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Goose parvovirus (GPV), also called Derzsy’s disease, is a viral pathogen that causes high
morbidity and mortality in goslings and ducklings. In this study, we perform the molecular
characterization of the GPV in Turkey. The definition of similarity to the world of GPV isolates
in Turkey and construction of a phylogenetic tree was aimed. For this purpose, the presence of
GPV in the liver, spleen, and intestine tissues of nine goslings with symptoms such as dysphagia,
bilateral ocular swelling, eye discharge, diarrhea, and fatigue were investigated by real-time
PCR method and all samples were detected as positive. According to the data obtained by
molecular characterization, phylogenetic analysis of GPV has been presented in Turkey. As a
result of this study, it was determined that the GPVs available in Turkey are virulent strains.

INDEX TERMS: Goose parvovirus, real-time pcr, phylogenetic analysis, Turkey, geese.

RESUMO.- [Caracteriza¢do molecular de parvovirus de ganso
em gansos da Turquia.] O parvovirus do ganso (GPV), também
chamado de doenga de Derzsy, € um patégeno viral que causa alta
morbidade e mortalidade em gansos e patinhos. Neste estudo,
objetivou-se a determinagdo da caracterizagdo molecular do GPV
na Turquia, a definigdo da similaridade com o mundo dos isolados
de GPV na Turquia e a constru¢do de uma arvore filogenética. Para
tanto, a presenca de GPV no figado, baco e tecidos do intestino de
nove gansos com sintomas como disfagia, edema ocular bilateral,
secrecdo ocular, diarreia e fadiga foram investigados pelo método
de PCR em tempo real e todas as amostras foram detectadas tdo
positivo. A luz dos dados obtidos por caracterizacio molecular,
a analise filogenética do GPV foi apresentada na Turquia. Como
resultado deste estudo, foi determinado que os GPVs disponiveis
na Turquia sdo cepas virulentas.

TERMOS DE INDEXAGAO: Parvovirus de ganso, PCR em tempo real,
analise filogenética, Turquia, gansos.
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INTRODUCTION

Goose parvovirus (GPV) infections, also known as Derzsy’s
disease (DD), are an important viral infection with high
mortality in goslings (Takehara et al. 1995). It has been
taxonomically classified in the Dependoparvovirus genus of the
Parvoviridae family (Yu etal. 2016, Cotmore etal. 2019). GPV
has a single-stranded DNA structure and is a non-enveloped
virus (Liu etal. 2017). The GPV genome is about 5.1-kb long
and contains two open reading frames (ORFs). Left ORF-1
encodes non-structural proteins involved in viral replication.
ORF-2 on the right encodes the capsid proteins VP1, VP2, VP3.
VP2 and VP3 contain the same C-terminal as VP1 (CH ve ark
2015). In waterfowl, two genetically associated parvovirus
subgroups have been identified, named GPV and Muscovy
duck parvovirus (MDPV). GPV primarily infects geese and
Muscovy ducks. MDPV only infects Muscovy ducks and some
cross-breed duck species. The overall protein sequences of
these two agents have approximately 85% similarity. They
are antigenically related to each other; however, the cross-
protection ability of the antibodies they produce is very limited.
GPV and MDPV are excessively shed via feces of infected
waterfowl. Therefore, they spread quickly to susceptible
birds, both directly and indirectly, causing large-scale fatal
outbreaks in regional goose and duck farms (Yu et al. 2016).

The host range of Goose parvovirus is very limited. Its
natural hosts are geese and Muscovy ducks (Cairina moschata).
The clinical findings of infected animals include drowsiness,
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ataxia, weightloss, palpebral swelling, dysphagia, and anorexia.
Characteristic lesions in infected offspring are ascites,
hydropericardium, enteritis, myocardium, and degenerative,
inflammatory changes in the liver. It has been reported that GPV
infections are observed in countries where goose production
iscommon in the world (Jansson etal. 2007, Wan et al. 2016,
Liu et al. 2017). Although vaccination programs against GPV
have been developed in the last 30 years, its epidemiological
existence continues (Tarasiuk et al. 2019).

The agent can be detected by virus isolation (VI) from
goose or duck embryos, polymerase chain reaction (PCR),
agar gel precipitation test, electron microscopy (Ning et al.
2018), LAMP (Loop-Mediated Isothermal Amplification)
ELISA, serum neutralization test (WoZniakowski et al. 2012),
immunofluorescent test (IFA), Western blot (Tarasiuk et
al. 2019). A real-time PCR test has many advantages over
serological diagnostic methods and molecular methods such
as agar gel diffusion, immunohistochemistry, ELISA in the
diagnosis of GPV (Yu et al. 2016).

VP3 a highly protected region of the GPV gene is very
suitable for diagnosis by PCR (Yang et al. 2009).

This study aimed to determine the molecular characterization
of GPV, which is an important viral disease for geese and
ducks, in Turkey, and to reveal the similarities of the obtained
isolates with GPV isolates and vaccine strains in the world,
creating a phylogenetic tree.

MATERIALS AND METHODS

In this study, intestine, spleen and liver tissues of nine goslings
obtained from the project named “Virological Investigation of
Parvovirus Infections in Geese” were used. The supernatants obtained
after the homogenization and centrifugation processes of the organs
were performed, stored at -20°C until they were used in the PCR
procedure. Then, the presence of the GPV factor was tested with the
real-time PCR method. Conventional PCR procedure was applied to
positive samples. Gene sequence analysis was performed from the
obtained PCR products and the results were evaluated.

Table 1. Real-time PCR primers used in the study

Name Sequence 5’ to 3’ Position 1:;51(1]2;31
GPV-F GTGCCGATGGAGTGGGTAAT 3084- 60
3103
GPV-R ACTGTGTTTCCCATCCATTGG 3122-
3143
GPV-FP  6FAM-FTCGCAATGCCAATTTCCCGAGGP- ~ 3098-
TAMRA 3120
Yang et al. (2009).
Table 2. Real-time PCR protocol
Reagent Volume
LightCycler 480 Probes Master 2 x Conc 10pul
Primer forward (10pmol/pl) 0.8ul
Primer reverse (10pmol/ul) 0.8ul
Probe (5pmol/pl) 0.8ul
Distilled water 2.6ul
Template DNA Sul
Volume collected 20ul
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Extraction. Organ samples that were previously detected as
GPV positive in the virology laboratory of the Veterinary faculty of
Selguk University were resolved. Supernatants obtained as a result of
homogenization of organs were subjected to the extraction process.
A commercial extraction kit (QIAGEN DNeasy Blood & Tissue Kit
250 Cat. No. 69506) was used for this purpose. The procedure was
carried out per the protocol specified by the manufacturer.

Real-time PCR. Real-time PCR procedure was performed using gene
zone-specific primer/probe sets (Table 1) to determine the presence
of GPV in the DNA obtained as a result of extraction. Analyzes were
performed with Light Cyler 480 Probe Master Kit (Roche, USA) by
modifying the manufacturer’s protocol. The real-time PCR protocol
and thermal cycle program to be applied for each PCR reaction are
given in Table 2 and Table 3. Vaccine Hoekstra strain (Palmivax
L477565 Boehringer Ingelheim) was used as positive control and
RNA free water was used as the negative control.

Conventional PCR, Sequence analysis of PCR product. The
PCR procedure was performed using primer pairs specific to the
VP3 gene (GPV F 5’-CCGGATCCATGGCAGAGGGAGGAGGC-3’ and
GPV R 5’-GCGCTCGAGTTACAGATT TTGAGTTAG3’) in the samples
determined positive by real-time PCR (Shao et al. 2015) (Table 4
and 5). As a result of the reaction, PCR products were transferred
to 2% agarose gel and exposed to electrophoresis for 40 minutes.
At the end of the procedure, the PCR products were examined on
the gel imaging device and the samples giving a band of 1650 bp
were accepted as positive (Fig.1). Vaccine Hoekstra strain (Palmivax
L477565 Boehringer Ingelheim) was used as positive control and
RNA free water was used as the negative control.

The bidirectional sequence of the PCR products selected for
sequence analysis was commercially obtained by service. The
obtained data were searched for homology in GenBank using the

Table 3. Real-time PCR stages and temperature (°C) /time
values applied during these stages

Stage Temperature/time Cycle
PCR baseline activation 95°C/10 min. 1x
Denaturation 95°C/10 sec. 40x
Bonding/extending 60°C/30 sec.

Table 4. Conventional PCR Protocol

Reagent Volume
dNTP (10mM) 1pl
MgCL (25mM) 2.5ul
Reverse Primer 2ul
Forward Primer 2ul
Taq Polymerase 1.5ul
Distilled water 36 ul

DNA 5ul
Volume collected 50ul

Table 5. Conventional PCR stages and temperature (°C)/
time values applied during these stages

Stage Temperature/time Cycle
PCR baseline activation 95°C/5 min. 1x
Denaturation 94°C/1 min. 30x
Bonding 52°C/1 min.
Extending 72°C/2 min.
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BLAST program provided by NCBI. BLAST analysis was performed
to detect similar zones of the registered samples showing sequential
homology in the NCBI database.

Finch TV (Geospiza, Seattle/WA) program was used to control
the chromatogram files of the bidirectional sequences of the isolate
No.GPV/TR42/01. Bidirectional *.ab1 extension chromatogram files
were visualized using Finch Tv (Geospiza, Seattle/WA) program.
The bidirectional DNA sequences were aligned and combined in the
AliView program, and the consensus/contig (common line sequence)
sequence was obtained (Altschul et al. 1990).

To reveal the genetic relationship between the virus sequence
obtained in this study and the virus sequences detected in previous
studies, reference (isolate) sequences registered in the GenBank
database were used. Data on reference GPV isolates are given in Table 6.

Sequence data were aligned with other viruses obtained from
GenBank using Mafft (Katoh & Standley 2013) software on AliView
(Larsson 2014) interface. The phylogenetic tree was created
through the Neighbor-Joining/Maximum Likelihood (Saitou & Nei
1987) algorithm/method using MEGA X (Kumar et al. 2018). The
phylogenetic tree was rooted using an outgroup sequence (FM strain
MDPYV, access number U22967).

Fig.1. GPV Conventional PCR results. 1kp DNA marker (M), positive
samples (1-5), GPV positive control (PC), negative control (NC).

Ethical approval. All procedures and animal care complied with
the guidelines of the Selguk University Veterinary Faculty Ethics
Committee (Ethical approval number 2019/66 on August 8,2019).

RESULTS

With the current study, intestine, spleen, and liver tissues
of nine goslings who had symptoms such as weight loss,
dysphagia, bilateral ocular swelling and discharge, diarrhea,
fatigue, and died were taken. Real-time PCR procedure
(Table 2) was performed and all samples were determined as
GPV positive (Fig.2). Then, the PCR procedure was applied for
the sequence (Table 4 and 5). When the sequence data were
evaluated, it was determined that all samples had the same
nucleotide sequence, so a single isolate (GPV/TR42/01) was
included in the phylogenetic tree (Fig.3). The changes in the
amino acid position of the obtained isolate compared with
the reference strain were submitted in Table 7.

Phylogenetic analyzes show that GPV/TR42/01 is closely
related to the international standard virulent strain GPV-B
(GenBank U25749).

In the protein analysis, it was determined that the N
(Asparagine) amino acid at position 301 of the GPV VP3 gene
was highly conserved in other strains on GenBank, but the
S amino acid due to mutation was found at position 301 of
GPV/TR42/01. In addition to these, A326G, L3391, K377R
and D505N changes were detected (Table 8).

Attanue strains are reported to encode remarkably different
amino acids from virulent strains at positions 266, 287,381,
382,390 and 395 of the VP3 protein (Yan et al. 2019). When
the amino acid motifs at positions 266, 287, 381, 382, 390
and 395 of the GPV/TR42/01 strain were examined, it was
determined that it differed from the attanuated strains and
showed high similarity with the virulent strains.

DISCUSSION AND CONCLUSION

Since 1956, GPV has been widely observed in Europe, Asia,
America, and China (Shien et al. 2008). GPV is a fatal infection
for goslings and ducklings with serious economiclosses (Yu et

Table 6. Data on GPV isolates in GenBank and obtained from different countries

GenBank access number Name of strain Location/country Host Date Source or reference
MT919292 GPV/TR42/01 Turkey Goose 2020 This study
EU088102 DB3 strain (Comp genome) China Goose 2007 GenBank
U25749 Virulent B Hungary Anser anser 1995 GenBank
EU583389 82-0321V Taiwan Goose 2006 GenBank
EU583392 VG32/1 Germany Goose 2008 GenBank
EU583391 06-0329 Taiwan Goose 2006 GenBank
KM272560 LH China Goose 2012 GenBank
KC996730 YZ99-6 Jiangsu/China Goose 1999 GenBank
KC178571 Y Anhui/China Muscovy duck 2011 GenBank
KC184133 E China Goose 2012 GenBank
EU583390 82-0321 China Goose 1982 GenBank
JF333590 SH Shanghai/China Anser anser 2009 GenBank
KC478066 SHFX1201 China Swan 2013 GenBank
KC996729 SYG61v China Goose 2015 GenBank
MF438102 MDE China Muscovy duck 2018 GenBank
U34761 SHM 319 USA Anser anser 1995 GenBank
U22967 (NC_006147) FM (MDPV) Hungary Muscovy duck 1993 GenBank
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al. 2012). A few studies (Isidan etal. 2021, Kardogan etal. 2021)
are reporting the genetic characteristics of GPV in Turkey so
far. In this study, the VP3 protein, which is the main component
of the capsid on the surface of virus particles, was preferred
for diagnosis. VP3 is an important protein since it is effective
in the formation of neutralizing antibodies (Shao et al. 2015).

All samples were determined to be positive as a result
of RT-PCR performed from tissue samples taken from nine
goslings that died with clinical symptoms such as weightloss,
dysphagia, bilateral ocular swelling and discharge, diarrhea, and
fatigue. The sequences obtained as a result of the phylogenetic
analysis and the amino acid sequences of 8 GPV VP3 genes
were compared. The same mutations at the same position
as the GPV-ZL and GPV-CH strains were determined. In the
sequence of the VP3 gene of the GPV-CH and GPV-ZL strains,
Ser, Ala, Lys, Glu, Asp and Lys are present respectively at the
amino acids 266, 287, 390, 395, 381 and 382. These amino
acids are given as Gly, Thr, Thr, Asp, Asn and Glu respectively

Table 7. VP3 gene amino acid sequence positions of the
current isolate with the GPV reference strain

Amino acid positions of the VP3 gene

266 287 381 382 390 395
EU088102 Ser-S Ala-A Asp-D Lys- Lys- Glu-
attenuated strain (GPV-DB3)
GPV/TR42/01 Gly-G ThrT Asn-N Glu-E Thr-T Asp-D
GPV-ZL Ser-S Ala-A Asp-D Lys- Lys- Glu-
GPV-CH Ser-S Ala-A Asp-D Lys- Lys- Glu-
GPV-PSH Gly Thr Asn Glu Thr Asp
GPV-BCH Gly Thr Asn Glu Thr Asp
GPV-LY Gly Thr Asn Glu Thr Asp
GPV-JLJT Gly Thr Asn Glu Thr Asp
GPV-DH Gly Thr Asn Glu Thr Asp
GPV-B Gly Thr Asn Glu Thr Asp

Oya Bulut et al.

in the other six strains (Table 7). These common changes that
occurred in GPV-CH and GPV-ZL suggest that they may cause
GPV replication or a decrease in immune response in geese.
Therefore, Gly, Thr, Asp, Asn and Glu, especially Gly and Thr,
can be key amino acids of VP3. GPV-CH and GPV-ZL were
determined to belong to the same branch when compared
to the GPV-DB3 strain.

GPV-PSH, GPV-BCH, GPV-DH, GPV-LY and GPV]JLJT are
virulence strains, and GPV-ZL is an attenuated strain. The
amino acid (aa) sequences of six GPV strains were compared
to GPV-B and GPV-CH by the DNAMAN program. As a result,
it was determined that the amino acid sequences of the
attenuated strains (GPV-ZL and GPV-CH) shared common
differences from the sequences of the virulent strains (the
other six strains). Ser, Ala, Lys, Glu, Asp and Lys were present,
respectively at amino acids 266, 287, 390, 395, 381 and 382
of the VP3 sequence of GPV-ZL and GPV-CH. In the other
six strains (GPV-PSH, GPVBCH, GPV-DH, GPV-B, GPV-LY and
GPV-JLJT), these amino acids were Gly, Thr, Thr, Asp, Asn and
Glu respectively. Virulent strains have more mutation zones
than attenuated strains, because they are exposed to more
environmental and geographic changes (Yan et al. 2019).
Therefore, further studies investigating amino acids in the
VP3 gene may display the key to the pathogenicity of GPV.
When the 1531 bp VP3 partial sequence was compared or
filtered with all similar sequences in the Genbank database,
query cover over 99, similarity rates were found between
81.14% and 99.74%. Also, Virulent B (U25749.1) with

Table 8. Amino acid changes of partial VP3 gene

Position
301 326 339 377 505
GPV/TR42/01 S G I R N
Genbank data conserved amino acid N A L K D

Amplification Curves

Fluorescence (53

—_————

NC

]

Fig.2. Real-time PCR result. Positive control (PC), negative control (NC).
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Fig.3. Phylogenetic analysis of the GPV part VP3 gene was created
using the Neighbor-Joining method using the MEGA X program.
The bootstrap value was chosen as 1000.

Hungary 98.89%, GPV GER (KU684472.1) with Germany
98.82%, vaccine strain VG32/1 (EU583392.1) Taiwan with
98.69% and DB3 (EU088102.1) China with a high similarity of
98.37%. Additionally, Isidan etal. (2021) reported strains from
Turkey: MW386079.1 Yozgat/19, MW386077.1 Corum/19 and
MW386078.1 Konya/19 have 99.74%, 99.74% and 99.61%
similarity rates, respectively.

The main countries where goose breeding is carried out
in the world are China, Egypt, Ukraine, Romania, Poland,
Madagascar, Hungary, and Russia. In Turkey, goose breeding
has started to increase in recent years (Tilki & Saatci 2016).
With the increasing demand for the goose, GPV is regarded
as the most common infection with high mortality in
increasing goose farms. Due to the limited number of studies
on GPV infection in Turkey, determining the prevalence and
molecular types of this infection is of great importance. As a
result, this seems to be one of the first studies to determine
the molecular characterization of GPV in Turkey. The data
obtained revealed that the strains in Turkey are pathogenic.
Further studies concerning other gene zones (Rep and VP1)
will help to understand the epidemiology of the disease and
how to control it.
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