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ABSTRACT. We report a novel goose parvovirus (MDGPV/PT) isolated from an affected Muscovy duck in Fujian Province, China. In this 
study, the NS1 sequence analyses indicated a close genetic relationship between MDGPV/PT and Muscovy duck parvovirus (MDPV) strains, 
although MDGPV/DY, which was isolated from a Muscovy duck in 2006 in Sichuan Province, could be divided into GPV-related groups. 
Phylogenetic analysis showed that except for differences in the NS1 gene, MDGPV strains PT and DY are closely related to a parvovirus 
that infects domestic waterfowls. This is the first demonstration of recombination between goose and Muscovy duck parvoviruses in nature, 
and MDGPV/PT might have led to the generation of a novel waterfowl parvovirus strain circulating in Muscovy duck flocks in China.
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Waterfowl parvoviruses, part of the Dependovirus genus 
and Parvoviridae family, can be divided into goose parvo-
viruses (GPVs) and Muscovy duck parvoviruses (MDPVs) 
[21]. The waterfowl parvoviruses are nonenveloped and con-
tain a single-stranded DNA genome of approximately 5.1 kb 
in length, including two large nonoverlapping open reading 
frameworks (ORF). The left ORF (LORF) encodes one non-
structural protein (Rep), namely regulatory protein NS1; the 
right ORF (RORF) encodes three structural proteins (VPs), 
namely VP1, VP2, and VP3. VP1 and VP2/VP3 are identi-
cal except for an additional 145 amino acids at the amino 
terminus of the VP1 protein called the VP1-unique region 
(VP1u). The coding overlapping architecture of the gene is 
characterized as a “basket structure” with an identical 3’ end 
for VP proteins, and a small noncoding gap of 18 nucleotides 
can also be found between the two ORFs [14, 19].

GPV infection (also known as Derzsy’s Disease, DD) is a 
highly contagious gastrointestinal disease of geese and ducks 
that is similar to the infectious characterization of a three-
week disease (also known as 3-w disease) among Muscovy 
ducks (Cairina moschata) caused by MDPV in China [3, 20]. 
Since DD is prevalent in Muscovy duck flocks in the coastal 
city of Putian, Fujian Province, the waterfowl industry in 
these areas has been suffering significant economic losses. 
To prevent waterfowl parvovirus infection, vaccination is 
commercially available against GPV and MDPV in China. 

Many attenuated or killed vaccines against DD have been 
recommended to be used in commercial Muscovy ducks, 
and an attenuated MDPV vaccine designated as P1 has been 
used in the field for the control of 3-w disease on Muscovy 
ducks farms in China. Recently, several cases of Muscovy 
ducks infected with variant waterfowl parvoviruses currently 
thought to be circulating in goose and Muscovy duck flocks 
have been reported [2, 10, 11]. In 1997, one Chinese preva-
lent virulent parvovirus strain was isolated from a large-scale 
Muscovy duck farm, which contained an extremely large 
number of young Muscovies, and the breeder duck flock was 
maintained at a high density and exposed intensively to live 
vaccines. The etiologic agent was antigenically identified as 
a GPV-like virus, based on serologic tests including agar gel 
immunoprecipitation, an indirect fluorescent antibody test, 
a monoclonal antibody latex agglutination test and virus 
neutralization (Tables 1 and 2). This GPV strain of Muscovy 
duck origin was designated as MDGPV/PT [1, 7, 22].

As part of our ongoing program for GPV-associated 
emerging infections, we postulated that a new group of 
GPVs among waterfowl parvovirus strains might be respon-
sible for outbreaks of disease. In a previous paper, we re-
ported that MDGPV strains PT and DY differed in the VP1u 
gene, resulting in them belonging to different waterfowl 
parvovirus groups. Phylogenetic analyses also confirmed 
that MDGPV strains PT and DY represent a distantly related 
lineage to other GPVs in the VP2 and VP3 gene phylogenies 
[18] (Figs. 1–4).

However, little is known about the LORF nucleotide 
sequences of MDGPV strains isolated from cases in China. 
The aim of the present study was to generate new sequence 
information for the MDGPV/PT NS1 gene and examine 
sequence diversity among GPV- and MDPV-related groups. 
These data represents the first report of the complete NS1 
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gene sequence of MDGPV from Southern China. In this 
study, the NS1 gene was cloned by PCR from strain MDG-
PV/PT. The nucleotide and deduced amino acid sequences 
of the NS1 gene were compared with those of 10 other refer-
ences strains whose NS1 gene sequences were already avail-
able in GenBank (listed in Table 3). A phylogenetic tree was 

then constructed and analyzed according to the NS1 gene 
sequences. Sequences were aligned using the Mega v4.0 
program by using the ClustalW method. Phylogenetic and 
molecular evolutionary analyses were conducted by using 
the Mega v4.0 program, and the phylogenetic tree was built 
with the neighbor-joining (NJ) method and 1,000 replica-
tions of bootstrap values.

The viral genome was extracted as previously described 
[19] and then subjected to PCR using one pair of primers. 
The primer sequences were as follows: forward primer 

Table 1. Virus neutralization assay titers between strains MDPV-P, 
MDGPV-PT and GPV-GD

Antiserum
Virus strains

MDPV-P MDGPV-PT GPV-GDa)

MDPV-P 14.25* 7.25 8
MDGPV-PT 7.25 11.25 9.25
GPV-GD 5.25 8 9.75

a) The GPV-GD strain was purchased from China Veterinary Culture 
Collection (CVCC) and was the Chinese standard virulent GPV strain. 
*Neutralization titer (NT) was obtained in a reciprocal beta (β) VN 
assay (diluted serum, constant virus) using parvovirus-free fertile 
embryonated Muscovy duck eggs and represents the logarithm (log2) 
difference in titer between virus alone and virus-antiserum mixtures.

Table 2. Antigenic relatedness values (R values) (%) between 
strains MDPV-P, MDGPV-PT and GPV-GD

Virus strains MDPV-P MDGPV-PT GPV-GD
MDPV-P 100
MDGPV-PT 2 100
GPV-GD 2 27 100

NT values in Table 1. R values were calculated by the formula of Ar-
chetti and Horsfall. R=80–100%, same serotype; R=25–80%, different 
subtype; R=0–25%, different serotype.

Fig. 1. Phylogenetic tree of waterfowl parvovirus strains based on the 
nucleotide sequences of the VP1 gene. The tree was constructed us-
ing the neighbor-joining algorithm with bootstrap values calculated 
for 1,000 replicates (square, MDGPV/DY; triangle, MDGPV/PT).

Fig. 2. Phylogenetic tree of waterfowl parvovirus strains based on 
the nucleotide sequences of the VP1u gene. The tree was con-
structed using the neighbor-joining algorithm with bootstrap val-
ues calculated for 1,000 replicates (square, MDGPV/DY; triangle, 
MDGPV/PT).

Fig. 3. Phylogenetic tree of waterfowl parvovirus strains based on the 
nucleotide sequences of the VP2 gene. The tree was constructed us-
ing the neighbor-joining algorithm with bootstrap values calculated 
for 1,000 replicates (square, MDGPV/DY; triangle, MDGPV/PT).

Fig. 4. Phylogenetic tree of waterfowl parvovirus strains based on 
the nucleotide sequences of the VP3 gene. The tree was constructed 
using the neighbor-joining algorithm with bootstrap values calcu-
lated for 1,000 replicates (square, MDGPV/DY; triangle, MDGPV/
PT).
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NS1f, 5’-GAGAGCTTTTTCCGGTTGCATTCATTCG-3’, 
and reverse primer NS1r, 5’-AGTCTTCAAATTTCTC-
TAAAAAAGTAG-3’ (targeting a 1,884 bp fragment). The 
primers were designed from multiple alignments of the nu-
cleotide sequences of NS1 regions of GPV and MDPV. The 
polymerase chain reaction (PCR) contained 5 µl extracted 
DNA, 2 µl primer pairs and 50 µl 2 ×GoTaq® Green Master 
Mix (Promega Corporation, Madison, WI, U.S.A.) in a total 
volume of 100 µl. The amplification was carried out under 
the following conditions: initial pre-denaturation at 95°C for 
5 min, followed by 35 cycles of denaturation at 94°C for 1 
min, annealing at 53°C for 1 min and extension at 72°C for 
2 min (depending on the amplified fragment length). Ampli-
fied DNA fragments were visualized following electrophore-
sis on 0.8% agarose gel. PCR products were purified using a 
PCR purification kit (Qiagen, Hilden, Germany) and directly 
sequenced from both directions by using an ABI PRISM® 
BigDye® Terminator v3.1 Cycle Sequencing Kit. The com-
plete nucleotide sequence of the MDGPV/PT NS1 gene has 
been deposited in the GenBank database and assigned the 
accession number JF926695.

Sequence analysis indicated that the NS1 gene of MDG-
PV/PT consisted of 1,884 bases and coded for a protein of 
627 amino acids and that MDGPV/PT was highly homolo-
gous to MDPV strains rather than to GPV strains. MDGPV/
PT possessed 81.2–83.0 and 90.0–90.8% identity with 
seven GPV reference strains at the nucleotide and protein 
levels, respectively. However, the NS1 coding regions of 
MDGPV/PT and MDPV/FM shared the highest nt (99.1%) 
and aa (98.4%) identities, and together with another strain, 
MDPV/P, these strains formed a strongly supported cluster 
within the phylogenetic tree (Fig. 5). Interestingly, the NS1 
gene shared low identity to MDGPV/DY (nt, 82.6%; aa, 
90.3%). Phylogenetic analysis indicated that strain MDGPV/
DY was closely related to GPV-related parvoviruses, while 
strain MDGPV/PT was an MDPV-related virus, indicating 
that Chinese MDGPV strains have genetic diversity with 
respect to the NS1 genes (Fig. 5).

Muscovy ducks are raised in large numbers in several parts 
of China, especially in Fujian Province. GPV and MDPV in-
fections are two highly pathogenic waterfowl infectious dis-
eases that infect geese and Muscovy ducks. In China, GPV 

has been previously isolated from sick and dead Muscovy 
ducks, but there are few reports on the molecular character-
istics of pandemic strains in GPV-affected Muscovy duck 
flocks. Prior to the emergence of the Chinese GPV strains 
of Muscovy duck origin, no recombination events had been 
identified in the genomes of GPV and MDPV [15, 16]. In the 
current study, we sequenced the NS1 gene of the previously 
isolated MDGPV/PT strain and analyzed its phylogenetic 
relationship with published strains. To our knowledge, only 
one other sequence of the coding region of NS1 of strain 
MDGPV/DY isolated in Sichuan Province of China has been 
determined. Now, we strongly suggest that genetic recombi-
nation between waterfowl parvovirus strains isolated from 
the same species or related species from different geographic 
regions at different time periods must be monitored.

The genetic analyses also indicated that recombination of 
the mammalian parvoviruses genes could occur under natu-
ral circumstances. Human bocavirus 3 (HBoV3) is probably 
a progeny form of a recombination event between HBoV1 
and 4, and these recombination points are located close to 
VP1u. Recombination events among HBoV2 variants have 
also been observed, as recently reported for animal parvovi-
ruses [5, 6, 12]. On the other hand, the NS ORF of Gorilla 
Bocavirus species 1 (GBoV1) is more similar in length to 

Table 3. Source of waterfowl parvovirus (GPV and MDPV) NS1 sequences used in the analyses

Strain name Place of origin Host Gene name (GenBank accession number)
DY Sichuan Province, China Muscovy duck NS1 (EF515837)
PT Fujian Province, China Muscovy duck NS1 (JF926695)
82-0321 Taiwan Goose NS1 (EU583390)
82-0321v Taiwan Goose NS1 (EU583389)
06-0329 Taiwan Goose NS1 (EU583391)
VG32/1 Germany Goose NS1 (EU583392)
YG Shanghai, China Goose NS1 (AF416726)
B Hungary Goose NS1 (U25749)
FM Hungary Muscovy duck NS1 (NC_006147)
P Fujian Province, China Muscovy duck NS1 (JF926697)
HG5/82 Heilongjiang Province, China Goose NS1 (AY506546)

Fig. 5. Phylogenetic tree of waterfowl parvovirus strains based on the 
nucleotide sequences of the NS1 gene. The tree was constructed us-
ing the neighbor-joining algorithm with bootstrap values calculated 
for 1,000 replicates (square, MDGPV/DY; triangle, MDGPV/PT).
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the NS ORF found in canine parvovirus (CPV) and bovine 
parvovirus (BPV) than in HBoV, although phylogenetic 
analysis revealed that the complete protein-coding region 
sequence of GBoV1 is most closely related to HBoV [4]. 
In addition, Wang et al. reported that the genome of mink 
enteritis virus (MEV) strain LN-10 is composed of the NS1 
gene originating from CPV, while the VP1 gene is of MEV 
origin [17]. Ohshima et al. also reported that the genome 
of feline panleukopenia virus (FPLV) strain XJ-1 is gener-
ally composed of the NS1 gene of CPV origin and the VP1 
gene of FPLV origin [8]. These results possibly indicate that 
cross-species transmission events have been quite frequent 
and also show that the NS1 and capsid proteins together 
determine the host range of parvovirus [9, 13].

In conclusion, MDGPV/PT might be a novel Muscovy 
duck-infecting GPV circulating in China, and it appears 
that variant waterfowl parvoviruses do exist in nature. The 
high prevalence of GPV and MDPV infection does provide 
the opportunity for coinfection, the first step in generating 
recombinant viruses. Genetic data indicate that the MDGPV/
PT strain has adapted to infect Muscovy ducks, and antigenic 
variation has resulted in inconsistent responses to traditional 
GPV vaccines. So, it is important to have a vaccine against 
MDGPV in China. At present, an attenuated MDGPV vac-
cine designated as D has been used experimentally in the 
laboratory for the control of MDGPV. Future studies will be 
aimed at characterizing the remaining MDGPV sequence 
regions, molecular epidemiology of MDGPV infections and 
pathogenesis studies.
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