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Goose parvovirus (GPV) is the etiological agent responsible for gosling plague (GP), which is an acute hemor-
rhagic infectious disease affecting geese, posing significant economic challenges to the poultry industry.
Furthermore, recent studies have identified that the novel goose parvovirus (NGPV), a recombinant variant of the
classic GPV, is responsible for duck short beak dwarfism syndrome, which has significantly affected duck farm.
Therefore, the infection and genetic evolution of GPV have attracted widespread attention of researchers in
poultry disease. In order to clarify the prevalence and genetic evolution of clinically severe GPV in the Hei-
longjiang region, this study successfully isolated a strain of GPV HLJ2023 from goose embryos, which results in
the mortality rate of 100 % after 5 generations. The electron microscope shows that the virus particles are
spherical, with a diameter of approximately 28 nm, and HLJ2023 strain has a total genome length of 5048 nt.
SimPlot analysis showed that HLJ2023 strain is closely related to duck parvovirus and NGPV in the VP3 gene
region. Recombination analysis showed that the isolated strain is a potential recombinant of the NGPV JS191021
strain and the GMD (Goose parvovirus hosted by Muscovy duck) PT strain. the strong pathogenicity of HLJ2023
strain to goslings. 36 h after the challenge, the goslings were depressed and had a mortality rate up to 100 %.
Autopsy revealed intestinal bleeding, thinning of the intestinal wall, and a large amount of fibrous clots and
fragments in the intestinal cavity. This study isolated a highly pathogenic potential recombinant GPV, further
expanding the genetic evolution and pathogenicity information of avian parvovirus. At the same time, the iso-
lated strain provides a candidate strain for the development of biological products for treating GPV.

et al., 2022a; Yin, et al., 2012). However, the continuous mutation of
GPV and the delayed update of vaccine strains may affect the preventive

Introduction

Goose parvovirus (GPV) is an acute or subacute sepsis infectious
disease that be transmitted in geese and muscovy ducks. It was first
discovered in China in 1956 and has since been reported in multiple
countries and regions around the world (Liu et al., 2017; Niu, et al.,
2018a; Tatar-Kis, et al., 2004). GPV is mainly transmitted through the
secretions and excretions of infected geese, causing clinical symptoms
such as brain atrophy, weight loss, weakness, and severe diarrhea in
geese under 10 days old and muscovy ducks over 2 weeks old, Infected
geese exhibit fibrinous and necrotic enteritis, as well as small intestinal
embolism, which is formed when the surface of the intestinal mucosa
dies and falls off. During epidemic years, the mortality rate exceeds 50
%, causing serious economic losses to the goose breeding industry (He,
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effect of the virus. Not only that, a new duck short beaked dwarf syn-
drome (SBDS) has been identified as the novel goose parvovirus (NGPV)
in the waterfowl parvovirus genus, causing beak atrophy, growth
retardation, tongue exposure, and osteoporosis in commercial ducks
(Kexiang, et al., 2016). Reports showed that the NGPV also derived from
the recombination and mutation of GPV(Kexiang, Yu, Xiuli, Ma, Ziz-
hang, Sheng, Lihong, Qi, Cunxia and microbiology, 2016; Liu, et al.,
2020b). Therefore, the infection and genetic evolution of GPV have
attracted widespread attention of researchers (Huo, et al., 2023; Li,
et al., 2021; Wang, et al., 2024, 2019, 2021). This study conducted a
systematic research on the isolation and identification, whole genome
sequence analysis, recombination analysis, and pathogenicity of the
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GPV from the goose farm in Heilongjiang Province. The study explored
the phylogenetic relationship between the isolated strains and the MDPV
(Muscovy duck parvovirus), as well as the pathogenicity of the GPV,
providing a reference for the detection and evolutionary analysis of
genetic information of waterfowl parvovirus, as well as the diagnosis
and prevention of this disease.

Materials and methods
Ethics statement

The animal experiments were approved by the Ethical Committee for
Animal Experiments of Heilongjiang Bayi Agricultural University
(Daqging, China). (approval numbers: DWKJXY2024078).

Sample collection and processing

In July 2023, a disease outbreak occurred at a commercial goose
farm in Qiqihar, China, experienced an outbreak of disease and Sanhua
geese fell ill, with the clinical manifestations of mental depression, loss
of appetite, and death of 12-day-old goslings. Autopsy revealed
inflammation and necrosis of the small intestinal mucosa, shedding of
the intestinal mucosa, and the presence of pale yellow coagulated cel-
lulose "intestinal plugs" in the intestinal lumen, resulting in a mortality
rate of 25 % in goslings. Tissue samples from various organs of deceased
goslings with symptoms of intestinal embolism were collected and
submitted for laboratory analysis.

Virus isolation and identification

To isolate GPV, the liver, spleen, heart, kidney, and small intestine
tissues were homogenized with sterile phosphate-buffered saline (PBS,
pH 7.4) to a 20 % suspension (w/v) and centrifuged at 6000 x g, at 4 °C
for 20 min at 4 °C. The supernatant was filtered using a syringe-driven
filter unit with a pore size of 0.22 pm and the filtrate was inoculated
into five 10-day-old goose embryos (Jinpeng Co. Jiangsu, China) (0.25
mL/goose embryos) via the allantoic cavity. Embryos were incubated at
37°C and candled daily. Embryos that have died beyond 24 h and those
that have survived for 5 days after inoculation were chilled to 4 °C
overnight. The allantoic fluid of dead embryos was collected for the
detection of GPV and further passage. For EM, the samples were nega-
tively stained as previously described (Jiang, et al., 2018). The viral
suspension was subjected to ul-tracentrifugation at 30,000 x g for 30
min to pellet the viral particles, which were negatively stained with 2 %
phosphotungstic acid (pH 7.0). The negatively stained samples were
examined using a Hitachi-7650 transmission electron microscope
(Hitachi, Ltd., Tokyo, Japan). The isolated GPV was named strain
HLJ2023.

PCR and sequencing

The allantoic fluid of dead embryos was centrifuged at 1500 x g for
10 min at 4 °C and the supernatants were transferred to a 1.5 mL tube.
DNA extraction was performed as previously described (Qi, et al., 2019).
Conventional PCR was carried out using One-step PCR Kit (TaKaRa,
Dalian, China) with specific primers (GPV-F 5-GAGCATCAACTC
CCGTATGTCC-3, GPV-R 5 - CTACTTCCTGCTCGTCCGTGA-3) to
amplify the partial sequence (640 bp) (Niu, Wang, Wei, Zhang, Yang,
Chen, Tang and Diao, 2018a). Primers used to detect other goose viruses
(goose astrovirus [GoAstV], tembusu virus [TMUV], and goose para-
myxovirus [GPMV]) are listed in Table S1. In addition, the reference
primers used to supplement the full-length gene sequence are listed in
Table S2 (Liu, et al., 2018).
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Next-generation sequencing (NGS)

The allantoic fluid of dead embryos was harvested for extracting
viral DNA as previously described. The Illumina sequencing and library
construction were performed at the Shanghai Tanpu Biotechnology Co.,
Ltd (Shanghai, China). Briefly, Viral DNA was fragmented with NEB-
Next® dsDNA Fragmentase®. DNA fragments were used as input to the
NEB “NEBNext® Ultra™ II DNA Library Prep Kit for [llumina®” proto-
col. An Agilent 2100 Bioanalyzer, with a High Sensitivity DNA Kit was
used to quantify the library. The library followed the Illumina protocol
“Prepare DNA libraries for sequencing on the NovaSeq 6000". Paired-
end 150 nt reads were generated.

Sequence analysis

The viral open-reading frames (ORFs) prediction, amino acids (aa)
translation, sequence alignment and pairwised sequence comparisons
were performed using the modules of EditSeq and MegAlign of DNAS-
TAR Lasergene 12 Core Suite (DNASTAR, Inc. Madison, WI, USA). The
highest similarities between the studied avian parvovirus genome
segment and the published sequences were identified by BLASTN online
searching program (http://blast.ncbi.nlm.ni-h.gov/ Blast.cgi). Multiple
sequence alignments were performed using the multiple sequence
alignment tool in DNAMAN 6.0 software (Lynnon BioSoft, Point-Claire,
Quebec, Canada). A similarity plot analysis of the whole genome
sequence of HLJ2023 strain identified in this study and other avian
parvoviruses strains were performed using the sliding window method
as implemented in the SimPlot, v.3.5.1 package.

Phylogenetic analysis

For the phylogenetic analysis, the avian parvoviruses genes reference
strains were retrieved from the NCBI nucleotide database as reference
sequences (Table S3). These nucleotide sequences were then used to
generate a neighbor-joining phylogenetic tree using MEGA 6.06 soft-
ware (Tamura, et al., 2013). A neighbor-joining phylogenetic tree was
constructed using the p-distance model and 1000 bootstrap replicates.
The phylogenetic tree was annotated with the Interactive Tree Of Life
(iTOL) software (http://itol.embl.de/), an online tool for the display and
annotation of phylogenetic trees (Letunic and Bork, 2016).

Recombination analysis of the identified HLJ2023 strain

The HLJ2023 strain in this study and the reference sequences of
avian parvoviruses genes from GenBank were used for the recombina-
tion analysis. The complete sequences were aligned in the ClustalX
program, and then screened for possible recombination using the
Recombination Detection Program (RDP) (Martin, et al., 2015), GENE-
CONV (Padidam, et al., 1999), BOOTSCAN (Martin, et al., 2005),
MaxChi (Smith, 1992), CHIMAERA (Posada and Crandall, 2001), and
SISCAN (Gibbs, et al., 2000) methods embedded in RDP4. Only potential
recombination events detected by two or more of the programs coupled
with phylogenetic evidence of recombination, were considered signifi-
cant using the highest acceptable p-value cutoff of 0.05.

Pathogenicity assessment of isolated GPV strain in goslings

In order to validate the pathogenicity of isolated GPV HLJ2023
strain, artificial infection experimental was conducted in 12 2-day-old
healthy goslings, and they were divided into two groups. Among
them, 6 goslings were infected by subcutaneous injection with 0.2 mL of
the isolated GPV HLJ2023 strain (10%2° ELDs/0.2 mL); while the other,
6 goslings were inoculated with PBS in the same manner, kept separated
from the experimental group as control. The mortality of goslings was
monitored daily.

Histopathology: Goslings that succumbed post-inoculation
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underwent autopsy, during which tissue samples were collected from
the spleen, kidney, ileum, duodenum, jejunum, liver, lung, bursa of
Fabricius, and brain for histopathological examination. Tissue speci-
mens were fixed in 10 % formalin for 72 h at ambient temperature,
subsequently processed through standard protocols, embedded in
paraffin wax, and sectioned into 5 pm slices. These sections were stained
with hematoxylin and eosin (HE) and analyzed using light microscopy.

Detection of Viral Loads: Equal quantities (1 g) of tissue samples
were homogenized in 5 mL of PBS. After centrifugation at 4200 x g for
10 min at 4 °C, the supernatant was used for DNA extraction, which were
performed according to the protocols described by Qi et al. (Qi, Su, Guo,
Li, Wei, Feng and Sun, 2019). The quantitative PCR (qPCR) performed
with primers targeting VP3 (forward: 5- TCCCGTCGGATGTCTATG-3,
reverse: 5 — GCTACTGCCTGTCCTTCA-3) (Dong, 2011). Standard
plasmids were constructed for use in the present study. The qPCR was
performed with SYBR Green I fluorescent dye and the QuantStudio™ 3
Real-Time PCR System (Applied Biosystems, Carlsbad, CA, USA). For
qPCR, each 20 pL reaction included 10 pL of 2 x SYBR® Premix Ex Taq
polymerase (Takara Bio, Inc.), 2 pL of DNA, and 0.25 pM of each primer.
The thermal cycling conditions were: denaturation at 95 °Cfor 30 s,
followed by 40 cycles of 95 °Cfor 25 s and 60 °Cfor 60 s. Ten-fold di-
lutions of the standard plasmid (10'°-10°) and the negative control
(distilled water) were included in each plate. Each sample was assayed
three times. The quantity of GPV viral DNA was calculated based on the
results for the standard plasmid.

Statistical analysis

Each experiment was repeated independently three times and
average values were taken. No data were excluded in this study. All data
were presented as means + standard deviations and were analyzed
using the one-way analysis of variance (ANOVA) procedure in GraphPad

Prism 7.0 (GraphPad Software Inc., San Diego, CA, USA). Statistical
significance was set at P < 0.05.

Results
Virus isolation and identification

To isolate the HLJ2023 strain, tissue homogenates from GPV-positive
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samples were inoculated into goose embryos. By the fifth passage, the
inoculation resulted in 100 % mortality of the goose embryos within five
days post-inoculation (dpi). Gene-specific PCR analysis confirmed the
presence of GPV in the allantoic fluid of the deceased embryos (Fig. 1A).
Electron microscopy examination revealed that the purified virus par-
ticles were spherical with an approximate diameter of 28 nm (Fig. 1B).

Genome sequence analysis

The complete genome sequence of strain GPV HLJ2023 have been
deposited in GenBank (GenBank accession no. PQ206310), containing
two main open reading frames (ORFs). The length of the left ORF is 1884
nt, encoding a non-structural protein required for the regulation of
capsid gene expression composed of 627 amino acids. The length of the
OREF on the right is 2199 nt, encoding three structural proteins composed
of 732 amino acids. Three structural proteins share a common C-ter-
minal region. The gene lengths encoding VP1, VP2, and VP3 proteins are
2199 nt, 1764 nt, and 1605 nt, respectively (Fig. 2).

SimPlot analysis showed that the complete genome sequence of the
HLJ2023 strain isolated in this study was highly similar to classical GPV,
but was highly similar to Muscovy duck parvovirus and GMD in the
nucleotide region of VP3 gene 3519-4219. Further homology analysis
showed that the homology of the whole genome sequence of the isolated
strain with GPV, NGPV, MDPV, and GMD was 78.7-99.9 %, 78.3-99.9 %,
70.2-85.1 %, and 73.0-97.7 %, respectively. In the nucleotide region of
3519-4219, the homologyof isolated strain HLJ2023 with MDPV and
GMD was 94.7-99.9 % and 77.9 %—98.9 %, respectively (Fig. 2). Further
regional homology analysis showed that the homology between the
isolated strain HLJ2023 and non-structural proteins NSP1, NSP2, and
structural proteins VP1, VP2, and VP3 genes of classical GPV was 83.2-
100 %, 81.3-100 %, 90.0-99.8 %, 91.7-99.9 %, and 94.0-99.9 %,
respectively. The homology with the NGPV was 83.0-99.8 %, 81.2-99.9
%, 84.0-99.7 %, 84.4-99.8 %, and 86.0-99.8 %, respectively. The ho-
mology with MDPV was 82.4-83.3 %, 80.6-81.4 %, 80.4-90.1 %, 79.8-
91.8 %, and 80.9-94.1 %, respectively. The homology with GMD was
83.0-99.6 %, 81.3-99.6 %, 90.3-98.6 %, 92.0-98.4 %, 94.3-98.3 %,
respectively (Table 1).

Fig. 1. Identification of isolated GPV strain HLJ2023 with PCR and electron microscopy. (A) PCR. The extracted DNA was analyzed via PCR using GPV specific
primers. Note: DNA was extracted from the allantoic fluid of normal goose embryos (1) and from goose embryos inoculated with the GPV positive sample tissue
homogenates (2). (B) Electron microscopy of allantoic fluid containing strain HLJ2023 after negative staining with phosphotungstic acid (Scale bar = 200 nm).
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Fig. 2. Similarity plot of the GPV nucleotide sequences of the HLJ 2023 strains identified in this study and the avian parvovirus reference strains,
respectively. Note. The HLJ2023 strains identified in our study were set as query strains.

Table 1
Sequence identities between the GPV HLJ2023 strain and the avian parvovirus
reference strains.

Virus Nucleotide identity (%)
Genome NSP1 NSP2 VP1 VP2 VP3
GPV 78.7- 83.2-100  81.3-100  90.0- 91.7- 94.0-
99.9 99.8 99.9 99.9
NGPV 78.3- 83.0- 81.2- 84.0- 84.4- 86.0-
99.9 99.8 99.9 99.7 99.8 99.8
MDPV  70.2- 82.4- 80.6- 80.4- 79.8- 80.9-
85.1 83.3 81.4 90.1 91.8 94.1
GMD 73.0- 83.0- 81.3- 90.3- 92.0- 94.3-
97.7 99.6 99.6 98.6 98.4 98.3

Phylogenetic analyses of HLJ2023 strain

The evolutionary relationships between the HLJ2023 strain and
other avian parvoviruses were confirmed using the neighbour-joining
phylogenetic analysis. By aligning the nt sequences of complete
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genome and VP3 gene, the phylogenetic trees were finally generated
(Fig. 3). The phylogenetic tree analysis based on whole genome
sequence shows that MDPV is an independent branch, while GPV is
mainly divided into three groups. GI and GII groups are mainly classical
GPV, while GIII group is NGPV. The isolated HLJ2023 strain in this study
is located in GI group, but its genetic evolution relationship is close to
that of the SQ0412 strain of NGPV (Fig. 3A). The phylogenetic tree
analysis based on the VP3 gene showed similar results. GPV is mainly
divided into three groups (GI, GII and GIII). The HLJ2023 strain iden-
tified in this study is located in the GI group and is closely related to the
genetic evolution of the classical GPV RC70 strain and the NGPV
AHAU41 strain. (Fig. 3B).

Recombination analysis of HLJ2023 strain

The whole genome sequence of HLJ2023 strain and other avian
parvovirus from GenBank were used for the recombination analysis,
sequence alignment was carried out through ClustalX program, and
detection and analysis were carried out by Recombination Detection
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Fig. 3. Phylogenetic analysis of GPV strains. (A) Phylogenetic analysis of GPV strains based on the whole-genome sequence. (B) Phylogenetic analysis of GPV
strains based on the VP3 gene sequence. Note. The phylogenetic trees were generated using the neighbor-joining method of MEGA 6.0 with 1000 bootstrap replicates.
Source: (G-Goose parvovirus, MD-Muscovy duck parvovirus, NG-Novel goose parvovirus, GMD-Goose parvovirus hosted by Muscovy duck, GAC-Goose parvovirus
hosted by Anser cygnoide, GS-Goose parvovirus hosted by Swan, GAa, Goose parvovirus hosted by Anser anser, GMUD-Goose parvovirus hosted by Mule duck, GOD-
Goose parvovirus hosted by Ornamental duck), the GenBank accession number, strain name, and host are indicated. (For interpretation of the references to color in

this figure legend, the reader is referred to the web version of this article).
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Program (RDP) (Martin, Murrell, Golden, Khoosal and Muhire, 2015),
GENECONV (Padidam, Sawyer and Fauquet, 1999), BOOTSCAN
(Martin, Posada, Crandall and Williamson, 2005), MaxChi (Smith,
1992), CHIMAERA (Posada and Crandall, 2001), and SISCAN (Gibbs,
Armstrong and Gibbs, 2000) methods embedded in RDP4. The results
show that the breakpoint positions of the recombination event are pre-
sented in Table S4. A recombination event that occurred between the
NGPV JS191021 strain and the GMD PT strain led to the generation of
the potential recombinant HLJ2023 strain. The SimPlot of the recom-
bination event is presented in Fig. 4A, in which the NGPV JS191021
strain and the GMD PT strains were used as the major parent strain and
minor parent strain, respectively. The recombination event was
confirmed by the fast neighbor-joining trees that were constructed using
the regions derived from the minor parent strain (4378-3255) (Fig. 4B),
the ignoring-recombinant region (Fig. 4C), and the recombinant region
(3255-4378) (Fig. 4D).

Pathogenicity analysis of GPV HLJ2023

Clinical signs and gross lesions: Goslings in the GPV HLJ2023
infection group began to show depression at 36 hpi, and began to die at
48 hpi. The mortality rate at 72 hpi reached 100 % (6/6). Survival
curves were drawn for the goslings with the Prism 7 program (Graph-
Pad) (Fig. 5A). During the autopsy, it was observed that the entire in-
testinal mucosa became inflamed with diffuse edema. The middle and
posterior segments of the intestine become larger, and the intestinal wall
becomes thinner. There are numerous fibrous clots and fragments in the
intestinal cavity, but solid embolism has not yet formed (Fig. 5B). The
control group of goslings did not show any mortality or any clinical
symptoms.

Histopathology of different tissues: Histopathological analysis

A) ‘SimPlot. Query: Goose parvovirus HLJ2023
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showed that the spleen, kidney, liver, lungs, and small intestine tissues
of the infected group exhibited significant histopathological changes at
72 hpi (Fig. 6). The overall structure of the spleen tissue is abnormal, and
the the lymphatic sheath structure of the splenic white pulp of the spleen
has disintegrated, with lymphocyte necrosis and nuclear atrophy visible
inside (black arrow) (Fig. 6j); Local glomerular vascular loop structure
degeneration and necrosis, with loose and disordered structure (black
arrow); Localized degeneration and necrosis of renal tubular epithelial
cells, damage to luminal structure (red arrow); A small amount of
lymphocyte infiltration can be seen locally (yellow arrow) (Fig. 6k);
Degeneration and necrosis of columnar epithelial cells in the upper layer
of ileum mucosa, with structural loss (black arrow) (Fig. 61); Abnormal
overall structure of duodenum and jejunum, with loose and disordered
mucosal layer structure; The columnar epithelium and intestinal glands
were completely replaced by residual protein cellulose (black arrow)
(Fig. 6m, n); Fatty degeneration of liver tissue, with numerous vacuoles
of lipid droplets of different sizes visible in the cytoplasm (black arrow);
Localized hepatic sinuses show dilation and hyperemia (red arrow)
(Fig. 60); Degeneration and necrosis of alveolar epithelial cells in lung
tissue, with visible destruction of alveolar structure and edema (black
arrow); Obvious inflammatory cell infiltration in the stroma (red arrow);
Localized pulmonary hyperemia (yellow arrow) (Fig. 6p); Degeneration,
necrosis and shedding of columnar epithelial cells in the upper layer of
bursa of fabricius mucosa (black arrow); Disordered structure of cortex
and medulla of internal lymph nodes, disappeared structure of lymph
follicles, accompanied by localized lymphocyte necrosis, nuclear atro-
phy and lysis (red arrow) (Fig. 6q); Slight edema and loose structure of
brain parenchyma in brain tissue (black arrow); Watery degeneration,
loose cytoplasm and vacuoles in microglia (red arrow) (Fig. 6r).
Measurement of viral load in tissues: The viral loads in the different
tissues of the goslings were measured with qPCR (Fig. 7). Viral DNA was
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Fig. 4. Identification of recombination events between the major parent strain, J$191021 (green), and the minor parent strain, PT (blue), which led to the
potential recombinant HLJ2023 strain (red). (A) SimPlot evidence for the recombination origin based on the pairwise distance, modeled with a window size of
200, step size of 20, and 100 bootstrap replicates. (B-D) A fast neighbor-joining (NJ) tree (1000 replicates, Kimura two-parameter distance) was constructed using the
regions derived from the minor parent strain (4379-3254) (B), the ignoring-recombinant region (C), and recombination region (3255-4378) (D). Note. The potential
recombination event was detected using RDP (p = 3.334E-14), GENECONV (p = 2.099E-10), Bootscan (p = 1.277E-14), MaxChi (p = 7.839E-07), Chimaera (p =
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Fig. 5. Survival rates and postmortem lesions of goslings after inoculation with strain HLJ2023. (A) Survival rates of goslings after inoculation with strain
HLJ2023. The percentage of goslings that survived in the infected groups was extremely significantly lower than that in the control group. Note: ** indicates that the
difference between the infection group and control group was extremely significant. (B) Postmortem lesions in goslings that died at 72 hpi. The infected group of
goslings displayed signs of depression (B, d). The middle and posterior segments of the intestine become larger, and the intestinal wall became thinner (B, e). There
are a significant amount of blood clots and exudate in the small intestine of infected goslings (B, f). Non-infected control goslings are shown in a, b, and c.
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Fig. 6. Histopathological lesions in tissues from GPV-infected goslings at 72 hpi. (a-i) Histopathology of spleen, kidney, ileum, duodenum, jejunum, liver, lung,
bursa of fabricius, and brain tissues in uninfected control group goslings, (j-r) Histopathological changes in spleen, kidney, ileum, duodenum, jejunum, liver, lung,
bursa of fabricius, and brain tissues of GPV-infected group goslings.

detected in the spleen (7.76 x 10'° DNA copies/g), Kidney (3.15 x 10'° Goose Astrovirus (GoAstV) may exacerbate the severity of gout symp-
DNA copies/g), ileum (1.36 x 10'° DNA copies/g), cecum (4.66 x 10° toms (He, Wang, Zhao, Jiang, Zhang, Wei, Wu, Wang, Diao and Tang,
DNA copies/g), duodenum (3.92 x 10° DNA copies/g), liver (3.59 x 10° 2022a; Liu, et al., 2020a). In China, the incidence rate of GPV was re-
DNA copies/g), lung (3.83 x 10° DNA copies/g), rectum (2.44 x 10° ported to reach 12.74 % (251 out of 1970) in 2021 (He, Wang, Zhao,
DNA copies/g), jejunum (1.36 x 10° DNA copies/g), bursa of fabricius Jiang, Zhang, Wei, Wu, Wang, Diao and Tang, 2022a). Heilongjiang
(2.06 x 10° DNA copies/g), brain (2.83 x 107 DNA copies/g), and heart Province serves as a critical region for both the goose industry and the
(4.25 x 107 DNA copies/g) in the infection group. It should be noted that incidence of GPV. Despite its significance, there is a paucity of research

the number of viral copies were significantly higher in the spleen, kid- on the genetic characteristics of GPV. Furthermore, recent years have
ney, and ileum than in the other tissues. witnessed numerous outbreaks of SBDS among mule duck and Cherry
Valley duck populations across various regions in China. The etiology of

Discusstion SBDS is attributed to the recombination of GPV, resulting in NGPV
strains (He, et al., 2022b). Therefore, the genetic evolution of GPV has

Since 1956, Goose Parvovirus (GPV) has been extensively dissemi- once again attracted people’s attention. This study isolated one GPV
nated across Europe, the Americas, and Asia. It exhibits high pathoge- strain from Heilongjiang Province, which is a recombinant strain of the
nicity and lethality in geese and ducks, leading to significant economic vaccine strain. Moreover, the isolated strain has high homology with
losses within the poultry industry (Irvine, et al., 2008; Kardogan, et al., some VP3 sequences of duck derived parvovirus, suggesting that GPV is
2020). Recent studies have indicated that co-infection with GPV and still undergoing evolution and recombination during the transmission of
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Fig. 7. Virus distribution in HLJ2023-inoculated goslings at 72 hpi. Note:
** indicates that the difference between the infection group and control group
was extremely significant.

different species, which should be of concern to researchers.

GPV and MDPV belong to the same genus of dependent parvoviruses,
which are small non-enveloping viruses carrying a linear single stranded
DNA genome of approximately 5 kb in length. There are two open
reading frames (ORFs) in waterfowl parvovirus. The left ORF encodes
non-structural (NS) proteins NS1 and NS2, while the right ORF encodes
structural proteins VP1, VP2, and VP3 (Wang, et al., 2020; Yang, et al.,
2020). Among them, VP3 is the main capsid protein of GPV, accounting
for about 80 % of the total capsid protein (Tarasiuk, et al., 2015). It is
also the main immune protective antigen of GPV, which can induce the
body to produce neutralizing antibodies. Interestingly, SimPlot analysis
in this study showed that the VP3 gene exhibited high homology in GPV,
NGPV, MDPV and GMD. Compared to GPV, MDPV showed even higher
homology in 3519-4219 nt. Therefore, the classical GPV may have a
certain protective effect in the prevention and treatment of GPV, NGPV,
and MDPV. However, further research is needed to explore the effec-
tiveness of existing GPV vaccines.

"Thrombosis" usually refers to the solid substance formed in blood
vessels during the infection process caused by gosling plague virus,
which blocks blood vessels and affects blood circulation. Thrombosis is
often considered a typical symptom of GPV infection (Niu, et al., 2018b).
Significant vascular damage was observed in the dead goslings dissected
in this study, while emboli had not yet formed, which may be due to the
rapid onset of in the gosling disease and death before embolism for-
mation. Previous reports have shown that the gosling plague virus can
invade multiple organs of goslings, including the digestive system, res-
piratory system, and nervous system (Ning, et al., 2017; Yan, et al.,
2019). In this study, goslings may experience symptoms such as diar-
rhea, difficulty breathing, and nerve reactions such as arches after being
infected with GPV. The analysis of viral load in various tissues of
infected goslings showed that the intestinal system is the main infection
area of the virus. In addition, the presence of the virus was also detected
in the heart and brain tissues, with significantly lower viral load than
that in the intestine and other tissues. Histopathological analysis of
different tissues showed structural abnormalities in the duodenum and
jejunum, with columnar epithelium and intestinal glands completely
replaced by residual protein fibers. There are varying degrees of tissue
damage in liver, lung, and kidney tissues. In recent years, reports have
shown that co infection of GPV and GoAstV may lead to more severe
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symptoms of gout in geese, which may be related to kidney damage in
goslings (Liu et al., 2020a). In summary, this study suggests that even if
goslings infected with GPV do not form solid emboli, the GPV may still
pose a serious threat to their health and life of goslings.

Since 2015, there has been an outbreak of short beaked dwarf syn-
drome (SBDS) caused by NGPV in China. This infectious disease is
widely and rapidly spread in China’s duck farms, with a high incidence
rate and huge economic losses (Kexiang, Yu, Xiuli, Ma, Zizhang, Sheng,
Lihong, Qi, Cunxia and microbiology, 2016). Subsequent reports have
shown that this kind of NGPV is derived from the recombination of the
classic GPV, which is believed to play a crucial role in the evolution of
parvovirus (Kexiang, Yu, Xiuli, Ma, Zizhang, Sheng, Lihong, Qi, Cunxia
and microbiology, 2016). Multiple classic GPV strains were involved in
the recombination of NGPV. In this study, evolutionary analysis showed
a close genetic evolutionary relationship between the isolated strain and
the NGPV from ducks. SimPlot analysis showed that the HLJ2023 strain
isolated in this study exhibited high homology with MDPV and GMD,
which was between 3519 and 4219 nt. Recombinant analysis showed
that the strain HLJ2023 isolated in this study may be a potential re-
combinant strain of the NGPV JS191021 strain and the GMD PT strain
(Wang, et al., 2014; Zadori, et al., 1995). These findings suggest the
presence of intricate and frequent recombination events within the GPV,
underscoring the necessity for heightened caution in the application of
live vaccines for waterfowl parvovirus.

In conclusion, this study effectively isolated the GPV HLJ2023 strain
from goose tissue with intestinal embolism. The isolated strain is a po-
tential recombinant strain derived from NGPV JS191021 strain and the
GMD PT strain, with strong pathogenicity. Furthermore, phylogenetic
analysis reveals that VP3 gene shares a close genetic evolutionary
relationship with both MDPV and GMD. These findings contribute
significantly to our comprehension of the genetic evolutionary traits of
avian parvovirus. At the same time, frequent mutations and recombi-
nation also indicate the necessity of monitoring the genetic evolution
system of avian parvovirus.
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