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Original article

Development of a novel vaccine
against canine parvovirus
infection with a clinical isolate
of the type 2b strain

Purpose: In spite of an extensive vaccination program, parvoviral infections still pose a major
threat to the health of dogs.

Materials and Methods: We isolated a novel canine parvovirus (CPV) strain from a dog with
enteritis. Nucleotide and amino acid sequence analysis of the isolate showed that it is a novel
type 2b CPV with asparagine at the 426th position and valine at the 555th position in VP2. To
develop a vaccine against CPV infection, we passaged the isolate 4 times in A72 cells.
Results: The attenuated isolate conferred complete protection against lethal homologous CPV
infection in dogs such that they did not develop any clinical symptoms, and their antibody titers
against CPV were significantly high at 7-11 days post infection.

Conclusion: These results suggest that the virus isolate obtained after passaging can be devel-
oped as a novel vaccine against paroviral infection.
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Since its discovery in 1978, canine parvovirus (CPV) has caused widespread enteritis
and myocarditis with a high mortality rate in canine pups [1,2]. Although an extensive
vaccination program has been instituted for the prevention of CPV infection in pups,
CPV infection remains highly prevalent in Korea. The emergence of a new type of CPV
strain different from the vaccine strain was determined as the main cause of the high
prevalence of CPV infections in Korea.

CPV belongs to the feline parvovirus subgroup and is closely related to the feline
panleukopenia virus (FPV), suggesting that it has evolved from FPV [3,4]. CPV is a non-
enveloped virus with a single-stranded DNA genome of about 5,200 nucleotides in
length and contains 2 promoters that direct the expression of 2 non-structural proteins
(NS1 and NS2) and 2 capsid proteins (VP1 and VP2) [5-7]. Mutations in the VP2 region
have given rise to 2 new antigenic variants—CPV-2a and CPV-2b. Although the relative
prevalence of CPV-2a and CPV-2b varies in different countries, these 2 variants are cur-
rently predominant in canine populations worldwide [8-16]. Some sporadic mutations
have occurred since the emergence of CPV-2b, including mutations at glutamine (Glu)-
426 and aspartic acid (Asp)-300, but no single significant mutation has been reported
yet [14,17-19]. At least 5 conserved amino acid substitutions in the VP2 region were ob-
served between CPV-2 and CPV-2a. CPV-2b has 2 more substitutions in VP2 than CPV-
2a, where asparagine (Asn)-426 and isoleucine (Ile)-555 are replaced by Asp and valine
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(Val), respectively [11].

The antigenic variations in CPV can be detected by several
methods, including hemagglutination, hemagglutination in-
hibition by monoclonal antibodies, sequence analysis, poly-
merase chain reaction (PCR), and real-time PCR [11,12,20,21].
Irrespective of the method used, it is critical to monitor chang-
esin VP2, because VP2 determines the host range of the patho-
gen as well as other biological features. Substitution of only 1
amino acid in VP2 is known to cause dramatic changes in the
antigenic properties of the virus [9,11,19,22,23].

In the present study, we isolated CPVs from the diarrheic
sample of a dog with severe enteritis in order to develop a vac-
cine against CPV infection in dogs. We characterized the clini-
cal isolate in terms of the nucleotide sequences of the VP2
gene and amino acid sequences of the VP2 protein. The viru-
lence of the isolate was attenuated by passaging the isolate 4
times by repeated infection of A72 cells. Our results suggest
that it is highly possible to develop a novel vaccine against
CPV infection in dogs.

PCR for confirmation of CPV in fecal samples

To verify the presence of CPV in the fecal samples of a dog
with clinical symptoms of severe enteritis, we performed PCR
with primer sets for the conserved region in various strains of
CPV (sense, 5'-AAAGAGAGCCAGGAGAGGTA-3’; anti-sense,
5-TTCTGACAGCAGGTTGACCA-3") at 94°C for 1 minute,
55°C for 1 minute, and 72°C for 1 minute (30 cycles) [24]. DNA
for PCR analysis was obtained from the feces and isolated us-
ing QIAamp DNA stool mini kit (Qiagen, Hilden, Germany)
according to the manufacturer’s instructions.

Isolation and passage of the virus

The fecal sample was homogenized (10% w/v) in phosphate-
buffered saline (PBS) and subsequently clarified by centrifug-
ing the solution at 2,800 rpm for 10 minutes. The supernatant
was filtered through a 0.45-um filter and then a 0.22-pm filter
(Schleicher & Schuell, Keene, NH, USA) to obtain the viral
fraction. The filtered supernatant was overlaid on a 70% mono-
layer of A72 canine fibroma cells in alpha-minimum essential
medium supplemented with 2% fetal bovine serum, non-es-
sential amino acids, and antibiotics (at a final concentration of
100 units/mL of penicillin G sodium, 0.1 mg/mL of streptomy-
cin sulfate, and 29 pg/mL of amphotericin B). The cytopathic
effect (CPE) of the isolate on A72 cells was observed at 3 days

post-infection (dpi). The presence of CPV on infected cells
was confirmed by indirect fluorescent assay (IFA) by using an
anti-CPV monoclonal antibody (Genobiotech, Daejeon, Ko-
rea) and fluorescein isothiocyanate-conjugated anti-mouse
IgG (Sigma-Aldrich, St. Louis, MO, USA). Then, the isolated
virus was passaged 4 times on A72 cells. CPE-positive A72
cell samples in their fourth passage were alternatively frozen
and thawed 3 times, and then centrifuged at 3,000 rpm for 10
minutes at 4°C. The presence of CPV in the supernatant was
confirmed by PCR analysis with type 2b-specific primers and
CPE generation on the A72 cell monolayer before performing
the in vivo infection tests.

Determination of the type of the isolated CPV

To determine the type of the isolated CPV, PCR was perform-
ed using CPV-2b-specific primer pairs (sense, 5-CTTTAACC-
TTCCTGTAACAG-3’; anti-sense, 5"-CATAGTTAAATTGGT-
TATCTAC-3") at 94°C for 30 seconds, 55°C for 2 minutes, and
72°C for 40 seconds (30 cycles).

Cloning of VP2 from the clinical isolate

The VP2 gene of the clinical isolate was amplified using PCR
with primer pairs (sense, 5 -ATGAGTGATGGAGCAGTTCAA-
CC-3’; anti-sense, 5-TTAGTATAATTTTCTAGGTGCTAG-3")
at 94°C for 30 seconds, 55°C for 2 minutes, and 72°C for 40
seconds (30 cycles). The PCR product was isolated by elec-
trophoresis on a 1% agarose gel and purified using QIAquick
gel extraction kit (Qiagen) according to the manufacturer’s
instructions. The purified sample was cloned into apCR2.1-
TOPO vector (Invitrogen, Carlsbad, CA, USA) and used to
transform competent JM109 cells. The colonies were grown
for 18 hours at 37°C on Luria broth agar plates containing
ampicillin. The plasmids were extracted by using GENE ALL
Plasmid SV mini kit (General Biosystem, Seoul, Korea), and the
inserts were subjected to dideoxy chain-termination sequen-
cing (Applied Biosystems, Foster City, CA, USA). Sequence
homology was estimated using BLASTn of the National Center
for Biotechnology Information.

Testing the protection abilities of the attenuated virus

Seven male beagle dogs, aged 6 to 8 weeks, were used as test
animals. The absence of the parvoviral antigen and the anti-
parvoviral antibody in these animals was confirmed by the
parvoviral antigen detection kit (Isu Abxis, Seoul, Korea) and
parvoviral antibody detection kit (ImmunoComb, Biogal-
Galed Labs., Galed, Israel), respectively. These dogs were
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allocated to 3 groups: group I, group II, and group III, which
comprised 2, 2, and 3 dogs, respectively. Group I served as the
control group and were orally administered with 1 mL of PBS
without any infective agents. The dogs in group II were orally
administered with the same volume ofthe clinical isolate, and
those in group III were orally administered with the attenu-
ated virus 2 weeks before the oral challenge with the clinical
isolate. The dosage of the virus was 10, 50% tissue culture
infectious dose (TCIDso) of CPV [16,25]. The clinical condi-
tion of each animal was monitored daily. Blood samples were
obtained at 2-day intervals to analyze viremia and antibody
levels each condition was detected using PCR and Immuno-
Comb (Biogal-Galed Labs.), respectively. Feces of each ani-
mal were also taken at 2-day intervals for PCR investigation

M S1 S2 M1 S M2

Fig. 1. Identification of canine parvovirus (CPV) in fecal sample from
a dog with enteritis. Polymerase chain reaction was performed with
the universal primer pairs (A) and CPV-2b-specific primer pairs (B) to
identify CPV in the fecal sample ofa dog with enteritis. (A) M, marker;
S1and S2, fecal samples from a dog. (B) M1, 100 bp marker; M2, mar-
ker; S, fecal sample.

Infected cells

of fecal shedding of CPV. On the day of death or 11 days after
inoculation, 10 different anatomical samples were taken (from
the spleen, mesenteric lymph node, thymus, cardiac muscle,
liver, lung, kidney, duodenum, jejunum, and ileum) and ana-
lyzed by PCR. Histological changes in the jejunum and ileum
were evaluated after hematoxylin and eosin staining.

Isolation of a novel type of CPV

We studied CPV infection in a dog that had severe enteritis,
which was later confirmed by using a parvoviral antigen de-
tection kit (Isu Abxis). PCR analysis of the DNA isolated from
the fecal samples with the universal primers also showed
positive results, as expected (Fig. 1). To isolate the virus from
the fecal samples, we inoculated the filtered viral fraction
on the A72 cells. The infected A72 cells showed cytoplasmic
atrophy and elongation, nuclear polymorphism, and degra-
dation, as well as detachment from the bottom of the plate in
their final stage. On average, these changes occurred at 3 dpi
and peaked at 5 dpi. CPVs in CPE-positive A72 cells were suc-
cessfully visualized using IFA. A significantly higher increase
in fluorescence was observed in the CPV-infected A72 cells
than in the negative control cells (Fig. 2). These results clearly
show that the isolate was a CPV, and we characterized this
isolated virus.

To identify the type of clinical isolate, we performed PCR
with primer sets specific to CPV-2b. As shown in Fig. 1, the
genomic size was found to be 472 bp, as expected, indicating
that this clinical isolate belongs to the CPV-2b type. We then

Non-infected cells

Fig. 2. Inmunofluorescent assay (IFA) to verify the presence of the canine parvovirus (CPV). A72 cells were infected with the clinical isolate for
3 days, and the presence of CPV on infected cells was confirmed by IFA using anti-CPV monoclonal antibody and fluorescein isothiocyanate-

conjugated anti-mouse IgG.
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determined the nucleotide sequence of the virus and found
that the isolate was a novel type since its VP2 region was not
identical to that of any of the CPVs listed on GenBank. As
shown in Table 1, this isolate has Asn at amino acid position
426 in VP2, while CPV-39 and CPV-133, which are classical
CPV-2b strains, have Asp at that position.

Protective capacity of the attenuated virus

In order to develop a new vaccine against CPV infection, we
passaged the clinical isolate 4 times on A72 cells and per-
formed the tests described in Materials and Methods with the

Table 1. Nucleotide and amino acid sequence analysis of the VP2 gene

Nucleotide position in the complete genome

Strain
3045 3675 3685 3699 4062
CPV-2 CPV-b A C C G A
CPV-d
CPV-2a  CPV-15 T G G T A
CPV-31
CPV-2b  CPV-39 T G G T G
CPV-133
Isolate - T G G T A
CPV, canine parvovirus.
dpi Blood dpi

100 bp
3F 7 9 e Dy

- - S

DO 1

Sl 7~ Crsili DO 1
=1

DO 1

attenuated virus to determine its protection abilities. The dogs
in group II that were inoculated with the fecal viral sample
alone experienced diarrhea at 3 dpi, and their symptoms im-
mediately progressed to severe enteritis with anorexia, vomit-
ing, diarrhea, dehydration, and dyspnea; they finally died at
6 dpi. In contrast, the 2 dogs in group III that were adminis-
tered with attenuated virus prior to the oral challenge with
the clinical isolate remained healthy until the termination of
the experiment and did not show any clinical symptoms. The
2 dogs in group I, the negative control group without any arti-
ficial infection, were healthy for the first 6 days since the start

Amino acid position in VP2

4449 87 297 300 305 426 555
G Met Ser Ala Asp Asn Val
A Leu Ser/Ala Gly Tyr Asn lle
G Leu Ser/Ala Gly Tyr Asp Val
G Leu Ala Gly Tyr Asn Val

dpi Feces dpi
Dog
#1
#3
#5
#7

Fig. 3. Polymerase chain reaction (PCR) tests for detection of viremia and canine parvovirus (CPV) shedding. The (A) blood and (B) feces of dogs
in the 3 different groups (group I, #1 and #2; group II, #3 and #4; group ll, #5, #6, and #7) were taken at 1, 3, 5, 7, 9, and 11 days after inocula-

tion and were subjected to PCR analysis to detect CPV.
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of the experiment but experienced anorexia and diarrhea at 7
dpi, which progressed to severe diarrhea and dehydration by
around 10 dpi. These pathological conditions of the dogs in
group I might be attributed to the transmission of CPV from
the dogs in group I1.

The presence of CPV in the blood and feces was examined
by PCR. Consistent with the clinical symptoms was the ob-
servation that the dogs in group II exhibited positive bands
at 3-5 dpi; this indicated viremia and fecal shedding of CPV.
The dogs in group I showed the presence of CPV at 9-11 dpi.
However, the dogs in group III did not show viremia at all,
although 2 of them (dog #5 and #7) showed fecal shedding of
CPV at 5-9 dpi (Fig. 3).

Group | Group Il Group Il
| & Dog#1 | - Dog #3 | Dog #5
— Dog #2 —i- Dog #4 -l Dog #6

| —& Dog #7

Arbitrary unit

D0 D1 D3 D5 D7 D9DM Do D1 D3 D5
Days post infection

D0 D1 D3 D5 D7 D9 D11

Fig. 4. Changes in levels of antibody titers against canine parvovirus
(CPV). Antibody titer levels against CPV at different times (days 0, 1, 3,
6. 7,9, and 11 after inoculation) were determined by using Immuno-
Comb. The dogs in group Il died at 6 dpi.

Dogs Dogs

Fig. 5. Canine parvovirus (CPV) detection in different anatomical sam-
ples of the dogs after inoculation of the virus. On the day of death or
11 days after inoculation, 10 different anatomical samples from each
dog were screened for the virus by polymerase chain reaction. Jej,
jejunum; mLN, mesenteric lymph nodes; Thy, thymus; Lun, lung; Spl,
spleen; lle, ileum; Duo, duodenum; cMu, cardiac muscle; Liv, liver; Kid,
kidney.

To examine the development of antibody against CPV the
antibody levels in the blood were determined by using Im-
munoComb; the results showed that antibody titers against
CPV arose significantly at 7-11 dpi in the dogs of group III (Fig.
4). The dogs in the other groups, except dog #3 in group II,
did not show such elevated antibody titers throughout the ex-
periment. The antibody titer of dog #3 increased to 7 arbitrary
units at 5 dpi, although this dog died at 6 dpi.

An important factor that should be studied to understand
the virulence of this virus is its tropism. To examine this factor,
we performed PCR to detect CPV in 10 different anatomical
samples from the test animals. Most of the samples from each
dog in groups I and IT had CPVs, but in the group III dogs, CPVs
were present in only lor 2 different samples, including the il-
eum, mesenteric lymph nodes, spleen, and kidneys (Fig. 5).

Histological examination of the jejunum and ileum of the
dogs in groups I and II showed severe destruction of the villi
and mucosal layers, including loss of surface epithelium, di-
lated crypts, shortening and blunting of villi, and inflamma-
tory and hemorrhagic infiltration into the lamina propria (Fig.
6). No such significant histologic lesions were found in the
intestines of the dogs in group IIL.

In this study, we successfully isolated a new type of CPV from a
dog with severe enteritis, and the attenuated form of the virus
conferred complete protection against infection with homolo-
gous CPV. This suggests that it is highly possible to develop a
new vaccine against CPV in dogs.

Duodenum Jejunum

Fig. 6. Histopathological changes in the small intestine of dogs in
group Il. Hematoxylin and eosin staining was performed on the sam-
ples from duodenum and jejunum of the group Il dogs that showed
typical clinical signs of canine parvovirus infection. Histopathological
changes in 2 dogs (dogs #3 and #4) were similar, and representative
changes are shown here.
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Molecular characterization of the clinical isolate revealed
that the virus had Asn at position 426 (426-Asn) and Val at po-
sition 555 (555-Val) in VP2. The amino acid sequences in VP2
of the clinical isolate are different from those in either CPV-
2a or CPV-2b. These substitutions are of importance, since a
single-nucleotide substitution in CPV may result in dramatic
modulation of antigenicity [19,22,23]. Although there were
obvious differences in amino acid sequences in VP2, we could
not differentiate the isolate from the standard CPV-2b by us-
ing the differential PCR assay developed by Pereira et al. [12].
This was because the CPV-2b-specific primers were designed
to test for 2 single-nucleotide polymorphisms—A4062G and
A4449G—which indicate the replacement of amino acids at
positions 426 and 555 in CPV-2b. Each of the type 2b-specific
primers has 1 of the 2 mutations at the 3” end therefore, any
nucleotide mismatches at these locations could effectively
prevent primer extension. However, in our case, the mismatch
occurred only at position 4062 in the isolate, and the amplifi-
cation of the isolate was not completely inhibited by the 2b-
specific primers. This phenomenon was studied by Decaro
et al. [21], and the CPV subgroup with 426-Asn and 555-Val
in VP2, a category that includes the isolate, was designated as
the novel type-2a CPV.

The dogs in group III remained healthy until the end of the
test, without any signs of illness, and induced strong humoral
immune responses, indicating that the attenuated virus ex-
hibits potential immunogenicity. It is noteworthy that the
virulence of the clinical isolate disappeared on just 4 pas-
sages and its immunogenicity was retained. Our results indi-
cate that the virulence of the clinical isolate had been rapidly
attenuated during the course of cellular adaptation, and
that the antibodies induced by the cell-adapted CPVs had
a strong protective effect against the homologous CPV. The
high efficacy of a low-passage, high-titer modified live CPV
vaccine in pups with maternally derived antibodies was stud-
ied by Hoare et al. [25]. In their study, the low-passage CPV
was more immunogenic than conventional modified live
CPV strains, thereby overcoming the vaccine break because
of relatively higher levels of maternally derived antibodies.

In this study, we successfully isolated a CPV from a dog and
found that this strain was a novel type 2b. However, we can-
not speculate on the prevalence of this type of virus in the
dog population in Korea. Although the vaccine developed
in this study provided protection against homologous CPV,
its efficacy in conferring protective capacity against other
types of CPV in dogs should be determined. In this regard,

epidemiological studies on CPV strains in the domestic dog
population are urgently needed because they will improve
the management of infections resulting from the swift evolu-
tion of the continually progressing CPV strains.
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