (64.1%) vaccinated puppies 

with enteric signs confirmed their infection with CPV field strains. These data seams 

to corroborate with previous reports that most of the dogs (62%) with diarrhea 

following CPV vaccination were infected by CPV field strains (Decaro et al., 2007b). 

Markovich et al. (2012) also found CPV field strains in thirty-six (64.3%) dogs that 

were reportedly vaccinated for CPV at least once. This wide range may be the result 

of the definition of the sampled population. Like in our study (with a prevalence of 

64.1%), Markovich et al. (2012) defined the study population as the animals with a 

history and clinical signs consistent with parvoviral enteritis, while Decaro et al. 

(2007b) comprised all dogs with diarrhea following CPV vaccination. The approach  

may also include animals  that are infected by other enteric pathogens of dogs, i.e. 

canine coronavirus, canine distemper virus, reoviruses, rotaviruses, Salmonella spp., 

protozoa and parasites (Decaro et al., 2007b, 2014), potentially increasing the 

number of animal negative to CPV infection. 

 CPV causes gastroenteritis usually in 1-6 month old dogs; however Decaro et 

al. (2008) reported an outbreak of CPV-2c infection in vaccinated adult dogs. Our 

results showed that the CPV-2b affected older dogs (>3 to 6 months) than CPV-2c 

(≤3 months). No differences were found for the analyzed clinical signs between both 

predominant variants. Most of the cases showed usual clinical parameters, 

dehydration, depression and gastroenteritis signs were present in dogs infected by 

both variants.  

 The vaccination of dogs is recommended at 6 until 16 weeks of age and 

possibly 24 weeks in high risk breeds. All dogs should receive a booster one year 

after completion of the initial series (Day et al., 2010, Jakel and others 2012). Dogs 

that had been vaccinated at least once had 2.13 times lower chances than the 

unvaccinated to develop the disease (Kalli et al., 2010). In our study, most of the 

samples (58%) were derived from puppies in the critical susceptibility period (2–4 

months age). In this age, those apparent vaccine failures will continue to occur in 

some puppies despite of well-designed vaccination schedules. The interference of 
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residual maternally-derived antibodies with vaccine virus may also explain some of 

those cases of CPV infection in vaccinated dogs (Decaro and Buonavoglia, 2012). 

However, it is interesting to observe that two dogs with complete vaccination 

schedule by a CPV-2 based vaccine (three doses administered) were infected and 

developed the disease more than one month after and were older than 4 months. 

These two cases were confirmed as infected by CPV-2c. According to other reports 

on CPV infection in vaccinated dogs and even considering all case reports of 

vaccination failures, there is not a definitive evidence for the absence of cross-

protection from clinical disease between vaccine and CPV variants (Decaro and 

Buonavoglia, 2012). Although these descriptions could suggest the association 

between CPV-2c strains and vaccine failure in puppies that received three doses of 

CPV-2 vaccines, challenge studies should follow in order to elucidate the impact of 

this variant in the vaccinated dog population (Castro et al., 2011). Nevertheless, 

researchers defend that although there are clear antigenic differences between the 

CPV variants, there is still considerable homology also with which a vaccine can 

prove efficacious and protect against infection (Wilson et al., 2013). Once the vaccine 

efficacy depends on level of maternal antibodies, this fact is considered the primary 

cause of vaccination failure in animals (Decaro and Buonavoglia, 2012). Ideally, the 

best time point to start the vaccination should be defined for each individual case to 

minimize the risk of maternal antibodies (Scott et al., 1970) but with increased costs 

to owners. 

 A recent study showed that seroconversion appeared as early as 7 and 14 

days post-vaccination for CPV-2b and CPV-2 vaccines, respectively (Decaro et al., 

2014), and according to several manufacturers of the vaccines used in Portugal, 3 to 

10 days onset of immunity post-vaccination is claimed. Decaro et al. (2007b) showed 

that most cases of parvovirus-like disease occurring shortly after vaccination are 

related to infection with field strains of CPV-2. The majority of the dogs in this study 

had been vaccinated against parvovirus few days before the onset of clinical signs. 

Even though the number of dogs with the first clinical signs 10 days after the last 

dose is limited, nineteen animals were diseased, suggesting to be cases of 

vaccination failure since they were infected by field strains circulating in the dog 

population and not by vaccine strains.  

 The small sample size and the incomplete data in some study cases in this 

report do not allow a direct association with vaccine failure for the appearance of the 
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disease by specific CPV strains. Our findings however suggest that dogs CPV 

immunization should be adjusted to the prevalent field strains and tailored to the 

individual host.  
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6.1. Canine parvovirus 2c infection in a cat with severe clinical disease 
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6.2. Genetic analysis of FPV full-length VP2 gene in domestic cats 
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Abstract  

Feline panleukopenia virus (FPV) and canine parvovirus (CPV) are two closely 

related viruses, which cause acute gastroenteritis in carnivores, and cats may be 

infected by strains of both viruses. The viruses are found worldwide and may have 

changing host ranges and genetic variation that can be found around the world in 

some cases. Here, we screened a Portuguese population of cats by a conventional 

PCR assay for the presence of FPV/CPV viruses in fecal samples and tissues 

between 2006–2008 and 2012–2014. The sequence analysis of the complete VP2 

gene showed that 18 of 31 animals tested were positive for FPV DNA, and no case 

of CPV infection was detected. The analysis of specific DNA detected three new non-

synonymous substitutions in the VP2 gene that were found in single groups and were 

related to viruses reported elsewhere by phylogenetic analysis – some were related 

to Italian isolates, one was closely related to isolates from Vietnam and China, and 

two were related with older strains from the USA. The results of our study show that 
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FPV circulated in the Portuguese cat population and as expected the found strains 

are slightly divergent from those reported previously. 

 

Keywords: cat; feline panleukopenia virus; canine parvovirus; Parvoviridae; Portugal 

 

Introduction 

 Feline panleukopenia is a contagious disease commonly responsible for 

gastroenteritis and leukopenia and associated with a high rate of morbidity in cats. 

The disease is caused by feline panleukopenia virus (FPV), which belongs to the 

Parvoviridae family, related to canine parvovirus type 2 (CPV-2) and other parvovirus 

of carnivores (Truyen, 2006).   

 Feline panleukopenia virus can replicate in a large number of feline tissues, 

primarily in cells of the lymph nodes, thymus, spleen or intestinal epithelium, and high 

titres of the virus are shed in feces (Truyen and Parrish, 1992; Parrish, 1995; Haynes 

and Holloway, 2012). The disease is characterized by severe leukopenia, vomiting 

and diarrhea with fever and abdominal pain (Battilani et al., 2011).  

 Feline panleukopenia virus has been known since the 1920s as the cause of 

disease of cats (Verge and Christoforoni, 1928). However, FPV is not the only 

parvovirus species affecting cats as other similar viruses like mink enteritis virus 

(MEV) and CPV but can also infect them. Some reports suggest that the adaptation 

of FPV to the canine host via wild carnivores such as minks and foxes (Truyen et al., 

1996; Shackelton et al., 2005; Allison et al., 2012) was involved in the emergence of 

CPV-2 and its variants. CPV-2 emerged as a new pathogen in dogs during the late 

1970s and has shown a relatively rapid evolution and high genomic substitution rates 

(Parrish et al., 1991; Shackelton et al., 2005), and the original strain was completely 

replaced, by an antigenic variants called CPV-2a around 1980, and later on by two 

variants of VP2 residue 426; 426Asp has been termed CPV-2b (Parrish et al., 1985; 

Parrish, 1991) and 426Glu which has been termed CPV-2c (Buonavoglia et al., 

2001). Those variants have been observed worldwide (Decaro et al., 2007; Hoelzer 

et al., 2008; Filipov et al., 2011; Markovich et al., 2012). The CPV-2a antigenic 

variant acquired the ability to infect and replicate in cats causing diseases 

undistinguishable from feline panleukopenia (Truyen et al., 1996; Battilani et al., 

2006). Several studies have reported the detection of CPV in diseased cats (Url et 
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al., 2003; Battilani et al., 2006; Miranda et al., 2014) and from faecal and bone 

marrow samples of healthy cats (Battilani et al., 2011; Haynes and Holloway, 2012). 

 There have been few studies about the presence of both FPV and CPV 

viruses in domestic cats in Portugal. One study has reported a case of CPV (426Glu) 

in a female cat with severe disease (Miranda et al., 2014), and the presence of FPV 

was also reported in four domestic cats obtained in the Lisbon area (Duarte et al., 

2009) and in two of 29 samples from feral cats (Duarte et al., 2012). The purpose of 

this study was to screen for the presence of FPV/CPV infection in a Portuguese 

population of cats with clinical signs suggestive of FPV and to perform the genetic 

analysis of the complete VP2 genes of the detected viruses. 

 

Material and methods 

Sample collection  

 Thirty cats showed clinical signs similar to those seen after panleukopenia 

infection. The observed clinical signs were fever, depression, weakness, dehydration, 

low body condition, gastroenteritis signs (diarrhoea and/or vomiting). Additionally, 

one cat (PT020/06, Table 1) that did not present any clinical signs but that was 

cohabitant with a dog that had a confirmed CPV infection was also included in the 

study. The cats were admitted to 10 veterinary clinics/hospitals throughout Portugal 

between 2006–2008 and 2012–2014. From these 31 animals, 47 samples were 

collected that included 31 fecal samples, five serum samples and 11 diverse tissues. 

The necropsy of the two animals that died of the disease was performed by the 

veterinary surgeons in the respective clinics, and revealed lesions in the gut that 

were characteristic of feline panleukopenia virus infection and several tissues were 

collected. The samples (fecal and serum samples and tissues) were sent to the 

laboratory for diagnostic purposes and stored at −80°C until analysis. All adequate 

measures were performed to minimize pain or discomfort of the animals, samples 

were collected using strict aseptic precautions were taken and for which owner 

consent had been obtained for participation in the study. All procedures and methods 

were carried out in accordance with the approved guidelines by the Portuguese 

Veterinary Authority of the Ministry for Agriculture, Sea, Environment and Spatial 

Planning (Decree law n.° 113/2013 of 7 August 2013) where the current European 

Communities Council Directive of September 2010 (2010/63/UE) is present. 
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Detection of viral DNA by PCR assay  

 Viral DNA extraction from the fecal samples and tissues was performed as 

previously described (Miranda et al., 2014). DNA from serum samples was obtained 

by extraction using the DNeasy Blood & Tissue Kit (Qiagen GmbH, Hilden, 

Germany), according to the manufacturer’s instructions. All samples were screened 

for FPV and CPV using primers amplifying a short stretch (583 nucleotides) of VP2 

region by conventional PCR assay as previously described (Miranda et al., 2014). 

  

 

 

Sequence and phylogenetic analyses 

 The obtained PCR products were directly sequenced at a commercial 

laboratory after being purified with the NZY Gel pure kit (NZYTech genes & enzymes, 
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Lisbon, Portugal), according to the manufacturer’s instructions. All fecal isolates and 

some of the tissues that turned positive in the initial screen were used to further 

amplify and sequence the complete VP2 gene (1755 nucleotides - Miranda et al., 

2016). The sequences were assembled, edited and compared with FPV strains from 

GenBank database (http://www.ncbi.nlm.nih.gov/), using the Geneious software R6 

(Biomatters Ltd., Auckland, New Zeland).  

 All nucleotide sequences obtained from fecal samples in this study were 

compared with other 71 reference FPV strains deposited on GenBank database, 

based on the full-length of VP2 region to produce a total data set of 89 FPV 

sequences from domestic cats shown in Figure 1. In addition, a CPV strain was used 

as an out group. A phylogenetic tree was constructed by the maximum likelihood 

(ML) method using the MEGA6 software package (Tamura et al., 2013). Bootstrap 

values were calculated based on 1000 replicates.  

 

Results 

Detection of viral DNA   

 Eighteen (58%) of a total of 31 cats tested positive by conventional PCR assay 

for FPV/CPV (Table 1). From tested positive animals, all their samples (18 feces, 5 

sera and 11 tissues) tested positive equally. These animals were admitted in five 

Veterinary Clinics/Hospitals in the country, one in the North, two in the Center region 

and one in Lisbon/Vale do Tejo and Algarve, respectively (Figure 2). The positive 

cats’ ages ranged from 2 months to 3 years age: 8 (44%) were aged < 6 months, 4 

(22%) were aged 6 to 11 months, 2 (11%) were aged 1 to 2 years, 1 (6%) was aged 

over 2 years, and 3 (17%) had no available information. Eleven (61%) cats were 

males, 5 (28%) were females and 2 (11%) had no information about gender. Fifteen 

(83%) cats presented gastroenteritis signs, but 3 (17%) did not. Thirteen (72%) were 

not reportedly immunized against FPV, but 3 (17%) were, and the vaccination status 

of the remaining cats (11%) was unknown. Of the infected and diseased cats, 10 

(56%) recovered from the infection, 6 (33%) did not, and the status of 2 (11%) was 

unknown.  

  

Sequence analysis of the full-length VP2 gene 

 The sequence analysis showed that all obtained PCR products from the 

infected cats were FPV in type (Table 1). The comparison analysis of the 18 fecal 
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sequences showed a 99.7-100% identity. The complete VP2 sequences obtained 

were deposited in GenBank, with accession numbers KT240128-KT240136 and 

KU248456- KU248464 (Table 2). 

 

 

 

 The comparison of the obtained sequences with other published 87 (Portugal, 

n = 4; France, n = 1; Italy, n = 34; Hungary, n = 2; United Kingdom (UK), n = 6; USA, 

n = 4; Argentina, n = 4; Japan, n = 11; South Korea, n = 16; China, n = 1; Vietnam, n 

= 3; Australia, n = 1) FPV reference strains of domestic cats, showed nucleotide 

identities of 99.4% to 100% among them. Here, three non-synonymous distinctive 

changes, in residues 252, 261 and 463, were detected in the FPV VP2 gene 

relatively to the reference strains. Of the 18 fecal sequences, one (PT022/08) had the 

Val252Ile mutation, another (PT271/14) showed the Phe261Tyr mutation and two 

(PT001/07 and PT002/07) had the Val463Ile substitution. In addition to the reported 

changes, 17 synonymous substitutions were also observed. 

 

Strain specificity within the host 

 Feline panleukopenia virus sequences were also retrieved from 5 sera and 11 

tissues in corresponding animals (Table 1) and those were compared to the original 
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sequences obtained from fecal samples. No differences were found in the analysis of 

the partial VP2 sequences from serum or tissue samples compared to the 

corresponding viruses in fecal sequences.  

 

Phylogenetic analysis 

 A phylogenetic tree was constructed using the full-length VP2 gene and 89 

national and international FPV fecal sequences (Figure 1) and a CPV strain was 

used as an outgroup. That showed that the Portuguese isolates were 

phylogenetically separated from those of the rest of the world. Although the 

sequences presented divergences between them, they formed four individual small 

subgroups within three main clusters. Most of the isolates showed a close 

relationship with recent Italian isolates.  

 The comparison of the nucleotide sequences based on the region of the 

country where the samples were collected is shown in Figure 2. The sequences 

(PT001/07 and PT002/07) of the Northern region, which contained the 463Ile non-

synonymous mutation, were related to other sequences from the North and from 

Algarve and Lisbon. However, the sequences (PT210/13 and PT271/14) obtained 

from samples collected in the western Central region, formed two separate lineages 

of those from the eastern Central region. The latter sequences were closely related 

to each other and supported by a significant bootstrap value, one of them (PT271/14) 

presenting the 261Tyr non-synonymous substitution. 

 

Discussion 

 Feline panleukopenia is a contagious, serious and frequent fatal disease of 

cats. Although endemic in many cat populations, FPV is also highly stable in the 

environment (Greene and Addie, 2006). The persistence of the virus in the 

environment and animal carriers has contributed to the maintenance of the enzootic 

nature of these infections and the occasional occurrence of outbreaks (BÖHM et al., 

2004).  



Chapter 6   

 

 

112 

 

 
Figure 1. Phylogenetic tree constructed from the nucleotide sequences of the full-length VP2 gene of 
fecal FPV isolates under study and the reference sequences. In addition, a CPV strain was used as an 
outgroup. The branch lengths are drawn to scale (number of substitutions per site). The bootstrap 
support (>70 %) is indicated above the respective branches with an asterisk. The FPV isolates of the 
current study are indicated (▲). The Genbank accession numbers of the sequences under study are 
provided in Table 2. 
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Figure 2. The origin of each isolate in this study. Relation between origins of collection samples in the 
Portuguese map with their genetic phylogeny - shown by connecting lines.  
 

 

 Here, we showed that FPV sequences could be recovered from 58% of the 

cats tested and many were associated to a severe disease. Three cats did not 

present any clinical sign of gastroenteritis, while three others that had received a 

complete vaccination scheme died. The genetic analysis of the sequences obtained 

from the three vaccinated cats that died showed two coding mutations (two to 463Ile 

and one to 252Ile) in the VP2 gene. Two of the dead cats were over 12 months of 

age and the third seven months old. 

 Clinical disease caused by FPV is most often diagnosed in kittens between 2 

and 5 months of age, while older cats predominately undergo subclinical or mild 

forms of the disease (Greene and Addie, 2006). Previous exposure based on the 

presence of the virus in the environment can explain the high levels of seropositivity 

in older cats (Mende et al., 2014). In this study, 44% of the diseased animals were 

under 6 months old and 72% were unvaccinated, suggested that those would not be 

protected against infection by FPV at the time of contact with the virus in the 
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environment, supporting previous observations (e.g. Mende et al. (2014)). However, 

in a recent study, Truyen and Parrish (2013) showed that 37% of the cats that were 

infected had been vaccinated at least once. This may be due to the interference of 

the maternally derived antibodies with the vaccination - that can last longer than 16 

weeks and result in the failure of the administered vaccine (Mende et al., 2014). 

Another possibility is that some of the virus strains with mutations in the capsid may 

be able escape the protection induced by current vaccines.  

 While it has been shown that cats are susceptible to both FPV and CPV 

strains and even to co-infection with multiple parvovirus strains (Battilani et al., 2006; 

Hoelzer et al., 2008; Battilani et al., 2011), this study demonstrates that cats are still 

primarily infected by FPV. The molecular characterization showed three non-

synonymous substitutions with amino acid changes Val252Ile, Phe261Tyr and 

Val463Ile, which have not been reported previously. As these residues are not 

exposed on the capsid surface, they may not affect the antigenicity of the virus. The 

existence of the non-synonymous mutations may indicate that the FPV strains may 

have been under constant selective pressure, leading to their genetic evolution. 

However, in general FPV sequences showed a high degree of nucleotide 

conservation in the VP2 gene after over 90 years since it emerged, in agreement with 

Greene and Addie (2006). 

 As expected, the phylogenetic tree showed that most of Portuguese isolates in 

the current study were closely related to viruses from domestic cats already found in 

the country (Duarte et al., 2009). Although the Portuguese FPV VP2 gene sequences 

diverge from the international published sequences, they showed a closer 

relationship with European strains from Italy. All sequences obtained from North 

region, Lisbon and Algarve grouped together in same branch and followed a similar 

evolution of the Italian strains; however, the sequences obtained from Center region, 

formed three distinctly separate lineages, suggesting that the viruses could have 

been introduced from elsewhere. 

 This study confirms that FPV is still the predominant virus strain infecting cats 

in Portugal, and also that the viral strains may form a separate group, while be 

related to viruses that have been sampled in European, Asian and the American 

cats.  
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Abstract  

Since its emergence in the 1970s, canine parvovirus (CPV) has been reported in 

domestic and nondomestic carnivores worldwide. With the aim to better understand 

CPV circulation in multi-host-pathogens systems, the characterization of CPV were 

followed in 227 free-ranging wild carnivores (12 species) from Portugal. Samples 

collected during 1995-2011 were analyzed by PCR and sequence analysis. CPV 

DNA was detected in 4 (1.8%) animals of two species, namely in wolves (Canis 

lupus; 3/63, 4.8%, 95% CI 1.6-3.15) and in a stone marten (Martes foina; 1/36, 2.8%, 

95% CI 0.5-14.2). Two wolves were classified as CPV-2b, the third as CPV-2a and 

the stone marten as CPV-2c. The comparative analysis of the full-length VP2 of the 

isolates in this report showed new non-synonymous mutations. The phylogenetic 

analysis demonstrated that the sequences from wolves clustered together, showing a 

close relationship with European dogs and wolf strains. The stone marten sequence 

grouped alone within the CPV-2c cluster along with raccoon, bobcat and domestic 

dog strains. This study confirms the infection of wild carnivores by CPV variants 

circulating in Portugal, strongly suggesting viral transmission between the wild and 

domestic populations. The need for a better understanding of the disease 

epidemiology and its management in wild populations is reinforced.   

 

Keywords: canine parvovirus; Parvoviridae; Portugal; stone marten; carnivores; wolf 
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Introduction 

 Efficient transmission in new host species is a major obstacle to successful 

cross-species transmission and emergence of viruses. Many emergent viruses are 

likely to be maladapted to the new host species and therefore cause only short 

transmission chains. Viral evolution can help surmount species barriers, principally 

by affecting virus-host interactions; evolving the capability for sustained transmission 

in a new host species represents a major adaptive challenge because the number of 

mutations required is often large (Kuiken et al., 2006). Hence, the process of viral 

emergence will often require multi-stage adaptations to a new host, an idea 

supported by the observation that RNA viruses (and some ssDNA viruses), which 

often exhibit evolutionary plasticity, are the most common agents of emerging 

disease (Woolhouse et al., 2001). 

 Canine parvovirus type 2 (CPV-2) represents one of the few examples where 

the successful process of cross-species viral transmission has been documented in 

‘real-time’ (Hoelzer et al., 2008). Although CPV-2 has a single-stranded DNA 

genome and use cellular replication machinery, estimates of nucleotide substitution 

rates are more comparable to those observed in RNA viruses than in other DNA virus 

(Shackelton et al., 2005). CPV-2 arose in the mid-1970s as a host-range variant of 

an endemic parvovirus of cats, mink or related hosts within the order Carnivora 

(Hoelzer et al., 2008), since canids and some related carnivores resisted infection by 

those ancient viruses (Parrish, 1990). The emergence of CPV-2 in dogs was 

associated with the virus acquiring the ability to bind the canine transferrin receptor 

type-1 (TfR) through changes in its capsid protein. Differences on the top and the 

side of the three-fold spike of the capsid surface controlled specific TfR binding and 

the efficiency of binding to feline and canine cells (Hueffer et al., 2003).  

 The CPV-2 has genetically and antigenically changed and it was rapidly 

replaced in 1978 by a new antigenic variant, called CPV-2a, due to five or six amino 

acid changes located in the VP2 gene (Parrish et al., 1988). New antigenic variants 

were described resulting from the presence of Asn to Asp (CPV-2b) or Glu (CPV-2c) 

at VP2 residue 426 located at the top of the three-fold spike on the capsid structure 

in 1984 and in 2000, respectively (Parrish et al., 1988, 1991; Buonavoglia et al., 

2001). The CPV-2a and its derivatives regained the ability to infect felids (Truyen et 

al., 1996), are globally distributed and infect a variety of domestic and wild hosts 

including cats, tigers, raccoons, wolves, pumas, coyotes, bobcats, cheetahs, foxes 
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and mink (Barker et al., 1983; Parrish, 1990; Steinel et al., 2000; Allison et al., 2012, 

2013). A current study showed that the cross-species transfer of viruses between 

carnivores and different hosts is determined by changes of VP2 residue 300 (Allison 

et al., 2016). 

 The importance of infectious diseases in carnivore conservation and their role 

in population dynamics and even declines have already been described for several 

wildlife species. Hence the efforts to limit contact between domesticated hosts and 

wildlife could reduce extinction risks (Pedersen et al., 2007). Infection with CPV has 

already been demonstrated in Canidae, Felidae, Procyonidae and Mustelidae 

families of the order Carnivora (Barker and Parrish, 2001; Steinel et al., 2001). Little 

information is presently available on the genetic characterization of CPV in 

carnivores (Steinel et al., 2000; Allison et al., 2012, 2013). However, several studies 

reported the detection of CPV in other wild carnivores by serological analysis 

(Sobrino et al., 2008; Woodroffe et al., 2012; Oleaga et al., 2015).   

 The Iberian wolf (Canis lupus) is classified as Endangered in Portugal 

(Pimenta et al., 2005) and one conservation goal is to diminish the mortality, 

including that caused by infectious diseases. In fact, wolves are susceptible to a 

large spectrum of canine pathogens commonly found in domestic dogs, including 

CPV (Murray et al., 1999; Millán et al., 2015; Oleaga et al., 2015). However, 

knowledge on the contribution of these and other carnivores to pathogen cross-

species transmission is lacking. A serological study (Santos et al., 2009) suggesting 

the exposure of wolves, red foxes, wildcats, common genets and stone martens 

(Martes foina) to CPV infection in Portugal, has been reported, and more recently, 

Duarte et al. (Duarte et al., 2013) typified a stone marten virus as CPV-2b. 

 With the aim of expanding our knowledge and understanding on the potential 

role of wild carnivores in the CPV epidemiology, the presence and characterization of 

CPV were studied in 227 free-ranging wild carnivores (12 species) from Portugal.  

 

Material and methods 

 Samples of 227 free-ranging wild carnivores from several species of the order 

Carnivora were analyzed in this study (Table 1). Samples collected in Portugal from 

1995 to 2011 and stored at −20ºC in the Banco de Tecidos de Vertebrados 

Selvagens (BTVS/ICNF) and Sistema de Monitorização de Lobos Mortos 

(SMLM/ICNF) were provided. Samples included those of animals found dead by 
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road-kills/vehicle collision (n = 111), lace (n = 11), shooting (n = 10), poisoning (n = 

3), infectious disease (n = 7) and other causes (n = 39). It was not possible to 

determine the cause of death in 45 cases. No animals were sacrificed for the 

purposes of this specific study. None of the authors were responsible for the death of 

any animals. This article does not contain any studies with animals performed by any 

of the authors. Upon standard necropsy procedure, cadavers were grossly classified 

as fresh (n = 100), medium (n = 53) and heavily autolysed (n = 57), while no 

information was available for 17. 

 

Table 1. Number of free-ranging wild carnivores analyzed by species and taxonomic family.  

Family Species Regular name 
Age Sex Total 

tested Juvenile Adult Female Male 
Canidae Canis lupus Gray wolf 22 41 31 32 63 
 Vulpes vulpes Red fox 4 17 11 13 25 
Felidae Felis silvestris Wild cat 3 21 10 24 36 
Viverridae Genetta genetta Common genet 5 21 17 14 32 
 Herpestes 

ichneumonn 

Mongoose  1  1 1 

Mustelidae Martes foina Stone marten 3 26 11 20 36 
 Martes martes Pine marten  5 1 4 5 
 Lutra lutra Eurasian otter  10 5 5 10 
 Meles meles Eurasian badger 1 6 3 4 7 
 Mustela putorius European 

polecat 
 5 1 6 7 

 Mustela vison American mink  2 1 2 3 
 Mustela nivalis Weasel   1 1 2 

 

 

 The study area included continental Portugal, presented in Figure 1. The 

majority of the animals were sexed and age was determined according to tooth 

eruption and wear (Table 1). The tissue samples analyzed in this study included liver 

(n = 75), spleen (n = 65), lung (n = 18) and heart (n = 6).    

 Approximately 30mg of tissue sample was used for viral DNA preparation as 

previously described by Miranda et al. (2014). For CPV detection, the primers 

amplifying the entire VP2 gene (1755 nt) were used, as previously described by 

Miranda et al. (2016). The PCR products were sequenced at a commercial laboratory 

after they have been purified using the NZY Gel pure kit (NZYTech Genes & 

Enzymes, Lisbon, Portugal). The obtained sequences were assembled, edited and 

aligned with reference strains obtained from the GenBank database, using the 

Geneious R6 software (Biomatters Ltd., Auckland, New Zeland).  
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 A maximum likelihood (ML) phylogenetic tree of the sequences was obtained 

using MEGA6 (Tamura et al., 2013). The phylogenetic tree was constructed using 

the full-length sequences of VP2 region deposited in the GenBank and estimated 

using bootstrap from 1000 replicates. 

 

 
Figure 1. Geographical distribution of the animal specimens collected in continental Portugal from 
1995 to 2011. The animal species are represented in the map by symbols, such as the identified CPV-
positive carnivores. 

 

 

Results 

 Of all 227 samples from wild carnivores, CPV DNA was detected in 4 (1.8%, 

95% CI 0.7-4.4) animals specifically in wolves (3/63, 4.8%, 95% CI 1.6-3.15) and in a 

stone marten (1/36, 2.8%, 95% CI 0.5-14.2). Positive wolves were collected in 

Northern Portugal in 1996 (41º 46' 49" N, 6º 40' 39'' W), 2002 (41º 17' 39'' N, 7º 50' 

48'' W) and 2005 (41º 44' 17'' N, 8º 12' 23'' W) (Figure 1). These comprised 1 male 

pup and 2 female, one juvenile and the other adult. The juvenile female was killed by 

an illegal snare while cause of death was undetermined for the other two wolves. The 
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stone marten was an adult female that was found dead by road-kill in the Central 

Portugal (40° 59' 55" N, 6° 56' 19" W) in 2008.       

 According to the sequence at codon 426, two wolves were classified as CPV-

2b (W33/PT/96 and W52/PT/05) and one as CPV-2a (W50/PT/02). The stone marten 

was classified as CPV-2c (Sm14/PT/08). Amplification of the full vp2 gene for 

sequencing was only successful with specific DNA from two wolves specimens 

among the three that tested CPV DNA-positive. The full-length VP2 sequences were 

deposited in GenBank database (accession numbers KU662349-KU662349). The 

comparative analysis of these showed non-synonymous mutations in all isolates 

(Table 2). Amino acids occupying positions 87 (Leu), 300 (Gly) and 305 (Tyr) that 

allowed the replication of CPV in cats were found preserved in wolves and stone 

marten, however the amino acid 101 changed (Ile to Thr) in a wolf. In addition to 

these, there were new non-synonymous mutations located at residue 115, 245 and 

247 in wolf isolates. The stone marten infected by CPV-2c revealed changes in 

residues 99, 115, 156 and 233.   

 

Table 2. Non-synonymous mutations (bold) in the full-length VP2 sequences obtained in this study. 

Isolate VP2: codon and amino acid positions 

 87 99 101 115 156 233 245 247 297 300 305 375 426 

EU659117a Met Asp Ile Asn Ser Tyr Thr Glu Ser Ala Asp Asn Asn 

AF306444b Leu Asp Thr Asn Ser Tyr Thr Glu Ser Gly Tyr Asp Asp 

JX411926c Leu Asp Thr Asn Ser Tyr Thr Glu Ala Gly Tyr Asp Asp 

              

W33/PT/96 Leu Asp Thr Asn Ser Tyr Thr Glu Ser Gly Tyr Asp Asp 

W52/PT/05 Leu Asp Ile Ile Ser Tyr Asn Ala Ser Gly Tyr Asp Asp 

Sm14/PT/08 Leu Ala Ile His Phe Phe Thr Glu Ala Gly Tyr Asp Glu 

a,b,c: CPV reference strains of domestic dog, wolf and stone marten, respectively. 

 

 

 The phylogenetic tree was constructed using the complete VP2 nucleotide 

sequences isolated from domestic and wild animals in Portugal and worldwide 

(Figure 2). In addition, a feline panleukopenia virus was used as the outgroup. It can 

be observed that both sequences obtained from wolves clustered in same group, 

with a close relationship with European dogs and Italian wolf strains. The stone 
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marten sequence grouped alone within the CPV-2c cluster, although showing 99.4% 

similarity with another strain of same species (GenBank accession number 

JX411926).  

 

Discussion 

 The majority of pathogens, including many of medical and veterinary 

importance, can infect more than one species of host (Woolhouse et al., 2001). 

Canine parvovirus became the most common virus in many other carnivores beyond 

the domestic dog (Truyen et al., 1996). Parvovirus is extremely stable and can 

remain infectious in the environment for many months, which facilitates transmission 

by fecal-oral route among susceptible species (Truyen et al., 1998). CPV variants 

have been proven to circulate in wildlife (Steinel et al., 2000; Allison et al., 2012, 

2013, 2014). Large carnivores are of vital importance to the stability and integrity of 

most ecosystems, but declines in free-ranging populations have highlighted the 

potentially devastating effect of infectious diseases on their conservation (Murray et 

al., 1999). Pedersen et al. (2007) suggested that evolutionary similarity to 

domesticated animals may be a key factor associated with infectious pathogen-

mediated declines of wildlife; thus, efforts to limit contact between domestic hosts 

and wildlife could reduce spillover and extinction risk.  

 The present study summarizes the molecular survey of CPV in wild carnivores 

in Portugal, during seventeen years (1995-2011). The characterization indicated the 

presence of CPV-2b and CPV-2a variants in wolves and CPV-2c in stone marten. 

These results are in agreement with a recent study, in which we demonstrated that 

variants of CPV isolated from domestic dogs in Portugal were predominantly CPV-2c 

followed by CPV-2b and CPV-2a (Miranda et al., 2016). In addition, our findings also 

agree those of Santos et al. (2009) and Duarte et al. (2013), detecting CPV 

antibodies in wolves, red foxes, wildcats, common genets and stone martens and 

CPV DNA in a stone marten, respectively.  
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Figure 2. Phylogenetic analysis of the VP2 complete nucleotide sequences of canine parvovirus from 
two wolves and one stone marten obtained in this study (indicated with “●”), other wild carnivore 

parvovirus (B: bobcat, C: coyote, F: fisher, Lc: leopard cat, Mpc: masked palm civet, P: puma, R: 
raccoon, Rf: red fox, Ro: river otter, Sm: stone marten, W: wolf) and domestic dogs available in the 
GenBank database. Feline panleukopenia virus was used as the outgroup. The percentage of 
bootstrap support (>70 %) is indicated above the branches. 
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 In Bulgaria, two out 57 samples (3.5%) from wild carnivores were parvovirus 

positive, a wolf and a red fox, both being infected by CPV-2a strains (Filipov et al., 

2014). Virus from wolves has been characterized as CPV-2b in Italy by Battilani et al. 

(2001), and CPV-2b and -2c in USA by Allison et al. (2013, 2014). Our findings are in 

agreement with the CPV variants reported in European wolves. The phylogenetic 

analysis showed a close genetic similarity of the CPV isolates from Portuguese 

wolves with the Italian wolf and domestic dogs strains from Germany and USA, 

however in opposite relation with American wolf strains. A high genetic proximity of 

wolves with domestic dogs suggested that the wolf virus may have spilled-over from 

infected domestic species due to direct or indirect contact. On the other hand, only 

two isolates from stone martens revealed the presence of CPV in this species, being 

one also collected in Portugal and classified as CPV-2b (Duarte et al., 2013), and 

another referred by Steinel et al. (2001) as a CPV-2a strain, whose nucleotide 

sequence is not available in GenBank database. To the best of our knowledge, this is 

the first report of molecular detection of CPV-2c in a stone marten. The stone marten 

typified as CPV-2c clustered alone within the CPV-2c cluster, due to the four new 

non-synonymous mutations in VP2 region and in a separate cluster in comparison to 

the stone marten strain previously described as CPV-2b (Duarte et al., 2013). The 

high genetic variability detected in the stone marten, suggests that the stone marten 

virus may represent a CPV evolution as a result of the selection process in nature. 

However, in the CPV-2c cluster, the stone marten also showed a close genetic 

similarity with domestic dog strains, including to the Portuguese, raccoon and bobcat 

strains.     

 Interesting findings of the present study were also the detection of several new 

mutations found in free-ranging wild carnivores CPV isolates, suggestive of the 

evolution of CPV in wildlife. The mutation at residue 297 (Ala) in the stone marten 

had been previously reported by Duarte et al. (2013). The VP2 position 300 has 

showed several alternative substitutions in CPV isolates recovered from a variety of 

carnivore hosts, including Asp, Gly, Ala, Ser and Val (Ikeda et al., 2002; Qin et al., 

2007; Chen et al., 2011; Allison et al., 2012, 2016). The ability of raccoon viruses to 

gain the host range for dog cells was associated with a single mutation of VP2 

residue 300, from Asp to Gly. All recent isolates of CPV from dogs (CPV-2a and its 

variants) collected worldwide have a 300-Gly residue. Also, this residue has been 
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described in domestic cats, coyote and gray wolf (Allison et al., 2012, 2013, 2014, 

2016). The stone marten strains from Portugal also showed the 300-Gly residue.      

 The present study provides a useful contribution to the understanding of the 

carnivore parvovirus evolution and epidemiology, thus helping to define strategies to 

control the disease in wildlife. 
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Mutagenesis of residue 426 in feline and canine cells: preliminary results 

 

 

Abstract  

Since the canine parvovirus (CPV) emerged as a pandemic pathogen of domestic 

dogs, three changes in the VP2 position 426 have been documented. The original 

CPV-2 and the antigenic variant that replaced it, and named CPV-2a, showed the 

amino acid Asn in VP2 residue 426. Two new changes were reported in this residue 

from field cases of CPV infection, the Asp in CPV-2b and Glu in the so called CPV-2c 

antigenic variant. With the aim of expanding our knowledge and understand the 

consequences in the variability of the 426 residue in the VP2 position, we created 

four mutant clones with a  unique change on  codon based on the Glu amino acid 

VP2 position 426 that  have never  been isolated in clinical canine cases.  We 

examined in vitro the adaptation of those mutants to the predominant domestic hosts 

for CPV, canine and feline cell lines. In addition, a residue change that has been 

observed in field isolates (Asp) was also included. Three (426-Gly, -Gln, -Ala) out of 

four alternative substitutions of VP2 position 426 demonstrated the ability to infect 

both hosts, suggesting that a selection against them can happen in nature. However, 

the mutant 426-Lys was only infectious to dog cells. The mutant that has been 

observed in field isolates (426-Asp), was able to infect canine and feline cells as 

expected. This finding suggests that these single nucleotide mutations may also be 

influencing the properties of the viruses, at least in cell culture environment and may 

be with the possible ability to in vivo infect dogs and cats  later, demonstrating the 

continuing evolution of the antigenic type of CPV.  
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Introduction 

 Canine parvovirus type 2 (CPV-2) is a host-range variant of a virus closely 

related to feline panleukopenia virus (FPV) that gained the ability to infect dogs 

through the acquisition of capsid mutations that altered the interaction of virus 

capsids with the transferrin receptor type 1 (TfR) on the surface of canine cells 

(Parker et al., 2001; Truyen and Parrish, 1992). CPV-2 was the original virus strain in 

dogs that spread worldwide during 1978 and that was completely replaced in 1980 by 

a new variant, CPV-2a. The CPV-2a strain is genetically and antigenically distinct 

from CPV-2 (Parrish et al., 1985, 1988) and is presumably better adapted to its 

canine host since it replaced CPV-2 in nature (Allison et al., 2012). The acquisition of 

four unique amino acid changes at VP2 residues 87, 101, 300 and 305 were 

determinants in replacing of the CPV-2 (Stucker et al., 2012). The emergence of 

CPV-2a also involved a host-range expansion, as the original CPV-2 did not replicate 

in cats, while CPV-2a isolates replicated efficiently and caused disease in cats 

(Truyen et al., 1996).  

 Since its emergence, the CPV-2 variant has acquired many additional point 

mutations, and some codons have changed multiple times. VP2 residue 426 

changed from Asn in CPV-2a to Asp in CPV-2b designated antigenic variant and 

then from Asp to Glu in the so called CPV-2c variant. Two new antigenic variants 

were detected in 1984 and in 2000, respectively (Parrish et al., 1991a; Buonavoglia 

et al., 2001). However, the CPV-2b and CPV-2c antigenic variants differ from CPV-

2a at only one position (VP2 residue 426) and all of the CPVs circulating worldwide 

today (Organtini et al., 2015). Other important example is the VP2 residue 300 that 

has been found to be Ala, Gly, Val, Asp, and Pro in different viruses, and some of 

those variant residues alter the host range and antigenicity of the viruses (Parrish 

and Carmichael, 1986; Allison et al., 2012). Allison et al. (2016) showed that VP2 

position 300 is the most variable residue in the parvovirus capsid in nature, 

suggesting that it is a critical determinant in the cross-species transfer of viruses 

between different carnivores. VP2 position 426 was the next most variable, with three 

amino acid changes (Asn, Asp and Glu). 

 The structures of CPV capsid have been determined by X-ray crystallography, 

revealing that the capsid is a nonenveloped icosahedron, assembled from 60 

subunits of a combination of two viral proteins, VP1 and VP2. VP2 (584 residues) is 

completely contained within the sequence of VP1 (727 residues) protein, except for a 
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143 amino acid N-terminal region that is unique to VP1, and comprises 

approximately 90% of the capsid (Tsao et al., 1991; Agbandje et al., 1993; Xie and 

Chapman, 1996). The surface features of the capsid include a prominent region 

surrounding the threefold axis of symmetry (3-fold spike), a circular depression 

(canyon) around the fivefold axis, and a dimple on the twofold axis of symmetry. 

Defined antigenic epitopes are affected by residues on the threefold spike (Tsao et 

al., 1991; Agbandje et al., 1993). The TfR binding site on the capsid is on a raised 

region of the structure (the 3-fold spike) and overlaps extensively with one of the two 

antigenic sites on the capsid surface, termed sites A and B (Strassheim et al., 1994; 

Hafenstein et al., 2009). The A site is on an exposed part of the surface near an 

icosahedral threefold axis, whereas the B site is about equally distant from the 

surrounding five-, three- and twofold axes (Hafenstein et al., 2009). Both antibody-

selected and host-range-controlling sites on the capsid fall within the antigenic sites, 

with VP2 residue 300 being in the middle of site B, residue 426 being within site A 

(Hafenstein et al., 2009). Residue 426 is located at the top of the 3-fold spike and 

close in the structure to residue 93, which is clearly involved in determining a CPV 

specific epitope and the canine host range of CPV (Parrish et al., 1991a). 

 With the aim of expanding our knowledge and understanding the variability of 

the VP2 position 426, we created four mutant amino acids that resulted in a single 

base change of codon in the Glu amino acid VP2 position 426. These have never 

been isolated from clinical canine cases. Afterwards, we examined the adaptation of 

theses mutants to the predominant domestic hosts for CPV in vitro, canine and feline 

cell lines.  

 

Materials and methods   

Construction of mutant viruses 

 Parvovirus was derived from an infectious plasmid clone CPV-2c. This was 

obtained from the infectious plasmid clone of the CPV-2a strain, as previously 

described (Parrish, 1991b). Four mutations in a single background in the VP2 

position 426 were included in the CPV clone (Gly, Gln, Ala and Lys). Importantly, 

none of these potential mutant residues have ever been isolated from clinical canine 

cases. These amino acids resulted in the unique change in the nucleotide based on 

the Glu amino acid (Figure 1). In addition, a residue that has been observed in field 

isolates (Asp) was also included.  
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 Mutant viruses were created using the Phusion site-directed mutagenesis kit 

(Thermo Scientific, Vilnius, Lithuania), according to the manufacturer’s instructions. 

The mutated region of the VP2 gene was sequenced to confirm that only the desired 

mutations were present. 

 

Figure 1. Mutations in a single background in the VP2 position 426 in cells analyzed in this study. The 
mutant amino acids that were created in a CPV infectious clone were shown (A) highlighted in green 
(B). Location of the 426 residue in the 3-fold-spike region of the capsid (C). This location were 
visualized using the PyMOL Molecular Graphics System, version 1.5.0.4 Schrödinger, LLC.  

 

 

Cells and virus infectivity assays.  

 The cell lines that were used in this study included Norden Laboratory feline 

kidney (NLFK) and A72 canine fibroblasts cells. These cell lines were grown at 37°C 

in a 5% CO2 atmosphere, using minimum essential medium (MEM) supplemented 

with 5% fetal bovine serum (FBS) (BioWest, Nuaillé, France) and antibiotic and 

antimycotic solution (10,000 U/ml penicillin G, 10,000 μg/ml streptomycin, and 25 

μg/ml amphotericin B; HyClone, Logan, Utah). 

 Plasmids (2 μg plasmid DNA) were transfected using TurboFect transfection 

reagent (Thermo Scientific, Vilnius, Lithuania) according to the manufacturer’s 

instructions. For viability and infection assays, the transfected viruses were 

inoculated into both cell cultures at the time of seeding at 2×104 cells/cm2 in 10-cm2-

well format (6-well plate). Cell cultures were grown for 7 days with one passage. To 

assess virus infectivity, cells were inoculated with first-passage-virus supernatant and 

then incubated for 7 days.  

 Viral infection was assessed by capsid titers and sequence analysis. Capsid 

titers were determined by hemagglutination (HA) assay. Virus were mixed in bis-Tris-

buffered saline (bTBS) (17 mM bis-Tris, 150 mM NaCl, 2.5 mM MgCl2, 0.7 mM 

CaCl2, 1.0 g/liter bovine serum albumin [BSA]; pH 5.87) with an equal volume of a 

0.5% (vol/vol) suspension of cat erythrocytes in bTBS, and titers were expressed as 
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the last dilution showing >50% hemagglutination after 24 h of incubation at 4°C. If HA 

assay was positive, DNAs were extracted from supernatants from passage 2, the 

mutated region of the VP2 gene was sequenced and examined for mutations. 

 

Results   

 The different mutations at position 426 were prepared in the genetic 

backgrounds of the infectious clone of the last field mutation showing (Glu). The 

comparison of the abilities of the different CPV VP2 position 426 mutants to infect 

canine and feline cells, showed differences between their hosts. Three (426-Gly, -

Gln, -Ala) out of four mutations demonstrated the ability to infect both hosts (Table 1), 

and they have not been observed in field isolates, suggesting that there is selection 

against them in nature. However, the mutant 426-Lys was only infectious to dog 

cells. Each mutant virus was transfected in duplicate and the mutant 426-Lys was 

performed twice. The mutation that has been observed in field isolates (426-Asp), 

demonstrated ability to infect canine and feline cells as expected.  

 

Table 1. Results of the infecciosity of 426 residue mutant in canine and 
feline cells.    

Mutant 426 HA test PCR assay/Sequencing 

 NLFK A72 NLFK A72 

CPV426-Gly + + + + 

CPV426-Gln + + + + 

CPV426-Ala + + + + 

CPV426-Lys - + - + 

CPV426-Asp + + + + 

 

  

Discussion    

 The adaptation of viruses to new hosts is a poorly understood process, likely 

involving a variety of viral structures and functions that allow efficient replication and 

spread (Stucker et al., 2012). Host adaptation involves complex interactions among 

both surface-exposed and buried capsid mutations that together alter cell infection 

and immune escape properties of the viruses (Stucker et al., 2012). Although 

mutations at residue 426 are not associated to host-specific changes as the residue 

300 (Allison et al., 2012), it is the second VP2 position 426 most variable of CPV 

(Allison et al., 2016). We showed that in vitro, the four capsid mutations grow and 
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infect canine cells, three of them in feline cells, suggesting that these single 

nucleotide mutations may also be influencing the properties of the viruses, at least in 

cell culture. Nelson et al. (2008) confirmed that the CPV capsid is very stable and 

showed that subtle changes occurring in overall capsid structure, dynamics, and 

permeability. However, in order to infect cells, conformational plasticity of the capsid 

is required and this likely involves the exposure of structures that are buried within 

the structural models. 

 The parvoviruses related to CPV include three variants which have >99% 

sequence identity but differ in host range, receptor binding, and antigenic structure 

(Strassheim et al., 1994; Hueffer and Parrish, 2003). Since 1980, a variety of 

additional mutants have arisen in the CPV-2a background, including changes of VP2 

residues 426 (Asn to Asp; then from Asp to Glu) (Parrish et al., 1988; Buonavoglia et 

al., 2001). Interesting findings of the present study was that of the mutant 426-Lys 

that only demonstrated to be infectious to dog cells, suggesting the loss of ability to 

infect the feline host as the original CPV-2, however, further analysis are need to 

clarify this. Moreover the amino acids (Asn and Asp) at position 426 have been 

isolated in feline cells in vitro and in domestic cats in vivo from Japan, USA, Taiwan 

and Vietnam (Truyen et al., 1995; Mochizuki et al., 1996; Truyen et al., 1996a; Ikeda 

et al., 2000). Also we have described a field case of CPV infection with 426Glu 

change in a cat (Miranda et al., 2014).  

 We demonstrated that variations at residue 426 are possible and allow 

anticipating the continuing evolution of the antigenic type of CPV. The focus of future 

studies will be the detection of the relative infectivities of these VP2 position 426 

mutant of CPV in domestic cat and dog cells by immunofluorescence assay and the 

antigenic analysis of mutant viruses using the hemagglutination inhibition assay with 

a typical panel of monoclonal antibodies (Parrish et al., 1991a). 
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Conclusions  

 

 Since the emergence of canine parvovirus, it has been puzzling the scientific 

community, since it is a DNA virus that presents a high rate of mutation, showing a 

rapid evolution with a variety of genetic and antigenic variants and a spreading 

worldwide. In addition, this virus affects a wide range of hosts.  

 The description of cases and constant monitoring of CPV has been 

instrumental in monitoring the global distribution of this disease in domestic and wild 

animals. 

 In the present thesis, studies on the molecular characterization of canine 

parvovirus isolated from canine feces, as well as from tissues of cats and wild 

animals, the determination of risk factors associated with CPV infection and the 

demonstration of the amino acid alternatives can be found in residue 426 in canine 

and feline cells are presented and discussed in the light of the current knowledge, 

allowing the following conclusions to be made: 

· Canine parvovirus infection was associated with age, anthelminthic treatment, 

rectal temperature, depression and dehydration status in dogs. 

· Using a PCR, CPV was detected in dog fecal samples collected from 2012 to 

2014, from different geographic areas of Portugal, including Madeira and 

Açores Islands. 

· All three CPV antigenic variants were found in the Portuguese dog population, 

CPV-2c was the most predominant, followed by CPV-2b. No co-infections 

were found in this study. 

· The antigenic variants showed a non-uniform distribution throughout the 

country. Up to date, no knowledge on CPV variants was known in the 

Portuguese Islands and this study demonstrated that the CPV-2c was the only 

detected variant in both Islands.  

· Several non-synonymous mutations were detected in the VP2 protein capsid 

from national dogs, demonstrating that the virus continues to change. 

· A high percentage of dogs developed the disease after being vaccinated 

against CPV in which only field CPV strains were detected. However, it was 

not possible to demonstrate vaccination failure. 
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· The current study reports a case of CPV-2c in a domestic cat, in Portugal. It 

also shows that FPV circulates in the Portuguese cat population and the found 

strains are slightly divergent from those reported previously.  

· In addition, the characterization of CPV of the 227 free-ranging wild carnivores 

(12 species) from Portugal demonstrated wolves infected by CPV-2b and 

CPV-2a and a stone marten by CPV-2c for the first time. 

· We demonstrated that the known mutation (Asn, Asp and Glu) in the residue 

426 can be alternated to Gly, Gln, Ala and Lys amino acids when tested in 

canine and feline cells. 

 

 

Future perspectives 

 

 Based on our findings, several issues may be investigated in the future.  

Further research should focus on aspects of the epidemiology and disease burden of 

canine parvovirus as an enteric pathogen. For example, the genetic variability of the 

capsid gene of the CPV should be followed particularly increasing the sample size 

and a more detailed investigation of the infection in the Islands.  

Vaccinated animals should be monitored for longer periods of time to evaluate the 

efficacy of the current vaccines.  

Feline and wild animals are reservoirs for CPV, therefore these should be 

continuously monitored and tested preferably initially by a small-scale 

seroprevalence study.  

Further investigations using the amino acid alternatives in the residue 426 should be 

performed to determine which possible carnivore host can be infected, for example 

testing them in other cell lines. 
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Abstract 

The most important enteric virus infecting canids is canine parvovirus type 2 (CPV-2). 

Canine parvovirus is the etiologic agent of a contagious disease, mainly 

characterized by clinical gastroenteritis signs in younger dogs. CPV-2 emerged as a 

new virus in the late 1970s, which could infect domestic dogs, and becoming 

distributed in the global dog population within 2 years. A few years later the virus 

original type was replaced by a new genetic and antigenic variant, called CPV-2a. 

Around 1984 and 2000 virus variants with the single change to Asp or Glu in the VP2 

residue 426 were detected (sometimes termed CPV-2b and CPV-2c). The genetic 

and antigenic changes in the variants have also been correlated with changes in 

their host range; in particular in the ability to replicate in cats and also host 

range differences in canine and other tissue culture cells. CPV-2 variants have been 

circulating among wild carnivores and have been well-documented in several 

countries around the world. Here we review and summarize the current information 

about the worldwide distribution and evolution of CPV-2 variants since they emerged, 

as well as the host ranges they are associated with.  

 

Keywords: Canine parvovirus; CPV-2; Emergence; Origin; Antigenic variants; 

Worldwide distribution; Host rages.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



  Annexes 

 

163 

 

Introduction 

 Canine parvovrirus type 2 (CPV-2) is one of the most important enteric 

pathogens of dogs. This virus is extremely contagious causing high morbidity with 

increased incidence in shelters, pet stores and breeding kennels. The disease is 

characterized by a rapid clinical course with death that can often occur 2 to 3 days 

after onset of signs in non-protected hosts (Carman and Povey, 1985; Parrish, 1995). 

It can affect dogs at any age, but severe infection is most common in puppies 

between 6 weeks and 6 months of age (Houston et al., 1996). All breeds are 

susceptible to the disease, although the mixed breeds are described to be less 

susceptible than many purebreds. Rottweilers, Doberman Pinschers, English 

Springer Spaniels, American Pit Bull Terriers and German Shepherd are the 

purebreds that have been reported with higher risk for CPV enteritis (Glickman et al., 

1985; Houston et al, 1996).  

 The infection is generally acquired by the fecal-oral route through the contact 

with feces from infected dogs or contaminated surfaces. Upon entering the body, the 

virus affects mainly mitotically active tissues, such as the lymphoid tissues, intestinal 

epithelium, and bone marrow, as well as the heart in neonatal pups. Following an 

incubation period of 3-7 days the disease can be characterized by two clinical forms, 

the enteric form that comprises vomiting, hemorrhagic diarrhea, depression, loss of 

appetite, fever and dehydration in younger dogs (Nelson et al., 1979; Carman and 

Povey, 1985; Parrish, 1995; Hoelzer et al., 2008a). Myocarditis may be seen after 

infection of neonatal puppies, where the clinical signs are seen a number of weeks 

after infection (Meunier et al., 1984; Sime et al., 2015). Canine parvoviral infection is 

also characterized by a drop in the white blood cell counts as a result of the infection 

of the bone marrow infection and other lymphoid tissues (Kelly, 1978; Appel et al., 

1979). 

 The main method for controlling the disease in domestic animals is by 

vaccination. After the emergence of the disease, modified live virus vaccines were 

soon developed being the first CPV vaccine available in 1979. The vaccines appear 

to be safe and to confer protective immunity allowing much of the disease to be 

controlled. However, the virus is still widely distributed in nature, and if pups are not 

vaccinated, and or when maternal antibodies interfere with their vaccination, they 

generally become naturally infected (Parrish, 1999). The evolution of the virus raises 
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questions about the efficacy of some vaccines, so that an understanding of the 

variation is required (Truyen, 2006). 

 

The etiology of CPV-2 

Taxonomy and virus structure 

 The CPV-2 belongs to the genus Protoparvovirus, member of the Parvoviridae 

family, that has been included within the species Carnivore protoparvovirus 1, 

together with feline panleukopenia virus (FPV), mink enteritis virus (MEV) and 

raccoon parvovirus (RPV), according to the International Committee on Taxonomy of 

Viruses (ICTV, 2014).   

 Parvoviruses have small (~25nm diameter), non-enveloped icosahedral 

capsids. The three-dimensional structure of CPV-2, FPV and CPV-2a particles has 

been determined at atomic resolution using X-ray crystallography (Tsao et al., 1991; 

Agbandje et al., 1993, Xie and Chapman, 1996). The virus has a linear single-

stranded and negative sense DNA genome of ~5,200 nucleotides, containing two 

major open reading frames (ORFs). The ORF in the 3' half of the genome encodes 

the nonstructural proteins (NS1 and NS2), while the ORF in the 5' half of the genome 

encodes the structural proteins (VP1 and VP2). At either end of the genome 

palindromic hairpins of about 150 bases are used in the replication of the viral DNA 

(Reed et al., 1988; Parrish, 1999).  

 The parvoviral capsid contains 60 protein subunits of VP1 (5-6 copies) and 

VP2 (54-55 copies), and those share a common structure. The coding regions for the 

VP1 (727 residues) and VP2 (584 residues) proteins overlap, apart from a 143 amino 

acid N-terminal region unique to VP1 (Tsao et al., 1991; Agbandje et al., 1993). The 

two structural proteins are produced by alternative splicing of viral mRNAs (Reed et 

al., 1988; Wang et al., 1998; Parrish and Kawaoka, 2005). The VP2 protein can be 

cleaved near its N-terminus by host proteases to produce another structural protein, 

VP3. The capsid proteins have a highly conserved central core composed of an 

eight-stranded anti-parallel β-barrel with flexible loops between the β-strands that 

interact to form most of the capsid surface. The surface features of the capsid 

includes a 22 angstroms (Å) long raised region (spike) on the three-fold axes, a 15 Å 

deep depression (canyon) surrounding cylindrical structures at the five-fold axes, and 

a 15 Å deep depression (dimple) at the two-fold axes. In addition, the three-fold axis 
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is the most antigenic region of the capsid and serves as a target for neutralizing 

antibodies (Tsao et al., 1991; Agbandje et al., 1993). 

 

Origin and virus emergence 

 In the 1970s, CPV-2 emerged as a new virus in domestic dogs. It caused a 

pandemic disease and spread though Asia, Australia, New Zealand, the Americas 

and Europe in early 1978 (Parrish et al., 1988, 1999). This virus was identified as 

CPV type 2 to distinguish it from the distantly related minute virus of canine (MVC) or 

also known as canine parvovirus type 1 (CPV-1) (Carmichael et al., 1994). Molecular 

clock estimates and phylogenetic studies indicated that CPV-2 likely emerged a 

number of years before spreading globally in dogs in 1978 and 1979 (Parrish et al., 

1988; Shackelton et al., 2005; Hoelzer et al., 2008b). Testing for antibodies in dog 

sera showed that the first positive titers in dogs in Greece and Belgium, between 

1974 and 1976 (Schwers et al., 1979; Koptopoulos et al., 1986), while the first 

positive sera in the USA, Japan and Australia, were reported early in 1978 (Parrish, 

1999). Since that year, the virus has been ubiquitous in dogs throughout the world 

(Parrish, 1999). During 1979, wild coyotes in the USA also became widely infected 

(Thomas et al., 1984).  

 The phylogenetic relationships between CPV-2 isolates from dogs and the 

viruses from cats (Feline panleukopenia virus, FPV), mink (mink enteritis virus, MEV), 

raccoon (raccoon parvovirus, RPV), raccoon dog (raccoon dog parvovirus, RDPV) 

and blue fox (blue fox parvovirus, BFPV) showed that all CPV derived from a single 

common ancestor, and that the strains most similar to viruses from different wildlife 

animals including raccoons and foxes (Allison et al., 2012, 2013). CPV was shown to 

be related to a virus similar to the long recognized FPV, but likely not from cats 

(Truyen et al., 1995). CPV-2 likely arose when it acquired mutations that allowed 

binding to the canine transferrin receptor type-1 (TfR) (Truyen et al., 1996a; 

Shackelton et al., 2005; Allison et al., 2012). Several studies have demonstrated that 

the TfR plays a key role in the susceptibility of cells to infection by these viruses 

(Hueffer et al., 2003; Palermo et al., 2006). 

 CPV and FPV are over 98% identical in DNA sequence but have specific host 

ranges, antigenic and hemagglutination (HA) properties which are controlled by the 

capsid protein gene (Chang et al., 1992; Truyen et al., 1995; Shackelton et al., 2005). 

The successful cross-species viral transfer and adaptation to the new canine host 
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involved few amino acid changes in and around the three-fold spike (Truyen et al., 

1995). These six genomic changes were sufficient for CPV-2 to acquire the canine 

host range, but lost the ability to replicate in feline host (Chang et al., 1992; Truyen 

and Parrish, 1992). Three differences at VP2 residues 93 (Lys to Asn), 103 (Val to 

Ala), and 323 (Asp to Asn) between FPV and CPV-2 could introduce the canine host 

range (Chang et al., 1992; Truyen et al., 1995). The changes of VP2 residues 80 

(Lys to Arg), 564 (Asn to Ser) and 568 (Ala to Gly) were associated to the loss of the 

ability to replicate in cats (Truyen et al., 1994) and are shown in Figure 1 and 2. 

However, residues 232 (Val to Ile) and 375 (Asp to Asn) also changed between FPV 

and CPV-2 sequences. The residue 375 variation was found only in some isolates of 

the original strain of CPV-2, and in later CPV variants that residue reverted to an 

Asp, suggesting that 375Asn is not critical to the success of CPV in nature. However, 

VP2 residue 375 that is located on the side of the threefold spike, this amino acid 

together with 323 determines the pH dependence of hemagglutination (Parrish, 

1991a; Parrish et al., 1991b; Chang et al., 1992).   

 

 

Figure 1. The locations of the mutations between FPV and CPV variants in the structure of the capsid. 
(A) The surface of the capsid is shown as a projection, where an icosahedral asymmetric unit of the 
capsid is shown as a triangle. (B) The surface-exposed of the CPV capsid, where the three VP2 426 
residues (1 to 3) from the three different VP2 monomers located on the top of the three-fold spike are 
visible and are equivalent to shown in (A). VP2 residues 80, 564 and 568 in FPV, as well as residues 
87, 297, 300 and 305 in the new antigenic of CPV-2a, -2b and -2c (along with residue 101, which is 
not surface exposed) appear to determine the ability to replicate in cats. Residues 93 and 323 differ 
between CPV-2 and FPV and control canine host range and influence canine TfR binding, while 
residue 426 differs between the new antigenic variants (Based on Steinel et al. (2000) and Allison et 
al. (2014)). These locations were visualized using the PyMOL Molecular Graphics System, version 
1.5.0.4 Schrödinger, LLC.  
 

Emergence of antigenic CPV-2 variants 

 After the detection of CPV-2 in many countries that virus was replaced around 

1980 in the USA by an antigenically and genetically variant virus, designated CPV-
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2a. While the CPV-2 strain was present in the USA, Japan, Belgium and Australia 

prior to 1980, it was replaced by the CPV-2a variant in all of those countries between 

1979 and 1982, as well as, in France and Denmark (Parrish et al., 1988). The 

examination of sera collected from wild coyotes (Canis latrans) between 1979 and 

1984 in the USA also indicated that these were originally infected by CPV-2 (Thomas 

et al., 1984), but that after 1980 the juvenile coyotes were being infected with CPV-

2a, as well as by the 426Asp variant (also known as CPV-2b) (Parrish et al., 1988).  

 The natural global replacement of CPV-2 by CPV-2a over a period of 2 to 3 

years indicates that CPV-2a has a strong epidemiological advantage over CPV-2 

(Parrish et al., 1988). It was also seen that the CPV-2a and its derivatives had 

regained the ability to infect cats, and it also became the most common virus in many 

other carnivores (Truyen et al., 1996a). CPV-2a became the new dominant lineage 

and underwent further evolution, gaining several common point mutations in various 

lineages. Some of these mutations changed the antigenic properties of the capsid 

and reached high frequencies in viral populations (Maya et al., 2013). The CPV-2a 

strain that emerged in 1979 differs in only five or six amino acids from CPV-2 isolates 

(Parrish et al., 1991b). The changes of the residues 87 (Met to Leu), 300 (Ala to Gly) 

and 305 (Asp to Tyr) allowed the replication in cats (Figure 1 and 2). Other changes 

also occurred in the capsid protein gene, residues 101 (Ile to Thr), 297 (Ser to Ala) 

and 555 (Val to Ile), between originally CPV-2 and -2a (Tsao et al., 1991; Agbandje 

et al., 1993; Truyen et al., 1996a).  

 In addition to the original CPV-2a antigenic type, there are two antigenic 

variants called CPV-2b (or VP2 426Asp) and CPV-2c (or VP2 426Glu). Although not 

all scientists are in agreement with the virus nomenclature, the reference to CPV-2a, 

-2b and -2c is prevalent in the literature. CPV-2b was first detected in 1984 in the 

USA (Parrish et al., 1991b) and CPV-2c was identified in 2000 in Italy (Buonavoglia 

et al., 2001). However, a recent study (Decaro et al., 2007) showed that the oldest 

CPV-2c strain was isolated in 1996, thus providing evidence that this variant had 

been circulating in Germany 4 years before its first detection in Italy. Antigenic 

differences among the three variants are associated with changes at residue 426 

(Asn in CPV-2a, Asp in CPV-2b, and Glu in CPV-2c). This mutation affects the major 

antigenic region (epitope A), which is located at the top of the three-fold spike in the 

VP2 protein. From the DNA sequence analysis of CPV-2a and -2b it was shown that 

the second variant differ only two amino acids from the first, in the VP2 protein. The 
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two CPV-2b specific coding changes resulted in differences in VP2 residues 426, 

previously referred, and 555 in the VP2 region (Figure 2). The substitution of VP2 

residue 555 (Ile to Val) represented a reversion to or retention of the sequence of 

CPV-2, and only the difference at residue 426 determined the altered epitope 

recognized and represented a replacement unique to CPV-2b (Parrish et al., 1991b). 

As the CPV-2b and -2c antigenic strains differ from CPV-2a at only one position (VP2 

residue 426), they are now considered by some authors to be variants of CPV-2a 

rather than distinct subtypes (Organtini et al., 2015).   

 

 
Figure 2. Some of the evolutionary processes of CPV-2 in dogs. Designation of 
CPV-2 antigenic variants and FPV based on major antigenic sites occurring in the 
VP2 capsid protein, such as the host range players. Amino acid positions were based 
on reference sequence with the accession number M24004 (FPV-b), M23255 (CPV-
d), M24000 (CPV-31), M74849 (CPV-39) and FJ005196 (G7). 
 

 

 Other non-synonymous substitutions at the VP2 region were also reported in 

the variants. An amino acid change at VP2 position 297 (Ser to Ala) was observed 

both in CPV-2a and CPV-2b. Residue 297 is located in a minor antigenic site close to 

epitope B but no changes in the antigenicity of those variants have been reported. 

CPV-2a/2b having a mutation at 297 residue (Ser to Ala) have sometimes been 
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designated as New CPV-2a and -2b (Martella et al., 2005; Ohshima et al., 2008). The 

mutation of VP2 residue 440 (Thr to Ala) has been observed in the same isolates 

which showed a mutation of VP2 residue 324 (Tyr to Ile). VP2 residue 440 may 

influence the antigenic structure as it is located in the GH loop of the VP2 protein on 

the surface of the capsid, while VP2 residue 324 is likely to have an effect on CPV 

host range similar to the previously characterized residue 323 (Hong et al., 2007; 

Mittal et al., 2014). An additional mutant, Asp-300, of CPV-2a/2b has been detected 

in recent years in domestic or wild felids in southern Asia, as well as in raccoons. The 

mutation 300-Asp is probably the expression of a further adaptation of the virus to 

replication in the feline or raccoon hosts (Ikeda et al., 2000; Allison et al., 2012). 

 Nowadays, the three antigenic variants have a worldwide distribution, and are 

found to infect a variety of different hosts. The regaining of the feline host range and 

infection of other hosts is likely to be a selective advantage for the virus (Truyen et 

al., 1996a). While CPV-2 is considered a host range variant of a virus closely related 

to FPV that gained the ability to infect dogs via wild carnivores, as previously 

reported, the emergence of CPV-2a was previously suggested to be due to host 

adaptation in dogs (Allison et al., 2012). A recent study (Allison et al., 2012) showed 

that raccoons from the USA have harbored parvoviruses similar to CPV for over 20 

years. In a phylogenetic analysis of the VP2 protein many raccoon parvovirus 

sequences, as well as a single isolate from a bobcat, fell in intermediate locations 

between the dog-associated CPV-2 and CPV-2a strains. Hence, raccoon 

parvoviruses may have played a central role in the transition between CPV-2 and the 

later CPV-2a and related variants that not only infected dogs but regained the ability 

to infect cats, a property lost by CPV-2. The CPV-2a-specific residues at 87 and 101 

position were likely acquired during evolution of the virus in raccoons, while the 

changes at 300 and 305 were acquired when the virus transferred back to the canine 

host (Fig. 2). However, other wild animals may have also played a role in the 

evolution and spread of CPV-2, such as, wolves, foxes, jackals and coyotes that 

have been found to be susceptible to CPV-2 disease (Thomas et al., 1984; Steinel et 

al., 2001).  

 Based on clinical signs, it is not possible to distinguish any of the CPV 

sequence variants (Markovich et al., 2012). Although a few reports suggest that 

CPV-2c (426Glu) may cause more severe clinical signs and mortality particularly in 

adult dogs than other strains (Decaro et al., 2008), others describe less-severe 
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disease and lower mortality rates in dogs infected with that virus (Decaro et al., 

2005).  

 Co-infections by multiple CPV variants in domestic dogs are not commonly 

reported, however, two cases have been detected (Battilani et al., 2007; Vieira et al., 

2008a). A recent study by Perez et al. (2014) reported 2 co-infections, in which one 

dog was infected by CPV-2c and CPV-2a strains, where the sequences examined 

differed in 29 nucleotides, and in the other dog the CPV sequence included a minor 

CPV-2a strain (13.3% of the viral population) and a major recombinant strain 

(86.7%). The recombinant strain arose from the inter-genotypic recombination 

between CPV-2c and CPV-2a strains within the VP1/VP2 gene boundary. These 

data indicate that co-infections and recombination are currently occurring between 

circulating strains in natural populations of CPV, indicating that both may be relevant 

forces in the generation of viral diversity and the emergence of new genotypes. 

Rapid genomic evolution by genetic interchange may be regulated by restricting 

recombination to particular hotspots in the genome that favor the interchange of the 

entire VP2 gene (Perez et al., 2014). 

 

The worldwide distribution of antigenic CPV-2 variants  

Spreading of antigenic variants in the global dog population 

 The early evolutionary history of CPV was characterized by global 

dissemination and strain replacement. CPV-2a replaced the CPV-2 worldwide within 

2 or 3 years, indicative of an increased fitness in dogs (Parrish et al., 1988). At the 

end of 1983, Houston et al. (1996) showed that CPV infection had been reported in 

50 countries around the world. The dynamics of the spread and evolution of CPV 

may have changed since it emerged. In contrast to the early period, the most recent 

endemic phase of the disease appears to be characterized by geographical genetic 

differentiation (Hoelzer et al., 2008b; Clegg et al., 2011). 

 Between 1979 and 2005, nearly 600 articles, papers, numerous text chapters 

and monographs have been published on the subject of CPV-2, according to 

Carmichael (2005), with over 1000 listed in PubMed. Canine parvovirus infection has 

been reported from Africa, Asia, Australia, the Americas and Europe (Steinel et al., 

1998; Decaro et al., 2007; Meers et al., 2007; Vieira et al., 2008b; Kumar and Nandi, 

2010; Markovich et al., 2012; Perez et al., 2012; Castanheira et al., 2014), and there 

are large numbers of publications which have reported the frequencies of different 
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CPV variants in various countries and regions. Table 1 summarizes the presence of 

the CPV variants around the world in the domestic dog population, based on the 

analyzed references. Moreover, the CPV-2 variants have been reported in 41 

countries distributed by 5 continents. The CPV-2a (VP2 426Asn) has been reported 

in 37 countries, the CPV-2b (VP2 426Asp) in 31 countries, and the CPV-2c (VP2 

426Glu) reported in 20 countries. Those three strains have been reported to co-

circulate in 15 countries, mainly in European and South American countries (Figure 

3). However, these numbers may change as there are several other countries where 

current studies are based on CPV positive serology testing, namely Cape Verde 

(Castanheira et al., 2014), Pakistan (Muzaffar et al., 2006) or Zimbabwe (McRee et 

al., 2014). 

 

 
Figure 3. Geographical distribution of CPV variants based on 426 residue detected in domestic dogs 
worldwide. Orange: presence of three CPV variants; Green: presence of two of three CPV variants; 
Yellow: presence of one of three CPV variants. 
 

 Recent epidemiological reports indicate that CPV-2a with VP2 426Asn is the 

predominant variant in Australia (Meers et al., 2007), most of Asian (Yoon et al., 

2009, Phromnoi et al., 2010; Chou et al., 2013; Yi et al., 2014; Timurkan et al., 2015) 

and European countries (Ntafis et al., 2010; Decaro et al., 2011, 2013; Cavalli et al., 

2014; Filipov et al., 2014), and this is the only variant reported in New Zealand 

(Ohneiser et al., 2015), Nigeria (Dogonyaro et al., 2013), Hungary (Demeter et al., 

2010), Czech Republic (Decaro et al., 2007), Slovenia and Romania (Decaro et al., 

2012), while it was not detected in Vietnam and Mexico, as well as, from an outbreak 

in a litter in Sweden (Table 1, Figure 4).  
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Figure 4. Worldwide distribution of CPV-2 variants in domestic dogs. Red: presence of CPV-2a 
variant; Pink: presence of CPV-2b variant; Green: presence of CPV-2c variant. 
 

 

 The prevalence of CPV-2b (VP2 426Asp) has been reported in several 

countries within the five continents (Table 1), and that was found to be the 

predominant antigenic variant in Ireland (McElligott et al., 2011), the United Kingdom 

(Decaro et al., 2007), USA (Hong et al., 2007), African countries (Steinel et al., 1998; 

Touihri et al., 2009; Dogonyaro et al., 2013) and in four of nine Asian countries 

(Nakamura et al., 2004; Kumar and Nandi, 2010; Ahmed et al., 2012; Soma et al., 

2013). Both CPV-2a and CPV-2b were distributed in equal proportion in Belgium 

(Decaro et al., 2013), Switzerland, and in Austria where these antigenic types were 

exclusively isolated (Truyen et al., 2000). Additionally, a sequence with VP2 426Asp 

was isolated from a dog in Russia (GenBank) (Chausov, E.V., Ternovoi, V.A., 

Protopopova, E.V., Durymanov, A.G., Shestopalov, A.M., Loktev, V.B. and Netesov, 

S.V., unpublished data, accession number JN033694). 

 Approximately 20 years after the emergence of the CPV-2c, this is found 

prevalent in Brazilian (Calderon et al., 2011; Perez et al., 2012; Pinto et al., 2012; 

Aldaz et al., 2013) and European countries (Decaro et al., 2011; Sutton et al., 2013). 

However, that variant has not been detected in Oceania. In Poland, all isolates were 

classified as CPV-2c during 1995-2009, while between 1982 and 1985 the isolates 

were CPV-2a and -2b (Majer-Dziedzic et al., 2011).  
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 The VP2 residue 426 variants of CPV coexist in different ratios in dog 

populations around the world (Truyen et al., 1996a). Their relative frequencies and 

genetic characteristics vary according to the geographic region analyzed and the 

time of sample collection. The reasons for the different ratios in various countries are 

unknown, but immune-selection by vaccines based on different antigenic types seem 
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unlikely, as many vaccines used in different parts of the world are based on the 

original type CPV-2 (Steinel et al., 1998). Cross-protection has been demonstrated 

with the use of these vaccines against infection with the different VP2 426 variants 

(Spibey et al., 2008; Wilson et al., 2013). The co-existence of those three variants in 

various populations in the world and in different ratios shows that there is likely no 

strong evolutionary advantage for one type or the other (Steinel et al., 1998). 

 

 The temporal and geographic variability and the relative frequencies 

 Depending on the year of collection of the canine samples, the frequency of 

the CPV variants has revealed interesting changes in their distribution and variability. 

Table 1 shows the variant types reported globally in the dog population, while Table 2 

shows their temporal variation within different countries.   
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 During 6 years, the variants prevalence was analyzed on collected samples of 

the Uruguayan dog population. CPV-2c was the main variant retrieved on samples 

from 2006, with only one CPV-2a (Perez et al., 2007) and CPV-2c was the only 

variant detected from samples collected between 2007 and 2009. However, an 

unexpected epidemiological change has occurred in Uruguay in 2010, where a 

divergent CPV-2a strain emerged in the CPV-2c homogenous population. This 

variant rapidly spread through the national dog population and the sequence analysis 

showed amino acid substitutions (267Tyr, 324Ile, and 440Ala) that were not 

observed in the Uruguayan CPV-2c (Perez et al., 2012). In 2011, the frequency of 

the CPV-2a increased to levels of 85% in the canine population (Maya et al., 2013).  

 In Brazil, all the three variants were found circulating in the canine population, 

however in different proportions, being the predominant variant type dependent on 

the year of study. CPV-2a was the predominant variant during 1980-86, which was 

substantially replaced by CPV-2b from 1990 to 1995 (Pereira et al., 2000).  All 

samples from 1995 to 2003 were identified as CPV-2a, and from 2004 to 2006, both 

CPV-2a and CPV-2b were observed. From 2006 to 2009, most of the samples were 

characterized as CPV-2b, with only one sample classified as CPV-2c in 2008 (Castro 

et al., 2010), and that become the most predominant variant circulating in Brazil 

between 2008 and 2010 (Pinto et al., 2012).  

 The predominance of variants may also vary according to the regions of the 

country where the samples are collected (Yi et al., 2014). For example in Portugal, 

the predominant CPV-2 variants found in the continental south regions and in the 

Islands differed from those detected in the samples collected in the continental north 

of country (Miranda et al., 2016), however, the distribution of CPV in China did not 

show any geographical correlation (Yi et al., 2014). The reason for the uneven world 

distribution of the different viral variants is still not clearly understood but could be 

related to the changing dynamics that the virus has experienced since its emergence 

in the 1970s (Hoelzer et al., 2008b). These data provide new evidence of the role of 

local genetic diversity and migration events during CPV evolution and, emphasize the 

dynamic changes in CPV variants and highlight the importance of ongoing 

surveillance programs to provide a better understanding of the virus epidemiology 

(Perez et al., 2012; Maya et al., 2013). However, this variability did not happen within 

certain countries, like Hungary (Demeter et al., 2010; Decaro et al., 2013; Csagola et 

al., 2014), Japan (Ohshima et al., 2008; Soma et al., 2013) and China (Zhang et al., 
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2010; Yi et al., 2014), where different studies during several years showed the 

presence of the same predominant variant type. Based on these data, the three 

different antigenic variants of parvovirus, 2a, 2b and 2c, are currently circulating 

worldwide, being however difficult to state which is predominant. 

 

Host ranges for antigenic CPV-2 variants 

Domestic cats 

 The original CPV-2 does not replicate in cats, on the other hand, it replicates 

in feline cells in vitro (Parrish, 1991a; Truyen and Parrish, 1992). In contrast, the new 

variants of CPV-2 have also penetrated the feline host range and they are able to 

infect and replicate in cats, causing disease indistinguishable from FPV (Truyen et 

al., 1996a; Battilani et al., 2011). In Vietnam and Taiwan, Ikeda et al. (2000) revealed 

that more than 80% of the isolates from cats were of the CPV type, rather than FPV. 

CPV-2a and -2b viruses have been also isolated in feline cells in vitro and in 

domestic cats in vivo from Japan, USA, Taiwan and Vietnam (Truyen et al., 1995; 

Mochizuki et al., 1996; Truyen et al., 1996a; Ikeda et al., 2000). Diseased cats have 

also been detected with CPV-2c (Miranda et al., 2014) or co-infections by multiple 

CPV variants (Battilani et al., 2006) or mixed infections with FPV and CVP-2-like (Url 

et al., 2003; Battilani et al., 2011). Some studies have also reported the presence of 

CPV-2 variants in fecal and bone marrow samples of healthy cats (Clegg et al., 2012; 

Haynes and Holloway, 2012). Retrospective typing of parvovirus isolates in clinically 

affected domestic cats has revealed a small percentage (about 5%) of CPV 

infections caused by CPV-2a or -2b (Truyen et al., 1996b). 

 

Wild animals 

 Parvoviruses are relatively stable in the environment and indirect transmission 

likely plays an important role in the transmission and maintenance of the viruses in a 

population, particularly in wild carnivore populations which may be characterized by 

low contact rates between animals. Transmission between domestic and wild 

carnivores may also readily occur, while direct transmission through close contact or 

predation on smaller carnivores has been proposed, the viruses are probably readily 

transmitted across long distances by fomites (Barker and Parrish, 2001; Hoelzer and 

Parrish, 2010). 
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 The host ranges of the CPV variants are complex and diverse. Although CPV 

isolates have been recovered from domestic cats and dogs, they have naturally been 

detected in a variety of related carnivores. Infection with CPV has already been 

demonstrated in Canidae, Felidae, Procyonidae and Mustelidae family (Barker and 

Parrish, 2001; Steinel et al., 2001) and the families of wild carnivores where the 

presence of CPV were detected are summarized in Table 3. However, several 

studies reported the detection of CPV in other wild carnivores by serological analysis 

(Santos et al., 2009; Woodroffe et al., 2012), and consequently there are no 

sequences available on GenBank database. 

 

 

 

 The 300 residue is important in distinguishing the antigenicity and host range 

among parvovirus but may vary among CPV isolates (Qin et al., 2007). Alanine holds 

the position in CPV-2; in CPV-2a and -2b it is Gly; in CPV-2c of the Vietnamese 

leopard cat Asp (Ikeda et al., 2000). During 1995 to 1997, CPV-2a or -2b variants 

were isolated from three leopard cats (Felis bengalensis), in Vietnam and Taiwan. 

Other three leopard cats showed the substitution (Gly to Asp) at the conserved 300 

residue, while were designated as leopard cat parvovirus (LCPV), but currently 

designated by CPV-2c (Ikeda et al., 2000). In 2004, nucleotide and phylogenetic 

analysis of the capsid protein VP2 gene classified the red panda parvovirus (RPPV) 

as a CPV-2a from red panda (Ailurus fulgens) in China. The substitution of Val for 

Gly at the conserved 300 residue in RPPV presents an unusual variation in the CPV-
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2a amino acid sequence and is a further evidence for the continuing evolution of the 

virus (Qin et al., 2007). Chen et al. (2011) showed that the isolates from the raccoon 

dog parvovirus (RDPV) and masked palm civet parvovirus (MCPV) were antigenically 

similar to CPV-2a, but had a change at G300S and classified as CPV-2a-like. The 

G300S mutation would have contributed to the adaptation of CPV-2a to raccoon 

dogs (Nyctereutes procyonoides) and masked palm civets (Paguma larvata). In 

addition, the MCPV had a change at T301A in VP2 protein. Residue 301, following 

residue 300, is located in loop 3 at the extremities of the threefold spike on the viral 

surface. Therefore, its changes might also affect antigenicity and host range of CPV. 

Other evidence for the continuing evolution of the canine parvovirus was the 

identification of the Q370R point mutation in the VP2 gene from a giant panda 

(Ailuropoda melanoleuca) classified as CPV-2a (Guo et al., 2013). All variants have 

succeeded in regaining the feline/carnivores host and new genomic mutations can be 

expected in future (Steinel et al., 1998). 

 Steinel et al. (2000) reported the detection of CPV-2b viral DNA in six 

cheetahs (Acinonyx jubatus) from Namibia and USA and, in a bat-eared fox (Otocyon 

megalotis) from Namibia. CPV-2a sequence was also found in the fecal sample of 

the Siberian tiger (Panthera tigris altaica) from a German zoo. The very high 

prevalence of CPV-2a/2b infections in these large cats compared to domestic cats 

may suggest a higher susceptibility of these species for these virus types (Steinel et 

al., 2000). An isolate from a stone marten (Martes foina) collected in Portugal 

revealed the presence of CPV-2b (Duarte et al., 2013), such as a stone marten CPV-

2a strain was referred by Steinel et al. (2001). In Italy, four isolates from wolves 

analyzed by Battilani et al. (2001) were antigenically and genetically identified as 

CPV-2b. The phylogenetic analysis from several nondomestic animals, such as, 

raccoon (Procyon lotor), coyote (Canis latrans), gray wolf (Canis lupus 

baileyi/nubilus/occidentalis), puma (Puma concolor), striped skunk (Mephitis 

mephitis), bobcat (Lynx rufus) (Allison et al., 2012, 2013) revealed the presence of 

the three CPV variants. A recent study by Filipov et al. (2014) detected two wild 

carnivores parvovirus positive, a wolf (Canis lupus) and a red fox (Vulpes vulpes), 

both being infected by CPV-2a strains. A diagnosis of canine parvovirus type 2c was 

also made in a group of Asian small-clawed otters (Aonyx cinerea) (Gjeltema et al., 

2015). 
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Conclusions   

 In approximately 40 years after the emergence of original CPV-2, three 

antigenic CPV variants are disseminated in 41 countries. The different antigenic 

variants of CPV-2 are prevalent in varying proportions in different countries. The 

prevalence of variants by country was found to depend on the year and region of 

collection of samples, however, results can differ due to the lack of current studies 

and the continuous monitoring of the CPV-2 within countries. Unexpectedly, the last 

reported variant (CPV-2c) has been only detected in twenty countries around the 

world.  

 As a result of multiple cross-species transmission events, there was a 

significant diversity of nondomestic animals infected by CPV-2 variants. A better 

understanding on the epidemiology and the evolution of CPV in other hosts than 

domestic cats and dogs appears essential. The summary of the data here presented 

contributes to map the actual geographical spread of the antigenic CPV variants 

worldwide and may be used as a handy information source for veterinarians and 

researchers interested in canine parvovirus and its evolution. 
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