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Full-Genome Sequence of Pantropic Canine Coronavirus
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Pantropic canine coronavirus (CCoV) was first detected in young dogs in Italy in 2005, but the complete genome sequence of this
virus had not yet been determined. Here, we report the full-length genome sequence of the prototype strain CB/05, which

showed that this virus is genetically similar to CCoV-IIa viruses.
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anine coronavirus (CCoV), a member of the Alphacoronavi-

rus genus of the Coronaviridae family, is an enveloped,
positive-sense, single-strand RNA virus (1, 2). Two distinct geno-
types have been reported, namely, CCoV-I and CCoV-II, with
CCoV-II being classified into two subgenotypes, CCoV-Ila and
CCoV-IIb, on the basis of the genetic relatedness to transmissible
gastroenteritis virus (TGEV) of swine (1). Although the virus is
generally responsible for mild gastroenteritis, a CCoV-Ila pan-
tropic variant, strain CB/05, was associated with systemic fatal
disease in young dogs (3), and similar virulent strains were de-
tected in several countries (4-6). To date, only the 3" end of the
CB/05 genome is publicly available (7). Thus, the aim of the pres-
ent study was to determine the full-length genome of this pan-
tropic CCoV.

Viral RNA was extracted from the original lung sample us-
ing the QIAamp viral RNA mini kit (Qiagen), and overlapping
reverse transcription-PCR (RT-PCR) assays were carried out
using primers designed in alphacoronavirus conserved regions.
The very 5" and 3’ ends were amplified using the Rapid Ampli-
fication of cDNA Ends (RACE) system (Invitrogen). The RT-
PCR products were subjected to direct sequencing, and the
obtained sequences were assembled and analyzed using the Ge-
neious platform.

The CB/05 genome is 29,266 nucleotide (nt) long, excluding
the 3’ poly(A) tail, and shows the typical alphacoronavirus-1 or-
ganization: a 5" untranslated region (UTR) (nucleotides [nt] 1 to
313), replicase complex (open reading frame 1lab [ORFlab], nt
314 to 20358), spike (S) gene (nt 20355 to 24719), membrane (M)
gene (nt 26086 to 26874), nucleocapsid (N) gene (nt 26887 to
28035), and a 3" UTR (nt 28992 to 29266). Two regions encoding
accessory proteins were detected in the genome, ORF3abc (nt
24,772 to 25,840), between the S and E genes, and ORF7ab (nt
28040 to 28991), downstream of the N gene. These gene groups
exhibited the same organization as that in other CCoVs, with the
exception of ORF1b, whose product was 22 amino acids (aa) long
(49 amino acids shorter than expected) due to the presence of a
38-nt deletion and to a frameshift in the sequence downstream of
the deletion that introduced an early stop codon. As in other
CCoV-II strains, only remnants of ORF3 were evident in the
CB/05 genome, while the CCoV-I genome had been found to
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harbor the entire coding sequence. Transcription regulatory se-
quences preceding each of the 7 putative mRNAs encoding the
structural and nonstructural proteins contained the conserved
core CUAAAC.

Alignment of the complete genome sequences of strain CB/05
and reference alphacoronaviruses showed the closest genetic re-
latedness with CCoV-Ila isolates (92.07 to 93.49% nt identity),
followed by TGEV (90.31%) and porcine respiratory coronavirus
(87.67%). CCoV-I and feline coronaviruses (FCoVs) were more
distantly related (nt identities, 84.16% and 77.25 to 83.81%, re-
spectively). No comparison was possible with CCoV-IIb, since
there are no full-length genome sequences available in the Gen-
Bank database for these viruses.

In conclusion, strain CB/05 is genetically similar to other
CCoV-IIa isolates, with the exception of the ORF3b deletion. To
what extent this deletion is associated with virus pathogenicity is
currently unknown, since it was not detected in other recently
reported pantropic strains (6).

Nucleotide sequence accession number. The complete ge-
nome sequence of CCoV-Ila strain CB/05 was deposited at Gen-
Bank under the accession no. KP981644.

ACKNOWLEDGMENT
The study was not supported by either public or private funding.

REFERENCES

1. Decaro N, Buonavoglia C. 2008. An update on canine coronaviruses: viral
evolution and pathobiology. Vet Microbiol 132:221-234. http://dx.doi.org/
10.1016/j.vetmic.2008.06.007.

2. Decaro N, Buonavoglia C. 2011. Canine coronavirus: not only an enteric
pathogen. Vet Clin North Am Small Anim Pract 41:1121-1132. http://
dx.doi.org/10.1016/j.cvsm.2011.07.005.

3. Buonavoglia C, Decaro N, Martella V, Elia G, Campolo M, Desario C,
Castagnaro M, Tempesta M. 2006. Canine coronavirus highly pathogenic
for dogs. Emerg Infect Dis 12:492—-494. http://dx.doi.org/10.3201/
€1d1203.050839.

4. Zicola A, Jolly S, Mathijs E, Ziant D, Decaro N, Mari V, Thiry E. 2012.
Fatal outbreaks in dogs associated with pantropic canine coronavirus in
France and Belgium. J Small Anim Pract 53:297-300. http://dx.doi.org/
10.1111/j.1748-5827.2011.01178.x.

5. Ntafis V, Xylouri E, Mari V, Papanastassopoulou M, Papaioannou N,

genomea.asm.org 1

1sanb Aq GTOZ ‘ST JaquianoN uo /610 wse eawouaby/:dny wo.l pspeojumog


http://crossmark.crossref.org/dialog/?doi=10.1128/genomeA.00401-15&domain=pdf&date_stamp=2015-5-7
http://genomea.asm.org
http://genomea.asm.org/

2 genomea.asm.org

Decaro et al.

Thomas A, Buonavoglia C, Decaro N. 2012. Molecular characterization of
a canine coronavirus NA/09 strain detected in a dog’s organs. Arch Virol
157:171-175. http://dx.doi.org/10.1007/s00705-011-1141-6.

. Decaro N, Cordonnier N, Demeter Z, Egberink H, Elia G, Grellet A, Le
Poder S, Mari V, Martella V, Ntafis V, von Reitzenstein M, Rottier PJ,
Rusvai M, Shields S, Xylouri E, Xu Z, Buonavoglia C. 2013. European

Genome Announcements

surveillance for pantropic canine coronavirus. J Clin Microbiol 51:83—88.
http://dx.doi.org/10.1128/JCM.02466-12.

. Decaro N, Martella V, Elia G, Campolo M, Desario C, Cirone F, Tem-

pesta M, Buonavoglia C. 2007. Molecular characterisation of the virulent
canine coronavirus CB/05 strain. Virus Res 125:54—60. http://dx.doi.org/
10.1016/j.virusres.2006.12.006.

May/June 2015 Volume 3 Issue 3 e00401-15

1sanb Aq GTOZ ‘ST JaquianoN uo /610 wse eawouaby/:dny wo.l pspeojumog


http://genomea.asm.org
http://genomea.asm.org/

	Full-Genome Sequence of Pantropic Canine Coronavirus
	Nucleotide sequence accession number. 
	ACKNOWLEDGMENT

	REFERENCES

