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ABSTRACT Canine parvovirus (CPV) was first
recognized in the late 1970 s in dogs and has mutated
and spread throughout the world in canid and felid
species since then. In this study, a novel CPV was
isolated from the endangered red panda (Ailurus ful-
gens) in China. Nucleotide and phylogenetic analysis of
the capsid protein VP2 gene classified the red panda
parvovirus (RPPV) as a CPV-2a type. 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 further evidence for the contin-
uing evolution of the virus. The 300 residue is impor-
tant in distinguishing the antigenicity and host range of
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CPVs. The clinical significance and population impact
of RPPV infection in captive red pandas in China is
unknown and is an important topic for future research.
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Introduction

Parvoviruses are encapsulated, single-stranded DNA
viruses that infect a variety of animal species. The
canine parvovirus (CPV-2) appears to have evolved
from the feline variant (feline panleukopenia virus,
FPLV) and was first described as a clinical entity causing
enteritis in dogs in 1978 [1, 2]. It affects primarily young
animals in which it causes haemorrhagic enteritis and
myocarditis. By 1980, CPV-2 had spread throughout the
world in canids and subsequently evolved two new
genetic and antigenic variants, CPV-2a and CPV-2b,
which also regained the feline host range [2, 3].
Recently, another antigenic strain designated CPV-2c
was identified in leopard cats in Vietnam [4].

The VP2 capsid protein is important in the deter-
mination of antigenicity and host range of CPVs. Five
amino acid substitutions in the VP2 capsid protein
differentiate CPV-2 and CPV-2a/b (Met-87 to Leu,
Ile-101 to Thr, Ala-300 to Gly, Asp-305 to Tyr and
Asn-375 to Asp) [3]. The substitution of Asn-426 with
Asp differentiates CPV-2a from CPV-2b.

Canine parvovirus has been described in a variety of
canid and felid wildlife species [3]. It has not yet been
reported in the red panda (Ailurus fulgens, Family
Procyonidae), which is an endangered species native to
the Himalayas [5] and southern China [6]. The red
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panda parvovirus (RPPV) VP2 gene described here
identifies yet another variant of the virus. It demon-
strates the continued adaptation of the virus to an ever-
expanding host range that includes endangered species
of wildlife. Understanding emergent disease threats is
important in enabling effective conservation measures
for endangered species.

Materials and methods
Sample collection

Seventy-one rectal swabs were collected opportunisti-
cally during a serologic survey of red pandas in 10
Chinese captive facilities during October—December in
2004. None of the animals exhibited clinical signs of
parvovirus infection at the time of sampling. The
samples were taken with sterile cotton buds, which
were then stored in buffer (50% glycerine in physio-
logical saline) and shipped on ice to the laboratory at
the Institute of Zoology, Chinese Academy of Sci-
ences, where they were stored at —80°C until analysis.

DNA extraction and amplification of the CPV VP1/
VP2 gene

Viral DNA was extracted from the buffer in which the
rectal swabs had been stored with the QlAamp DNA
mini kit (QIAgen, Valencia, California, USA) accord-
ing to the manufacturer’s instructions. Nested PCR was
performed using the following primers to the CPV VP1/
VP2 gene: pl: 5-AAAGAGAGCCAGGAGAGGTA-
3, p2: S-TTCTGACAGCAGGTTGACCA-3’, p3: 5'-
GGGTGTGTTAGTAAAGTGGG-3, p4: 5-TCTGG
TTGAACTGCTCCATC-3'. Primers were synthesized
by TaKaRa Biotechnology Company (Dalian, China).
The reference strain of CPV-2 was supplied by the
National Veterinary Diagnostic Center in Beijing,
China. Primers p1 and p2 (outer primer pair) were used
for the first round of PCR. Primers p3 and p4 were
added to a subsample of the first round of PCR product
for re-amplification. Both rounds were amplified under
standard conditions with 10 pmol/l primer and 35 cycles
(first PCR) or 25 cycles (second PCR) of amplification
(94°C 30 s, 55°C 30 s, 72°C 60 s). Positive and negative
controls were set for each PCR with reference strain
DNA and distilled water, respectively, as templates.

Red panda parvovirus culture

The three PCR-positive rectal swab samples were fil-
tered through a 0.22 pm filter. FK-81 cells were inoc-
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ulated with the filtrate and grown in Dulbecco’s
modified Eagle’s medium (DMEM) supplemented
with 10% fetal bovine serum and antibiotics (100 U/ml
of penicillin and streptomycin). After incubation at
37°C for 1 h, the inoculum was removed and replaced
with fresh DMEM. The cells were incubated at 37°C
and checked daily for cytopathic effect (CPE). Three
blind passages were carried out for each sample.

DNA extraction and amplification of the VP2 gene
from red panda parvovirus culture

After three passages of cell growth, infected cell cul-
tures were frozen and thawed three times and centri-
fuged. Viral DNA was extracted from supernatant as
described above. Three primer pairs were used to
amplify three fragments of the CPV-VP2 gene as
described in [1]. The PCR products were sequenced
with an ABI PRISM 3730 Genetic Analyzer (Applied
Biosystems, Inc., Foster City, California, USA), and
the three resulting sequences spliced together using
DNASTAR software (DNASTAR Inc., Madison,
Wisconsin, USA). Positive and negative controls were
set as above.

Sequence analysis of the VP2 gene

Homology searches for the red panda isolate VP2 gene
sequences were conducted with the BLAST search
program (http://www.ncbi.nlm.nih.gov). Nucleotide
sequences and amino acid sequences were aligned with
the MegAlign program of DNASTAR multiple pro-
gram package (DNASTAR Inc., Madison, Wisconsin,
USA). Phylogenetic and molecular evolutionary anal-
yses were conducted using MEGA version 3.0 (http://
www.megasoftware.net/) [7]. Pairwise genetic distance
was calculated by using the two-parameter distance
method. The phylogenetic relationship was analyzed
with the minimum evolution and neighbor-joining
methods [8]. The reliability of the phylogenetic tree
obtained for the VP2 region was evaluated by running
1,000 replicates in the bootstrap test [7, §].

Results and discussion

A 492-bp DNA fragment from the VP1/VP2 gene of
CPV was amplified by PCR from 3 of the 71 rectal
swab samples. The three positive samples came from
three red pandas housed at two different facilities (in
Beijing and Yunnan Province). The two red pandas in
Beijing were housed together; virus was cultured only
from the red panda at Yunnan. It is noteworthy that
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Table 1 Amino acid residues characteristic of different antigenic types of parvovirus VP-2 capsid protein (adapted from [4])

Amino acid residue

Antigenic type

80 87 93 101 103 300 305 323 426 564 568

K M K T v A D N N N A FPLV

K M K T A% A% D D N N A MEV

K M K T \% v D D N N A BFPV (FPLV)
R M N 1 A A D D N S G CPV-2

R L N T A G Y D N S G CPV-2a

R L N T A G Y D D S G CPV-2b

R L N T A v Y D N S G RPPV (CPV-2a)

FPLV: feline panleukopenia (parvo) virus; MEV: mink enteritis virus; BFPV: blue fox parvovirus

the CPV antibody titers in the three PCR-positive red
pandas were 1:10, 1:10 and 1:160; in the culture-positive
individual it was 1:10 (Qin et al., unpublished data). In
domestic species, a titer of 1:10 is considered low and
indicates non-specific reactivity in the assay, a waning
titer from exposure to the virus some time ago, or a
very early infection titer [9]. Antibody titers in the
other red pandas in the serologic study (Qin et al.,
unpublished data) demonstrated the sensitivity of the

Fig. 1 Phylogenetic analysis
based on the complete VP2
gene nucleotide sequence of
RPPV and related parvovirus
sequences obtained from the
GenBank database. The tree
was constructed by using the
neighbor-joining program [8].
Numbers at the main
branches indicate high
confidence values. The scale
bar represents branch length
in terms of nucleotide
substitutions per site

assay in the species. Fecal shedding of CPV generally
occurs only during the acute phase of the infection, and
supports the possibility that the culture-positive indi-
vidual was very recently infected.

A 1,755-bp VP2 gene was amplified from virus cul-
ture and sequenced (GenBank DQ354068). The
RPPV-VP2 gene was analyzed to determine the anti-
genic and evolutionary relationship of RPPV with
other paroviruses.
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Homology of the RPPV-VP2 gene nucleotide
sequence with reference strains of CPV-2 was more
than 98%, which is consistent with other parvoviruses
[2]- The amino acid sequence of RPPV carries four of
the five characteristics that distinguish CPV-2 from
CPV-2a and -2b (Table 1; [2]). The 300 residue is
critical in distinguishing antigenicity and host range
among parvovirus, but may vary to some extent within
strains [2, 4]. Alanine holds the position in CPV-2; in
CPV-2a and -2b it is Gly; in CPV-2c of the Vietnamese
leopard cat Asp [4]. The Val-300 substitution in RPPV
is unique: it has only been identified in the blue fox
parvovirus [3] and two mink enteritis viruses ([10] and
GenBank AF201477) which, interestingly, are classi-
fied in the FPLV group of parvoviruses. The Asn 426
residue distinguishes CPV-2a from -2b and further
classifies RPPV as a CPV-2a (Table 1; [2]).

Phylogenetic analysis comparing the VP2 protein of
various antigenic types of CPV revealed that RPPV
follows the same evolutionary pattern observed in
CPV in other species and gives no indication of a
separate lineage (Fig. 1). Its position in the phyloge-
netic tree supports its amino acid sequence character-
ization as a CPV-2a.

Canine parvovirus has been studied in a variety of
canid and felid wildlife species [3]. To the authors’
knowledge, it has not been previously reported in red
pandas. Clinical signs of CPV infection in red pandas
have not been described, nor are the pathophysiology
of the disease and epidemiology of the infection known
for this species. The source from which the red panda
in this study acquired the infection is not known. CPV-
2a and CPV-2b are the prevalent viruses in domestic
dogs worldwide [3], but which of the two is predomi-
nant in dogs in China, or how common FPLV is in
Chinese cats is also unknown. It is interesting to note
that, unlike the CPV-like RPPV, the parvovirus of
raccoons, the only other species of Procyonidae known
to become infected with parvovirus, is an FPLV [3].
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Wildlife in captive facilities in China is generally not
reliably or safely vaccinated and animals are not
quarantined when moved from one facility to another.
Infectious diseases pose a significant risk to these ani-
mals, of which many are endangered species. Research
on infectious disease and protocols to monitor and
control them are urgently needed. In this context, the
clinical and/or subclinical effects of RPPV in red pan-
das, the source of the virus into the red panda popu-
lation and the adaptation (mutation) of the virus to
that species are important topics for future research.
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