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ABSTRACT

In this study, the genomic types of canine parvovirus (CPV) circulating in the State of Rio de Janeiro,
Brazil, from 1995 to 2001, were investigated using the polymerase chain reaction assay (PCR). A total
of 78 faecal samples from gastroenteritic puppies, confirmed as positive for canine parvovirus by
haemagglutination/haemagglutination inhibition tests or virus isolation in cell culture (MDCK), were
examined. The viral DNA was extracted from faecal samples using a combination of phenol-
chloroform and silica—guanidine thiocyanate methods. PCR was carried out with differential pairs of
primers to distinguish the old (CPV-2) and new types of virus (CPv-2a or CPV-2b). Specific amplicons
were observed for all samples using the primer pair P2ab, which detects CPV-2a and CPV-2b. Seventy-
six from a total of 78 samples (97%) were considered as CPV-2b because of their reaction with the
primer pair P2b. Thirty samples (30/78) were from previously vaccinated puppies and in 15 of them the
enteritis symptoms began from 1 to 12 days after vaccination. PCR confirmed the infection by wild
virus (CPV-2b) in 5 of these 15 puppies who had received old-type vaccines. Our results show that CPV-
2b was the prevalent type circulating in the State of Rio de Janeiro from 1995 to 2001.
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INTRODUCTION
Since it emerged in 1978, canine parvovirus has been considered an important

pathogen of domestic dogs and has spread worldwide in domestic and wild canid
populations (Appel et al., 1979; Steinel et al., 2000).
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Soon after the appearance of CPV-2, new antigenic types, termed CPV-2a and CPV-
2b emerged in 1979 and 1984, respectively (Parrish et al., 1985). These variants may be
distinguished from the original CPV-2 using monoclonal antibodies, restriction
enzymes and, more recently, polymerase chain reaction assay (PCR) (Parrish et al.,
1985, 1988, 1991; Mochizuki et al., 1993; Senda et al., 1995; Pereira et al., 2000). It has
been demonstrated that CPV-2a differs from CPV-2 in three regions of the gene that
encodes the VP2 capsid protein. The only significant difference between CPV-2a and
CPV-2b variants is the substitution of one amino acid (aa) (Asn— Asp) at position 426
in VP2 protein (Parrish ez al., 1988, 1991).

Several reports showed that the original CPV-2 is no longer circulating; meanwhile
the new variants CPV-2a and CPV-2b have become variously distributed in canine
populations worldwide (Parrish et al., 1988; De Ybaiiez et al., 1995; Greenwood et al.,
1996; Hirasawa et al., 1996; Sagazio et al., 1998; Steinel et al., 1998; Ganiere et al.,
2000; Truyen et al., 2000).

Our results from a study conducted in the State of Rio de Janeiro, Brazil, showed
that, in spite of vaccination, canine parvovirus infection is responsible for about 44% of
the haemorrhagic enteritis in puppies (Cubel Garcia et al., 2002). The present survey
was conducted to characterize, for the first time, the types of CPV-2 circulating in the
State of Rio de Janeiro from 1995 to 2001 using the PCR and nested-PCR assays.

MATERIALS AND METHODS
Faecal specimens and canine parvovirus detection

A total of 78 faecal samples from gastroenteritic puppies under 7 months of age were
examined. All puppies lived in the State of Rio de Janeiro. Fourty-four samples arose
from the outpatient office of the Universidade Federal Fluminense, and 12 samples
from a privately owned animal hospital, both located in Niteroi city (20 km from Rio
de Janeiro city). Seven samples were from puppies that had had consultation with
practitioners in Rio de Janeiro city and another one from Nova Iguagu city (20 km far
from Rio de Janeiro city). Eleven samples were from a private clinic from Teresopolis
and the remaining three were from Petropolis; both of these cities are located in the
mountain region, approximately 91 and 68 km, respectively, from Rio de Janeiro city.
These samples were collected during a 7-year period, from April 1995 to April 2001,
with the following distribution: 1995 (10 samples), 1996 (12), 1997 (11), 1998 (10), 1999
(11), 2000 (15) and 2002 (9).

The samples were first tested for the presence of CPV-2 by haemagglutination (HA)
test and confirmed as positive by haemagglutination inhibiton test or virus isolation in
cell culture (Madin—Darby Canine Kidney, MDCK) (Cubel Garcia et al., 2000).
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Virus strains

Feline panleukopenia virus (FPLV, Felocell CVR, Pfizer, New York, NY), CPV type 2
(Vanguard, Pfizer), CPV type 2a (Vencomax, Vencofarma, Londrina, PR, Brazil) and
CPV type 2b viruses (Galaxy, Fort Dogde, lowa and Primodog Merial, Duluth, GA),
were obtained from modified-live vaccines commercially available in Brazil and were
used to test the specificity of the primers.

Sample preparation

Approximately 10% faecal supensions were prepared using Tris-Ca>* (0.01 mol/L, pH
7.2) and digested with proteinase K (20 mg/ml) (Gibco, Carlsbad, CA) at 56°C for 15
min. After digestion, the viral DNA was extracted using a combination of phenol-
chloroform-isoamyl alcohol (Invitrogen, Carlsbad, CA) and silica—guanidine
thiocyanate, as described by Alfieri and colleagues (2004).

Primers for PCR assays

Differential primers for the capsid protein VP1/VP2 gene were used to distinguish the
old and new types of viruses (Table I). The primer pairs P2 and P2ab, located at nt
3025-3045 and 3685-3706, respectively, which detect CPV type 2 and the new type
strains (CPV-2a and 2b), have been already described by Senda and colleagues (1995).
The primer pair P2b, located at positions 4043-4062 and 4449-4470, specific for CPV

TABLE I
PCR primers designed in the VP1/VP2 gene of canine parvovirus

Amplicon
Primer Sequence Position length (bp)
VPF ATGGCACCTCCGGCAAAGA (2285-2303) 2245
VPR TTTCTAGGTGCTAGTTGAG (4512-4530)
P2S GAAGAGTGGTTGTAAATAATA* (3025-3045) 681
P2AS CCTATATC*ACCAAAGTTAGTAG* (3685-3706)
P2abS GAAGAGTGGTTGTAAATAATT* (3025-3045) 681
P2abAS CCTATATA*ACCAAAGTTAGTAC* (3685-3706)
P2bS CTTTAACCTTCCTGTAACAG (4043-4062) 427

P2bAS CATAGTTAAATTGGTTATCTAC (4449-4470)
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type 2b, has been described by Pereira and colleagues (2000). At first, each sample was
tested with the primer pairs P2 and P2ab. Those found positive for P2ab were subjected
to a new amplification assay with primer P2b to distinguish among types 2a and 2b.
For the nested-PCR assay, a primer pair, VPF (2285-2303) and VPR (4512-4530),
which amplifies FPLV as well as the old and new types of canine parvovirus, was used
in the first amplification (Mochizuki et al., 1993). The first amplicon product was then
submitted to a nested-PCR assay using the primer pairs described above (P2, P2ab,
P2b).

Polymerase chain reaction (PCR) assay

The PCR was performed as described previously (Mochizuki et al., 1993; Senda et al.,
1995) with some modifications. The most sensitive concentration of MgCl, was found
to be 1.5 mmol/L for primers P2, P2ab and VPF/VPR, and 2.5 mmol/L for primer
P2b. Briefly, 10 ul of DNA was incubated at 94°C for 2 min with 1 ul of each primer (20
pmol) pair. After 2 min at 4°C, DNA amplification was performed in a 50 pl reaction
mixture containing 50 mmol/L KCIl, 10 mmol/L Tris-HCI (pH 8.3) (Biotools), 1.5
mmol/L MgCl, (Invitrogen), 200 pmol of each dNTP (Invitrogen) and 0.5 U of 7Tag
polymerase (Biotools). The PCR was performed in a thermal cycler (LabNet Multigene
IR System, Edison, NJ) and consisted of 30 cycles of incubation at 94°C for 30 s, 55°C
for 2 min and 72°C for 2 min and final extension of 10 min at 72°C. The PCR products
were resolved on 1% agarose gel followed by ethidium bromide staining and the
amplicons were visualized with UV light. Distilled milli-Q water was used as a negative
control in all techniques, and recommended manipulations for PCR procedures were
carried out as a precaution to avoid false-positive results (Kwok and Higuchi, 1989).

Restriction enzyme analysis of the PCR products after amplification with primer pair
VPF/VPR

The DNA sequences corresponding to the VP1/VP2 genes of CPV-2 (GenBank
M38245), 2a (Genbank AJ564427) and 2b (GenBank M74849) were searched for
matches to the recognition sites of a large database of restriction endonucleases by
computer-aided analysis (DNASIS v.6, Hitachi Software Co., San Francisco, CA,
USA). The restriction enzyme Haelll was found to recognize selectively the sequence
GG!CC at nt 2418 and 3837 of CPV type 2, 2a and 2b strains. Then, amplicons (10 pl)
obtained by PCR assay using the primer pair VPR/VPF were digested at 37°C for 3 h
with 20 units of Haelll restriction endonuclease as recommended by the manufacture
(Promega, Madison, WI). The 1% agarose gels were photographed under UV light
after ethidium bromide staining.
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RESULTS
Specificity of the primers

The specificity of the four primer pairs used was evaluated with the amplification of the
CPV-2 vaccine samples. The primer pair P2 reacted with FPV and CPV-2 samples,
while P2ab detected the new types of canine parvovirus. Both primer pairs generated
an expected 681 bp amplicon. A 427 bp amplicon was observed only with the P2b and
CPV-2b vaccines. To show the specificity of PCR reaction using this set of primers, 11
positive samples and controls (vaccines) were first tested in a PCR using the primer
pair VPF/VPR. As expected a 2.2 kbp amplicon was observed with FPV, CPV-2 (old
type), CPV-2a and CPV-2b (new types) vaccines. The amplicons were then submitted to
a nested-PCR using the primer pairs described above (P2, Pab and Pb). The results
were similar to those obtained with a single PCR reaction. To attempt to confirm that
the amplicons detected after the amplification using primer pair VPF/VPR were
canine parvovirus-specific, the PCR products obtained with canine parvovirus
vaccines and four clinical samples were digested with the restriction endonuclease
Haelll. After digestion, three fragments of the expected sizes (1419 bp, 693 bp, 133 bp)
were observed on 1% agarose gel for all samples tested (Figure 1).

203608 2245pb

1636pb 1419pb
693pb

506pb

201pb 133pb

Figure 1. Haelll restriction patterns of the PCR products obtained with primer pair VPF/
VPR. Lane M, 1 kb ladder (Invitrogen); lanes 1, 3, 5, 7, 9, 11, 13, undigested products; lanes 2,
4,6,8,10, 12, 14, digested products. Lanes 1-2, CPV-2 vaccine; lanes 3 and 4; CPV-2a vaccine;
lanes 5 and 6; CPV-2b vaccine; lanes 7, 8 and 9, 10, clinical samples that showed amplification
with primer pairs P2ab and P2b; lanes 11, 12 and 13, 14, clinical samples that showed
amplification only with primer pair P2ab
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CPV-2 genotyping from clinical samples

None of the 78 samples tested showed an amplicon with the primer pair P2. All except
two samples were amplified with the primer pair P2ab and, because they reacted with
the primer pair P2b, were considered CPV-2b (Table II). The other two samples that
did not show amplification with the primer pair P2b were tested in a new PCR reaction
using the primer pair VPF/VPR. A specific 2.2 kbp amplicon was observed on 1%
agarose gel and a nested-PCR was carried out using individual primers P2, P2ab and
P2b; an amplicon of 681 bp was observed only with the primer pair P2ab.

According to the owners’ information among the 78 studied samples, 63 puppies
were from 2 to 4 months old. Thirty puppies received at least one dose of parvovirus
vaccine and 40 puppies had not been vaccinated (Table III). Vaccination data were not
available for the remaining 8 puppies.

TABLE II
Distribution of the faecal samples typed by PCR as CPV-2a or CPV-2b according to the cities
where dogs lived in the State of Rio de Janeiro, Brazil

No. of samples

City CPV-2a CPV-2b tested
Niteroi 1 55 56%
Rio de Janeiro 1 6 7
Teresopolis 0 11 11
Petropolis 0 3 3
Nova Iguagu 0 1 1

2 (2.5%) 76 (97.5%) 78 (100%)

456 samples: 44 from Universidade Federal Fluminense, 12 from private animal hospitals

TABLE II1
Detection of CPV-2 in vaccinated puppies

No. of days between Puppies vaccinated with
vaccination and onset
of the symptoms 1 dose 2 doses 3 doses Total
1-3 3 2 0 5
4-9 5 3 0 8
10-12 2 0 0 2
>13 10 2 0 12
NA*® 1 1 1 3
Total 21 8 1 30

ANA, not available
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As shown in Table III, among the 30 vaccinated puppies, 21 received one dose, 8
received two doses and only one had completed the vaccination protocol. For 12 of
these 30 puppies, the interval between the last vaccination and the onset of the disease
was longer than 13 days; this information was not available for the other three puppies.
For another 15 puppies, the enteritis symptoms began from 1 to 12 days after
vaccination.

DISCUSSION

The results of the investigation of the 78 faecal samples indicated that CVP-2b was the
prevalent type of canine parvovirus circulating in Rio de Janeiro State from 1995 to
2001. This paper reports the first molecular characterization of CPV-2 in Rio de
Janeiro and the results are in agreement with those reported by Pereira and colleagues
(2000), who detected CPV-2b in Sao Paulo, Brazil. Similar epidemiological patterns
have been described in the United States, Japan, South Africa and Switzerland (Parrish
et al., 1988; Hirasawa et al., 1996; Steinel et al., 1998; Truyen et al., 2000). In contrast,
studies conducted in France, Austria, and Germany in the same period showed that
CPV-2a was more common than CPV-2b (Ganiere et al., 2000; Truyen et al., 2000),
while in United Kingdom and Spain the two types appear to be distributed about
equally (De Ybanez et al., 1995; Greenwood et al., 1996).

The reasons for the difference in the worldwide distribution of the two variants are
unclear and the coexistence of CPV-2a and CPV-2b in various populations in different
countries as well as in different ratios shows that there seems to be no evolutionary
advantage for one type or the other. CPV-2b differs from CPV-2a in only one amino
acid change (Asn-426 to Asp) and it is believed to be unlikely that this difference arose
from immunoselective pressure by vaccines (Parrish et al., 1991; Steinel et al., 1998).

Approximately 80% (63/78) of the characterized samples were from young puppies
(2-4 months), probably because at this early age the vaccination programme had not
been completed or puppies had not been vaccinated. As shown (Table I1I), 30 puppies
(30/78) had received one, two or three doses of vaccine. These samples were considered
positive for parvovirus by HA assay or virus isolation in cell culture (MDCK) (Cubel
Garcia et al., 2000, 2002). It is not possible to discriminate between wild or vaccine virus
using these tests and it is known that both vaccine and wild CPV-2 can be detected in
faecal samples by HA test from 3 to 9 days after oral inoculation (Carmichael et al.,
1981). In 12 of these 30 vaccinated puppies the interval between vaccination and the
onset of disease was longer than 13 days, showing that it was, in fact, wild virus shedding.
For another 5 puppies, the interval was 1-3 days, suggesting that they were probably
vaccinated during the incubation period of the disease. For 10 samples the positive result
could be due to detection of vaccine virus since the interval was 3-12 days post
immunization.

Most of the vaccines available in Brazil during the study period were constituted of
CPV-2 old type. Using the PCR with differential primer pairs it was possible to confirm
the infection by wild virus (CPV-2b) in 5 of the 15 puppies in which gastroenteritis
symptoms began from 1 to 12 days after vaccination with the old type. For another 10
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puppies, data on the type of CPV-2 vaccine were not available.

Presently in Brazil, vaccines constituted of the old and new types of virus (CPV-2,
CPV-2a and CPV-2b) are available in the market. Since the tests currently employed at
animal hospitals are not able to distinguish among vaccine and wild virus, it is
important now to know about the vaccination protocol that an animal has received
for the appropriate diagnosis of CPV-2 (Carmichael et al., 1981; Sagazio et al., 1998;
Cubel Garcia et al., 2002).

The natural variation of CPV-2 has already had biological consequences for dogs
and cats. Mochizuki and colleagues (1996) reported that about 5% of the FPV isolates
from domestic cats in Germany and the United States were either CPV-2a or CPV-2b.
In addition, Ikeda and colleagues (2000) demonstrated that both CPV-2a and CPV-2b
are prevalent in cat populations in Southeast Asia. CPV strains were also isolated from
peripheral blood mononuclear cells of apparently healthy Vietnamese leopard cats and
were designed as LCPV. Three of these LCPV strains presented a specific amino acid
substitution at residue 300 in the VP2 capsid protein and were denominated CPV-2¢
(Ikeda et al., 2000). CPV-2 emerged suddenly in 1978 and it continues to evolve. The
sequence analysis of the capsid protein gene of two CPV-2b isolates in Italy
(Buonavoglia et al., 2000) revealed two amino acid changes. One of these was at AA
426 (Asp—Glu) and this substitution seems not to be present in other CPVs or in
closely related parvoviruses.

CPV-2 infection is still widespread among domestic dogs in the State of Rio de
Janeiro, as has demonstrated before (Cubel Garcia et al., 2002). By constantly
monitoring the CPV-2 types circulating in the State of Rio de Janeiro it will be
possible to detect future genetic changes as well as maintaining surveillance on
infection by canine parvovirus in domestic or wild cats.
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