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1. Introduction 

 

Members of the family Circoviridae and 

Polyomaviridae belong to viruses with small circular DNA 

genomes. These viruses may often cause fatal diseases 

in the avian hosts and serious economical losses. 

Infections with circoviruses are associated with 

immunosuppression, while polyomaviruses may induce 

developmental disorders and multi-systemic diseases. 

The Circoviridae family comprise the Circovirus 

and Cyclovirus genera. The members have circular, 

single-stranded DNA genomes of 1700-2100 bases. The 

replication-associated protein (rep) and capsid (cp) genes 

are transcribed bidirectionally. The circoviruses and 

cycloviruses could be distinguished based on the 

orientation of the rep and cp in the viral genome.  Porcine 

circovirus 2, Goose circovirus (GoCV) and Beak and 

feather disease virus are well-known members of the 

family.  In recent years, a number of variable novel circular 

Replication-associated protein encoding single-stranded 

DNA (CRESS DNA) viruses have been described in novel 

host species and environmental samples. Thus, it was 

necessary to extend the taxonomic classification, and 
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finally the eukaryotic CRESS DNA viruses have been 

grouped into the phylum Cressdnaviricota. 

Avian polyomaviruses belong to the 

Gammapolyomavirus genus of the Polyomaviridae family.  

The genom is approximately 5000 bp long and comprises 

the genes of the VP1-VP3 structure proteins, the large 

and small tumour antigens (LTA, STA) and the putative 

ORF-X/VP4 products. Budgerigar fledgling disease virus 

(BFDV), that was described in budgerigars in the early 

1980’s, represents the first member of 

gammapolyomaviruses. Non-budgerigar parrots and 

other birds are also susceptible to BFDV. Haemorrhagic 

nephritis and enteritis of geese was first described in 1969 

in Hungary. Infection of goslings may have an acute 

nature with high mortality rate, affecting the internal 

organs and provoking neurological signs. The causative 

agent, goose haemorrhagic polyomavirus (GHPV), may 

also infect ducks. However, the pathological role of GHPV 

in this host is controversial. 

Hungary is among the leading waterfowl 

producers in Europe. Beside the famous delicacy, the foie 

gras, the demand is high for meat and feather as well. 

Infectious disease outbreaks of geese and duck cause 

enormous losses for farmers.  
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Various next-generation sequencing methods and 

molecular virological approaches provide possibilities to 

detect novel virus species or novel reservoirs of known 

viruses. In our studies we aimed to reveal the genetic 

diversity and host spectrum of circoviruses, cycloviruses, 

and other CRESS DNA viruses, as well as 

polyomaviruses circulating among birds that may help 

disease prevention. 
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2. Aims of the study 
 

The aim of our study was: 

 To discover the occurrence of CRESS DNA 

viruses and polyomaviruses in samples of wild 

bird species. 

 To determine the whole genome sequence of 

novel CRESS DNA viruses and to discover the 

genome structure, genetic diversity and 

phylogenetic relationships.  

 Determination of genomes of GHPV strains 

collected in Hungary and to evaluate the 

genetic diversity of those. 

 To analyse the phylogenetic relationships and 

evolutionary mechanisms of 

gammapolyomaviruses. 

 To characterize the genome of a BFDV strain.  
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3. Materials and methods 

 

Samples 

Cloacal swab samples of wild birds (n=90) were 

collected for compulsory seasonal influenza virus 

surveillance at different lakes in Hungary to explore the 

diversity of CRESS DNA viruses and polyomaviruses.  

19 goose and two duck origin GHPV-positive 

tissue samples were processed for whole genome 

sequencing. The genome sequence of a virus strain 

isolated during the first recorded GHPV-associated 

disease outbreak in 1969 was also determined. These 

samples were also tested to identify CRESS DNA viruses 

as well.  

A mixture of liver and kidney samples of a juvenile 

ring-necked parakeet (Psittacula krameri) was used to 

characterize the complete genome sequence of the 

infecting BFDV strain. 

 

Molecular biological methods 

Viral nucleic acid was purified using Direct-zol 

RNA MiniPrep and DNeasy Blood&Tissue kit. The 

samples were tested for circoviruses, cycloviruses, and 

other CRESS DNS viruses, as well as for polyomaviruses 
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by broad-range nested PCR with universal primer sets. 

The nested PCR products were cut and purified from 

agarose gel. The nucleotide sequences of the amplified 

PCR products were determined by Sanger sequencing. 

Based on the results overlapping PCR and back-to-back 

PCR amplicons, covering the whole genome, were 

produced with novel primers. The library preparation and 

sequencing was performed using the purified products 

and IonTorrent PGM system.  

 

Bioinformatics 

Sanger sequencing results were read by BioEdit 

software. Raw sequence data were mapped to references 

applying the CLC Genomics Workbench and the 

Geneious software. The AliView and MEGA6 software 

were used for making alignments of nucleotide (nt) and 

amino acid (aa) sequences.  

Phylogenetic trees were generated using the 

PhyML online software with the best fitted models and 

were visualized with the MEGA6 software. Possible 

recombination events were detected with the RDP4 and 

SIMPLOT software.  

The selection constraint and the dN/dS ratio were 

calculated with methods of the Datamonkey server. 
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Evolutionary rate estimation and phylogenetic 

reconstruction was performed using the Bayesian Markov 

chain Monte Carlo method of the BEAST package 1.10.4 

applying the best fit substitution models determined with 

variable software. We used BEAUTi v.1.10.4 to set 

various test parameters, sampling date, molecular clock, 

prior distribution and iteration. LogCombiner was used to 

process log output files. The MCMC data and effective 

sample size was checked with Tracer v1.6. Substitution 

rates are given as substitutions per nucleotide site per 

year (s/s/y). Estimate uncertainty was indicated by 95% 

highest posterior density (HPD) values. Maximum clade 

credibility tree was generated and visualized with the 

TreeAnnotator and FigTree v1.4.2. 
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4. Results and discussion 
 

CRESS DNA viruses 

Altogether 30 of the 90 cloacal swab samples 

tested positive for CRESS DNS viruses with the screening 

PCR assay. Three group of sequences were 

distinguished by Sanger sequencing and whole genome 

analysis (n=9): Goose circovirus, Duck associated 

cyclovirus 1 (DuACyV-1) and Garrulus glandarius 

associated circular virus 1 (GgaCV-1). 

The DuACyV-1 sequences showed high genome-

wide identities with sequences originating from fecal 

samples of broiler chickens collected in Brazil.  

The genome sequence of the GgaCV-1 strains did 

not show close relationship with any GenBank records. 

The genomic architecture and the presence of specific aa 

motifs implies that this sequence belongs to CRESS DNA 

viruses replicating with rolling circle mechanism.   

GoCV, which is known to be pathogenic to 

domestic and wild geese, was detected in cloacal 

samples of wild birds.  

The co-infections are common in GoCV infected 

geese stocks. According to our results 17 of 23 domestic 
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goose and duck tissue samples were tested positive 

(73.9%) for goose circovirus beside GHPV. 

Organization of the identified GoCV, DuACyV-1 

and GgaCV-1 genomes could be classified into CRESS 

DNA virus genome type 1, type 2 and type 5, as 

established by Rosario et al. Phylogenetic classification of 

CRESS DNA virus sequences was fulfilled by Krupovic et 

al, in 2020. Based on this system GoCV and DuACyV-1 

belong to the Circoviridae family of the Cirlivirales order, 

while GgaCV-1 grouped together with the members of the 

CRESSV1 group.  

Accumulation of point mutations resulted in limited 

genetic diversity among co-circulating CRESS DNA virus 

strains. This was true for GoCVs, which can be classified 

into XVII genotypes and one additional genotype 

described in the present study. We estimated an average 

evolutionary rate of 10-4 s/s/y for GoCV genome 

sequences.  

Recombination has been often found to shape 

genomic evolution of CRESS DNA viruses. Traces of 

recombination events was detected for GoCV as well as 

DuACyV-1 sequences. A combination of these properties 

presumably contributes to the rapid diversification and 
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adaptation of these viruses to new environments and 

hosts.  

Migratory wild birds are able to carry variable 

viruses which can spread to geographically distant 

regions posing threats to poultry farms. While analyzing 

the geographical data we observed that some CRESS 

DNA virus species were more common in a particular 

study area than in others.  It is conceivable that these 

viruses were of dietary origin during consumption of 

water, or plants and invertebrates connected to the given 

ecosystem. The interaction between the putative hosts 

and detected CRESS DNA viruses needs to be 

elucidates. More structured sampling that includes 

additional hosts and environmental specimens and 

extends the number of sites and duration of sample 

collection could help better understand the ecology and 

epizootiology of potentially pathogenic CRESS DNA 

viruses. 

Our study demonstrated high positivity rate of 

CRESS DNA viruses from cloacal samples of wild birds 

living connected to freshwater habitats. 
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Polyomaviruses 

The 22 newly determined GHPV genomes, 

including the virus strain isolated from samples collected 

during the first recorded GHPV-associated disease 

outbreak in 1969, were nearly identical with the reference 

GHPV genomes available in GenBank.  

Carcasses with suspected GHPV infection were sent for 

differential diagnosis to the Veterinary Diagnostic 

Directorate, National Food Chain Safety Office, Budapest, 

Hungary. Altogether, 1214 domestic goose and 30 duck 

internal organ or cloacal swab samples were tested for 

GHPV by PCR between 2005 and 2020, and 416 goose 

and 4 duck samples proved to be positive. Fluctuation of 

GHPV positive case number was observed with peaks in 

2008, 2013 and 2017. The GHPV may persist in domestic 

waterfowls farms without any signs of disease and can be 

reactivate due to stress effects that may explain the 

fluctuation of the case number.  

Unlike vertebrate polyomaviruses, avian 

polyomaviruses are not strict host-specific viruses. Based 

on the estimated substitution rates GHPV (10-5 s/s/y) 

evolves more slowly than BFDV, finch and canary 

polyomavirus (10-4 s/s/y). 
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A higher evolutionary rate (10-4 s/s/y) was 

calculated for VP1 sequences when sequence data were 

completed with partial genomic sequences, including that 

of originating from unusual host species.  

Positive selection may act on few aa site of the 

capsid proteins of BFDV. Accumulation of mutations may 

aid successful absorption of the virus to the host cells or 

may have role in immune evasion. Compared to other 

gammapolyomaviruses slightly higher non-

synonymous/synonymous ratio were calculated for each 

regions of the BFDV. 

Based on the phylogenetic examinations, the 

GHPV sequences originating from geese, ducks and wild 

birds branched together. Grouping of sequences in the 

phylogenetic tree implied co-circulation or reintroduction 

of variable strains in the sampling area,  as well as 

introduction of novel strains that may be originated from 

recovered animals or from the environment or may be the 

consequence of animal trade and the horizontal and 

vertical transmission. 

The novel BFDV sequence showed high genome-

wide nt identities with BFDV sequences available in the 

GenBank. As seen in the phylogenetic trees, BFDV 

sequences originating from psittacines clustered together 
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with sequences originating from samples of non-

psittacine and wild birds. Circulation of variable BFDV 

strains may be affected with factors described for GHPV 

as well. 

 

Summary 

Recently, the number of novel potential host 

species significantly increased for CRESS DNA viruses 

and gammapolyomaviruses. Determination of effect of 

rapidly expanding genetic diversity and host range of 

these viruses, and revealing of the virus-host interaction 

require further studies. A more intense sampling, 

including tissues of potential hosts and environmental 

specimens, could help better understanding of the 

ecology and epizootiology of CRESS DNA viruses. 

 

 

 

 

 

 

 



16 
 

5. Overview of the new scientific results 

 

1. We identified novel DuACyV-1 strains, described 

originally by our research group, in wild birds and 

we determined the whole genome sequences of 

those.  

 

2. We characterized and classified the genome of a 

novel GgaCV-1 strain (described first also by our 

research group) originating from sample of a novel 

potential host. 

 

3. We determined and analysed the complete 

sequences of novel GoCV genomes originating 

from wild bird samples. One of the sequences 

formed a separate group, a novel genotype, in the 

phylogenetic tree. We performed evolutionary 

analysis for available GoCV sequences and 

estimated the substitution rate.  

 

4. We characterized the genome of 22 novel GHPV 

genomes significantly expanding the number of 

available GenBank records.  
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5. We determined the complete genome sequence of 

a novel BFDV strain and we analysed the 

phylogenetic relationship.  

 

6. We performed evolutionary analysis with the 

available GenBank sequences of 

gammapolyomaviruses, calculating virus specific 

substitution rates.  
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