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Complete genome sequence of a Circovirus pigeon strain in 
lymphocyte-depleted bursa of Fabricius of a Common Raven 
(Corvus corax)
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ABSTRACT A necropsy was performed on a Common Raven (Corvus corax) presenting 
an opportunistic fungal respiratory infection and a bursal lymphoid depletion with 
inclusion bodies, suggestive of a circovirus infection. High-throughput sequencing of 
circular DNA in the bursa of Fabricius revealed a complete genome sequence of a 
Circovirus pigeon strain.
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C ircoviruses (family Circoviridae, genus Circovirus) are small, non-enveloped viruses 
that contain a circular, single-stranded DNA genome and can infect a wide spectrum 

of avian hosts (1). Many cases of avian circovirus natural spillover infections in aberrant 
hosts, such as Circovirus pigeon (PiCV) in ducks or magpies, have been reported (2). PiCV, 
first diagnosed in 1993 (3) and recognized as a species in 2005 (4), is considered one of 
the most important pathogens affecting pigeon health (5). Some other avian circovirus 
species, such as Circovirus raven (RaCV), are poorly characterized, which is represented by 
only one known complete genome sequence identified in an Australian Raven (Corvus 
coronoides) in 2006 (6).

Through wildlife health surveillance activities of the CQSAS, a necropsy was 
performed on a Common Raven (Corvus corax) found dead in Saint-Jérôme (Québec, 
Canada) in 2022. Routine histopathology revealed that the emaciated bird presented 
an opportunistic fungal respiratory infection in its air sacs, as well as a bursal lymphoid 
depletion with inclusion bodies, observed via Hematoxylin & Eosin staining, suggestive 
of a viral infection (7). It is well known that circoviruses cause lymphocyte depletion with 
subsequent immunosuppression in several species of mammals and birds (8).

Upon negative PCR results testing for highly pathogenic H5N1 avian influenza (9, 
10), West Nile virus (11), and chicken anemia virus (12), next-generation sequencing for 
an underlying circovirus infection was performed with extracted viral DNA (Quick-Viral 
DNA, Zymo) from the raven’s bursa of Fabricius. Circular DNA was amplified using the 
Rolling Circle Amplification (RCA) technique with ThermoFisher’s EquiPhi29 enzyme as 
recommended, and the sequencing library was prepared using Illumina’s Nextera XT 
kit as recommended by the manufacturer. Sequencing was carried out with a 600-cycle-
v3 (300 base reads) on Illumina’s MiSeq system followed by read quality assessment, 
read trimming, host genome depletion and assemblies using CLC Genomics Workbench 
v24.0 (QIAGEN), and genome annotation using Geneious Prime v2022.1 (Dotmatics) both 
using default parameters. A total of 2,738,764 reads were obtained and were analyzed 
by de novo and reference-based (PiCV; NC_002361) assembly. These included 633,793 
PiCV-specific reads, which revealed a 2,043 nucleotide-long circovirus genome, with an 
average coverage of 93,068× and a GC content of 55.05%. An in-house qPCR assay, 
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targeting a conserved region of the REP gene, was developed. Primers and probe were 
designed as follows: Forward: 5′-GTTCTACTTACCCTGGGCATTC-3′; Reverse: 5′-CGTATATC
TCACTGAAGTCTCGC-3′; Probe: 5'-(6FAM)CGGTCATTGCTCTTCCGGCTTTCA(MBG-NFQ)-3'. 
The TaqMan Fast Advanced MasterMix was used in this qPCR assay as recommended by 

FIG 1 Posterior maximum clade credibility tree of Circovirus pigeon (PiCV) and Circovirus raven (RaCV) complete genomes. The whole viral genome nucleotide 

sequences were aligned using Clustal Omega (v1.2.4) (13) with default parameters, and poorly aligned positions were removed using Gblocks (v0.91b) (15) 

resulting in a final alignment of 1741 nucleotide sites. The Bayesian inference phylogenetic tree was made using BEAST (v2.7.7) (16) and its support programs 

including Beauti to set up the analysis and TreeAnnotator to generate the final tree, default parameters were used unless specified. The SYM+ gamma4 

substitution model was selected with estimation of the proportion of invariable sites and the coalescent prior with exponential population growth was 

used. The substitution model for the tree building was identified using ModelFinder (17) on the W-IQ-TREE web server (v1.6.12) (18). Tree visualization was 

made using FigTree (v1.4.4; available at https://github.com/rambaut/figtree/releases). Sequences are identified in the phylogenetic tree as follows: “Country of 

origin”-“Year”-“GenBank Accession #” (in red and bold for the new sequence of interest). Posterior probabilities are indicated in percentage on each node and 

values <70% were removed.
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the manufacturer (ThermoFisher Scientific). It confirmed the presence of PiCV in 40 ng 
of total extracted DNA from the bursa of the Fabricius sample (Ctmean ± CtSD = 30.97 ± 
0.10).

Clustal Omega (v1.2.4) (13) was used to determine the nucleotide (nt) identity 
between the newly acquired sequence, RaCV, and other PiCVs found in the literature. 
The nt identity between the new sequence and PiCVs varied from 81.50% to 95.64% 
illustrating that the new sequence is of the same species based on the 80% cutoff 
required to denote a different species within the Circoviridae family (14). The nt identity 
between the new sequence and the RaCV whole genome was 48.89%, revealing that 
both viruses found in ravens are, as clearly supported by positions in the phylogenetic 
tree (see Fig. 1), two different species of the Circoviridae family.

Overall, these findings demonstrate the first complete genome sequence of a 
circovirus identified from a Common Raven and highlight a new susceptible host for the 
Circovirus pigeon viral species. This could have speculatively originated from a spillover 
through overlapping dietary and habitat niches of the two avian hosts.
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