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PREFACIO

O trabalho aqui apresentado como Tese de Doutdoacbdivido em trés artigos ja
no formato dos periddicos com opg@pen-Access as quais serao posteriormente submetidos.
O trabalho foi assim escrito para incentivar a pgdd cientifica e valorizar o trabalho
académico e de acordo com as normas do novo regirderPrograma de Pds-Graduagéo e
Epidemiolgia Experimetal Aplicada da FMVZ USP.

Cada artigo contém resumo, palavras-chave, materimeétodos, discusséo, conclusao
e referéncias de acordo com a revista selecioraataetanto, os mesmos ainda néo foram
submetidos aos respectivos periddicos em funcadmed@ssidade de aprimoramento das
analises de dados, sobretudo em termos evoluawada ndo concluidas em funcdo do longo
tempo laboratorial tomado pela execucédo do traballen da intencdo de se submeter os

mesmos a revisao profissional de Inglés.

Em suma, o trabalho apresenta os seguintes topicos:

* Resumo em portugués e ingl@bgract) contendo os objetivos, principais aspectos e
resultados da tese e conclusoes.
e Sumaério

e Artigo 1 — “Canine coronavirus (CCoV), a neglectedthogen: association with
Canine parvovirus (CPV) and molecular diversitgehes S, M, N and 3b.”

* Artigo 2 — “Isolation of a putatively pantropic typl canine coronavirus strain in A72
cells”

e Artigo 3 — “Invitro evolution of CCoV-Il based on partial spike genarkers”



RESUMO

BARROS, I. N.Diversidade molecular e evolugcan vitro de coronavirus canino (CCoV).
[Molecular diversity andn vitro evolution of canine coronavirus (CCoV)]. 2015. 73 ése
(Doutorado em Ciéncias) — Faculdade de Medicin@nfeiria e Zootecnia, Universidade de
Séo Paulo, S&o Paulo, 2015.

O coronavirus canino (CCoV) causa gastroenterite c@es jovens, podendo ser letal,
sobretudo quando h& coinfeccdo com parvovirus caf@PV). Os objetivos do presente
projeto foram investigar a presenca de CCoV e CRVaeostras fecais de cédes jovens;
estudar a diversidade molecular das amostras d& €C@m base em sequenciamento parcial
dos genes M, S, 3b e N, incluindo amostras vagieagstudar a evolucan vitro de CCoV
em células A72 de fibroma canino. Foram detectd@qgk7% (47/117) animais positivos para
CCoV e 13,68% (16/117) para CPV. Estudos filogenétidemonstraram que oito amostras
foram classificadas como CCoV-Il, vinte e cinconcoCCoV-I. Analises para o gene M
destacaram alta identidade de CCoV-l com amos&asotbnavirus da peritonite infecciosa
felina (PIF) e uma possivel amostra pantrépicadanonstrada pela analise do gene S. O
gene do nucleocapsideo de CCoV é altamente coxgeerdre os tipos | e tipo Il, com uma
resolucdo mais baixa em relacdo a arvores par&mssgvl e S. Amostras dos tipos | e I
apresentam um polimorfismo baixo para o gene 3lm $earcadores estaveis para
diferenciacdo dos tipos de CCoV. Uma amostra de\GEICputativamente pantropica foi
isolada em células A72, resultando em efeito cttopao 5° dia da 5a passagem. No estudo
evolutivo, a amostra vacinal CCV 1-71 e nove pamsaglesta em células A72 foram
submetidas a amplificacdo parcial e clonagem mtdecuo gene S seguida de
sequenciamento de DNA. Os resultados mostraramc¢@egando silenciosas, silenciosas e
trés delegcbes de aminoécidos, mas nenhuma mutag@padilhada entre as diversas
passagens. Amostras vacinais de CCoV-ll adaptadascé&ulas podem ser altamente
geneticamente estaveis apds passagens em série m@m mesma linhagem celular,
acumulando substituicbes de nucleotideos principaien sinbnimas no gene S devido a
relacdo célula - hospedeiro estavel. Estes resdtdd epidemiologia molecular e processos
evolutivos de CCoV podem servir para uma melhorpreensao da virologia basica e ser

base de dados para estudos em outros coronavirus.

Palavras-chave: CCoV. Molecular. Sequenciamendtarsento. Evolugao.



ABSTRACT

BARROS, I. N.Molecular diversity and in vitro evolution of canine coronavirus (CCoV)

[ Diversidade molecular e evolugéovitro de coronavirus canino (CCoV). ]. 2015. 73 f. Tese
(Doutorado em Ciéncias) — Faculdade de Medicin@Nfedria e Zootecnia, Universidade de
Séo Paulo, S&o Paulo, 2015.

Canine coronavirus (CCoV) causes gastroenterityimg dogs and can be lethal, especially
when there is co-infection with canine parvovir@Py). The objectives of this project were
to investigate the presence of CCoV and CPV inlIssamples from young dogs, the
molecular diversity of CCoV strains based on phasgmuencing of geneéd, S N and3b, and
thein vitro evolution of CCoV in A72 canine fibroma. Of thecé¢ samples studied, 40.17%
animals (47/117) were positive for CCoV and 13.68%/117) for CPV. Phylogenetic studies
have shown that eight strains were CCoV-Il and twdiwe CCoV-I. Phylogenetic analysis
for theM gene highlighted the high identity of CCoV-I straiwith a feline coronavirus strain
(FCoV) that causes feline infectious peritoniti#_(}- Further analysis based on the spike gene
showed a putative pantropic CCoV strain (CCoV-I§fid). CCoV nucleocapsid gene is
highly conserved among type | and type I, withoweér resolution relative to trees based on
M andS genes. CCoV Types | and Il had a low polymorphisnB8b gene, without any stable
markers to differentiate thee types. Regardinguihgs isolation trial, a putative pantropic
CCoV-II strain was successfully isolated in A72I€dtom, resulting in cytopathic effect on
the 5th day of the 5th passage. In the evolutiosaudy, the vaccine strain CCV 1-71 and
nine passages of this strain in A72 were submittegartial S gene amplification and
molecular cloning followed by DNA sequencing. Misse, silent, and three amino acids
deletions were found amongst diverse clones of paskage, but no mutation was repeatedly
found among passages. Cell culture-adapted CCoValicine strains can be highly
genetically stable upon serial passage in a safhkneg accumulating primarily synonymous
nucleotide substitutions in tHf&gene due to a stable cell-host relationship. brtskall data
gathering herein on molecular epidemiology and @Nahary processes of CCoV can serve

for a better understanding of basic virology ana assis for studies on other coronaviruses.

Keywords: CCoV. Molecular. Sequencing. Isolatiowoktion.
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I. Canine coronavirus (CCoV), a neglected pathogen: ssciation with Canine

parvovirus (CPV) and molecular diversity of genes SM, N and 3b.

Barros, I.N.B}2 Pinto, L.D? Kuroda, R.B.S% Silva, S.0.S; Richtzenhain, L.J*? Canal,
C.W?3; Brandao, P.E*2

!Department of Preventive Veterinary Medicine andndal Health, School of Veterinary
Medicine, USP, Av. Prof. Dr. Orlando Marques devRai87, CEP 05508 270 - Cidade
Universitaria S&o Paulo/SP — BrasiCoronavirus Research Group, USP, Av. Prof. Dr.
Orlando Marques de Paiva, 87, CEP 05508 270 - @itihdversitaria Sdo Paulo/SP — Brazil;
% Laboratory of Virology, School of Veterinary Meitie, University of Rio Grande do Sul,

Brazil; E-mail: cemavet@usp.br

ABSTRACT

Gastroenteritis is common in young dogs and isezhuabiefly by canine coronavirus
(CCoV) and canine parvovirus (CPV). CPV is consdethe most important cause of
diarrhea by veterinarian clinicians. However, stsdhave shown an increasing prevalence
and importance of CCoV around the world, and f&@bV infections have been described,
but there’s a gap on the information regardingrttedecular diversity of CCoV in many parts
of the world. In this study, canine fecal samplesf diverse States of Brazil were submitted
to PCRs screening for CCoV and CPV, and CCoV pasgamples were submitted to partial
sequencing of membrane (M), spike (S), nucleotig (on-structural protein 3b (NS3b)
genes. Of the samples collected, 40.17% (47/11%g wesitive for CCoV and 13.68%
(16/117) for CPV; 57.45% (27/47) of CCoV infectegimals showed enteritis and most of

them were younger than 3 months (36/47) and unmatax animals (35/47). Regarding CVP,
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13.68% (16/117) were positive. On these CPV pasitwmimals, 37.5% (6/16) were co-
infected with CCoV and 87.5% (14/16) had enteristance genealogy and sequence
identity matrix using CCoV sequences from GenBamkM gene showed the strain of the
positive control and eight strains from fecal sagsplere included in the same group of
CCoV-ll strains, and twenty six were included in&Cl group for nt and aa trees. Results of
this study can highlight the high identity of CCd\étrains with feline coronavirus (FCoV)

and showed a putatively pantropic CCoV-IlI strai€@¥-11/dog50).

Keywords: Canine; coronavirus; parvovirus; entgritietection; sequencing;

1. Introduction

Symptomatic enteritis is common and the most ingodretiologic agents are canine
parvovirus (CPV) and canine coronavirus (CCoV) (Bhret al., 1991; Tupler et al., 2012).
Fatal enteritis might also occur as a result oindeetions by these two viruses (Pratelli et al.,
1999; Evermann et al., 1988; Zicola et al., 20HYwever, mortality associated with CCoV
in the absence of CPV infection has been reportgaing dogs (Evermann et al., 2005), and
later in 2007 and a highly virulent CCoV strain (0B) is extremely lethal as a result of
systemic spread Decaro et al (2007).

CCoV  (Nidovirales.  Coronaviridade:  Coronavirinae:  Alphacoronavirus:
Alphacoronavirus 1) is a single-stranded positive-sense RNA virus &ad a genome
consisting of genes encoding the structural pretspike (S), envelope (E), membrane (M)
and nucleocapsid (N); in addition to ORFs trandlat®o non structural proteins, as replicase
polyprotein (ORF1 - open read frame 1), 3a, 3b,78cand 7b (Masters and Perlman, 2013;

ICTV, 2014).
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CPV (Parvoviridae:  Parvovirinae: for CPV type | Bocavirus. Carnivore
bocaparvovirus 1; for CPV type Il Protoparvovirus. Carnivore protoparvovirus 1) has
single-stranded DNA genome of negative polaritypuab5200 nucleotides in length; the
icosahedral viral capsid is 26 nm diameter, comgjsbf three proteins VP1, VP2 and VP3.
The VP1 and VP2 proteins constitute the majorityhef viral capsid (Reed et al., 1988; Park
et al., 2007; ICTV, 2014).

Two different genotypes of CCoV have been recoghiZeCoV type-l, with a high
identity with feline coronavirus (FCoV), and CCoype-Il, divided in two subtypes, CCoV-
lla and CCoV-llb, the former being the pantropipdy(Decaro et al., 2007; Decaro et al.
2009, Decaro 2010; Pratelli et al., 2001; Pratilal., 2002). Later, other authors reported
infection with pantropic CCoV lla and llb in Greekeland, Japan, France and Belgium
(Ntafis et al., 2010; McEligott et al.,, 2011; Sorea al., 2011; Zicola et al, 2012),
demonstrating the widespread of this CCoV infection

However, there are few studies about the frequencyCoV in feces of dogs (Castro
et al, 2010; Castro et al, 2013) and little datatfe molecular diversity of CCoV strains is
available from many parts of the world, includingaBil (Guirao et al., 2013; Pinto et al.,
2014; Costa et al, 2014; Gizzi et al., 2014).

This study aimed to investigate the presence of \C@nd CPV in canine fecal
samples using RT- PCR assays and to the molecwiarsily of CCoV strains based on the
genes of membrane (M), spike (S) and nucleocaf$)dstructural proteins and non-

structural protein 3b (NS3b).

2. Materials and Methods

2.1.Fecal samples and controls
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A total of 117 fecal samples from dogs (Table 1lyewveollected from 2009 to 2014
and stored at - 80°C until the time of testing wathwithout symptomatic enteritis, different
breeds, genders and ages, from five Brazilian S{@ernambuco n=3; 27 from Mato Grosso
n=27; Rio Grande do Sul n=18 and S&o Paulo n=13) 1.

CCVv 1-71 (ATCC VR 809) and CPV-2 Cornell 780916 @C VR-953) strains
(104 TCID50/mL and 1G-°°TCID50/mL, respectively), were kindly provided he
Biovet Laboratories, Brazil, and used as positiwatmls for RT-PCR. As negative control,

ultra-pure water treated with 0.1% diethylpyrocaradie (DEPC water) was used.

Fig.1. Map of Brazil showing the Sates in whichalesamples of dogs were collected during

this study

Legenda

l:| Brasil

m S&o Paulo

- Pernambuco

I:l Mato Grosso

l:] Rio Grande do Sul 0 30 720 1.440 Km

2.2.RNA and DNA Extraction
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Fecal samples were prepared as 20% (v/v) suspensidbEPC water and clarified at
5,000 x g/ 15 min at 4 ° C, taking the supernatena sample. Total RNA and DNA from
fecal samples supernatants and controls was pextbrmith TRIzol Reagent™ (Life
Technologies) as per manufacturer’s instructiond lay the phenol/chloroform methods as

described by (Mesquita et al., 2001).

2.3. Synthesis of complementary DNA (cDNA) of CCoV

For cDNA synthesis, 3.5l of the extracted RNA were denatured at 95°C for 5
minutes, and then added to the reverse transamiptix containing 1 x First Strand Buffer
(Life Technologies), 1 mM of each dNTP, 10 mM DTZ5ng Random Primet% (Life
Technologies) 100U of M-MLV Reverse Transcriptas@e Technologies ™) and DEPC

water g.s.p 10L and incubated at 37°C for 60 minutes.

2.4.Polymerase chain reaction

PCRs were carried out with 12.5 pL of Gofagreen Master Mix™ (Promega), and
2.5 pL of each cDNA for CCoV or DNA for CPV in septe reactions, 1.25 uL of each
respective primer at 10u M (Tables 2 and 3) anduL®f DEPC water to a final volume of
250uL.

Cycles for CCoV were as follows gene, 94°C/10min, followed by 35 cycles of
94°C/30sec, 55°C/1min 72°C/1min, followed by 720@iih for final extension. For both
reaction forS gene (one for CCoV-l and another separated for\GDo 94°C/5min, 35
cycles of 94°C/1min, 50°C/1min and 72°C/2min, foia by 72°C/10min; FoN gene,

94°C/Smin and 35 cycles of 95°C/1min, 53°C/40sed af2°C/30sec, followed by
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72°C/10min. For3b gene 94°C/10min, 35 cycles of 94°C/30sec, 55°CY1enir2°C/1min,
followed by 72°C/10min final extension

For CPV VP2 protein gene detection, the cycle w&¥C@10min, followed by 34
cycles of 94°C/30sec, 55°C/1min and 72°C/1minptadd by 72°C/10min for final extension
of the gene encoding the.

A samples were considered if the correspondentiaand for CCoV M and CPV VP-
2 genes (Table 2 and 3) were detected after efgutresis on 1.5% agarose gel stained with
ethidium bromide at 0.ag/mL and observed under ultra-violet light.

Table 2 - Primers used for amplification and padeguencing of the genes encoding the M,
S, N and 3b proteins of canine coronavirus.

Gene Primers Strand Sequence (5'- 37) Amplicon size References
CCv1l Forward TCCAGATATGTAATGTTCGG .
M —Ccv2  Reverse TCTGTTGAGTAATCACCAGCT 410 bp Pratelli et al. (1999)
EL1F Forward CAAGTTGACCGTCTTATTATTACTGGTAG CCoV Type |
S EL1IR Reverse TCATATACGTACCATTATAGCTGAAGA 346 bp Pratelli et al., (2004)
(39 S5 Forward TGCATTTGTGTCTCAGACTT CCoV type ll b '
S6 Reverse CCAAGGCCATTTTACATAAG 694 bp
N CENP1 Forward CTCGTGGYCGGAAGAATAAT 280 bp Erles e Brownlie
CENP2 GCAACCCAGAMRACTCCATC (2009)
3b NSP3B-S Forward CTTGGTCTCTCTATTGTTGAAG 200 bp This study
NSP3B-A Reverse GCGTTGCGTTTAGAATGG

Table 3 - Primers used for detection of VP2 of narparvovirus.
Primers Strand Sequence (5’ -3) Amplicon size
555F Forward CAGGAAGATATCCAGAAGGA 583 pb

555R  ReverseGGTGCTAGTTGATATGTAATAAACA

Reference
McElligott et al., 2011

2.5. Statistical analysis

CCoV and CPV results data were registered onlauleion sheet and analyzed for

vaccination and enteritis presence using Chi-sqaaadysis in thdBM SPSS (Statistical

Package for Social Sciences, 2012) version 20.

2.6.DNA Sequencing
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Amplicons of theM, S N and3b genes of CCoV were purified from agarose gels with
GFXO PCR DNA and GEL BAND Purification Kit (GE Healthcare) and submitted to bi-
directional DNA sequencing using BigDye B.1(Applied Byosystems) and ABI-3500
Genetic Analyzer (Applied Byosystems) as per manufacturer’s insiounst

The chromatograms obtained for each DNA strand eseops of each sample were
subjected to Phred application online (http://aager.cenargen.embrapa.br/phph/ to evaluate
the quality of the same ones). Only positions vatiores higher than 20 (less than 1 % of
error probability) were used and the chromatogravase also manually checked with the
program Finch TVP (°Geospiza) to search for interpretation errors dscrepancies between
each DNA strand sequenced.

The CAP sequence assembly of each sequence waseobtdth the program BioEdit

version 7.2.5 and submitted to BLASTn (http://wwebnnlm.nih.gov/BLAST).

2.7.Phylogenetic analysis

The final nucleotide and putative amino acids sageeM, S N and 3b genes of
CCoV were aligned with homologous sequencesAlghacoronavirus-1 retrieved from
GenBank (accession numbers of common sequendeas phylogenetic analysi®©Q201447;
GQ477367;, KC175340; JQ404410; JQ404409; EU9247Y34R160; F682842; EU924791,
EU856361; EU856362; HQ462571; GQ152141; NC_002808112226; in addition foM,
SandN, but not for3b trees: D13096; DQ811789; DQ112226; and onlyMorGU300113;
GU300120; GU300129; GU300127; JX442376; IJX4423R442378; JF682842; fols
JF682842; AY170345; KF312719; JX446572; fr JF682842; for3b: JQ408980;

AY426983), using CLUSTAL/W application running ind&dit v. 7.2.5.
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The alignments were used to build Neighbor-Join{iNg)) nucleotide (with the
Maximum Composite Likelihood model) and amino agidgh the Poisson model) trees with
1000 bootstrap replicates using MEGA 6.0 (Tamuia.e2013).

All sequences generated in this study were depmbsiiethe GenBank under the
accession numbers: KP322041 to KP322050 Sogene from CCoV-I; KP322051 to
KP322053 forS gene from CCoV-II; KP322054 to KP322088 for gene; KP322089 to
KP322111 foiN gene;

Though the 3b amplicon had an expected size oft@Q@vhen the respective primers
were exclude during sequence editing, sequences lvaow the minimum size for Genbank

submission, but they are available upon requetste@uthors.

3. Results

Regarding CCoV, 40.17% (47/113%) the samples were positive for M gene (Table 1),
with frequencies of positives being of 37.5% (27/@hd 44.45% (20/45) amongst animals
with and without diarrhea, respectively, while 54 (27/47) of CCoV-positive animals
showed enteritis. Most of the positive animals wgoenger than 3 months (36/47). CCoV
was detected in 54.69% (35/64) of unvaccinated als$im33.34% (2/6) of those with
complete vaccine schedule, 100% (8/8) in those intbmplete vaccine schedule, and in 5.1
% (2/39) in those animals for with no vaccinati@atalwas available.

Concerning CPV, 13.68% (16/117) of the total sampésulted positive by PCR, with
frequencies of positives being of 19.45% (14/72) 4rv% (2/45) amongst animals with and
without enteritis, respectively; 37.5% (6/16) oktlCPV-positive animals were co-infected

with CCoV and 87.5% (14/16) had enteritis.
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Chi-square tests using SPSS20.0 software compentgyitis x CPV (p=0.02) and
vaccine x CPV (p=0.01) was considered statisticsilhyificant. Howeverenteritis x vaccine
(p=0.30), enteritis x CCoV (p = 0.45) and vaccin€QoV (p = 0.25) were withoudtatistical
significance.

Only high-quality DNA sequences (Phred score> 28&ewncluded for the analyses of
M (n=35),S(n=10 for CCoV-I and 3 for CCoV-IIN (n=23) and3b (n=27) genes.

Phylogenetic analysis fdvl gene showed that the strain of the positive coranal
eight strains from fecal samples were includechengame group of CCoV-Il strains, and the
other ones were included in CCoV-I group for bothand aa trees (Fig. 1). The non-
synonymous between CCoV types | and Il in the amaea alignment are located at
positions: 150 (Val- lle/ Phe/ Thr), 154 (Ala~ Val / lle), 200 (Thr—Val), 220 (Met—
lle), 227 (Glu— Asp), 228 (His—Asn) and 250 (Gla~ Lys) regardingvl gene of the strain
1-71 (VR-809 ATCC) GenBank access number JQ404Bi@P 2). Amino acids substitutions
in M of CCoV-I strains from te present study arsoafound in the FIPV USA strain,
GenBank number NC002306, with 82.5% - 83.1% nt @9 aa identities amongst them,
while CCoV-Il strains showed 77.7% - 78.5% nt &®&17% - 83.6% aa identity with the
FIPV strain.

In agreement to what was found for M gene tréegjene phylogenetic analysis
resulted in two major clusterse., one for CCoV type | and another one for CCoVetyp
strains (Fig. 3), with amino acids substitutionswsen types | and 1l (Fig. 4) at positions:
1161 (Ala— Thr), 1166 ( Tyr— Phe), 1168 (Ala—> Ser), 1173 ( Gln— Arg), 1174 (Tyr
—GlIn), 1175 ( The—Ala), 1178 (Lys— Arg), 1185 (Met— Lys), 1186 (Glu— Asp), 1193 (
Lys—Arg), 1197 (Asp—Gln), 1199 ( Tyr—Phe), 1217 ( Asp> Asn), 1219 (Leu—Met),
1220 ( Leu— lle), 1222 ( Leu— Phe), 1230 ( Gle- Ala), 1231 ( Trp— Tyr), 1232 (Glu—

Thr), 1242 (Val— Ala), 1243 (Asn—Leu/Ser), 1245 to 1247 (deletion of the three &ly-
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Asp and Arg), 1249 ( Ty Phe), 1250 ( Ala— Gly), 1251 ( Tyr— Leu), 1253 ( Lew
Val), 1256 (Phe— Val), 1257 (Lys— GIn), 1258 (Ser~ Leu), 1259 ( Ser Thr) and 1260
(deletion) with referenc& gene of the strain 1-71 (VR-809 ATCC) GenBank ascasnber
JQ404409 (Fig. 4). One Brazilian CCoV-I strain (K2319), not from this study, showed the
amino acid Arg at position 1178 instead of Lys. Bogene the identity amongst CCoV-I
strains from this study and FIPV strain (NC_0023@6)e 65.5%for nt and 67.3% for aa. All
the CCoV-I strains from this study had 100% nt aadidentities with each other, 96.5% nt
and 100% amino acid identity with CCoV-I EImo/O2agt (AY170345), 99.3% nt and 98.9%
with a CCoV-I Brazilian strain from another studygnBank Accession number KF312719).
Regarding CCoV-Il, TGEV and FCoV-Il from GenBanle¢sFig.s 3 and 4 for GenBank
accession numbers) the identities ranged from 64b66.5% for nt and 65.3% to 67.3% for
aa forS

On the CCoV-IIS gene tree (Fig. 5), CCoV-Il/dog50 and CCoV-Il/d@gstrains
segregated in the same cluster with the Brazili@o\zlla Cao4 strain (GenBank accession
No. JX446572) also from Rio Grande do Sul Statg.(B). The identity ranged from 97.8%
to 98% for nt and 99% to 99.5% for aa, respectivaimong them and this other Brazilian
strain. Taking into account the other alphacoronesés included in the analysis, there was
92.8% to 94.3% nt and 92.9% to 99% aa identity agapb&CoV-Il and FIPV, and TGEV).
Comparing the CCoV-II strains from this study ahd CCoV-I EImo/02 strain (AY170345),
nt identities were 61.8% - 62.1% and, for aa, 57.5%

In the trees for the N gene (nt and aa, Fig. &ugh a lower resolution was found
when compared to M trees, two CCoV-II strains fritmis study (CCoV-llI/dog50 and CCoV-
[l/dog 56) clustered with one CCoV-Il (GenBank GQ@3887), with 95.8% to 97% nt and
95% to 96.2% aa identities. All CCoV-I strains bfst study segregated in a unique cluster

and showed 93.3% to 100% nt and 95% to 98.7% attiiés among them. Amino acids
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substitutions could also be noticed in the aa atigmt of N gene (Fig. 7)For N gene the
identities among CCoV-I strains from this study &iBV strain (NC_002306) were 80.8% -
83.7% for nt and 81.2% - 83.7% for aa.

Finally, the phylogenetic trees f8b gene (Fig. 8), shows that, except for the strain
CCoV-Il dog50 from this study, which clustered imetCCoV Il cluster, one CCoV- Il
(CCoVill/dog 56) and all CCoV-I strains segregatediicluster containing CCoVs type | and
one FCoV serotype Il (GenBank, accession numbers78845 (EImo/02 strain), AY426984
(23/03 strain), and DF-2 R3i (JQ408980), respebt)v&mino acids substitutions f@b gene
are shown in Fig. 8.

The strain used as positive control in this stutyged 100% identity for nt and aa for
M, Sand3b gene, 99.1% nt and 98.7% aa fgene, in the alignments with the strain 1-71
and was included in the same cluster of this vacatrain. Nucleotide and amino acid
identities among CCoV strains sequenced in thidysand two CCoV vaccines strains, TN-
449 (VR-2068 ATCC; GenBanK access number) and ¥R1§09 ATCC; GenBank access

number JQ404410), for partial regiondfS, N and3b genes are shown in Table 4.
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Table 4 — Nucleotide and amino acid identity am@pV strains sequenced in this study
and two strains, TN-449 (VR-2068 ATCC; GenBanK asceaumber) and 1-71(VR-809

ATCC; GenBank access number JQ404410), for paegbns ofM, S N and3b genes.

Gene
(nt region for gene  Reference strain Strains from this nt % 2a%
in the reference study
sequence)
TN-449 CCoV-I 88.2% - 89.1% 94.5%
CCoV-II 95.7% - 96.3% 98.1% - 99%
M Positive Control 96.3% 96.3%
1-71 CCoV-I 87.6% - 88.2% 92.7%
CCoV-II 95.7% - 96.9% 97.2% - 98.1%
Positive Control 100% 99%
TN-449 64.4% 67.3%
S(CCoV-) 171 CCoV- 65.5% 67.3%
TN-449 CCoV-II 92.9% - 94% 97.2% - 98.6%
Positive Control 92.9% 97.6%
S CCoV-Il 91.4% - 92.5% 96.7% - 98.1%
-7l Positive Control 100% 100%
CCoV-I 84.5% - 87.5% 83.7% - 86.2%
TN-449 CCoV-II 87.5% - 92.9% 87.5% - 92.5%
N Positive Control 93.3% 91.2%
CCoV-I 85.4% - 88.3% 86.2% - 88.7%
1-71 CCoV-II 87.5% - 94.1% 85% - 96.2%
Positive Control 99.1% 98.7%
CCoV-I 77% - 82.1% 73% - 78.8%
TN-449 CCoV-II 78.3% - 87.8% 76.9% - 86.5%
CCoV dog 51 81.5% 78.8%
b Positive Control 91% 88.4%
CCoV-I 79.6% - 82.1% 76.9% - 80.7%
1-71 CCoV-II 81.5% - 91.7% 80.7% - 88.4%
CCoV dog 51 83.4% 82.6%
Positive Control 100% 100%
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Table 1 - Fecal samples from dogs collected in shisly and results for PCRs detection of CCoV aR¥ (QNI) not informed data ; (PE) Pernambuco Sté#F) Mato
Grosso State; (RS) Rio Grande do Sul State; (S@P&aalo State; (m) months; (d) days; (F) Femalg;rtidle; (NB) No breed; (Neg) negativ®ads positive;

Sample Collection State Age Sex Breed Enteritis Vaccine (e 1Y) CpPV
ID Gene M
1 2010 PE NI NI NI Present NI Neg Neg
2 2010 PE NI NI NI Present NI Neg Neg
3 2010 PE NI NI NI Present NI Neg Neg
4 - MT 2m M Pit Bull Present NI Neg Pos
5 - MT 2m F NB Present NI Neg Neg
6 - MT 3m F Pinscher Present NI Neg Neg
7 - MT 3m M Pinscher Present NI Neg Pos
8 - MT 2m F Pinscher Present NI Neg Neg
9 - MT 3m F Pit Bull Present NI Neg Neg
10 - MT 2m M Rottweiler Present NI Neg Neg
11 - MT 3m F Poodle Present NI Neg Neg
12 - MT 3m M Pit Bull Present NI Neg Pos
13 - MT 1m18d F Pit Bull Present NI Neg Pos
14 - MT im M Rottweiler Present NI Neg Pos
15 - MT 2m10d F NB Present NI Neg Pos
17 - MT 3m M NB Present NI Neg Neg
18 - MT 2m F NB Present NI Neg Neg
19 - MT 3m F Pit Bull Present NI Neg Neg
21 - MT 3m M Shi Tzu Present NI Neg Neg
23 - MT 2m F NB Present NI Neg Neg
24 - MT 2m21d F NB Present NI Neg Neg
25 - MT 3m M NB Present NI Neg Neg
26 - MT 2m M NB Present NI Neg Neg
27 - MT 3m F NB Present NI Neg Pos
28 - MT 4m F Dalmatian Present NI Neg Pos
29 - MT 3m F Shar Pei Present NI Neg Pos
30 - MT 2m F Shar Pei Present NI Neg Pos




31 - MT 4m M NB Present NI Neg Neg
32 - MT 3m F NB Present NI Neg Neg
33 - MT 2m M Bull Terrier Present NI Neg Neg
40 2011 SP 12m M Basset Hound Absent NI Neg Neg
41 2011 SP 5m M Lhasa Apso Absent NI Neg Neg
42 2009 RS 4m M Border Collie Absent Absent Pos Neg

43 2009 RS 2m F NB Absent Absent Pos Neg

44 2009 RS 2m F NB Absent Absent Pos Neg

45 2009 RS 2m F NB Absent Absent Pos Neg

46 2009 RS 5m M NB Absent Complete Pos Neg

a7 2009 RS 5m M NB Absent Complete Pos Neg

48 2009 RS 2m F NB Absent Incomplete Pos Neg

49 2010 RS 2m M German Shepherd Absent Incomplete  Pos Pos

50 2010 RS 2m 15d F Shi Tzu Present Incomplete  Pos Pos

51 2009 RS 2m F NB Absent Absent Pos Neg

52 2010 RS im M Golden Present Incomplete Pos Pos

53 2008 RS 4m M Akita Absent Absent Pos Pos

54 2009 RS m M NB Absent Absent Pos Neg

55 2010 RS 6m M Pinscher Present Incomplete  Pos Pos

56 2009 RS 3m F NB Absent Absent Pos Neg

57 2009 RS 3m F NB Absent Absent Pos Neg

58 2010 RS 3m F NB Absent Absent Pos Neg

59 2009 RS 2m F NB Present Absent Pos Pos

60 2012 SP 4m F Jack Russel Present Incomplete  Pos Neg

61 2012 SP 2m M Pinscher Absent Absent Neg Neg
62 2012 SP 2m M Jack Russel Present Incomplete  Pos Neg

63 2012 SP 2m M Jack Russel Absent Absent Neg Neg

64 2012 SP 12m F Bernese Absent Absent Neg Neg

65 2012 SP 3m F French Bulldog Present Absent Pos Neg

66 2012 SP 10m F Australian Sheppherd Present Absen Neg Neg
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67 2012 SP 3m M Jack Russel Present Absent Pos Neg
68 2012 SP 25d M Pinscher Absent Absent Neg Neg
69 2012 SP 25d M Pinscher Absent Absent Neg Neg
70 2012 SP 25d F Pinscher Absent Absent Neg Neg
71 2012 SP 16d F Pinscher Absent Absent Neg Neg
72 2012 SP 3m M Jack Russel Absent Absent Pos Neg
73 2012 SP 2m M Pinscher Present Absent Pos Neg
74 2012 SP 2m F Lhasa Apso Absent Absent Neg Neg
75 2012 SP 3m F Jack Russel Present Absent Pos Neg
76 2012 SP 3m F Jack Russel Present Absent Pos Neg
77 2012 SP 12m F Pinscher Present Complete Neg Neg
78 2012 SP 4m F Italian Greyhouy Present Complete eg N Neg
79 2012 SP 4m F Italian Greyhouy Present Absent Neg Neg
80 2012 SP 9m F French Bulldog Present Absent Pos Neg
81 2012 SP 4m M Pinscher Present Absent Pos Neg
82 2012 SP 12m M Pug Present Absent Neg Neg
83 2012 SP 12m F Jack Russel Absent Complete Neg Neg
84 2012 SP 12m F Jack Russel Absent Complete Neg Neg
88 2012 SP 4m M Golden Present NI Pos Neg
89 2012 SP 2m F Yorkshire Terrier Present NI Pos Neg
90 2012 SP 50d F Yorkshire Terrier Absent Absent g Ne Neg
91 2012 SP 50d F Yorkshire Terrier Absent Absent g Ne Neg
92 2012 SP 45d F French Bulldog Present Absent Pos Neg
93 2012 SP 45d F French Bulldog Present Absent Pos Neg
94 2012 SP 45d M French Bulldog Present Absent Pos Neg
95 2012 SP 45d M French Bulldog Present Absent Pos Neg
96 2012 SP 45d F French Bulldog Absent Absent Neg Neg
97 2012 SP 45d M French Bulldog Present Absent Pos Neg
98 2012 SP 45d M French Bulldog Present Absent Pos Neg
99 2012 SP 40d F Pinscher Present Absent Pos Neg
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100 2012 SP 40d M Pinscher Absent Absent Pos Neg
101 2012 SP 40d M Pinscher Present Absent Pos Neg
102 2012 SP 40d F Pinscher Absent Absent Neg Neg
103 2012 SP 40d F Pinscher Absent Absent Neg Neg
104 2012 SP 40d F Pinscher Absent Absent Pos Neg
105 2012 SP 40d M Pinscher Present Absent Neg Neg
106 2012 SP 50d M Lhasa Apso Absent Absent Neg Neg
107 2012 SP 50d M Lhasa Apso Absent Absent Neg Neg
108 2012 SP 50d M Lhasa Apso Absent Absent Neg Neg
109 2012 SP 50d M Lhasa Apso Absent Absent Neg Neg
110 2012 SP 37d F Golden Absent Absent Neg Neg
111 2012 SP 50d F Lhasa Apso Absent Absent Neg Neg
112 2012 SP 3m M Chihuahua Present Absent Pos Neg
113 2012 SP 8d F French Bulldog Present Absent Pos Neg
114 2012 SP 37d M Golden Present Absent Pos Neg
115 2012 SP 37d M Golden Absent Absent Neg Neg
116 2012 SP 37d M Golden Absent Absent Pos Neg
117 2012 SP 37d F Golden Absent Absent Pos Neg
118 2012 SP 37d M Golden Absent Absent Pos Neg
119 2012 SP 37d M Golden Absent Absent Neg Neg
120 2012 SP 2m F NB Present Absent Neg Neg
121 2012 SP 5m F Jack Russel Present Absent Neg Neg
122 2012 SP 3m F German Shepherd Present Absent Neg Neg
123 2012 SP 4m M NB Present Incomplete Pos Neg
124 2012 SP NI - - Present NI Neg Neg
125 2012 SP NI - - Present NI Neg Neg
126 2012 SP 6m M Yorkshire Terrier Present Absent eg N Neg
128 2012 SP NI - - Present NI Neg Neg
131 2012 SP 5m M NB Present NI Neg Neg
132 2012 SP 2m F Spitz Alemao Present NI Neg Neg
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Fig. 1. Phylogenetic trees for partial sequence# ahd aa foM gene; strains from this study
are in bold and with an arrow. Each node represtetsalues of 1000 bootstrap replicates

and has been demonstrated only bootstrap values &@i%0. The bar represents the number
of substitutions per site.
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Fig. 2. Differences in amino acid alignment of CCeMyene (reference strain 1-71 (VR-809
ATCC), genbank JQ404409).
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Fig. 3. Phylogenetic trees for partial nt and aguseaces ofs gene comparing CCoV-I with
CCoV-ll; strains from this study are in bold andttwan arrow. Each node represents the
values of 1000 bootstrap replicates and has beemmigrated only bootstrap values above
50%. The bar represents the number of substitupensite.
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Fig. 4. Differences in amino acid alignment of CC8\gene (reference strain 1-71 (VR-809
ATCC), genbank JQ404409).
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Fig. 5. Phylogenetic tree for partial nt sequenaieS gene for CCoV-I1l (with optimization
criterion, NJ algorithm and evolutionary model MCB}rains from this study are in bold and
with an arrow. Each node represents the values0080 bootstrap replicates and has been
demonstrated only bootstrap values above 50%. Tae rbpresents the number of
substitutions per site.
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Fig. 6. Phylogenetic trees for partial sequenced# ahd aa foN gene; strains from this study

are in bold and with an arrow. Each node represtets/alues of 1000 bootstrap replicates
and has been demonstrated only bootstrap values &@i80. The bar represents the number
of substitutions per site.
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Fig. 7. Differences in amino acid alignment of CCN\gene (reference strain 1-71 (VR-809
ATCC), genbank JQ404409).
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Fig. 8. Phylogenetic trees for partial sequencestadnd aa foBb gene; strains from this
study are in bold and with an arrow. Each node esgmts the values of 1000 bootstrap
replicates and has been demonstrated only bootsitaps above 50%. The bar represents the

number of substitutions per site.
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Fig. 9. Differences in amino acid alignment of CCatYgene (reference strain 1-71 (VR-809
ATCC), genbank JQ404409).
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4. Discussion

In this study, nucleotide and amino acids diversiys found for all CCoV genes
studied. Phylogenetic analysis fvt gene showed that CCoV-I and CCoV-Il separated in
different cluster. CCoV-l presented similar aa $isons as a FIPV strain, what is in

agreement with results reported by Pratelli e2002). However, for S gene, the same FIPV
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strain was closer to CCoV-Il strains than CCoV+iplpably becaus# is highly conserved
due to its role on virion assembly (Arndt et alD1Q), in opposition to the spike protein, a
target for neutralizing antibodies (Schultze et #891) in which the variation of the amino
acids between CCoV-I and CCoV-II can be up to 46%atelli, 2006).

Difference between types | and Il were clearly shom the trees fo6 gene. The
region used for typing CCoV-I strains from thisdtthad different substitution for types of
CCoVs. However, a wider part of this gene is stdeded to survey for subtyping and more
accurate amino acid markers.

For N gene trees, CCoV-l and CCoV-II a lower resolutizas found when comparing
to M analyses, probably because thgene is a largely conserved region with littleiafaitity
(Lai and Cavanagh 1997; Master, 2006), being aatati with the complex of viral
transcription and replication (Verheije et al., @Q)dmainly considering the small portion on N
studied herein.

In relation to phylogenetic trees f@b gene, stable markers could be found to
differentiate types | and | of CCoV, also becaus$esmall fragment. Since this gene is
conserved for CCoV-I strains and tropism may supplog occurrence of mutations and
deletions (Lorusso et al., 2008; Le Poder et &320

The efficacy of the immunity provided by vaccinesde controversial with different
types or subtypes of CCoV (Pratelli et al. 2004t&lfi, 2007; Decaro et al, 2011) and major
envelope proteins as the spike proteins are detemhi(Masters and Perlman, 2013). Thus,
taking into account the relatively high diversitiyraucleotides and amino acid among CCoV
strains sequenced in this study and two CCoV vacsirains, TN-449 (VR-2068 ATCC) and
1-71(VR-809 ATCC), one could speculate that a loassed-protection is in curse among

then Brazilian canine population with regard o CGpféction and disease.
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Conventionally, the most important canine entedthpgen for veterinarian clinicians
is CPV. However, the frequency of CCoV in this stwdas higher than CPV. Most CCoV
positive samples from this study were CCoV-I andexfeom a commercial kennel from Séo
Paulo State. Enteritis in this Kennel also was elated with stress factors, animal
agglomeration, dietary changes and different pathsg

PCR positivity for CCoV indicates the presence bé tetiologic agent, but not
necessarily the disease. However, studies haverstimat co-infection with other pathogens,
as canine parvovirus, can exacerbate the symptachbea fatal in some cases (Pratelli et al.,
1999; Yesilbag et al., 2007). Besides, some CCoAirst can cause severe gastroenteritis and
systemic disease, being fatal for puppies (Buonigveg al., 2006; Decaro et al., 2007; Zicola
et al., 2012). In the present study, as 12.76%7}664 CCoV positive animals were also
positive for CPV. It is worth noting that most bk (4/6) had clinical signs.

Hence, this work showed that CCoV infection is agreut among canine in Brazil,
and more studies about the molecular diversitynaaessary to predict the risk of infection,
and perhaps an effective vaccine is needed. Nealegh, Castro et al. (2010) found 52.2%
(36/69) seronegative vaccinated dogs, indicatirag tnmunizations to CCoV may not be
effective, so preventive measures should be beti@uated due to viral spread and failure of
CCoV vaccine.

Thus, isolation of Brazilian strains, cloning, segqaing analysis and comparison of
mutations in wider portions of the genome, esphbcid@lgene, are important to understand
selection and recombination between minor variamsong different types of

Alphacoronavirus-1 and are the issue of future publications byathigors.

5. Conclusion
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The nucleocapsid gene of CCoV is highly conserradray types | and type I, with a
lower tree resolution regarding trees based onrthix and spike genes. Strains of types |
and Il show a low polymorphism for the 3b gene amu stable markers for type

differentiation is found in the 3b area under as@lyn this study.
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ABSTRACT

Canine enteric coronavirus (CCoV) is an envelop®&AR/irus causing gastroenteritis in
dogs, with highly lethal strains reported. Two ggpes (CCoV type-l and CCoV type-Il,
with subtypes CCoV-lla and CCoV-llb) have been descd, being CCoV-lla considered a
pantropic variant. Most studies focus on the mdbecdiversity of CCoV but only a few have
described the isolation of this virus in cell coéy which is of most importance for
phenotypical characterization and evolution studidss study describes the isolation of a
putatively pantropic canine coronavirus strain tyijp@ A72 canine cells from a fecal sample
from a dog, resulting in cytopathic effect on tifeday of the 8 passage. Further cloning and
sequence analysis are ongoing in order to understamin vitro evolution and molecular

epidemiology of canine coronavirus.
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1. Introduction

Canine coronavirus (CCoV) is a member of the orddidovirales, family
Coronaviridae, genus Alphacoronavirus, species Alphacoronavirus-1, together with
transmissible gastroenteritis virus (TGEV) andrfelicoronavirus (FCoV) (Carstens, 2010).
The genome oflphacoronavirus-1 is approximately 29kb (Dye and Siddell, 2008). @Ge
an enveloped virus with positive-stranded RNA usuaésponsible for gastrointestinal
infection in dogs (Masters and Perlman, 2013), ibusome cases this virus can cause
systemic disease and outbreaks with high mortatityoung dogs (Evermann, et al. 2005;
Buonavoglia et al. 2006).

CCoV has a genome consisting of genes encodinge s(@k nucleocapsid N),
membrane 1) and envelopeH) structural proteins and ORFs translated into sioactural
proteins, as replicase polyprotein (ORFL1 - oped femme 1), 3a, 3b, 3c, 7a and 7b (Masters
and Perlman, 2013). The protein is the most polymorphic in coronaviruseeqéh et al.
2003) and the main target of neutralizing antibsdt&chultze et.al. 1991).

Currently, two different genotypes of CCoV have rbaecognized, CCoV-l and
CCoV-Il. The former shares high similarity with FZx and the latter has been considered a
pantropic CCoV variant (Pratelli et al. 2004; Plgt@006) for presenting tropism for the
lungs, kidneys, liver, spleen and lymph nodes (Bwoglia et al. 2006). CCoV-Il is further
divided in two subtypes, CCoV-lla, associated Vi@tal diarrhea, and CCoV-Il b, as a result

of recombination event between CCoV-Il and TGEVdcare et al. 2009, 2010).
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Canine coronaviruses are spread worldwide. Theificdation of canine coronavirus
was in 1971 during an outbreak of gastroentenitigilitary dogs (Binn et al. 1974). CCoV
has been reported in Australia, Italy, Turkish, B,SUnited Kingdom, Greece, Ireland,
Japan, France and Belgium (Naylor et al. 2001;efrat al. 2004; Yesilbag et al. 2004;
Evermann, et al. 2005; Erles and Brownlie, 2009fiNtet al. 2010; McEligott et al. 2011,
Soma et al. 2011; Zicola et.al 2012), includingycaffew isolation reports (Buonavoglia et al.
2006; Ntafis et al. 2011).

In Brazil, studies of detection and molecular chtazation of CCoV have been
published (Guirao et al. 2013; Castro et al. 20iBto et al. 2014; Costa et al. 2014; Gizzi et
al. 2014). However, no isolation for this virus Heeen reported so far for strains from this
country.

This manuscript reports the isolation of a putdyiveantropic canine coronavirus
strain (CCoV-lla) from a fecal sample from a dognfr Brazil, including the description of

the molecular typing and the isolation protocol.

2. Materials and methods

2.1.Fecal samples and CCoV molecular typing

A total of thirteen fecal samples of puppies withsigoenteritis were used for virus
isolation. Total RNA extraction was performed witRIzol Reagent™ (Life Technologies)
following the manufacturer's instructions. PCR Mrgene was carried out using primers
described by Pratelli et al. (1999) and M-MLV ReseefTranscriptase™ (Life Technologies)

plus GoTag (Promega) Green Master Mix as per matwis’ instructions.
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The amplicons(410 bp) were purified from agaross geth GFXJ PCR DNA and
GEL BAND Purification Kit™ (GE Healthcare), followleby sequencing reactions performed
with BigDye 3.1™ (Applied Biosystems) according ttee manufacturer's instructions, and
subjected to bi-directional DNA sequencing in anlAB00™ Genetic Analyzer (Applied
Biosystems). Evaluation of the quality of chromasogs obtained for each DNA strand
sequences was performed using Phred application  ineonl
(http://asparagin.cenargen.embrapa.br/phph/). @ogitions with scores higher than 20 (less
than 1 % of error probability) were used and thegtatograms were also manually checked
using the program Finch T(Geospiza) to search for interpretation errors disdrepancies
between each DNA strand sequenced. The final sequaineach strain was obtained using
Cap-Contig in the program Bioedit version 7.2.5 asdbmitted to BLASTn in
http://www.ncbi.nlm.nih.gov/BLAST.

The sequences were then aligned with homologousesegs ofAlphacoronavirus
retrieved from GenBank (GU300112; GU300113; GU3ER1GU300115; GU300116;
GU300120; GU300121; GU300123; GU300125; GU300126)3@127; GU300128;
GU300129; GU300130; GU300132; GU300133; GU300134j9Ei790; EU924791,
DQ112226; AY342160; D13096; EU856361; EU856362; AZBI 1, DQ201447; JF682842;
NC_002306; GQ152141) using CLUSTAL/W applicatiogtaithm running in Bioedit 7.2.5
and the alignment was used to build a Neighbamnidgi nucleotide distance tree with the
Maximum Composite Likelihood model and 1000 boefstreplicates using MEGA 6

(Tamura et al. 2013).

2.2.Virus isolation
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Canine Fibroma (A72, ATCC CRL 1542) cell line wased for CCoV isolation. A72
cells and the CCV 1-71 CCoV strain (ATCC VR 809%diss positive control in this study
were kindly provided by Biovet Laboratories, BraZlells were propagated in Eagle’s MEM
supplemented with 10% fetal bovine serum (FBS) 26mdM HEPES (4-(2-hydroxyethyl)-1-
piperazineethanesulfonic acid). Each fecal samms twomogenized (10%v/v) in Eagle’s
MEM with gentamicin (50mg/mL) and kept at 4°C f& Aours.

Next, the suspensions were centrifuged at 5,000¢3aninutes at 4. Supernatants
were filtered through 0.4&m filters (Millipore™) and 1 ml of the filtrate wasoculated on
partially (~70 per cent) confluent A72 cell cultarand incubated at 37°C / 1 hour.

In parallel, 1 ml of serum-free MEM (negative aatt or 1mL of CCV 1-71 strain
(positive control,10*% TCIDsy/mL) diluted 1:10 in MEM medium without serum were
inoculated in parallel flasks as negative and pasitontrols, respectively.

After one hour for virus attachment, the inoculecél suspensions and both negative
and positive controls) were discarded from the nheyeys and 7ml of Eagle’s MEM
supplemented with 2% FBS was added to each flasks Qvere daily observed with a
microscope for cytopathic effect (CPE) for 5 daydter this observation period, the
monolayers were frozen at -80 ° The inoculation process was repeated for a totdlOof
serial passages. Same A72 cells passages wer¢ousedulate controls and fecal samples in
order to avoid interference of cell senescence. dresence of CCoV in each passage was

assessed using the PCR for the M gene as desatiose.

3. Results

Eight strains clustered with CCoV type | straing arere named CCoVI/dog followed

by 48, 60, 62, 65, 67, 80 and 81 (GenBank accessionbers KP322058, KP322063,
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KP322064, KP322065, KP322066, KP3220067, KP32207d WP322072, respectively).
Five strains clustered with CCoV type Il, suppogegantropic strains, and were named
CCoVll/dog followed by 44, 45, 46, 47 and 50 (GenBaccession numbers KP322054,
KP322055, KP322056, KP322057 and KP322059, resbg}i

Only cells inoculated with CCoVIl/dog50 strain atite positive control showed
cytopathic effect, beginning on the fifth day posteulation of the fifth passage, consisting
of syncytia (Fig. 1). No other strain showed aBECAll ten passages of CCoVIl/dog50 and
of the positive control were subjected to screefimgCCoV using RT-PCR target ¥ gene,
resulting all positive, while the ten passagesheftiegative control caused no changes in the

monolayers.

4. Discussion

A CCoV strain (CCoVIl/dog50) typed as type Il wascsessfully isolated in A72
cells, since cytopathic effects were detected ensthday post-inoculation of thé"5passage
and all the 10 passages resulted positive for Ca@iet PCR for the M gene. The lack of
isolation of the other four CCoV-Il strains may tee to insufficient amount of virus for
infection and the presence of non-viable viriong With genetic material enough to be
detected by PCR, since RT-PCR has been shown toobe sensitive than isolation in cell
culture for coronavirus detection (Mahony and Ridsan, 2005).

The possible presence of other viruses in the femalples that might be competitors
for replication factors might also inhibit the riggaition of CCoV (Condit, 2013).

The success on isolating CCoV-Il and not CCoV-I barexplained by differences on
the binding affinity of these viruses to cell retmp. It is known that spikerotein is the

major target for neutralizing antibodies (Schultze al. 1991)and the most common
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component of the receptor f&gene in the surface of permissive cells membraeglic
acids, which might act also as a receptor on stibtepell cultures (Schultze and Herrler,
1992).

In a review, Cavanagh (2005) suggests that theifmnof coronaviruses might occur
by as synergic effect of two different receptorbeTirst receptor (a sialic acid) brings the
virus and cell membranes closer, and the secorept@c(e.g. aminopeptidase N, APN) is
responsible for the membrane fusion (Schwegmanm@est al. 2002). However, some
receptors might carry out both functions for sommenaviruses (Cavanagh, 2005).

There are a number of differences amongst APN&@ptor of coronavirus even in
the same viral species, Afphacororavirus-1, as a consequence of virus-host co-evolution.
For example, the spike protein of FCoV-Il (Felingeictious peritonitis virus type Il (FIPV-I11)
and feline enteric coronavirus type Il (FECV-IDashbeen derived from a recombination
event between FCoV-I and CCoV-IlI (Herrewegh et18198), while CCoV-I is genetically
more similar to FCoV-I than to CCoV-Il (Pratelli at. 2003), leading to differences in the
ability to bind to different APNs.

Hohdatsu et al. (1998) have shown that a monoclam@body to feline APN blocked
the infection of primary feline cells by FCoV-II,GoV and TGEV, showing that this is a
receptor for FCoV type Il but not for type I. Thesiggests that FCoV-Il may be easier to
isolatein vitro than FCoV-I, as well as CCoV-Il when compared @o®-1, what can be used
to explain the reason CCoV vaccines strains arg/adl 11 and the lack of success in isolating

CCoV-l.

5. Conclusion
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As a conclusion, a putatively pantropic canineopawirus strain type Il was isolated
in canine cells causing a syncytial CPE, furthgmpsuting that CCoV type Il is more readily
isolated when compared to type |. Further clonind sequence analysis are ongoing in order

to understand the in vitro evolution and moleceljgidemiology of canine coronavirus.
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Fig. 1.A72 cells, ¥ day of the 8" viral passage A. Negative controlB. CCoV positive
control (CCV 1-71 strain (ATCC VR 809)f. CCoVIl/dog50 strain3® day of the 1¢
viral passage. DNegative controlE. CCoV positive control (CCV 1-71 strain (ATCC VR
809); F. CCoVIl/dog50 strain; cytopathic effects charaaed by syncytia, rounding and cell

death detected in B, C, E and F.
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ABSTRACT

Coronaviruses (CoVs) have a large positive-stramtsagmented RNA and due to the
genetic complexity and high RNA recombination eger@@oVs have high diversity. Those
mutations may help viral evolution in new host, ng@notypes emerging, tropism or
increasing virulence of viruses, for example. Asniga coronavirus (CCoV), feline
coronavirus (FCoV) and transmissible gastroensenirus (TGEV), which are the same
speciesAlphacoronavirus-1, emerged as a result of recombination events antbam.
Changes correlated with highly pathogenic strameswsually found irS protein, the main
target of neutralizing antibodies and the most paisphic protein in coronaviruses. This
report aimed to deep study a strain 1-71 adaptédihcells and its passages by cloning and
sequencing based on parttibene for analyzing mutations events in vitro. Resshowed
nonsynonymous mutations, silent and three aa daléti the subunit S2 d& gene, but in a
low number and without a passage-association patfnus, cell-adapted strains may be
highly genetically stable after serial passagesaigame cell line, accumulating mainly

synonymous nucleotide substitutions in the spikeegdue to a stable cell-host relationship.
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However, only a portion of the gene was analyzerk.hEurther studies as cloning and
sequencing different genes, isolation and evolusitudies of a natural strain are needed to
understand the recombination events affecting @onses. Considering that any
documentation of CCoV evolutionary processes mayestor better understanding of basic

virology and data base for other coronaviruses.

Keywords: Canine coronavirus; adaptation; recontimnaselection; variants; A72 cells

1. Introduction

Coronaviruses are enveloped, pleomorphic viruggsoaximately 220nm in diameter,
with positive-sense single-stranded nonsegmented BNa genome with 27-32kb in length
(Masters And Perlman, 2013). The large RNA virus hagh diversity mainly due to the
genetic complexity and high RNA mutation events kMa et.al., 1986; Decaro and
Buonavoglia, 2008).

Canine coronavirus (CCoV), feline coronavirus (FGo\and transmissible
gastroenteritis virus (TGEV) are currently claggifin the same speciéfphacoronavirus-1,
(Nidovirales: Coronaviridae: Coronavirinae) (Carstens, 2010) and evolutionary studies on
Alphacoronavirus-1 have demonstrated that CCoV, FVoV and TGEV emesged result of
recombination events among each other (Pratel.ef004; Pratelli et al., 2006; Decaro et
al. 2009).

CCoV has a genome consisting of genes encodinge s(@k nucleocapsid N),
membrane 1) and envelopeH) structural proteins and ORFs translated into sioactural
proteins, as replicase polyprotein (ORFL1 - oped femme 1), 3a, 3b, 3c, 7a and 7b (Masters

And Perlman, 2013). Th® protein is the main target of neutralizing antilesdand the most
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polymorphic protein in coronaviruses (Bosch et 2003). Recombination events $gene
have been shown in a high lethal emerged CCoVpémtropic strains (Decaro et al., 2007).
New virulent viruses usually emerge due a inconepsetaption to the host that can take long
duration to stabilize (Truyen et al., 1995).

CCoV is of special interest as a model for virudenolar evolution as it occurs as two
types (I and 1l) and as low and high virulence diges (Pratelli et al, 2004; Buonavoglia et al.
2006). Type Il is the basis for vaccine straingeuntly in use worldwide and produced in A72
cells; despite a high occurrence of CCoV-I is régubr(Guirao et al, 2013). Furthermore, no
data on the molecular diversity of the vaccineistran successive passage cell cultures and
the mechanism of molecular evolution of CoV inwiis available.

The aim of this investigation was to assess thaatldiversity of a CCoV-Il vaccine
strain after serial passages in A-72 cells basethermolecular diversity of the spike gene

and to gather insights on coronaviruses molecwaluéon

2. Material and Methods

2.1.CCoV strain and cell line

CCoV 1-71 type 1l vaccine strain (ATCC VR 809) armhine fiboroma A72 (ATCC
CRL 1542) cell line were used for this study andrevé&indly provided by Biovet
Laboratories, Brazil.

Cells were propagated in Eagle’s MEM supplementéd w0% fetal bovine serum

(FBS) and 25mM HEPES (4-(2-hydroxyethyl)-1-piperegthanesulfonic acid).

2.2.Serial passages of CCoV
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For the first passage, 1mL of CCV 1-71 strain {39TCIDsy/mL) diluted 1:10 (v/v)
in MEM was inoculated in 25 chilasks containing partially (~70%) confluent A7&lls and
incubated at 37°C / 1 hour for virus attachmentxtN#ne virus suspension was discarded and
7ml of Eagle’s MEM supplemented with 2% FBS waseatith the flask.

Cells were daily observed with a microscope foopgthic effect (CPE) for five days.
After this observation period, the monolayers wéwezen at -80°C. Then, 1mL of the
respective lower passage was used for the nexiwoly the same protocol described above
up to the 8 passage.

For each passage, another 25%amith A72 was mock-infected (negative

control) with MEM without virus under the same carmhs described for virus inoculation.

2.3.RNA Extraction and RT-PCR

For the original CCoV 1-71 and each passage (CGuVn&gative control), total RNA
extraction was extracted with TRIzol Reagent™ (Lifeechnologies) following the
manufacturer's instructions. cDNA was reserve trabed using 3.5L of the extracted RNA
denatured at 95°C for 5 minutes, and then add#uktoeverse transcription mix containing 1
x First Strand Buffé (Life Technologies), 1 mM of each dNTP, 10 mM DTS0ng of
Random Primerd' (Life Technologies ™) 100U of M-MLV Reverse Trariptasé™ (Life
Technologies™), DEPC-treated water toullQperforming and incubating at 37°C for 60
minutes.

Primers used fog gene PCR were S5 (Forward — 5 TGCATTTGTGTCTCAGACT

3’) and S6 (Reverse — 5° CCAAGGCCATTTTACATAAG 3’jthvamplification of 694 bp
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(Pratelli et al., 2004) (nucleotides 3492 to 4185 gene in the reference strain 1-71 (VR-809
ATCC), genbank JQ404409)).

PCR was carried out with 6 ml of cDNA in a reactionx containing 1 x High
Fidelity PCR buffer™ (Life Technologies), 0.2 uM of each dNTP, 2mM of§$0, 0.2 pM
of each primer, 1U of Platinum Taq Polymerase Hiittelity ™ (Life Technologies) and
water DEDEPC-water to 5. PCR cycling conditions were 94 °C for 5 minthE) cycles
of 94°C for 30 sec, 58.5°C for 30sec, 68°C for % niollowed by 30 cycles of 94°C for 30

sec, 55.5°C for 30sec, 68°C for 5 min, followedabfynal extension step at 68°C for 10 min.

2.4. DNA Cloning and Sequencing

The 694bp S gene amplicons were purified using BfS ™ (Affymetrix) and the
total DNA visually quantified with Low Mass DNA Laér ™ (Life Technologies) according
to the manufacturer's instructions.

The purified amplicons was inserted into the plasmiector pTzZ57R / ™
(InsTAclone), according to the insert: vector pnajpm of 3:1 according to the following
formula: Insert Quantity (ng) = vector (ng) x insgize (bp) x 3 / array size (bp).

The ligation reaction was performed at 15°C forhbéirs and was followed by the
addition of QuL of ligation reaction to 100 pL of competent Ddlk. coli cells grown in LB
(Luria-Bertani) liquid medium and incubated on foe 20 to 30 min. After a thermal shock
(42°C / 2 min and ice / 2min), 900 of LB medium without antibiotics was added to the
reaction and incubated at 37°C / 150rpm / 1h30min.

The cells were then plated on solid LB medium comg 100 pg/ml ampicillin,
IPTG  (5-bromo-4-chloro-3-indoly-D-galactosidase) and X-Gal (isopropyltiie-

Dgalactoside) and incubated up to 16 hours at 37°C.
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Individual white colonies, predicted to have insewere selected and subjected to a
reaction PCR to confirm the insertion of an ampiicosing 12.5 uL of GoTaq Green Master
Mix™ (Promega), 0.5 uL of each primer target to thlesmid (M13F — forward 5-
GTTTTCCCAGTCACGAC-3’; and M13R - reverse 5- CAGGABAGCTATGAC - 3))
and 11.5 puL of DEPC water to a final volume ofiR5ollowed by cycles of 94°C / 5 min and
30 cycles of 94°C / 30 sec, 45°C / 30 sec and 72tCGnin and a final extension of 72°C /
5min.

A number of 10 clones of each passage and of igaal virus confirmed as carrying
the inserted amplicon were subjected to DNA seqgugnavith BigDye 3.11 (Applied
Byosystems) and ABI-3500 Genetic AnalyZe(Applied Byosystems) as per manufacturer’s
instructions using primers M13F and M13R. Evaluataf the quality of chromatograms
obtained for each DNA strand sequences was pertbraseng Phred application online
(http://asparagin.cenargen.embrapa.br/phph/) anduatachecked using the program Finch
TV © (°Geospiza) to search for interpretation errors aisdreépancies between each DNA
strand sequenced. The final sequence of each elaseobtained using Cap-Contig, with
phred score >20, in the program Bioedit version.57.and submitted to BLASTnN in

http://www.ncbi.nlm.nih.gov/BLAST for homology chidng.

2.5.Sequences Analysis

Sequences of clones of each passage and the bkigirg(e.g. intra-passage analysis)

were aligned using Clustal/W in Bioedit version.3.2nd compared in terms of nucleotide

and amino acids identities.
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Identical sequences that predominated in the passage comparison were herein
named as the Master Sequence for that passage, twbde in lower frequencies were named
Mutants.

Next, the Mutants and Master Sequences for algges and the original virus were
aligned together includinglphacoronavirus homologous sequences retrieved from GenBank
(JQ404409; JF682842; GQ477367; KC175340; JQ404E1924790; AY342160; D13096;
EU924791; EU856361; EU856362; DQ201447; HQ462571Q1&2141; NC_002306;
DQ811789; DQ112226) using CLUSTAL/W running in Bilite7.2.5.

All sequences generated in this study were depmbsiiethe GenBank under the

accession numbers: KP281485 to KP281596.

3. Results

A total of 112 viable DNA sequences were obtaireddssages 1 to 9 and the original
CCoV 1-71 strain and only 12 nucleotide mutatioreyevfound amongst these sequences,
ranging from O to 3 per passage (Table 1) butpassage-exclusive way.

From these mutations the total of point mutatioightewere transitions, three were
transversions and one deletion. Of these mutat®sirRswvere missense leading to amino acid
mutations, especially in the central region; fiver&vsynonymous codon mutations and there
was a deletion of 9 nt / 3aa at passage threepsitipgn 3935-3943 of the alignment with
clones sequences and the reference strain 1-71808RATCC, genbank JQ404409) The
deletion were in a Mutant variant of the third @ags and was not found in any of the other

clones.
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Table 1. Nucleotide and putative amino acids maiatiof the spike gene of CCoV stain 1-71 passagéd? cells. P- passage number
(O refers to the original virus); NC - number obroks sequenced per each passage; MU - number afiomstper passage regarding the Master
Sequence. Numbers in cells of each mutation reptése number of occurrences of that specific naatPositions ab gene in the reference

strain 1-71 (VR-809 ATCC), genbank JQ404409).

P SC MU A3519G T3813C G3528T (C3699T A4165C TTGATATTA T4155C T3803G  A3817G G3868A G3875A  A3527G
Arg/Arg Thr/ Thr Glu/Asp  Thr/Thr Thr/Thr 3935103943 Asn/Asn  Phe/Cys Arg/Gly Cys/Tyr Glu/Lys Glu/Gly

Deletion
(lle+Asp+lle)
0 9 2 1 1 0 0 0 0 0 0 0 0 0 0
1 10 3 0 0 1 1 1 0 0 0 0 0 0 0
2 11 0 0 0 0 0 0 0 0 0 0 0 0 0
3 11 2 0 0 0 0 0 1 1 0 0 0 0 0
4 10 1 0 0 0 0 0 0 0 1 0 0 0 0
5 13 1 0 0 0 0 0 0 0 0 1 0 0 0
6 13 2 0 0 0 0 0 0 0 0 0 1 1 0
7 12 0 0 0 0 0 0 0 0 0 0 0 0 0
8 11 0 0 0 0 0 0 0 0 0 0 0 0 0
9 12 1 0 0 0 0 0 0 0 0 0 0 0 1
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Fig. 1. Mutations in amino acid of clones from tetsdy and CCoV-IE protein at position 1172 to 1388 in referencsttain 1-71 (VR-809
ATCC Genbank JQ404409).
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JR4E04409_1-71_CCOVIIa_ VR-S80SAT
JEFE682842_NA/S09_CCOVII_GREECE
GQ4A7T73I6€7_NIU336/F/2008_CCOVII_
KC175340_K378_CCOVIIa_USA
JQ404410_TN—-449_CCOVIIa VRZIOE8
EUS24790_430/07_CCOVIIB ITALY
RAY342160_BGF10_CCOVIIa_ UK
D13096_INSAVC-1_CCOVIIa UK
EUSZz24791_119/08_CCOVIIb_ ITALY
UB856361_341-05_COOVII_ITALY
EUB856362_174/06_COOVII_ITALY
DR201447_TS_TGEV_CHINA
HQ462571_WH—-1_TGEV_CHINA
GR152141_NTIU1S6/P/2007_FCOV_TA
NC_002306_FIPV_USA
DEB11789_TGEV_virulent Purdue_
DR112226_CB/0OS_CCOVIIa_ITALY
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KP281493_VACCINE_ passagel/clon
KP281509_VACCINE passage3/clon
KP281513 VACCINE passage3/clon
KP281525_WACCINE passaged4/clon
KP2281537_ VACCINE passageS/clon
KPZ81544_VACCINE passage&/clon
KP281546_VACCINE passage&/clon
KP281583_ VACCINE_ passageS/clon
KP2815839_VACCINE_clonellSs
KP281591_VACCINE_ clonelZl
KPZ81596_master_ dominant
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4. Discussion

The 1-71 strain of CCoV adapted in A72 cells showadtations transitions,
transversions and deletions but in a low number \aitidout a passage-association pattern,
what might indicate that this strain in this studpy have reached a quite stable virus-cell
relationship with no further mutations being fixeden after serial passages, as it had been
previously adapted to grow in A72 cells.

Selection pressure can be indicated by frequencsileft and non-silent mutations.
Usually surface proteins present mostly non-silaotations as a result of immunological
pressure, while internal proteins mostly show sitdgranges (Truyen et al., 1995).

Taking this into account, the amplified region betS gene (S2) in this study is
responsible for membrane fusion and syncytia folonaand has a higher mutation pressure
than region S1, responsible for binding to cellulaceptors (Lai And Cavanagh 1997).
Nevertheless, mutations were found also in S2 re(@allagher and Buchmeier, 2001) and
evolutionary studies of other coronavirus showeat thutations in the S2 subunit can allow
virus entry into a variety of types of cells inrgpsin-independent way (Belouzard, Chu and
Whittaker 2009; Borucki et al, 2013). Amino acidstitutions occurred mainly at the center
of the sequence, and the deletion, which may stigbes this area has a lower selective
pressure.

Other factors that could justify not repeat mutamre these could already be
preselected and were extinct, or gained in streagith after weighed, or may have been
biased sampling of clone#stability of spike protein is a disadvantage itrosr because
stabilized variant are selected (Gallagher and Bwgsér, 2001).

Since the dominant strain is stable and adaptach@w host cell, adaptation is a rapid

process (Fang et al., 2005) and thus the mastelesegs may have been as a result of this
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stability. Conversely, in the case of field straina e need to take into account that there’s
interference during co-infection with CCoV |, Fadicoronavirus (FCoV) and Transmissible
Gastroenteritis Coronavirus (TGEV) as inter-typescombination is a well known
phenomenon for these viruses (Decaro et al. 2088ai 2010; Vennema, 1999).

Far beyond the clinical level, evolution and gemstudies of coronavirus modeled the
CCoV allow the understanding of basic virology ahd evolution of these viruses more
broadly, generating data that can serve as a l@asistudies in other coronavirus species
including those that affect humans, as cold-causimignavirus OC43 and 229E and the

coronavirus associated with the syndrome severte 84ARS) respiratory.

5. Conclusion

Cell-adapted CCoV-IlI vaccine strains may be higbgnetically stable after serial

passages in a same cell line, accumulating maymgrsymous nucleotide substitutions in the

spike gene due to a stable cell-host relationship.
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IV. Genera Conclusions

Phylogenetic analysis based Mfgene of CCoV is a useful tool for typing, however
not for sub typing CCoV strain® gene of CCoV is highly conserved with a lower tree
resolution regarding trees based onNhandS genes. Regarding tf3b gene, CCoVs types |
and 1l show a low polymorphism and no stable markier type differentiation in th&b
segment under analysis in this study.

A putatively pantropic Brazilian CCoV type Il stnawas isolated in canine cells
causing a syncytial CPE, with no CCoV-I isolati@uggesting that CCoV type Il is more
readily isolated when compared to type I.

Cell culture-adapted CCoV-Il vaccine strains mayhlighly genetically stable upon
serial passage in a same cell line, accumulatingngesly synonymous nucleotide

substitutions in the spike gene due to a stablehostk relationship.

In short, all data gathered herein on moleculardapiology and evolutionary
processes of CCoV can serve for a better undelis@guud basic virology and as a basis for
studies on other coronaviruses. Further cloningsatience analysis of more genes of CCoV
are ongoing in order to understand inevitro evolution and molecular epidemiology of

canine coronavirus.





