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A B S T R A C T

Alphacoronavirus 1 (subgenus Tegacovirus, genus Alphacoronavirus, family Coronaviridae), which encompasses
transmissible gastroenteritis virus (TGEV), feline coronavirus (FCoV) and canine coronavirus (CCoV), is an
important pathogen that can cause severe gastroenteritis and is distributed worldwide. CCoV has two different
genotypes: CCoV type I, which has a high identity with FCoV-I, and CCoV type II, which is divided into two
subtypes, CCoV IIa (pantropic) and CCoV IIb, which is related to FCoV-II and has been involved in multiple
recombination events. Between 2014 and 2018, 43 fecal samples from puppies and young dogs under 1 year of
age with hemorrhagic enteritis and from 5 cats under 2 years of age with ascites or thoracic effusion were
collected by a private veterinary practice in Bogot�a, Colombia. A screening for Coronavirus via RT-PCR (nsp12)
and PCR amplification of Canine protoparvovirus (VP1) revealed 27.1% (13/49) and 72.9% (35/49) positive
samples, respectively. Positive samples for coronavirus were tested for M, N, S and the sequences grouped in the
FCoV, CCoV-I and CCoV-IIb clusters that were distant from the pantropic type (IIa). The N gene formed two
clusters, one exclusively with samples from this study in subtype II and another with strains in subtype I. For gene
S (subtype I), the samples clustered with the Brazilian samples, while samples positive for S subtype IIb grouped
into a cluster distinct from the other reference sequences. The prevalence of coronaviruses identified in this study
is within the range reported by different countries worldwide.
1. Introduction

Alphacoronavirus 1 (Nidovirales: Coronaviridae: Coronavirinae: Alpha-
coronavirus: Tegacovirus) is a large enveloped virus species with a single-
stranded positive-sense RNA genome that is 29 kb in size (Decaro et al.,
2015), and this virus can infect dogs, cats and pigs. The 50 2/3 of the
genome encodes multiple replicase proteins important for replication,
with two overlapping open read frames, ORF 1a and 1ab, encoding 16
nonstructural proteins that generate the replicase complex (Decaro et al.,
2015; Erles et al., 2007).

Located downstream of ORF1b are up to 11 ORFs that encode the 4
structural proteins spike glycoprotein (S), membrane (M), envelope (E)
and nucleocapsid (N) and a variable set of accessory proteins (3a, 3b, 3c,
7a and 7b) (Decaro and Buonavoglia, 2011). Alphacoronavirus 1 encom-
passes the host-type species canine coronavirus (CCoV), feline corona-
virus (FCoV), transmissible gastroenteritis virus (TGEV) and porcine
a-Clavijo).
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respiratory virus (PRCoV) (Decaro and Buonavoglia, 2011; Ntafis et al.,
2013).

Two genotypes of CCoV are known, CCoV-I and CCoV-II, with type II
divided into the subtypes CCoV-IIa (classical strains) and CCoV-IIb
(TGEV-like strains), with a putative recombination between CCoV-II
and TGEV strains (Decaro et al., 2010, 2009). In addition, one unique
subtype has emerged in the past decade and belongs to CCoV-IIa; this
subtype is considered pantropic as it can cause enteric and systemic signs,
reported in Belgium, Brazil, France, Greece, Hungary, Ireland, Italy,
Romania and the Caribbean island of St. Kitts (De Barros et al., 2018;
Decaro et al., 2010; Navarro et al., 2017; Ntafis et al., 2013; Pinto et al.,
2014; Soma et al., 2011; Zicola et al., 2012).

Similarly, two genotypes of FCoV are also known: FCoV-I and FCoV-II.
Type I CCoV and FCoV have been proposed to evolve from a common
ancestral virus, while type II CCoV and FCoV strains arose from multiple
recombination events (Regan et al., 2012). FCoV may be found as the
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mild enteric feline enteric coronavirus FCoV and as the highly virulent
feline peritonitis virus (FIPV) (Jaimes and Whittaker, 2018).

This paper reports on the previously unknown molecular diversity of
Alphacoronavirus 1 in cats and dogs in Colombia to provide phylogenetic
information regarding this virus species in South America.

2. Material and methods

2.1. Samples

A total of 43 fecal samples from puppies and young dogs under 1 year
of age with hemorrhagic enteritis and from 5 cats between 75 days and 2
years with ascites or thoracic effusion were collected from 2014 to 2018
in a private veterinary practice in Bogot�a, Colombia.

2.2. RNA and DNA isolation

The fecal samples were prepared as a 20% (v/v) suspension in DEPC-
treated water and clarified at 5,000�g for 15 min at 4 �C. The effusions
were used undiluted. DNA was isolated from the fecal suspensions using
guanidine-isothiocyanate (Chomczynski, 1993), and total RNA was
extracted from the fecal suspensions and effusions with TRIzol Reagent™
(Life Technologies, Carlsbad, CA, USA).

2.3. Polymerase chain reaction

Complementary DNA (cDNA) was prepared for all samples with
random primers and M-MLV Reverse Transcriptase™ (Life Technologies,
Carlsbad, CA, USA) according to the manufacturer's instructions and used
in PCR targeting pancoronavirus nsp12 (Escutenaire et al., 2007). All
positive samples were submitted for the amplification of the partial M, N,
S and 3b genes (De Barros et al., 2018).

All samples were tested for canine protoparvovirus CPV-VP1
(Demeter et al., 2009). GAPDH was used as an internal control in both
the RNA and DNA samples (2019Leuteneger, 1999). Primers and
amplicon sizes are shown in Table 1.

2.4. Phylogenetic analysis

Amplicons for S, M, and N were purified with Illustra ExoProStar 1-
Step (GE Healthcare, Chalfont St. Giles, UK) and sequenced bidirection-
ally using BigDye Terminator v3.1 Cycle Sequencing Kit™ (Applied
Biosystems) and ABI-3500 Genetic Analyzer™ (Applied Biosystems)
following the manufacturer's instructions. Positions with Phred scores
�20 were assembled with BioEdit 7.0.5.3 (Ibis Biosciences, Carlsbad, CA,
Table 1. Primer sequences used for the screening and detection of the virus, the exp

Primer Target Gene Sequence (50-30)

PanCo11Fw nsp12 TGATGATGSNGTTGTNTGYTAY

PanCo13Rv GCATWGTRTGYTGNGARCARAA

CCV1| M TCCAGATATGTAATGTTCGG

CCV2 TCTGTTGAGTAATCACCAGCT

CENP1 N CTCGTGGYCGGAAGAATAAT

CENP2 GCAACCCAGAMRACTCCATC

EL1F S I CAAGTTGACCGTCTTATTATTAC

EL1R TCATATACGTACCATTATAGCTG

S5 S IIb TGCATTTGTGTCTCAGACTT

S6 CCAAGGCCATTTTACATAAG

NSP3B-F NSP3B CTTGGTCTCTCTATTGTTGAAG

NSP3B-R GCGTTGCGTTTAGAATGG

CPV PPV F VP1 GACTTGTGCCTCCAGGTTAT

CPV PPV R GTTGAACTGCTCCATCACTC

GAPDH F GAPDH GCCGTGGAATTTGCCGT

GAPDH R GCCATCAATGACCCCTTCAT
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USA), and the final sequences were aligned with homologous sequences
from GenBank (accession numbers in Figures 1, 2, 3, and 4) using Clustal
W in Bioedit 7.0.5.3. The nucleotide alignments were used to build a
maximum likelihood tree (Tamura-Nei model) with 1,000 bootstrap
replicates using MEGA 7 (Kumar et al., 2016), and CRCoV was used as a
root for the trees because it is a Betacoronavirus. Recombination was
assessed using RDP4 software (Muhire et al., 2015).

3. Results

Twelve dog fecal samples and one cat effusion sample were positive
for coronavirus after screening, while for carnivore protoparvovirus, 35
samples were positive, with 12 samples copositive (dogs) for coronavirus
(A.1).

Regarding the M gene from the dog fecal samples, two subclusters
were found for CCoV type II, one with the MH795525, MH717720 and
MH795523 samples (bootstrap 83) and the other with the MH717721
and MH795527 samples (bootstrap 99), while the samples MH717724,
MH717722 and MH717719 segregated in a more dispersed pattern
within the Colombian cluster (identities ranging from 99.4 to 95.1%,
Figure 1). The CCoV strains MH795526 and MH795524, however, were
classified as CCoV I (identities ranging from 86.9 to 87.8%, Figure 1) in a
subcluster containing only Colombian strains. Finally, the feline sample
MH717723 from a cat with ascites was categorized into the FCoV type II
cluster (identity ¼ 92.1% with NC002306.3) (Figure 1).

For the N gene, one sample from a dog resulted in a sequence typed
as the CCoV-I H717716 sample, which clustered closely to CCoV-I
strains detected in Brazil in 2009 (KP322089.1) and in Italy in 2003
(AY548235.1), while three sequences were found to be related to CCoV-
II MH717718 and MH717717 in one subcluster and MH795528 in a
second subcluster (identities ranging from 90.1 to 91.7%, Figure 2),
each of which was distinct from the pantropic CCoV type
(DQ112226.1).

For the S gene, two primer sets (subtype I and IIb) were used,
resulting in the identification of one sequence related to CCoV-I
MH603132 (identity 0.962), which segregated into a cluster containing
strains from Brazil from 2012 (Figure 3); three additional Colombian
strains were classified as CCoV-II MH795529, MH708884, and
MH603133 (identities ranging from 92 to 93.8%) in a cluster containing
only Colombian strains that was distinct from pantropic CCoV-IIa
(Figure 4).

All sequences generated in this study were submitted to GenBank
under the accession numbers MH717719-24 and MH795523-27 (11 for
the M gene), MH717716-18 and MH795528 (4 for the N gene) and
MH603132-33, MH708884 and MH795529 (4 for the S gene).
ected fragment sizes, and the references used.

Fragment (bp) Reference

AA 179 (Escutenaire et al., 2007)

TTC

409 (Pratelli et al., 1999)

279 (Erles and Brownlie, 2009)

TGGTAG 346 (Pratelli et al., 2004)

AAGA

694 (Pratelli et al., 2004)

200 (De Barros et al., 2018)

420 (Demeter et al., 2009)

164 DNA (Leutenegger et al., 1999)

82 RNA



Figure 1. Maximum likelihood of Alphacoronavirus 1 strains detected in Colombian dogs and a cat are shown in bold, based on the M gene (nt 409-818) of the
JQ404409.1 sequence, while the root is represented by DQ682406.1 (CRCoV). Numbers represent the bootstrap values (1,000 replicates). The bar shows the number
of substitutions per nucleotide per site.

Figure 2. Maximum likelihood tree of Alphacoronavirus 1 strains detected in Colombian dogs is shown in bold, based on the N gene (nt 68-347) of the JQ404409.1
sequence, while the root is represented by DQ482406.1 (CRCoV). Numbers represent the bootstrap values (1,000 replicates). The bar shows the number of sub-
stitutions per nucleotide per site.
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Figure 3. Maximum likelihood tree of Alphacoronavirus 1 strains detected in Colombian dog is shown in bold, based on the S gene primers for CCoV-I (nt 3541-3886)
of the KP849472.1 sequence, while the root is represented by DQ482406.1 (CRCoV). Numbers represent the bootstrap values (1,000 replicates). The bar shows the
number of substitutions per nucleotide per site.
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Although no recombination events were found, notably, the vaccine
strain D13096 INSAVC-1 was located in the CCoV-I type cluster when
classified by the N gene; however, when based on the spike protein, this
strain was located in the CCoV-II cluster (Figures 1, 3, and 4).

4. Discussion

Alphacoronavirus 1 is a major viral agent that causes gastrointestinal
symptoms in dogs and cats. The detection frequency of CCoV in ill
Figure 4. Maximum likelihood tree of Alphacoronavirus 1 strains detected in Colomb
3492-4185) of the JQ404409.1 sequence, while the root is represented by DQ482406
shows the number of substitutions per nucleotide per site.

4

puppies in this study was low (27%) compared with that in other studies,
with 65.1% of the samples positive for CCoV (Ntafis et al., 2013); some
studies have shown low positive results of 4.8% (Navarro et al., 2017) for
single infections, while other studies reported a prevalence of 20.3% for
CCoV (Alves et al., 2018) and 18% for CPV in dogs (Wang et al., 2016).
Infections with more than one virus are infrequent, and different studies
have shown that the coinfection percentage varies between 20% (Soma
et al., 2011) and 40% (Costa et al., 2014).
ian dogs and cat are shown in bold, based on the S gene primers for CCoV-IIb (nt
.1 (CRCoV). Numbers represent the bootstrap values (1,000 replicates). The bar
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Both CCoV-I and CCoV-IIb have been found in dog fecal samples, and
FCoV-II was found in an ascitic cat in Colombia in this study, showing
that these types of Alphacoronavirus 1 are present and play a role in
canine enteritis and feline infectious peritonitis in this country. As no
previous reports on either the prevalence or sequences of these viruses in
Colombia are available and due to limited sampling, a more conclusive
evolutionary relationship cannot be drawn from the results, but as shown
in the trees, Colombian CCoV strains are closely related to the Brazilian
strains described by De Barros et al., 2018 based on the M, N, and SI
genes evaluated in this study; however, these genes typically clustered
into subclusters harboring the Colombian strains. Notably, subtypes IIa
and IIb have been associated with fatal enteritis in puppies in the USA
(Licitra et al., 2014).

Recombination in Alphacoronavirus 1 is a well-documented phenom-
enon, resulting mainly from copy choice related to the TRS motif (Decaro
et al., 2010, 2009; Ntafis et al., 2013; P�erez et al., 2014; Terada et al.,
2014); however, no recombination events were found among the
Colombian Alphacoronavirus 1 strains in this study, possibly due to the
limited number of sequences analyzed; thus, further studies are needed to
clarify the pathogenicity of Alphacoronavirus in Colombia.

Nonetheless, the vaccine strain INSAVC-1 (D13096), a CCoV-IIa
strain based on the spike protein (Decaro et al., 2013, 2007), was
found herein in the CCoV-I cluster when classified by the N gene, sug-
gesting intergenic homologous recombination (Terada et al., 2014).
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Appendix A. Supplementary data
Appendix Table 1. Prevalence of Alphacoronavirus infection by age, sex and breed based on the clinical status of dogs and cats.

Clinical status Species Status No. of samples CCoV Screening CCoV M CCoV N CCoV-I S CCoV-IIb S CPV VP1
Positive
 Rate (%)
 Positive
 Rate (%)
 Positive
 Rate (%)
 Positive
 Rate (%)
 Positive
 Rate (%)
 Positive
 Rate (%)
Diarrhea
 Dogs
 Age
 �3 months
 15
 5
 10,4
 4
 8,3
 2
 4,2
 0
 0
 1
 2,1
 10
 20,8
3–11 months
 27
 6
 14,6
 6
 12,5
 2
 4,2
 1
 2,1
 1
 2,1
 24
 50,0
�1 year
 1
 1
 2,1
 1
 2,1
 0
 0
 0
 0
 0
 0
 1
 2,1
Sex
 Male
 14
 8
 18,8
 8
 16,7
 3
 6,3
 0
 0
 2
 4,2
 22
 45,8
Female
 29
 4
 8,3
 3
 6,3
 1
 2,1
 1
 2,1
 0
 0
 13
 27,1
Breed
 Pure breed
 35
 11
 25,0
 10
 20,8
 4
 8,3
 1
 2,1
 2
 4,2
 27
 56,3
Mix breed
 8
 1
 2,1
 1
 2,1
 0
 0
 0
 0
 0
 0
 8
 16,7
Ascites
 Cats
 Age
 �3 month
 1
 0
 0
 0
 0
 0
 0
 0
 0
 0
 0
 0
 0
3–11 months
 3
 0
 0
 0
 0
 0
 0
 0
 0
 0
 0
 0
 0
1–2 years
 1
 1
 2,1
 1
 2,1
 0
 0
 0
 0
 1
 2,1
 0
 0
Sex
 Male
 3
 1
 2,1
 1
 2,1
 0
 0
 0
 0
 1
 2,1
 0
 0
Female
 2
 0
 0
 0
 0
 0
 0
 0
 0
 0
 0
 0
 0
Breed
 Pure breed
 1
 1
 2,1
 0
 0
 0
 0
 0
 0
 0
 0
 0
 0
Mix breed
 4
 0
 0
 1
 2,1
 0
 0
 0
 0
 1
 2,1
 0
 0
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