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Abstract

Bovine coronavirus (BCoV) has dual tropisms that can trigger enteric and respiratory diseases in cattle. Despite its global
distribution, BCoV field strains from Brazil remain underexplored in studies investigating the virus's worldwide circula-
tion. Another research gap involves the comparative analysis of S protein sequences in BCoV isolates from passages in cell
lines versus direct sequencing from clinical samples. Therefore, one of the objectives of our study was to conduct a com-
prehensive phylogenetic analysis of BCoV strains identified from Brazil, including a respiratory strain obtained during this
study, comparing them with global and ancestral BCoV strains. Additionally, we performed a comparative analysis between
wild-type BCoV directly sequenced from the clinical sample (nasal secretion) and the cell culture-adapted strain, utilizing
the Sanger method. The field strain and multiple cell passage in cell culture (HRT-18) adapted BCoV strain (BOV19 NS)
detected in this study were characterized through molecular and phylogenetic analyses based on partial fragments of 1,448
nt covering the hypervariable region of the S gene. The analyses have demonstrated that different BCoV strains circulating
in Brazil, and possibly Brazilian variants, constitute a new genotype (putative G15 genotype). Compared with the ancestral
prototype (Mebus strain) of BCoV, 33 nt substitutions were identified of which 15 resulted in non-synonymous mutations
(nine transitions and six transversions). Now, compared with the wild-type strain was identified only one nt substitution in
nt 2,428 from the seventh passage onwards, which resulted in transversion, neutral-neutral charge, and one substitution of
asparagine for tyrosine at aa residue 810 (N810Y).
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Introduction

Bovine coronavirus (BCoV) is a positive-sense single-
stranded RNA virus classified in the Coronaviridae family,
genus Betacoronavirus, and species Betacoronavirus 1 [1].
BCoV infections are associated with enteric and respira-
tory diseases in cattle, such as winter dysentery (WD) in
adult animals, neonatal diarrhea in calves, and respiratory
diseases in all ages. BCoV isolates from respiratory and
enteric tracts are commonly referred to as bovine respira-
tory coronavirus (BRCoV) and bovine enteric coronavirus
(BECoV), respectively [2, 3].

The BCoV genome encodes five major structural pro-
teins, nucleocapsid (N), transmembrane (M), hemaggluti-
nin esterase (HE), spike (S), small membrane, or envelope
(E) proteins, and several non-structural proteins (nsp). The
N protein is highly conserved among BCoV isolates and is
one of the main targets for molecular diagnosis. The S pro-
tein is a type 1 viral fusion protein involved in viral attach-
ment and entry into target cells and contains epitopes that
are targets for neutralizing antibodies [4]. The S protein is
cleaved into the S1 and S2 subunits by host cell proteases
during processing in the Golgi Complex. The S1 subu-
nit of coronaviruses contains a receptor-binding domain
(RBD) that recognizes host cell receptors [5, 6]. Mutations
in the RBD of the spike protein of coronaviruses may alter
viral host tropism and even cause cross-species spillo-
ver. Bovine coronaviruses can infect a broad host range,
including domestic and wild ruminants and humans [7-9].

The hypervariable region (HVR), also located within the
S1 subunit and close to the RBD, has a greater tendency to
accumulate mutations that may result in immune escape or
altered viral fitness [10—12]. Phylogenetic analysis of the
complete S gene of BCoV strains from America, Europe, and
Asia has revealed that BCoVs are primarily distinguished
into two major types: European and American types [13, 14].

Due to the absence of a correction mechanism in its
RNA polymerase, BCoV, like to most RNA viruses, can
frequently mutate. Therefore, it is crucial to consider these
intrinsic factors when adapting and isolating clinical speci-
mens prior to sequencing [15]. The extensively studied
coronavirus pandemic, severe acute respiratory syndrome
coronavirus (SARS-CoV-2), has led to the identification
of eight single nucleotides (nt) polymorphisms after the
first passage, which persist even after 12 cell culture pas-
sages, resulting in four non-synonymous amino acids (aa)
substitutions in the S protein [16]. These findings have
substantial implications for interpreting molecular charac-
terization data because virus isolation in cell culture can
lead to adaptive mutations that may not reflect naturally
circulating viruses [17]. However, comparative studies of
S protein mutations in BCoV isolates from cell lines are
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limited, and direct sequencing of clinical samples is not
commonly performed [18]. In this study, we report the
detection and isolation of a BCoV associated with respira-
tory disease and establish phylogenetic relationships based
on partial sequences of the S gene. Furthermore, we com-
pared wild-type BCoV sequenced directly from a clinical
sample (nasal secretion) with a cell culture-adapted strain.

Methods
Animals and samples

The study was conducted in a herd of dairy cattle from Par-
and State, southern Brazil, consisting of Holstein and Jersey
breeds and their crossbreeds. The cattle herd had a docu-
mented history of enteric and respiratory diseases and mor-
tality among adult and young animals. During the sample
collection period in August 2016, animals up to five months
old, exhibited dyspnea, serous nasal secretion, and no clini-
cal signs of diarrhea.

This study was approved by the Ethics Committee for the
Use of Animals of the Federal University of Parand, under
protocol n°. 34/2016.

Nasal secretions from 11 heifer calves with respiratory
clinical signs were collected by inserting sterile cotton swabs
deep into the nostrils and subsequently placing them in tubes
containing 2 mL phosphate-buffered saline (PBS; 137 mM
NaCl, 3 mM KCl, 8 mM Na,HPO,, and 15 mM KH,PO,;
pH 7.2).

BCoV molecular diagnosis

Nuclei acid was extracted from 400 pL of sample suspen-
sions using a combination of the phenol/chloroform/isoamyl
alcohol and silica/guanidine isothiocyanate methods [19].

Nucleic acid extracts were subjected to a semi-nested RT-
PCR (snRT-PCR) for the BCoV N gene partial amplifica-
tion. The primers used and the conditions of the snRT-PCR
were according to the method described by [20]. Samples
that tested positive for the N gene were subjected to an RT-
PCR for partial amplification of the BCoV-S gene partial
amplification and viral isolation in HRT-18 cells.

To validate the extraction and genomic amplification,
diethylpyrocarbonate (DEPC) water aliquots were used as a
negative control, and the BCoV-Kakegawa prototype strain
propagated in HRT-18 cells was used as a positive control.

Virus isolation

HRT-18 cells were cultured in Dulbecco's modified Eagle’s
medium (Gibco BRL®, USA), supplemented with 10% fetal
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bovine serum (Gibco BRL®), 55 pg/mL gentamicin (Sigma
Co., USA), and 2.5 pg/mL amphotericin B (Bristol-Meyers
Squibb Co., Brazil). The confluent monolayers were washed
with calcium- and magnesium-free PBS. Prior to inocula-
tion, suspensions of the biological samples selected for viral
isolation were treated with gentamicin (100 mg/mL) and
amphotericin B (10 mg/mL). Inoculated cells were main-
tained at 37 °C for observation of the cytopathic effect, along
with uninoculated (negative control) HRT-18 cells, and cells
inoculated with the BCoV prototype Kakegawa strain as pos-
itive controls. To evaluate the possible mutations induced by
in vitro replication of BCoV, the procedure was repeated for
nine cell passages. Aliquots of 50 pL of the inoculated cell
supernatant from each passage were separated, and 400 uL.
of PBS was added for viral nucleic acid extraction and sub-
sequent snRT-PCR (N gene) and RT-PCR (S gene) analyses.

RT-PCR for partial amplification of the BCoV S gene

Samples previously identified as BCoV-positive for the N
gene were subjected to RT-PCR to partially amplify the S
glycoprotein gene. Three pairs of primers were used, which
flanked a 1,448 nt region, including the HVR region and the
proteolytic cleavage site of the S gene. The RT-PCR prim-
ers are described by Takiuchi et al. [18] and are provided in
Online Resource 1.

Purification and sequencing

The amplified products were purified using the PureLink®
Quick Gel Extraction Kit (Invitrogen, Carlsbad, CA, USA),
quantified with the Qubit ™ fluorometer (Invitrogen Life
Technologies, USA), and sequenced using the BigDye Ter-
minator v3.1 Cycle Sequencing Kit (Applied Biosystems®,
Carlsbad, CA, USA) on the ABI 3500 genetic analyzer
(Applied Biosystems®), using the forward and reverse prim-
ers for their respective targets of interest (N or S gene).

Phylogenetic analysis

Sequence analysis and consensus sequences were obtained
using Phred and CAP3 software (http://asparagin.cenar
gen.embrapa.br/phph/). GenBank homology searches were
performed using the Basic Local Alignment Search Tool
(BLAST; http://blast.ncbi.nlm.nih.gov/Blast.cgi). The nt
and aa sequences obtained were aligned and compared with
the sequences of prototype BCoV strains and other BECoV,
BRCoV, and wild-type field strains from the European,
Asian, and American continents, totaling 80 sequences.
This comparison was conducted using BioEdit software ver-
sion 7.2.6.1. Phylogenetic trees were constructed with the
Maximum Likelihood method (Tamura-Nei model) using
MEGAX software. A bootstrap value of 1,000 replicates was

used to determine significant differences between strains.
Potential N-glycosylation sites in the partial S protein
sequence were identified using the CBS NetNGlyc 1.0 server
(http://www.cbs.dtu.dk/services/NetNGlyc/).

Results

BCoV was detected in the nasal secretions of all (n=11)
sampled animals using snRT-PCR targeting the N gene.
Eight of these samples showed positive results in the first
round of amplification, producing a product of 454 bp. The
remaining three nasal secretion samples tested positive only
after the second round of genomic amplification, resulting
in amplicons of the expected size of 251 bp.

Direct Sanger sequencing confirmed the identity of
all amplified products as BCoV concerning the N gene.
Sequences obtained from 10 nasal secretions were of good
quality for molecular characterization, showing that they
were identical.

Of the ten nasal secretion samples that tested positive for
the N gene, three (BOV13-NS, BOV19-NS, and BOV21-
NS) were selected for S gene amplification. Among them,
successful amplification of the three contiguous fragments
of the S gene was achieved only with the BOV19-NS, which
was selected for viral isolation in cell culture. Sequencing
of BOV19-NS resulted in a consensus sequence of 1,448 nt
(nt 1,258 to 2,705 in the Mebus strain), corresponding to the
3’-half of the S1 gene. Samples BOV13 and BOV21 ampli-
fied the region flanked by primers SPK6-FOR and SPK7-
REV (998 nt) and SPK7-FOR and SPK7-REV (636 nt),
respectively. Alignment of the consensus sequences obtained
from the three nasal secretion samples demonstrated 100%
identity. Therefore, all molecular characterization and phy-
logenetic assays were performed based on BOV19-NS.

Sequence and phylogenetic analysis

Analysis of the BCoV S gene involved two steps. In the
first step, it was analyzed a 1,448 nt fragment spanning the
cleavage site region of the S protein (nt 1,258 to 2,705 in the
Mebus strain) from 55 BCoV sequences, including classi-
cal and vaccine strains (Kakegawa/Japan, Quebec/Canada,
Mebus/USA, Ly-138/USA, F15/France, Norden-vaccine/
USA, BC94-Vaccine/South Korea), and isolates from Amer-
ica (USA and Brazil), Europe (Sweden, Denmark, Italy, and
France), and Asia (Japan and South Korea). This analysis
included at least one sequence from each of the 14 BCoV
genotypes, as described by Suzuki et al. [13]. According to
the identity matrix, the BOV19-NS strain shared the highest
nt (98.8%) and aa (98.5%) identity with Brazilian BECoV
(DQ479421.1,DQ479422.1, and DQ479423.1) isolates col-
lected in 2004 [18]. In contrast, the lowest nt (97.1%) and
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LC494167.1/TCG-12/Japan/2008 (R) *G14
LC494169.1/TCG-14/Japan/2009 (E) *G14
LC494166.1/TCG-11/Japan/2008 (E) *G14

LC494178.1/TCG-19/Japan/2016 (R) *G14

LC494163.1/TCG-2/Japan/2006 (E) *G14

LC494170.1/TCG-15/Japan/2010 (E) *G14
LC494129.1/IWT-1/Japan/2010 (R) *G14

LC494131.1/IWT-3/Japan/2011 (E) *G14

LC494168.1/TCG-13/Japan/2009 (E) *G14

LC494173.1/TCG-7/Japan/2008 (E) *G14

LC494160.1/TCG-4/Japan/2007 (E) *G14

LC494189.1/TCG-30/Japan/2017 (R) *G14
LC494184.1/TCG-25/Japan/2017 (R) *G14
LC494183.1/TCG-24/Japan/2017 (R) *G14
99, LC494135.1/\WT-7/Japan/2012 (E) *G14
LC494154.1/SHG-1/Japan/2014 (R) *G14

LC494128.1/IWT-10/Japan/2012 (R) *G14

09| LC494158.1/SHG-5/Japan/2016 (R) *G14

FJ938065.1/AH187/USA/2000 (R) *G4

2 57 EF424615 1/AHES/USAI2001 (E) "G4

EF424619.1/E-AH187/USA/2000 (E) "G4
AY935642.1/KWD6/South Korea/2002 (E) *G4
AY935637.1/KWD1/South Korea/2002 (E) “G4
AY935640.1/KWD4/South Korea/2002 (E) *G4
DQ389634.1/KCD3/South Korea/2004 (E) *G13
DQ389632.1/KCD1/South Korea/2004 (E) *G13
OP186321.1/KJS-1/South Korea/2017 (E)

OP186327.1/KHN-11/South Korea/2018 (E)

» [~ DQ389639.1/KCDB8/South Korea/2004-2005 (E) *G13
DQ389641.1/KCD10/South Korea/2002-2003 (E) *G13
DQ389636.1/KCD5/South Korea/2004-2005 (E) *G13

i DQ389659.1/KWD18/South Korea/2002 (E) *G13

DQ389652.1/KWD11/South Korea/2002 (E) *G13
DQ389654.1/KWD13/South Korea/2002-2003 (E) *G13
DQ389655.1/KWD14/South Korea/2002-2003 (E) *G13
DQ389658.1/KWD17/South Korea/2002 (E) *G13
DQ389657.1/KWD16/South Korea/2002-2003 (E) *G13
DQ389660.1/KWD19/South Korea/2002-2003 (E) *G13
—— B MT346358.1/BOV19-NS/Brazill2016 (R)

OM632715.1/BRA-PR-323-425/Brazil/2019 (R)
DQ479421.1/BR-UEL1/Brazil/2004 (E)

100

72

100
78

American-type

100

91

84

91

Putative
1 DQ479422.1/BR-UEL2/Brazi/2004 (E) #G15
DQ479423.1/BR-UEL3/Brazil/2004 (E)
l;musmecv-uoa/usm 994 (E) *G5

KF169908.1/SWE-C-92/Sweden/1992 (E) *G6

100 | KF169939.1/SWE-Y-10-3/Sweden/2010 (E) *G12
KF169940.1/SWE-P-10-4/Sweden/2010 (E) *G12
KF169937.1/SWE-M-10-1/Sweden/2010 *G12

KF169938.1/SWE-M-10-2/Sweden/2010 (E) *G12
KF169914.1/DEN-03-2/Denmark/2003 (E) *G11

KF169933.1/SWE-I-08-3/Sweden/2008 (E) *G11
EU814648.1/438-06-TN-50/Italy/2006 (R)
KF169909.1/SWE-02-1/Sweden/2002 (R) *G10
KF169910.1/SWE-02-2/Sweden/2002 (R) *G10
100 | KF169911.1/SWE-02-3/Sweden/2002 (R) *G10
KF169912.1/SWE-02-4/Sweden/2002 (R) *G10
KF169918.1/DEN-05-3/Denmark/2005 (R) *G7
100 | KF169919.1/DEN-05-4/Denmark/2005 (E) *G7
KF169917.1/DEN-05-2/Denmark/2005 (E) *G7
KF169916.1/DEN-05-1/Denmark/2005 (E) *G7
KF169924.1/SWE-M-06-4/Sweden/2006 (E) *G9
KF169931.1/SWE-AC-08-1/Sweden/2008 (E) *G8 European-type
KF169932.1/SWE-C-08-2/Sweden/2008 (E) *G8
KF169926.1/SWE-C-07-2/Sweden/2007 (E) *G8
KF169930.1/SWE-C-07-6/Sweden/2007 (E) *G8
KF169925.1/SWE-Z-07-1/Sweden/2007 (E) *G8
KF169936.1/SWE-U-09-3/Sweden/2009 (R) *G8
KF169920.1/SWE-N-05-1/Sweden/2005 (E) *G8
KF169921.1/SWE-N-05-2/Sweden/2005 (E) *G8
KF169934.1/SWE-P-09-1/Sweden/2009 (E) *G8
KF169927.1/SWE-I-07-3/Sweden/2007 (E) *G8
o5 | KF169928.1/SWE-I-07-4/Sweden/2007 (E) *G8

KF169929.1/SWE-I-07-5/Sweden/2007 (E) *G8
AF058942.1/LY-138/USA/1991 (E) "G2

D00731.1/F15/France/1990 (E) *G3
AF220295.1/Quebec/Canada/2001 *G1
U00735.2/Mebus/USA/1972 (E) *G1
EU401989.1/BC94-Vaccine/South Korea/1995 *G1
100 | AB354579.1/Kakegawa/Japan/1980 (E) *G1
M64668.1/BCV Norden-Vaccine/USA/1991

95

96

—
0,0050

@ Springer



Brazilian Journal of Microbiology (2024) 55:1967-1977

1971

«Fig. 1 Phylogenetic analysis based on the partial sequence of 1,448
nt (nt 1,258 to 2,705 of Mebus strain) of the S gene of BCoV strains.
The phylogenetic tree was constructed using the maximum likelihood
method, Tamura-Nei evolutionary model, with Gamma 5 distribu-
tion, invariant sites (ML +TN93+G+1), and 1,000 bootstrap repli-
cates. Bootstrap values> 70 are indicated next to nodes. The isolates
included in the analysis are identified using the GenBank accession
number / strain name / country of origin / year of isolation. Respira-
tory isolates are indicated with (R), and the enteric isolates with (E).
BCoV strains, as classified by Suzuki et al. [13], are indicated by an
asterisk (*) followed by the corresponding genotype number. The
sequence obtained in this study is indicated by the symbol ll

aa (95.8%) sequence identities were observed in the F15
(D00731.1) strain, a classical BECoV strain from France.
The nt percentage identity among the Brazilian strains was
in the range of 98.3-98.8% (Online Resource 2). In phyloge-
netic analysis were formed two large clades, separating the
European and American types into 11 (G1-G3 and G5-G12)
and three (G4, G13, and G14) genotypes, respectively, as
proposed by Suzuki et al. [13]. The BOV19-NS strain was
classified within the American-type clade; however, it was
grouped into a separate subclade composed exclusively of
Brazilian isolates. Based on this analysis, this subclade was
identified as the putative G15 genotype (Fig. 1). Based on
this grouping, the nt sequence identities among the Brazilian
strains (putative G15 genotype) and Asian-American-type
and European-type clades were in the range of 96.6-98.8%
and 96.5-98.6%, respectively.

The second step of the phylogenetic analysis was per-
formed using a 438 nt fragment, encompassing the HVR
region of the subunit S1 of BCoV. This analysis aimed to
establish phylogenetic relationships with other BCoV iso-
lates from Brazil and globally that could not be included in
the first analysis because of limited nt sequences available
in public databases. The percent identities of nt among Bra-
zilian strains collected from different locations and years
ranged from 95.3 to 99.1%. The BOV19-NS sample identi-
fied in this study showed higher (98.4%) nt identity with a
Brazilian BRCoV isolate PD1 (GenBank accession number
KT381471.1), and lower (95.5%) nt identity with the proto-
type Mebus strain (GenBank accession number U00735.2).
The phylogenetic tree revealed the formation of two major
clades: Clade I, containing the classical BCoV strains, and
Clade II, containing American, European, and Asian iso-
lates. Clade II was subdivided into two monophyletic groups,
according to Suzuki's classification [13], namely the Ameri-
can and European clades. The Brazilian BOV19-NS strain
grouped in an American-type clade, formed a distinct sub-
clade separate from the Asian and Cuban isolates (Fig. 2).

Isolation of BCoV in cell culture

BOV19-NS was successfully isolated from HRT-18 cells.
From the second to the ninth passages, characteristic

cytopathic effects were observed, including granular,
rounded, and swollen cells. BCoV was detected in all cell
passages via partial amplification of the N gene from the
supernatant. The S gene was successfully sequenced from
three contiguous genomic segments (1,448 nt) of the
BOV19-NS isolates at the third, fourth, seventh, eighth, and
ninth passages.

Molecular characterization of BOV19-NS
before and after passage in cell culture

The 1,451 nt fragment (nt 1,258-2,709, relative to the
Mebus prototype strain) of BOV19-NS was analyzed before
and after successive passages in cell culture (third, fourth,
seventh, eighth, and ninth passages). The results showed
that a single nt substitution was identified at position 2,428
starting from the seventh passage, resulting in a non-syn-
onymous transversion mutation that caused a substitution
of asparagine for tyrosine at aa residue 810 (N810Y), as
shown in Fig. 3. No insertions or deletions were observed.
In silico analysis revealed that among the 15 aa changes
observed, three (P501S, P546S, and A769S) resulted in a
loss of hydrophobicity, and one (S543A) gained hydropho-
bicity. In addition, four polar (hydrophilic) aa underwent
charge changes (H470D changed from positive to negative,
N531D from neutral to negative, and T540K and Y571H
from neutral to positive).

Among the 29 cysteine residues detected in the stud-
ied region, 15 were concentrated in the polymorphic HVR
region and were conserved compared to those of other pro-
totype strains. In addition, we identified nine putative glyco-
sylation sites that were highly conserved among the BCoV
strains (Fig. 3).

Discussion

snRT-PCR targeting the N gene was efficient for diagnos-
ing BCoV in calves with respiratory clinical signs, as evi-
denced by the detection of BCoV in the nasal secretions of
the 11 evaluated dairy heifer calves. The choice of the target
region for genomic amplification is crucial for optimizing
the diagnosis of BCoV. The N gene is highly conserved
among BCoV isolates and is abundant in infected cells as
subgenomic RNA, making it an ideal target for molecular
diagnostic techniques [20, 21].

According to Suzuki et al. [13], the evolution of BCoVs
may be closely associated with variations in the HE, S, and
N genes and the ORF]1 region, as the clustering patterns
observed in the phylogenetic analysis of these genes were
similar to those found in the analysis of the whole genome.
Using 153 complete sequences of the S gene of BCoV, these
authors divided the European and American strains into 11
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LC494183.1/TCG-24/Japan/2017 (R)
| C494183.1/TCG-24/Japan/2017 (R)
73 | LCA94135.1/IWT-7/Japan/2012 (E)
LC494154.1/SHG-1/Japan/2014 (R)
LC494128.1/IWT-10/Japan/2012 (R)
|| c404158.1/SHG-5/Japan/2016 (R)

99

LC494167.1/TCG-12/Japan/2008 (R)
4‘— LC494166.1/TCG-11/Japan/2008 (E)
98
LC494169.1/TCG-14/Japan/2009 (E)

HE616740.1/VB 24-11-CIEGO DE AVILA/Cuba/2011 (E)
%0 HE616738.1/VB 7-09-MAYABEQUE-2009/Cuba/2009 (E)
89 ' HE616739.1/VB 16-10-CIENFUEGOS-2010/Cuba/2010 (E)
] AY935639.1/KWD3/South Korea/2004/2005 (E)
L KM985631.1/HLJ-14/China/2014 (E)
AY935642.1/KWD6/South Korea/2004/2005 (E)

h DQ389635.1/KCD4/South Korea/2004-2005 (E)

% ﬁ DQ389637.1/KCD6/South Korea/2004-2005 (E)
L DQ389639.1/KCD8/South Korea/2004-2005 (E)

73 KT381469.1/PB2/Brazil/2013 (E)
8 L KT381470.1/PBY/Brazili2013 (E)
KT381468.1/PA11/Brazil/2013 (E)

L JF345150.1/WDBR-B6/Brazil/2010 (E)
| DQ479422.1/BR-UEL2/Brazil/2004 (E)
97

‘ DQ479423.1/BR-UEL3/Brazil/2004 (E)
DQ479421.1/BR-UEL1/Brazil/2004 (E)

OM632715.1/BRA-PR-323-425/Brazil/2019 (R)

P f KT381471.1/PD1/Brazil/2014 (E)
W W MT346358.1/BOV19-NS/Brazil/2016 (R)

- OM632714.1/BRA-PR-227-840/Brazil/2018 (R)
97 E KY612617.1/AT13/Austria/2009 (E)
KY612619.1/SK21735/Slovakia/2017 (R)
KY612618.1/AT15/Austria/2009 (E)
—— KY612620.1/SKcrevo/Slovakia/2017 (E)

KF169915.1/DEN-03-3/Denmark/2003 (E)
—— KT318115.1/BCoV-FRA-EPI-Caen-2003-05/France/2003 (E)
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Fig.2 Phylogenetic analysis based on 438 nt of the polymorphic
region HVR of the S gene (nt 1,339-1,777 of Mebus strain) from dif-
ferent BCoV strains. The phylogenetic tree was constructed using the
maximum likelihood method, Tamura—Nei evolutionary model, with
Gamma 5 distribution (ML+TN93+G) and 1,000 bootstrap repli-

(G1-G3 and G5-G12) and three (G4, G13, and G14) geno-
types, respectively. However, the genotypic characterization
of Brazilian BCoV isolates was not possible in the study by
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cates. Bootstrap values> 70 are indicated next to nodes. The isolates
included in the analysis are identified using the GenBank accession
number / strain name / country of origin / year of isolation. Respira-
tory isolates are indicated with (R), and the enteric isolates with (E).
The sequence obtained in this study is indicated by the symbol H

Suzuki et al. [13] owing to the unavailability of complete nt
sequences of the S gene from the Brazilian strains. In our phy-
logenetic analysis, the use of a partial nt sequence (1,448 nt)
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Fig.3 Amino acid deduced sequences alignment (aa 420-903 of
Mebus strain) of the S gene. Comparison between the direct sequenc-
ing of the biological sample (MT346358 BOV19-NS), its third,
fourth, seventh, eighth, and ninth passages (MT346360 BOV19-
NS-3P, MT346361 BOV19-NS-4P, MT346362 BOVI19-NS-7P,
MT346363 BOV19-NS-8P, and MT346364 BOV19-NS-9P) and
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prototype strains of BCoV. The dots (.) indicate identical aa; the red
frame encompassing aa 452-593 indicates the HVR region; the green
frame encompassing aa 763-768 indicates the proteolytic cleavage
site; the smaller black frames encompassing three aa indicate the
potential glycosylation sites; the black arrows indicate the cysteine
residues
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of the S gene led to the same grouping of genotypes. This
was possible because the analyzed fragment corresponded to
the most variable region of the S gene, specifically the 3" half
of the S1 gene. BOV19-NS strain was classified within the
American-type clade; however, it was grouped into a subclade
composed exclusively of Brazilian strains and separated from
the 14 genotypes previously determined by Suzuki et al. [13].
The results of our analysis, in conjunction with the existing
classification, provide additional support for the existence of
a putative G15 genotype among Brazilian BCoV strains [22].

Phylogenetic analysis of the HVR region (438 nt) of the S
gene revealed a distinct phylogeographic pattern compared to
that of the larger fragment. Specifically, the analysis generated
two large clades, separating the prototype strains (Clade I) from
the European and American types (Clade II). In this analysis,
we expanded our sample size to include five additional BCoV
isolates from other regions of Brazil. Again, all Brazilian strains
clustered together, forming a distinct subclade separate from the
Asian and Cuban strains (Fig. 2). Differences in the percentage
of nt identity (95.7 to 99.1%) among Brazilian BCoV strains
indicated that multiple strains of the virus may be circulating
within the country. It is believed that the commerce and the
intense movement of livestock between different regions of a
country favor the diffusion of distinct strains and the emergence
of new genetic variants of BCoV.

Discriminating between enteric and respiratory BCoV
isolates remains a challenge, with conflicting findings
reported in the literature [23]. Some studies have reported
the absence of consistent genetic or antigenic markers to
distinguish BCoVs in different clinical syndromes [24-27],
whereas others have suggested genetic, pathogenic, and anti-
genic differences between the BRCoV and BECoV strains
[28-33]. However, our study revealed a tendency to segre-
gate the strains based on their geographic and temporal ori-
gins rather than their clinical origins (enteric or respiratory),
which is consistent with recent findings reported by Suzuki
et al. [13], Temizkan and Alkan [34], and Frucchi et al. [22].

When analyzing the respiratory sample BOV19-NS and
its respective passages after isolation in HRT-18 cell culture,
no alterations were observed, except for a non-synonymous
mutation detected at residue 810, which was only present
from the seventh passage onwards. Enteric strains were
more prone to changes during adaptation to cell culture
and passages than BCoV respiratory strains. For example,
in a study conducted by Zhang et al. [32] using the com-
plete genome, an enteric isolate showed 104 nt mutations,
whereas the respiratory isolate of the same animal presented
only eight alterations after 15 and 14 passages in cell culture,
respectively. Therefore, certain BCoV strains may require
additional cumulative passages to exhibit substantial genetic
mutations or changes in tropism or virulence.

Based on the in silico analysis, we found that changes may
have occurred in the aa charges covering the HVR and RBD
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regions of the S gene in the analyzed strains. These regions con-
tain important neutralizing epitopes responsible for interactions
with host cell receptors. Substitutions of a hydrophobic aa for
a polar/charged aa or vice versa, in addition to polar aa charge
replacements, can alter the conformation of the protein. This
structural change may alter viral host tropism and viral fitness
and lead to the emergence of escape virus mutants [35, 36].

The observed aa changes were consistent with those pre-
viously reported. For example, specific mutations in anti-
genic regions such as P501S and P546S can induce changes
in antigenicity or virulence among strains [37]. Yoo and
Deregt [36] demonstrated that a single aa substitution from
alanine to valine at aa residue 528 (A528V) in the S1 subunit
of the S gene induced by in vitro selection pressure leads to
resistance against monoclonal antibody neutralization. Our
isolate BCoV strain harboured the same mutation. This is
the first report of this mutation in a wild-type BCoV isolate.

Some authors have suggested that specific changes in
residues 510 (S510T), 531 (N531D), and 578 (T578S) may
serve as markers for respiratory strains [28, 36, 38, 39]. Our
isolate also showed mutations suggested as BRCoV marker
candidates at residues 510 and 531. Hasoksuz et al. [11]
demonstrated that aa changes in S510T and N531D led to
a reduction in hydrophilicity and alteration to a negative
charge, respectively, which could affect the folding of the
protein and its physical and chemical properties. Another
factor that could be characteristic of respiratory isolates is
the substitution of glycine at residue 531 with aspartic acid
or asparagine in enteric isolates [36]. However, contrary
to the speculation of Yoo and Deregt [36], the BOV19-NS
strain had an aspartic acid substitution at residue 531 instead
of glycine. Other studies have also observed aspartic acid
in respiratory isolates, such as glycine in enteric isolates;
however, it is unclear whether this residue constitutes a
respiratory marker [11, 40, 41]. Molecular characterization
of Cuban isolates from fecal samples of cows with clinical
signs of WD also showed that changes in residues 510, 531,
and 578 were not exclusive to BRCoV [39].

Based on these analyses, we believe that there are no
specific markers for BRCoV or BECoV infection. The co-
detection of BCoV in both nasal and fecal samples has been
reported by other authors, suggesting that animals may be
primarily infected via the oronasal route. After viral replica-
tion in the respiratory tract, the virions are swallowed and
migrate to the gastrointestinal tract [11, 39, 42]. An experi-
mental study conducted on gnotobiotic calves deprived of
colostrum showed that diarrheal disease occurs after inocu-
lation with BRCoV isolates [43].

The cleavage site KRRSRR (764-768) was preserved
in the analyzed respiratory sample and its passages in cell
culture, with only one change occurring immediately after
the cleavage site, A769S. Chouljenko et al. [28] proposed
that such replacement would be specific to respiratory
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isolates. However, studies on respiratory and enteric iso-
lates have shown that both these can have the aa serine,
indicating that this alteration is not a reliable marker for
respiratory tropism [11, 39-41].

Consistent with the findings of Yoo et al. [44], of the
29 cysteine residues detected in the studied portion, 15
residues were in the HVR region. In addition, they were
conserved compared to other strains. The high concentra-
tion of this aa in the HVR region may be involved in the
formation of antigenic determinants via disulfide bonds
[36]. These residues confer stability to the structure and
function of proteins by forming disulfide bonds and main-
taining adequate maturation and localization via intermo-
lecular protein—protein interactions [45, 46].

In conclusion, the present study demonstrated that BCoV
strains variants circulating within Brazil. Possibly the Brazil-
ian strains, constitute a new genotype distinct from all other
known BCoVs circulating worldwide. This is the first report
of BCoV isolated in cell culture associated with respiratory
disease in Brazil. Comparison of the nt sequences of the wild-
type and cell-culture-adapted BCoV strain revealed a single
aa substitution from the seventh passage onwards that did
not affect the topology of the phylogenetic tree. Further stud-
ies with other Brazilian BCoV strains should be conducted
to determine whether this mutation is a potential marker of
adaptation and attenuation in HRT-18 cells.
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