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Abstract

Background and Aim: Short beak and dwarfism syndrome (SBDS), a highly contagious disease, has been reported in duck
farms in Vietnam since 2019. In this study, we evaluated the virulence and characterized the virus obtained from SBDS
cases in North Vietnam.

Materials and Methods: Polymerase chain reaction was used to detect waterfowl parvovirus in ducks, and the virus from
positive samples was inoculated into 10-day-old duck-embryonated eggs to reproduce the disease in young ducklings to
determine the virulence and subjected to phylogenetic analysis of non-structural (NS) and VP1 gene sequences.

Results and Discussion: Goose parvovirus (GPV) was isolated from ducks associated with SDBS in Vietnam. The virus
Han-GPV2001 is highly virulent when inoculated into 10-day-old duck embryos and 3-day-old ducklings. The mortality
rate of duck embryos was 94.35% within 6 days of virus inoculation. Inoculating 3-day-old ducks with the virus stock
with 10*” EID, | through intramuscular and neck intravenous administration resulted in 80% and 66.67% of clinical signs
of SDBS, respectively, were shown. Phylogenetic analysis based on the partial NS and VP1 gene sequences revealed that
the viral isolate obtained in this study belonged to novel GPV (NGPV) and was closely related to previous Vietnamese and
Chinese strains.

Conclusion: A GPV strain, Han-GPV2001, has been successfully isolated and has virulence in duck-embryonated eggs as
well as caused clinical signs of SBDS in ducks. Phylogenetic analyses of partial genes encoding NS and capsid proteins
indicated that the obtained GPV isolate belongs to the NGPV group.

Keywords: Goose parvovirus, isolation, phylogenetic analysis, Vietnam, virulence.

Introduction a non-enveloped and single-stranded DNA virus. The
viral genome consists of two open reading frames, the
left encoding the non-structural (NS) protein Rep and
the right encoding structural proteins VP1, VP2, and
VP3 [8]. The VP1 gene sequence was variable among
waterfowl parvoviruses, which shared 85% identity
between GPV and Muscovy duck parvovirus (MDPV).

Ducking short beak and dwarfism syndrome
(SBDS) is a highly contagious disease caused by goose
parvovirus (GPV) in ducks. Affected ducks showed
growth retardation, short beaks, tongue protrusions, and
loss of appetite [1]. It was first reported in France in
mule dud_( ﬂoc.ks duﬁng the 1970s [2] anq subsequently e previous studies by in China, Taiwan [9, 10], and
emerged in Taiwan in 1989 [3], Poland in 1995 [2, 4], vjetnam [7] used VP1 and complete genome to char-
and China in 2014 [5]. In Vietnam, a virus associated  ,cterize viral strains. Analysis of the complete genome
with SBDS was reported in 2019 [6]. A water fowl-gene  of four waterfowl parvovirus strains revealed that the
positive rate of 20% was observed among ducks raised  Vijetnamese strains belonged to novel GPV (NGPV)
in several cities and provinces in Northern Vietnam [7]. and resulted from a recombination event [10].

Waterfowl parvovirus belongs to the genus In this study, viruses were isolated from ducks
Dependoparvovirus of the family Parvoviridae andis ~ showing clinical signs of SBDS. The virulence of the

: ——— virus was evaluated, and its characteristics were char-
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for sampling purposes was submitted and approved
by the Committee on Animal Research and Ethics of
the University (CARE-2020/14). Verbal consent was
obtained from the duck farm owners before sampling.

Study period and location

The study was conducted from 2020 to 2022 in
laboratory of Hanvet pharmaceutical company lim-
ited, located at Pho Noi A Industrial Zone, My Hao
Town, Hung Yen Province, Vietnam.

Sampling

In total, 17 pooled tissue samples (consisting
heart, liver, and spleen) were collected from ducks
in Ha Noi, Bac Giang, Thai Binh, Hai Phong, Hung
Yen, Ha Nam, Hai Duong, and Bac Ninh provinces in
Northern Vietnam (Table-1). There was no vaccina-
tion with waterfowl parvovirus in these farms. These
ducks, which showed typical symptoms of SBDS, were
selected for sampling. Samples were kept on ice to
the laboratory, then were homogenized in 10% phos-
phate-buffered saline and stored at - 80°C until use.

Virus isolation

Virus isolation was performed as previously
described by Chen et al. [5], Wan et al. [11], and Shao
et al. [12]. In brief, homogenized samples were freeze-
thawed 3 times, centrifuged at 8000x g for 15 min at
4°C, and the supernatant was passed through a filter
with a pore diameter of 0.22 wm. The presence of
waterfowl parvovirus was detected by polymerase
chain reaction (PCR) using the specific primers NSF1/
NSRI1 (Table-2) [13—19]. If the test results were neg-
ative, the sample was continuously inoculated for five
passages and the presence of parvovirus was again
detected by PCR.

Hemagglutination assay

Allantoic fluid samples collected from duck eggs
were used for the hemagglutination assay according to
the method described by Wang et al. [20].

Table-1: Information of obtained samples using in this
study.

No. Name Province/city Days of age
1 Han - GPV1901 Bac Giang 19
2 Han - GPV1902 Bac Giang 30
3 Han - GPV1903 Hai Phong 20
4 Han - GPV1904  Thai Binh 18
5 Han - GPV1905 Bac Giang 60
6 Han - GPV1906 Ha Noi 21
7 Han - GPV1907  Thai Binh 78
8 Han - GPV1908 Hung Yen 15
9 Han - GPV1909 Hung Yen 22
10 Han - GPV1910 Ha Nam 15
11 Han - GPV1911 Hai Duong 20
12 Han- GPV1912 Hai Duong 45
13 Han - GPV2001 Bac Giang 14
14 Han - GPV2002 Bac Giang 21
15 Han - GPV2007 Hung Yen 21
16 Han - GPV2103  Thai Binh 21
17 Han - GPV2104 Bac Ninh 21

GPV=Goose parvovirus

Determination of virus virulence

Methods for infecting and determining the vir-
ulence of the isolated virus strain were as described
previously by Palya et al. [2] and Wan et al. [13]. The
virus used in this study was obtained from five duck
embryo passages. The duck weight was monitored on
0, 10, 17, 24, 29, 36, and 51 days after the injection.
Clinical signs, such as short beak, shrunken legs, low
body weight, and death, were observed daily. Viremia
and viral clearance were detected on 0, 7, 14, 21, 28,
and 35 days after infection. The weight and size of
the beak were statistically analyzed using the analysis
of variance function on Minitab software with 95%
confidence.

DNA extraction and PCR

Total DNA was extracted using the WizPrep™
Viral DNA/RNA Mini Kit (Wizbiosoluions,
Gyeonggi-do, Korea). DNA was suspended in 50 pL.
of distilled water and stored at —30°C until use. PCR
was performed using GoTaq® Green Master Mix
(Promega, Madison, WI, USA) and specific prim-
ers for each virus to detect waterfowl parvovirus
and avoid coinfection with some viruses in the duck
genome (such as influenza A, duck enteritis virus,
duck hepatitis A virus, Newcastle disease virus and
Tembusu virus) (Table-2) [13—-19]. PCR products
were electrophoresed on 1.5% agarose gels and visu-
alized under UV light.

Nucleotide sequencing and analysis

PCR products were amplified using two pairs
of primers (NSF1/NSR1 and P6F/P6R) and elec-
trophoresed on a 1.5% agarose gel. Predicted prod-
ucts were extracted from the gel and purified using
the GeneJET Gel Extraction Kit (Thermo Fisher
Scientific Baltics UAB V.A. Graiciuno 8, LT-02241
Vilnius, Lithuania). Purified products were sent to
Malaysian 1 BASE for sequencing. Sequence data
were aligned using BioEdit software (https://bioedit.
software.informer.com/) [21]. We compared the par-
tial NS and VP1 nucleotide sequences of the isolate
obtained in this study with other sequences pub-
lished in GenBank (https://www.ncbi.nlm.nih.gov/).
Subsequently, the phylogenetic trees were constructed
using the NJ method with the Kimura two-parameter
option. Bootstrap analysis was conducted with 1000
replicates.

Results

Detection and isolation of waterfowl parvovirus

In total, 17 clinical samples were collected from
duck farms infected with symptoms of SBDS during
2020-2022 (Table-1). The outbreaks showed typical
clinical signs, including growth retardation, shortened
beak, tongue protrusion, and weakened foot with mor-
bidity of 15%-30%. A shortened beak was the most
typical characterization and was observed at the age
of 18-20 days, significantly affecting their ability to
eat and drink. All samples were positive by PCR for
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the waterfowl parvovirus genome (Figure-1). Samples
contaminated with other avian viruses, such as duck
tembusu virus, duck enteritis virus, duck hepatitis
virus Type 1 and Type 3, Newcastle disease virus, and
influenza A virus, were also tested by PCR methods
with the primers showed in Table-2 [13-19] to discard
samples contaminated with other viruses. All of the
samples were negative for these viral genomes.

Viral isolation was performed by inoculating
10-day-old duck-embryonated eggs through the yolk
sac route. The allantoic fluid and homogenates of the
embryos’ internal organs, including liver, heart, and
intestine, which were found to be negative with the
hemolytic test using chicken blood, were collected
and homogenated on day 6 post-inoculation and
used to inoculate duck embryos for the next passage.
After three passages, only Han-GPV2001 was posi-
tive for the waterfowl parvovirus by PCR (Figure-2).
Han-GPV2001-infected duck embryos presented
typical characteristics with abnormal beaks, hemor-
rhages, hematomas, and hemorrhagic internal organs
(Figure-3).

Determination of the virulence of the isolated virus

The Han-GPV2001 virus was further inoculated
into embryonated duck eggs through five passages

Table-2: The primes used in this study.

using the yolk sac approach. Inoculated duck embryos
died 72 h —120 h after inoculation, and the embryo
mortality rate was 94.35% + 0.96 6 days after infection.
We tested the virulence of the isolated Han-GPV2001
strain at the sixth passage through the eggs. Three-
day-old ducklings were intramuscularly and intrave-
nously inoculated with the Han-GPV2001 virus strain
at a dose of 10** EID, /mL. The results indicated that
66.67%—-80% of ducks infected with Han-GPV2001
showed clinical signs of SBDS (such as short beak,
tongue protrusion, and growth retardation) and death
depending on the method of inoculation, which were
similar to those displayed in naturally infected ducks.
The width and length of the beaks of the inoculated
ducks differed significantly from those of the control
ducks (Figure-4). The incidence of shortened beak,
tongue protrusion, poor growth, fragile legs, low
weight, and death was 80% in the intramuscular group
and 66.67% in the intravenous group (Figure-5). On
21-day post-infection, the viral genome was detected
in the blood and fecal samples from infected ducks.

Genetic and phylogenetic analyses

It is possible to use entire genome sequenc-
ing, NS protein-coding gene sequencing, or VP1
structural protein coding gene sequencing [12, 22]

Name Nucleotide sequences (5'-3") PCR products (bp) Reference
NSF1 CAATGGGCTTTTACCAATATGC 641 [13]
NSR1 ATTTTTCCCTCCTCCCACCA

P6F CTACAACCCGGACCTGTGTC 921 [14]
P6R GCATGCGCGTGGTCAACCTAACA

TMuVE-F GAAGCGAGCACCTACCACA 249 [15]
TMuVE-R CGCTGATGACCCTGTCCAT

DHV-3DF ACAATGACCCAGCCTTAG 440 [16]
DHV-3DR CCACTGTATCTTCCCTTC

DHAV-1F CAACTCGACCAATHCCTGG 492

DHAV-1R CCTGRTGRACCATTGTRACTG

P1F TTGATGGCAGGCCTCTTGC 354 [17]
P2R GGAGGATGTTGGCAGCATT

Flu A-F CTTCTAACCGAGGTCGAAAC 244 [18]
Flu A- R AGGGCATTTTGGACAAAKCGTCTA

DEV-7F GAAGGCGGGTATGTAATGTA 446 [19]
DEV-7R CAAGGCTCTATTCGGTAATG

PCR=Polymerase chain reaction

641 bp

Figure-1: Detection of the waterfowl parvovirus genome in field samples. M=1kb DNA ladder; (+)=Positive control,
(—=)=Negative control, lanes 1-17=Collected samples from Han-GPV1901 to Han-GPV2104.
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641 bp

Figure-2: Identify of waterfowl parvovirus after 3 passage of embryonating duck eggs. M=1 kb DNA ladder, (+)=Positive
control, (—)=Negative control; lanes 1-17=Collected samples from Han-GPV1901 to Han-GPV2104.

Negative control 3dpi  Han-GPV2001 3 dpi

Han-GPV2001 5 dpi Negative control 5 dpi

Figure-3: Han-GPV2001-infected duck embryos with spots of hemorrhage and beak abnormal. dpi=Day post-infection.

104

M Length of beak W Width of beak

Width and length of beaks (cm)

0_

Control Intramuscular Intravenous

Figure-4: The width and the length of beaks of the infected
duck with the Han-GPV2001 virus strain.

to investigate the genetic relationship of the isolate
with known waterfowl parvoviruses. The nucleotide
identity of the partial NS and VP1 gene sequences
was 99.83% and ranged from 99.24% to 99.39%,
respectively, compared with the Han-GPV2001 and
previous Vietnamese strains in GenBank. The Han-
GPV2001 isolate shared the highest level of nucleo-
tide identity (99.83%) with the GPV strains reported
in China (GDQY1802, JS1, SDHZ1604/2016, and
AH strains) when comparing the partial NS gene.
Han-GPV2001 shared the highest nucleotide iden-
tity of 99.84% with the Chinese strains (HuNOO1 and
GDQY 1802 strains).

Figure-5: The beak of infected duck with Han-GPV2001
virus strain after 51-day post-infection (dpi). Dpi=Day
post-infection.

A phylogenetic tree based on partial NS gene
sequences was constructed in this study to clarify the
association of Han-GPV2001 with previously pub-
lished virus strains. The tree shows that there are two
genetic groups of waterfowl parvovirus, GPV, and
MDPV. The classical GPV group was divided into two
subgroups: The NGPV group [6, 12].

The phylogenetic analysis showed that the
Han-GPV2001 isolate belongs to the NGPV group
(Figure-6). The Han-GPV2001 virus strain was fur-
ther classified based on the analysis of the VP1 gene
sequence. The VPl-encoding nucleotide sequence
obtained was compared with other accessible water-
fowl parvovirus sequences available in GenBank.
A comparison of the partial VP1 gene sequences
showed that the Han-GPV2001 isolate had higher
similarity with the NGPV group strains (Figure-7).

Nucleotide sequences and amino acid sequence
comparisons revealed that only one nucleotide site
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Figure-6: Phylogenetic tree was constructed based on the partial non-structural gene sequence of the Han-GPV2001 isolate,
which was indicated in black circle. Previous Vietnamese waterfowl| parvovirus strains were marked in black squares. The
maximum likelihood method in the MEGA6 software was used to establish phylogenetic trees (1,000 bootstrap replicates).
Numbers at each branch point indicate bootstrap values >50% in the bootstrap interior branch test.

in the Han-GPV2001 strain differed from that in the
other strains (T instead of C), resulting in a difference
in amino acid sequences from proline (P) to serine (S).

Discussion

For the 1% time, ducks infected with SBDS caused
by NGPV in Vietnam were confirmed in 2019 [6]. In
this study, GPV was isolated from the liver, heart,
and spleen of duck flocks presenting clinical signs
of SBDS with 15%-30% morbidity. After three blind
passages in embryonated duck eggs, only one sam-
ple was successfully isolated as Han-GPV2001 from
17 samples collected. Phylogenetic analysis of the
partial VP1 and NS gene sequences revealed that the
Vietnamese isolate obtained in this study belonged to
an NGPV strain that was closely related to previous
Vietnamese and Chinese strains.

In this study, the Han-GPV2001 isolate resulted
in 94.35% mortality after propagation in embryonated
duck embryos at the sixth passage. Compared with
previous research by Ning et al. [23], isolating virus
from SBDS specimens onto embryonated goose eggs
caused 57.14% embryo death/mortality on 10—14-day

post-inoculation, and mortality probability reached
100% on two subsequent passages within 5-8-day
post-inoculation. Clinical signals were observed in
dead embryos at the beginning of the first passage [23].
The virulence of the isolated virus strain was higher
than that reported after five passages on embryonated
duck eggs, and the mortality rate with systemic hem-
orrhage was 60% at 72-h post-inoculation [24].
Infection with the Han-GPV2001 isolate in
3-day-old ducklings showed that SDBS was repro-
duced naturally with clinical signs similar to those
of naturally infected ducks. Morbidity ranged from
66.67% to 80% depending on the type of infection.
This result was similar to the morbidity rate observed
with 70% infection and 5% mortality [2]. Meanwhile,
the authors found that ducks showed the typical signs
of SBDS accounting for only 20% of the group inoc-
ulated at 2 weeks of age, and no dead ducks were
observed. There was no significant difference in the
width of the beaks between the experimental and con-
trol groups, but the length of the affected ducks was
shorter. However, when the infection was challenged
at 2 weeks of age, there was no significant difference
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Figure-7: Phylogenetic tree was constructed based on the partial VP1 gene sequence of the Han-GPV2001 isolate,
which was indicated in black circle. Previous Vietnamese waterfowl| parvovirus strains were marked in black squares. The
maximum likelihood method in the MEGAG6 software was used to establish phylogenetic trees (1000 bootstrap replicates).
Numbers at each branch point indicate bootstrap values >50% in the bootstrap interior branch test.

between them. The virulence of the Han-GPV2001
strain was higher than that of the previously reported
strain, with 33.33% of ducks showing clinical signs
of SBDS after infection [11]. The isolated strain had a
lower virulence than the virus strain infected on 2-day-
old geese [23], with 77.3%—93.35% mortality depend-
ing on the infected virus strain. All surviving infectious
geese presented with growth retardation [23].

On the basis of the nucleotide sequences of the
gene encoding NS and VP1, Han-GPV2001 was clas-
sified as an NGPV in this study.

Conclusion

To the best of our knowledge, this is the first
report of the successful isolation of GPV from ducks
associated with SDBS in Vietnam. The Han-GPV2001
isolate was highly virulent when inoculated into
10-day-old duck embryos and 3-day-old ducklings.
The mortality rate of duck embryos was 94.35% within
6 days after virus inoculation. Three-day-old ducks
inoculated with 10**® EID,  of the virus stock through

intramuscular and neck intravenous injection showed
80% and 66.67% clinical signs of SDBS, respectively.
Phylogenetic analysis based on the partial NS and VP1
gene sequences revealed that the viral isolate obtained
in this study belonged to NGPV and was closely related
to previous Vietnamese and Chinese strains.
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