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ABSTRACT 
Adeno-associated viruses (AAVs) are defective members of the genus Dependoparvovirus. Waterfowl 

parvoviruses, another member of the Dependoparvovirus, were found to be the closest relative of AAVs. This 

study was performed to identify the genetic changes that may occur to goose parvovirus (GPV) in one 

Muscovy duck flock that was observed for 12 weeks after the virus was isolated. Persistent watery diarrhea 

and wing deformity were the common signs. Cloacal swabs were collected from diseased ducks. 

Unexpectedly, the identified virus was an AAV. The closest strains were duck AAVs at the nucleotide level, 

identified in Australia and China. Meanwhile, only 52.3% of nucleotide identity was shared with the GPV 

strain, previously identified from this flock. Duck adenovirus (DAdV) could not be identified in the samples. 

This study is one of the first studies in which genetic changes of GPV were tracked. In addition, emerging 

duck AAV from GPV is suggested, which will be useful for future virus classification.  
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INTRODUCTION 
 

Adeno-associated viruses (AAVs) are defective and 

considered promising therapeutic viral vectors because of 

their in vivo transduction ability with induction of mild 

immune response and with no evidence of toxicity (Bello 

et al., 2014; Samulski and Muzyczka 2014; Bennett et al., 

2017). Due to their defectiveness, these viruses can not 

complete their replication cycle except with a helper virus 

that can be Adenovirus, Herpes virus, Varicella, 

Cytomegalovirus, or Bocavirus (Georg-Fries et al., 1984; 

Ni et al., 1994; Wang et al., 2017). In addition to helper 

viruses, carcinogens and genotoxic agents can render cells 

permissive to the replication of AAVs (Schlehofer et al., 

1986; Yakinoglu et al., 1988; Berns 1990). Without any 

helper virus, latent infection is established (Berns 1990; 

Sun et al., 2010; Meier et al., 2020). Viral particles of 

AAVs consist of a small nonenveloped capsid of about 

260 Å in diameter that is composed of three viral proteins: 

VP1, VP2, and VP3. Their genome is single-stranded 

DNA of about 4.7-kb with identical inverted terminal 

repeats at both ends of approximately 150 nucleotides that 

have genome replication and packaging signals (Bennett et 

al., 2017; Hildebrandt et al., 2020). Genus 

Dependoparvovirus, a member of the family Parvoviridae, 

comprises AAVs and the autonomous waterfowl 

parvoviruses (goose and Muscovy duck parvoviruses, 

Kailasan et al., 2015; Hildebrandt et al., 2020). Goose 

parvovirus (GPV) is the causative agent of Derzsy’s 

disease (Derzsy, 1967; Kisary and Derzsy, 1974) that 

affects Muscovy ducks and geese and is characterized by 

growth retardation, feathering disorders, and is associated 

with high mortality rates (Tatár-kis et al., 2004; Glávits et 

al., 2005). A GPV-related group causes short beak and 

dwarfism syndrome, and the affected Muscovy ducks 

show feathering disorders, short beak, tarsus, strong 

growth retardation, and low morbidity rate (Palya et al., 

2009). Muscovy duck parvovirus infects the ducks, 

causing weakness, locomotor problems, and recumbency 

(Poonia et al., 2006; Palya, 2020). Duck adeno-associated 

virus (DAAV) was first identified in clinical samples 

collected from Muscovy ducks with signs of adenovirus 

infection in China (Su et al., 2017). Another distantly 
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related DAAV was identified in fecal samples collected 

from wild Pacific black ducks in Australia (Vibin et al., 

2020). The current study was conducted to re-identify 

goose parvovirus (GPV) in Muscovy ducks 12 weeks after 

the first isolation of the virus from these ducks and to 

determine the genetic changes that may occur due to 

chronic infection. 

 

MATERIALS AND METHODS 

 

 Ethics approval 

Samples were collected according to the Animal Care 

and Biosafety Committee of the Animal Health Research 

Institute (AHRI 121119).  

 

Samples 

Goose parvovirus strain HS1 (accession Number 

OL763424) was isolated from cloacal swabs obtained 

from a Muscovy duck flock that consisted of 4 weeks old 

60 female and 10 male ducks in Behira governorate, 

Egypt, in May 2020. These ducks had no vaccination 

history and suffered from retarded growth, loss of feathers, 

recumbency, whitish watery diarrhea, and wing deformity. 

This flock was observed for a study period that extended 

for 12 weeks post-isolation of GPV. At the end of the 

study period, cloacal swabs were collected from 15 ducks 

with chronic diarrhea and wing deformity to determine the 

possibility of the persistence of GPV infection. Swabs 

were pooled, suspended in phosphate buffered saline, and 

centrifuged (Germany) at 8000 × g for 15 minutes. The 

supernatant was filtered through a 0.22 μm filter and kept 

in -80°C until the detection of viral DNA by Polymerase 

chain reaction (PCR). 

 

Viral DNA detection by the polymerase chain 

reaction  

To avoid any genetic mutation that may occur during 

viral isolation because of viral adaptation to duck embryo 

or tissue culture, viral DNA was extracted directly from 

the samples without viral isolation. DNA extraction was 

performed using QIAamp Mini Elute Virus Kit (Qiagen, 

Germany) following the manufacturer’s instructions. 

Extracted DNA was amplified using a buffer mix 

(Emerald Amp Max, Takara, Japan) and primers listed in 

Table 1. Primers directed to partially amplify the VP1 

gene of GPV were used based on the previous history of 

the infection, whereas DAAV was detected unintentionally 

with the same primers but with different sizes of amplified 

sequences. Due to the identification of DAAV in the 

samples, another set of primers was used to detect duck 

adenovirus (DAdV). The PCR was performed using 

Biometra T3000 thermocycler (Biometra, Germany). 

Electrophoresis was done through 1.5% agarose gel and a 

100 bp DNA marker (Thermo Scientific, USA). 

 

Table 1. Primers used in the study 

Virus Primers References 

Goose parvovirus F (5’-CCTGGCTATAAGTATCTTGG-3’) 

R (5’-GTAGATGTGGTTGTTGTAGC-3’) 
Poonia et al., 2006 

Duck adeno-associated virus 

Duck adenovirus 
F (5’-CACTCACGGGAACTG-3’) 

R (5’-GGGCACCACAAACG-3’) 
Zhang et al., 2016 

 

DNA sequencing 

A single 609 bp DNA band was purified using a 

QIAquick gel extraction kit (Qiagen, USA) and sequenced 

in both directions with the same primers indicated in Table 

1. The sequencing reaction was done using the Bigdye 

Terminator V3.1 cycle sequencing kit (Perkin-Elmer, 

USA) in ABI automated sequencer (Applied Biosystems 

3500xl genetic analyzer, USA). 

 

Phylogenetic analysis 

The obtained partial sequences of VP1 were subjected 

to a basic local alignment search tool (BLAST) within 

GenBank to determine the closely related strains. 

Nucleotide sequences and their deduced amino acids were 

aligned using CLUSTALW with 1000 bootstrap 

replications in BioEdit software (version 7.2.5). The 

maximum composite likelihood method with 1000 

bootstrap replications of MEGA11 software was used to 

determine pairwise distance and to construct a neighbor-

joining (NJ) tree (Tamura et al., 2021). 

 

RESULTS AND DISCUSSION 

 

Adeno-associated viruses share the same genome 

organization as waterfowl parvoviruses (Zadori et al., 

1995). Moreover, at the level of amino acid sequence, 

waterfowl parvoviruses were found to be the closest 

relative of adeno-associated virus 2. Thus, GPV was 

reclassified with AAV under the genus 
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Dependoparvovirus (Brown et al., 1995; Zadori et al., 

1995). 

Goose parvovirus was isolated and identified from a 

Muscovy duck flock with retarded growth, feather 

disorders, diarrhea, and wing deformity. During this study, 

this flock was observed for 12 weeks after GPV was 

isolated to determine the persistent possibility of clinical 

signs associated with GPV infection. During this period 

mortality rate was 30%, and the common signs were 

chronic persistent watery diarrhea and wing deformity, 

which were reported in about 80% of the affected flock. 

Therefore, cloacal swabs were collected as pooled samples 

from ducks that suffered from these symptoms to re-

identify GPV in this flock. The identified virus was AAV, 

not GPV. Both sites of the primers used in the detection of 

GPV (Table 1) were similar to the analogous sites at the 

identified DAAV (with only two nucleotide differences in 

forwarding primer), which enabled its unintended 

detection. Based on the partially DNA sequenced VP1, the 

identified virus designated HSCH (accession number. 

ON166703) shared only 52.3% and 49.1% nucleotide and 

amino acid identities with the GPV (HS1), respectively, 

which was previously isolated from this flock (Table 2). 

This DNA sequence which includes the N terminus of 

VP1, 2, and 3, was found to be 15 bases longer than that of 

GPV due to many nucleotides’ insertions.  

The closest strain was PBDAAV/PBD12, which was 

identified from wild ducks in Australia with 87.4% and 

97.4% nucleotide and amino acid identities, respectively 

(Vibin et al., 2020). Phylogenetic analysis revealed 

separate clustering of the identified strain within avian 

Dependoparvoviruses, including autonomous waterfowl 

parvoviruses, DAAVs, and avian AAVs (AAAVs), which 

all shared the same ancestor (Figure 1). In addition, the 

identified strain possessed 18 unique amino acid 

substitutions, most of which were located at the N 

terminus of VP2 and 3 (Figure 2). A nucleotide identity of 

82.7% was found with DAAV (MHH-05-2015) that was 

also identified in Muscovy duck in China (Su et al., 2017). 

DAAV (MHH-05-2015) virus was found to be dependent 

on DAdV infection. Therefore, an attempt was made to 

detect co-infection with DAdV. The DAdV could not be 

identified in the samples. Adeno-associated viruses have 

dependent replication nature as they need another helper 

virus, carcinogen, or genotoxic agent to complete their 

replication cycle (Schlehofer et al., 1986; Yakinoglu et al., 

1988; Ni et al., 1994; Wang et al., 2017). Accordingly, it 

can be suggested that this flock may be affected by a 

helper agent other than DAdV. Another possible 

explanation for the absence of DAdV from the sample is 

the emergence of the identified duck AAV from GPV 

strain HS1, which was previously identified from the same 

flock. Hildebrandt et al. (2020) have done phylogeny 

reconstruction of endogenous viral elements of 

Dependoparvoviruses (viral genetic remnants integrated 

into host genomes for millions of years) and suggested the 

autonomous highly pathogenic exogenous 

Dependoparvovirus ancestors of these elements that co-

evolved with waterfowl birds. This finding and the 

persistence of diarrhea since GPV infection support the 

suggestion of the emergence of DAdV from GPV. This 

was also supported by Kailasan et al., 2015 who reported 

that parvoviruses had high evolution rates similar to RNA 

viruses, and cell passages with very small numbers could 

induce the selection of new natural mutants.  

 
Table 2. Nucleotide and amino acid identities with other goose parvoviruses and duck adeno-associated viruses identified in 

Muscovy ducks 

Strains 

                Amino acids identities 

1 2 3 4 5 6 7 8 9 10 

1-M15  98.5 96.4 97.4 79.3 98 49.9 50.8 49.9 50.8 

2- JS1603 98.6 
 

95.9 96.9 79.9 97.4 49.9 50.8 49.9 50.8 

3- LH 95.4 95.6 
 

99 79.3 95.3 50.8 51.6 51.6 52.4 

4- B 96.7 97.1 97.6 
 

80.5 96.4 51.6 52.4 51.6 53.2 

5- FM 77.5 78.3 78 78.6 
 

78.7 45.7 49.1 49.1 49.1 

6- HS1 97.6 97.4 96 96.9 77.8 
 

49.1 49.1 48.2 49.1 

7- HSCH 51.3 52 55 52.6 53.4 52.3 
 

85.3 84.8 85.9 

8- PBDAAV/PBD12 54.1 54.7 56.5 54.4 59 54 87.4 
 

97.4 87.1 

9- DAAV/G002-20 54 54.6 56.4 55 60.2 54.4 86.5 97.9 
 

85.9 

10- MHH-05 50.9 51.7 53.7 52.2 56.9 50.6 82.7 80.4 80.4 
 

                            Nucleotides identities 

The strain that was identified during this study is highlighted  
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Figure 1. Neighbor-joining tree indicates clustering of the identified strain separately within avian Dependoparvoviruses 

(autonomous waterfowl parvoviruses and AAAVs) identified in Muscovy ducks. This tree shows a common ancestor with 

avian Dependoparvoviruses. Green branches indicate avian Dependoparvoviruses while black branches indicate AAVs other 

than avian origin. The red circle indicates the identified strain. 

 

 
Figure 2. Amino acids substitutions with autonomous Dependoparvoviruses and closely related duck adeno-associated viruses 
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This study is one of the first identification of DAAV 

from Muscovy ducks in Egypt. Moreover, it indicates the 

possibility of emerging DAAV from GPV. Further study 

should be done experimentally to confirm the possibility 

of emerging DAAV from GPV to understand the pattern 

of viral evolution better. 
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