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Bovine coronavirus has been associated with diarrhoea in newborn calves, winter dysentery in adult cat-
tle and respiratory tract infections in calves and feedlot cattle. In Cuba, the presence of BCoV was first
reported in 2006. Since then, sporadic outbreaks have continued to occur. This study was aimed at deep-
ening the knowledge of the evolution, molecular markers of virulence and epidemiology of BCoV in Cuba.
A total of 30 samples collected between 2009 and 2011 were used for PCR amplification and direct
sequencing of partial or full S gene. Sequence comparison and phylogenetic studies were conducted using
partial or complete S gene sequences as phylogenetic markers. All Cuban bovine coronavirus sequences
were located in a single cluster supported by 100% bootstrap and 1.00 posterior probability values. The
Cuban bovine coronavirus sequences were also clustered with the USA BCoV strains corresponding to
the GenBank accession numbers EF424621 and EF424623, suggesting a common origin for these viruses.
This phylogenetic cluster was also the only group of sequences in which no recombination events were
detected. Of the 45 amino acid changes found in the Cuban strains, four were unique.

� 2012 Elsevier B.V. All rights reserved.
1. Introduction

Bovine coronavirus (BCoV) was first identified in association
with diarrhoea in newborn calves (Mebus et al., 1973) and later
associated with winter dysentery (WD) in adult cattle (Saif et al.,
1991) and respiratory tract infections in calves and feedlot cattle
(Storz et al., 2000). Although the affected animals rarely die, coro-
navirus infection causes dramatic reductions in milk production in
dairy herds and loss of body condition in both calves and adults
(Saif et al., 1998), resulting in severe economic losses. Thus, BCoV
is currently considered an important pathogen that causes enteric
disease, often in combination with clinical respiratory signs.

BCoV is included in the genus Betacoronavirus of the family
Coronaviridae, which, together with the families Arteriviridae and
Roniviridae, constitute the order Nidovirales (International Commit-
tee for Taxonomy of Viruses (ICTV): http://talk.ictvonline.org/cfs-
filesystemfile.ashx/key/CommunityServer.Components.PostAt-
tachments/00.00.00.06.26/2008.085_2D00_122V.01.Coronaviridae.
pdf). The BCoV genome consists of a single molecule of linear, po-
sitive-sense, single-stranded RNA of 31 kb in length that is tran-
scribed into a nested set of several 30-coterminal subgenomic
ll rights reserved.

53 47861104.
z).
mRNAs that produce both non-structural and structural proteins
(Chouljenko et al., 2001). The virion contains five structural pro-
teins: the nucleocapsid (N) protein, the transmembrane (M) pro-
tein, the small envelope (E) protein, the haemagglutinin–esterase
(HE) protein and the spike (S) protein (Lai and Cavanagh, 1997).

The S glycoprotein is important for viral entry and pathogenesis,
forms large petal-shaped spikes on the surface of the virion and is
cleaved into S1 (N-terminus) and S2 (C-terminus) subunits (Abra-
ham et al., 1990). The S1 is the globular subunit and is responsible
for virus binding to host–cell receptors (Kubo et al., 1994), the
induction of neutralising antibody expression (Yoo and Deregt,
2001) and haemagglutinin activity (Schultze et al., 1991). It’s se-
quences are variable, and mutations in this region have been asso-
ciated with changes in antigenicity and viral pathogenicity
(Ballesteros et al., 1997). On the other hand, the S2 is the trans-
membrane subunit and is required to mediate the fusion of viral
and cellular membranes (Luo and Weiss, 1998).

Variations in the host range and tissue tropism of the coronav-
iruses have been largely attributable to variations in the S glyco-
protein (Gallagher and Buchmeier, 2001). Therefore, to identify
biological, antigenic and genetic characteristics that are distinct
between respiratory and enteric BCoV strains, several studies
based on partial or complete S gene sequences have been con-
ducted (Brandão et al., 2006; Decaro et al., 2008; Hasoksuz et al.,

http://talk.ictvonline.org/cfs-filesystemfile.ashx/key/CommunityServer.Components.PostAttachments/00.00.00.06.26/2008.085_2D00_122V.01.Coronaviridae.pdf
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2002; Kanno et al., 2007; Liu et al., 2006). Although no clear mark-
ers have been established, comparative nucleotide sequence anal-
yses have been useful for investigating the molecular phylogeny of
BCoV (Brandão et al., 2006; Decaro et al., 2008; Kanno et al., 2007;
Liu et al., 2006).

In Cuba, the presence of BCoV was first reported in 2006 (Barre-
ra et al., 2006), and sporadic outbreaks have continued to occur
since that time (Martínez et al., 2010).

In this study, sequence comparisons and phylogenetic studies
based on S gene sequences were performed to deepen the knowl-
edge of the evolution, potential molecular markers of virulence and
epidemiology of BCoV in Cuba.
2. Materials and methods

2.1. Samples collection

A total of 30 faecal samples from dairy and beef cows that were
affected with enteric manifestations resembling WD were selected
from a total of 136 samples that were sent to the Animal Virology
Group of the CENSA for BCoV diagnosis. The samples for this study
were selected based on the geographic region of origin and the
year of the collection (Fig. 1).
2.2. Laboratory procedure

To inactivate potential RT-PCR inhibitors contained in the faecal
samples, the faeces were diluted in nuclease-free water (Promega,
Madison, WI, USA) at a ratio of 3:1 (v/v). The final suspensions
were centrifuged at 5000g for 10 min at 4 �C. RNA was extracted
from 250 lL of supernatant recovered using the TRIzol reagent
(Invitrogen™/Life Technologies, Carlsbad, CA, USA) according to
the manufacturer’s instructions. Finally, the RNA pellet was diluted
in 30 lL of nuclease-free water (Promega, Madison, WI, USA).
Fig. 1. Map of Cuba showing the geographic distribution of the sample collection sites. Th
positive RT-PCR results obtained from each of them (⁄complete S gene sequenced samp
First-strand complementary DNA (cDNA) was synthesised using
Moloney-Murine leukaemia virus reverse transcriptase (M-MLV
RT) (Invitrogen) and random primers (50 ng/lL) (Invitrogen) in a
20 lL final reaction volume. The cDNA of each sample was
screened for the BCoV genome using the PCR method described
by Tsunemitsu et al. (1999).
2.3. Sequencing

In the first approach, the hypervariable region of the S1 gene
(approx. 488 bp) was amplified from BCoV-positive samples using
the primer pairs reported by Souza et al. (2010) and the reaction
conditions described by Brandão et al. (2006). The full S gene
was then amplified from four positive samples (see samples
marked with asterisk in Fig. 1) using several primer pairs (Table 1).
Each fragment of the S gene was amplified in a reaction volume of
50 lL containing 10 lL cDNA, 2.5 U Platinum� Taq DNA polymer-
ase (Invitrogen), 200 lM of each dNTP, 2.5 mM MgCl2 and 0.5 lM
of each primer.

The resulting amplicons were purified from agarose gels using a
GFX PCR DNA and GEL BAND Purification Kit� (GE Healthcare) and
submitted to bi-directional DNA sequencing using a BigDye Termi-
nator v3.1 cycle sequencing kit following the manufacturer’s direc-
tions (Applied Biosystems). Sequencing products were read on an
ABI PRISM-3100 Genetic Analyzer (Applied Biosystems). The sense
and antisense sequences obtained from each amplicon were assem-
bled, and a consensus sequence for each gene was generated using
the ChromasPro V1.5 program (Technelysium Pvt. Ltd., 2009).
Nucleotide BLAST analysis (http://www.ncbi.nlm.nih.gov/blast/
Blast.cgi) was initially used to verify the identity of each fragment
sequence obtained. The sequences were submitted to the Gen-
Bank database under accession numbers HE616734–HE616737
for the hypervariable region and HE616738–HE616741 for the full
S gene.
e associated table indicates the quantity of samples analysed from each area and the
les).

http://www.ncbi.nlm.nih.gov/blast/Blast.cgi
http://www.ncbi.nlm.nih.gov/blast/Blast.cgi


Table 1
Primer pairs used to amplify the full S gene.

Name Primer sequence (50–30) Location Annealing temperature Amplicon size References

S1AF ATGTTTTTGATACTTTTAATT 1–21 50 �C 655pb Hasoksuz et al. (2002)
S1AR AGTACCACCTTCTTGATAAA 654–635
S1BF ATGGCATTGGGATACAG 549–565 55 �C 490pb Hasoksuz et al. (2002)
S1BR TAATGGAGAGGGCACCGACTT 1039–1018
S1CF GGGTTACACCTCTCACTTCT 782–801 58 �C 769pb Hasoksuz et al. (2002)
S1CR GCAGGACAAGTGCCTATACC 1550–1531
S1DF GTCCGTGTAAATTGGATGGG 1460–1479 55 �C 827pb Hasoksuz et al. (2002)
S1DR TGTAGAGTAATCCACACAGT 2286–2267
S1EF TTACAAAAATCAAACACAGACAT 1855–1877 55 �C 877pb Hasoksuz et al. (2002)
S1ER AAACTTTATTACAATCGCTTCC 2731–2710
S1FF TCAATTTTTCCCCTGTATTAGG 2680–2702 55 �C 555pb This study
S1FR CMAGTCTRGATAGAATTTCTTGTAA 3234–3209
S1GF GCTACCAATTCTGCTTTAGTTA 3099–3121 55 �C 519pb This study
S1GR GTAGTAATAACCACTACCAGTG 3617–3595
S1HF TTTAGCTATGTCCCTACTAAGTA 3475–3498 55 �C 637pb This study
S1HR CCAATAAATCAAAGACGAACTTA 4112–4089

1872 N. Martínez et al. / Infection, Genetics and Evolution 12 (2012) 1870–1878
2.4. Model selection

ModelTest V.3.0.6 (Posada and Crandall, 1998) was used to esti-
mate the best-fit model using the Akaike information criterion
(AIC). The best-fit model for each phylogenetic marker was se-
lected and used for phylogenetic analysis.

2.5. Likelihood mapping

The phylogenetic signal of each sequence dataset was investi-
gated by the likelihood mapping analysis of 100,000 random quar-
tets generated using TreePuzzle (Strimmer and von Haeseler,
1997). In this strategy, if more than 30% of the dots fall into the
centre of the triangle, the data are considered unreliable for the
purposes of phylogenetic inference.

2.6. Phylogenetic trees

Phylogenetic relationships among partial or complete S gene se-
quences of unique BCoV isolates were analysed using the Bayesian
Inference (BI) and Maximum Likelihood (ML) methodologies.
Bayesian inference analyses were performed with the software
MrBayes 3.1 (Huelsenbeck et al., 2001; Ronquist and Huelsenbeck,
2003). The MCMC searches were run with four chains for 5 million
generations, with sampling of the Markov chain every 100 genera-
tions. At the end of each run, the convergence of the chains was in-
spected through the average standard deviation of split
frequencies and the first 15% of the trees were discarded. After
burn-in, the convergence was again assessed based on the effective
sampling size (ESS) using Tracer software version 1.4 (http://tree.
bio.ed.ac.uk/software/tracer/). Only ESS values of >250 were ac-
cepted. Bayesian trees with clade credibility for each marker were
constructed using the posterior probability distribution. The trees
were rooted using the Human-OC43 strain sequence (accession
number NC005147). Finally, ML trees were computed using the
PHYML v3.0 (Guindon and Gascuel, 2003), and confidence levels
were estimated by 1000 bootstrap replicates.

2.7. Comparison of topologies

The topologies were tested by the Kishino and Hasegawa test
(K–H) (Kishino and Hasegawa, 1989) and the Shimodaira–Hase-
gawa test (S–H) (Shimodaira and Hasegawa, 1999), which com-
puted the log-likelihoods per site for each tree and compare the
total log-likelihoods for each proposed topology, using the PAM-
Lv4.3 program (Yang, 2007). Ten thousand replicates were per-
formed using the K–H and S–H topologies test by re-sampling
the estimated log-likelihoods for each site (RELL model) (Kishino
et al., 1990).

2.8. Recombination analyses

Searches for recombinant sequences and crossover regions in
the BCoV S gene were performed using Geneconv (Padidam et al.,
1999), RDP (Martin and Rybicki, 2000), MaxChi (Maynard Smith,
1992; Posada and Crandall, 2001), Chimera (Posada and Crandall,
2001), BootScan (Martin et al., 2005), SiScan (Gibbs et al., 2000),
3Seq (Boni et al., 2007) and LARD (Holmes et al., 1999), all imple-
mented in RDP3 Beta 41 (Heath et al., 2006). All unique full S gene
sequences available in the GenBank database were downloaded on
December 1st, 2011 and tested. Programs were executed with
modified parameter settings determined according to the guide-
lines in the RDP3 manual for the analysis of divergent sequences
(available upon request). Recombinant sequences were tested by
examining the S genes with a highest acceptable p value of 0.05,
and Bonferroni’s multiple comparison correction was used. Analy-
ses were conducted twice to ensure the repeatability of results.

2.9. Multiple amino acid alignment

The full S gene sequences of each Cuban isolate were aligned
with sequences available from the GenBank database, including S
gene sequences from respiratory and enteric strains, sequences
that showed closer phylogenetic relationships and the reference
strain Mebus. The alignment was performed using the ClustalW
method in the BioEdit Sequence Alignment Editor (Hall, 1999). In
addition, the amino acid sequences for each gene of the Cuban iso-
lates were obtained and compared using the BioEdit Sequence
Alignment Editor (Hall, 1999).

The N-linked glycosylation sites were predicted with the N-Gly-
coSite web-based utility (http://hcv.lanl.gov/content/hcv-db/GLY-
COSITE/glycosite.html), and the hydrophobicity profile was
generated using the software package DAMBE v5.1.1 (http://
web.hku.hk/_xxia/software/software.html) according to the Kyte
and Doolittle method.
3. Results

3.1. Likelihood mapping

The phylogenetic noise in each data set was investigated by
means of likelihood mapping. The percentage of dots falling in
the central area of the triangles ranged from 0.3% for the full S gene

http://tree.bio.ed.ac.uk/software/tracer/
http://tree.bio.ed.ac.uk/software/tracer/
http://hcv.lanl.gov/content/hcv-db/GLYCOSITE/glycosite.html
http://hcv.lanl.gov/content/hcv-db/GLYCOSITE/glycosite.html
http://web.hku.hk/_xxia/software/software.html
http://web.hku.hk/_xxia/software/software.html


Fig. 2. Phylogenetic trees for BCoV sequences. Each phylogenetic marker, the best-fitted model and the gamma distribution shape parameter values used to infer phylogenies
are indicated. The Cuban BCoV sequences were highlighted in blue, whereas the remaining sequences appear in red. Numbers along the branches refer to the percentages of
confidence and posterior probability in the ML and BI analyses, respectively. Minor branch values were hidden. Sequences that had no close relationship with the Cuban
sequences were collapsed (indicated in parentheses). (a) A: (EF445634, EU814647), B: (U06093, U06091, U06090), C: (AY606201, AY606197, AY606204, AY606195,
AY606192, AY606203, AY606196, AY606199, AY606205, AY606202, M64668, AF181469, D00662, U00735, EF193075, EU401986, D00731, M80844, AF391541, AF391542,
AF239307, FJ938064, DQ915164, DQ811784, FJ938063, AF239306) and D: (DQ320763, FJ425186, AY255831, AB277129, AB277121, AF058943, FJ425188, AY935639,
AY935646, AY935644, AY935642, EF424619, DQ389655, DQ389657, AB277130, DQ389658, DQ389660, AY935643, DQ389653, DQ389652, DQ389656, DQ389659, DQ389634,
DQ389635, DQ389640, DQ389641, DQ389639, DQ389636, DQ389654, HM573330, DQ389637); (b) A: (AF058942, D00731), B: (AB354579, M64668, EF193075, EU401989,
EU401987, EU401988, U00735, D00662, AF181469, M64667), C: (FJ938063, DQ811784, AF239306, AF239307, U06093), D: (EU019216, EF445634, EU814647, EU814648), E:
(DQ389637, DQ389636, DQ389640, DQ389638, DQ389656, FJ938066, AY935637, AY935638, AY935642, AY935641, AY935639, AY935644, AY935646, FJ425187, EF424619,
AY935643, DQ389659, DQ389652, DQ389653, DQ389655, DQ389658, DQ389657, DQ389660, DQ389633, HM573326, HM573330, DQ389654, EU686689, EU401986,
DQ389634, DQ389632, DQ389635, DQ389641, DQ389639); (c) A: (D00731, AF058942), B: (M64668, EU401989, EU401988, EU401987, AB354579, D00662, U00735,
EF193075, M64667, AF181469), C: (EU814648, EU814647, EU019216, EF445634, M80844), D: (DQ811784, FJ938063), E: (AF058943, FJ425186, FJ425184, FJ425188,
FJ425189), F: (HM573330, HM573326, DQ389660, DQ389657, DQ389658, DQ389655, DQ389654, AY935643, DQ389659, DQ389653, DQ389652, DQ389656, DQ389641,
DQ389640, DQ389638, DQ389637, DQ389636, DQ389639, DQ389635, DQ389634, DQ389632, DQ389633, EU401986, EU686689).
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Fig. 2. (continued)
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to 13.1% for the hypervariable S1 region. None of the datasets
showed more than 30% noise, which enabled the use of the hyper-
variable S1 region, S1 region or full S gene to deduce the phyloge-
netic signal.

3.2. Sequence identity analysis

The nucleotide sequence identities of the S1 hypervariable re-
gion among the eight Cuban BCoV sequences obtained ranged from
99.4% to 100% and the deduced amino acid deduced ranged from
99.2% to 100%. Meanwhile, the four S complete gene sequences
shared sequence identities ranging from 99.7% to 100% and 99.5%
to 100% for nucleotide and deduced amino acid sequences, respec-
tively. The BLASTn analysis for both the S1 hypervariable region
and complete S gene showed the highest nucleotide sequence
identities, 98% and 99%, respectively, with the BCoV strain identi-
fied as US/OH1/2003 (accession number EF424621), which was de-
tected in a wild animal park in Ohio, USA.

3.3. Recombination analyses

A recombination analysis of the complete S gene was performed
from the dataset used. The recombination breakpoints were deter-
mined using the RDP3 program. The sequences representing re-
combinant mosaic and major recombinant parental types are
listed in Supplementary Table S1. Surprisingly, the Cuban BCoV
strain sequences and a group of USA BCoV strain sequences with
GenBank accession numbers AF391542, DQ915164, FJ938064,
EF424621, EF424623, EF424615 and EF424616 were the only se-
quences in which no recombination events were detected (Supple-
mentary Table S1 and Fig. 2c). All remaining BCoV strains whose
complete S gene sequences are available in the GenBank database
have at least one recombination event for this gene.

3.4. Phylogenetic analyses

The phylogenetic relationships among the BCoV strains were
reconstructed by ML and BI analyses. The Bayesian tree was the
best (S–H test �Ln = 12018.922⁄) when S complete sequences
were used as phylogenetic markers, but the support for this tree
was not significantly different for the ML tree, with �Ln values
ranging from 12018.922 to 12021.478. The ML tree was the best
(S–H test �Ln = 7286.532⁄) when S1 sequences were used as phy-
logenetic markers, but the support for this tree was not signifi-
cantly different for the Bayesian tree, with �Ln values ranging
from 7286.532 to 7309.785. Therefore, regardless of the phyloge-
netic method used or phylogenetic marker employed, all tree
topologies were identical (Fig. 2a–c) and were supported by mod-
erate to high confidence values.

The phylogenetic relationships constructed based on the hyper-
variable region of the S1 gene (approx. 488 bp), revealed that the
eight Cuban BCoV strains were closely related (Fig. 2a). All Cuban
BCoV strains were located in a same cluster along with the USA
BCoV strains with GenBank accession numbers EF424621 and
EF424624, suggesting a common origin. These phylogenetic rela-
tionships were supported by moderate to high confidence values
(Fig. 2a).

The phylogenetic trees based on the complete S gene and the S1
region yielded the same phylogenetic relationships for the Cuban
BCoV strains, which were similar to the phylogenetic trees ob-
tained from the hypervariable region of the S1 gene. Thus, all Cu-
ban BCoV strains were located in a same cluster, supported by
100% bootstrap values and 1.00 posterior probability values
(Fig. 2b and c). In addition, the Cuban BCoV strains were located
in the same cluster as the USA BCoV strains EF424621 and
EF424623, suggesting a common origin.

3.5. Molecular characterisation

The deduced amino acid sequences of the full S genes of the four
Cuban BCoV field strains were aligned and compared with the full S
genes of other strains used as reference sequences (Fig. 3). Thus, no
deletions or insertions were observed in the full S genes of the four
Cuban BCoV field strains. The deduced amino acid sequences
showed a total of 45 amino acid changes compared with the Mebus
reference strain and contained 20 potential N-glycosylation sites
(Fig. 3).

Several of the amino acid changes found in the Cuban strains
were unique, such as: (i) A369T in the strain VB16/10/CIENFU-
EGOS/2010, which was located in immuno-reactive domain S1A;
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(ii) a non-conservative substitution in the hypervariable region,
G492D, was found in the strains VB7/09/MAYABEQUE/2009 and
VB16/10/CIENFUEGOS/2010; (iii) the replacement I1237T was
found in the strains VB24/11/CIEGO DE AVILA/2011 and VB68/
11/CAMAGUEY/2011; and (iv) the substitution N1285K was ob-
served in all of the Cuban sequences assessed. This substitution
was located in the heptad repeat region (HR) (HR–C). However,
the proteolytic cleavage site (KRRSRR) of the S protein at residue
768 in subunits S1 and S2 was conserved in all Cuban strains
(Fig. 3).

In addition, specific amino acid signatures that have been linked
with either respiratory or enteric tropism were found in the Cuban
strains (see Fig. 3). Seven amino acid signatures that have been
suggested to be possible virulence factors (Zhang et al., 1991) were
also observed in the Cuban strains. Notably, several of the amino
acid changes found were located in regions of functional impor-
tance for virus-cell interactions. Thus, residue changes were ob-
served in the signal peptide, the hypervariable region, the
immuno-reactive domain S1B and the first hydrophobic region of
S2 (Fig. 3). Conversely, the amino acid replacements E965V,
W984L and A988V in the first hydrophobic region of S2 increased
the protein hydrophilicity (data not shown).
(a)

Fig. 3. Molecular analysis of the deduced amino acid sequences for the entire S genes of
were highlighted: the signal peptide region (red), the hypervariable region (orange), th
(grey), the HR–N domain (greenish-blue) and the HR–C domain (dark green). The immu
transmembrane region was outlined in black. The particular signatures linked either w
(black arrow) were also indicated. The potential N-glycosylation sites were marked with
the reader is referred to the web version of this article.)
4. Discussion

Novel data on the diversity and ecology of BCoV are of interest
for the scientific community, not only because this virus is consid-
ered an important veterinary pathogen but also because several
coronavirus cross-species transmission events, as well as changes
in virus tropism, have been described in the recent past (Zhang
et al., 2007).

Sequence analyses suggest the potential for zoonotic transmis-
sion of a BCoV to humans (Vijgen et al., 2005), and researchers
have previously confirmed the isolation of a bovine-like CoV from
a human child with diarrhoea.

In the present study, a molecular analysis of Cuban BCoV field
sequences from samples collected between 2009 and 2011 was
conducted by comparison with all of the BCoV S gene sequences
that were available in the GenBank database. In addition, phyloge-
netic comparisons based on partial or complete S gene sequences
used as phylogenetic markers were conducted.

The entire or partial BCoV S gene sequences have been widely
used for molecular and phylogenetic analyses of this viral agent
(Liu et al., 2006; Park et al., 2006). The phylogenetic noise, investi-
gated by likelihood mapping, revealed that although the analysis
the Cuban field and reference strains. Regions important for virus-cell interactions
e proteolytic cleavage region (pink), the first hydrophobic region of the S2 subunit
no-reactive domains S1A and S1B were outlined in red and blue, respectively; the
ith a respiratory (blue arrow) or enteric (red arrow) tropism and virulence factors
black triangles. (For interpretation of the references to colour in this figure legend,
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using the entire S gene yielded a better tree resolution with better-
supported tree topologies, the partial S gene could still be useful as
phylogenetic marker; less than 30.0% of the phylogenetic informa-
tion is lost in comparison with the entire S gene.

The high sequence identity shown by the Cuban BCoV strains
demonstrates the low divergence between these strains. On the
other hand, the results of the phylogenetic analyses were well sup-
ported by different phylogenetic inference methods and high con-
fidence values. Thus, all topologies obtained from each
phylogenetic marker were reliable. The fact that all the Cuban
BCoV strains were located in a single cluster supports the hypoth-
esis that the BCoV strains currently circulating among Cuban
bovine herds share a common origin and are closely genetically
related (Fig. 2c).

The Cuban BCoV strains clustered with the USA BCoV strains,
and this cluster was the only one to contain strains with a non-re-
combinant origin, indicating an epidemiological link between Cu-
ban and USA BCoVs. Considering the insular condition of the
country, the fact that BCoV is only transmitted by direct contact be-
tween animals and that the first evidence of BCoV infection in Cuba
was obtained in 2004 (Barrera et al., 2006) suggest that a USA BCoV
strain(s) is the most likely origin of the Cuban BCoV strains.

Alekseev et al. (2008) reported that Coronaviruses from wild
ruminants cluster with BCoV strains according to the year of
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isolation/circulation, suggesting an epidemiological link among
these strains. Therefore, there may be a connection between Cuban
and US BCoV circulating in cattle during these years. However, how
the virus was transmitted remains unclear.

The multiple amino acid alignment performed showed that the
Cuban BCoV strains exhibited particular amino acid signatures that
might be linked either with respiratory or enteric tropism. This has
been supported by the idea that the respiratory strains could un-
dergo an initial extensive replication in the nasal mucosa and sub-
sequently spread to the gastrointestinal tract through the
swallowing of large quantities of virus coated in mucous secre-
tions. This initial respiratory amplification of BCoV and its protec-
tive coating by mucus may allow larger amounts of the labile,
enveloped, but infectious virus to transit to the gut after swallow-
ing, resulting in intestinal infection and faecal shedding (Saif,
2010). Moreover, the animals’ nostrils could also be contaminated
with enteric viruses by direct contact with and inhalation of faeces,
allowing the infection of the respiratory tract with enteric strains
(Zhang et al., 2007).

The unique Cuban BCoV polymorphism N1285K situated in the
heptad repeat region (HR–C) could be involved in changes in the
replication of the virus. HR–C is a critical element in the conforma-
tional change of the coiled-coil structure that is required for the
interaction of the viral and host cell membranes, promoting the fu-
sion of the lipid bilayers and the introduction of the nucleocapsid
into the cytoplasm (Baker, 2008). Thus, the drastic change of a
charged residue to a polar residue in the HR–C could influence
the interaction between the coiled-coil structure and the host cell
receptor.

On the other hand, it has been speculated that mutations in and
around the heptad repeats of Coronavirus represent a pathway for
virus cross-species transmission (Graham and Baric, 2010). None-
theless, the role of the N1285K mutation in viral replication or
virus cross-species transmission should be studied further.

It is also important to highlight that WD, which is the most se-
vere clinical form of BCoV infection, occurs in adult cattle in the
winter due to predisposing events such as cold temperatures and
drinking cold water (White et al., 1989). However, the tropical
weather conditions in Cuba are far from ‘‘cold temperatures in
the winter season’’. Similarly, some WD outbreaks associated with
BCoV infections during warmer seasons have been reported
(Decaro et al., 2008; Park et al., 2006). These issues suggest that
molecular changes in the currently circulating BCoV strains could
have occurred to facilitate viral adaptation to the warmer environ-
ment. The molecular analysis of the S entire gene in the present
work did not reveal any genetic markers linked to viral adaptation
to hot weather. This suggests that the viral adaptation to temper-
ature changes could be linked to others structural or non-struc-
tural genes.

Finally, the present study highlights the need for more in depth
epidemiological and molecular investigations on BCoV infection
based on the entire viral genome, to identify genetic markers
linked to viral tropism and adaption to a warmer climate, which re-
main unknown by the scientific community.
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