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RESUMO

O parvovirus canino (CPV-2) e o coronavirus carfid@oV-Il) sdo considerados os
principais patdgenos responsaveis pela gastroenteiral aguda em cadihotes,
causando, em alguns casasalta morbidade e mortalidade, sobretudo em furdg
capacidade de potencializar infecgbes por outr@ntag. Esses virus estdo distribuidos
mundialmente na populacdo canina, sendo resposs@eei diversos surtos em muitos
paises, sobretudo onde ocorre grande concentracaoimais, como em abrigos e canis. O
CPV-2 e 0 CCoV-Il foram identificados a partir d&cdda de 1970 e desde entdo, tém sido
detectados em animais clinicamente saudaveis, assmb em cdes que apresentam
vOmitos e diarreia severd presente tese tem como objetivo a identificacésses
agentes na populacdo canina do Brasil, sendo tuidstide dois capitulos distintos:
Capitulo 1- Caracterizacdo de cepas de parvovanoma circulantes no Brasil entre
2008 e 2010 e o Capitulo 2 - Caracterizacao donewicus canino pantropico no Brasil.
No Capitulo 1, foram analisadas amostras de fezd<dl cades pela reacdo em cadeia da
polimerase (PCR) para CPV-2, 29,2% (42/144) dasstla® foram positivos. Das 42
amostras positivas, 71,4% (30) dos cées tinhanissiteagastroenterite hemorragica. O
sequenciamento de 583 pb do gene VP2 das amosisds/gs, identificaram 78,6%
(33/42) como CPV-2c, 19% (8/42) como CPV-2b e 2(4942) como tipo de 2a. A
andlise filogenética dos CPV-2 encontrados nas masobrasileiras mostrou que elas
sdo muito semelhantes as de outros paises e o CRMBuU-se predominante no
Brasil. No Capitulo 2, foram analisadas amostragrdgéos de cinco caes jovens pela
transcricéo reversa (RT-PCR) para os genes M e SQte/-Il, sendo que trés caes
foram positivos para CCoV-Il e CPV-2, um foi pogitiapenas para CCoV-Il e um para
o CPV-2 e o outro foi negativo para todos os agepesquisados. O sequenciamento
dos produtos de amplificacdo identificou que elesneCPV-2c e CCoV-lla. A andlise
filogenética dos CCoV-lla circulantes na populag@mina da regido Sul do Brasil
mostrou que sdo semelhantes aos encontrados ems quaises. No entanto, 0s
espécimes brasileiros tendem a agrupar-se em uro alado, sugerindo um ancestral
comum. Os sinais clinicos e lesdes causados petavasiante de CPV-2 e do subtipo
pantropico CCoV-Il foram muito semelhantes entresendo de grande importancia a
inclusdo do diagndstico diferencial entre esses dgente virais. Esta foi a primeira
caracterizagao do subtipo CCoV-lla em cées no Bragletecgado e caracterizacdo do
CPV-2 e do CCoV-ll, que estdo circulando atualmerg&®o essenciais para 0
entendimento da evolugéo viral e para o desenveliomde medidas de controle e
prevencao.

Palavras-chaves: parvovirus canino, CPV-2c, deteccaracterizacdo, filogenia,
coronavirus pantropico, CCoV-lla.



ABSTRACT

Canine parvovirus (CPV-2) and canine coronavirusC@V-I1l) are considered the
major pathogens causing acute viral gastroentefitipuppies, in some cases with high
morbidity and mortality, especially in terms of ldlgito potentiate infections by other
agents. These viruses are distributed worldwidendpaiesponsible for outbreaks in
many countries, especially where there is high eatration of animals, such as
shelters and kennel§he CPV-2 and CCoV-Il were identified from the late Q%hd
since then have been detected in clinically heatthynals, as well as in dogs with
vomiting and severe diarrhea. This work aims thentdication of these agents in the
canine population of Brazil, comprised by two distichapters: Chapter 1- Typing of
canine parvovirus strains circulating in Brazil eten 2008 and 2010, and Chapter 2-
Characterization of pantropic canine coronavirusBrazil. In chapter 1, stool samples
of 144 dogs were analyzed by polymerase chain ima¢PCR) for CPV-2, 29,2%
(42/144) of them were positive. Of the 42 posisamples, 7,4% (30) of the dogs had
signs of hemorrhagic gastroenteritis. The sequenoinb83 bp VP2 gene of the positive
samples identified 78,6% (33/42) as CPV-2c, 19%2Bas CPV-2b and 2,4% (1/42) as
type 2a. Phylogenetic analysis of CPV-2 found & ¢hnine population of Brazil, has
shown that they are very similar to those of otbeuntries and CPV-2c has become
prevalent in Brazil. In Chapter 2 organ samplesfigE puppies were analyzed by
reverse transcription (RT-PCR) for CCoV-Il M andy&nes, of wich three dogs were
positive to CCoV-Il and CPV-2, one was positiveydol CCoV-Il and one for CPV-2
and the other was negative for all the agents demdc The sequencing of the
amplification products identified that they were \GRc and CCoV-lla. Phylogenetic
analysis of circulating CCoV-lla in canine poputati in southern Brazil showed that
they are similar to those found in other countrielawever, the Brazilian specimens
tend to group together in a single clade, sugggsarcommon ancestor. Clinical signs
and injuries caused by the new CPV-2 variant angawitropic subtype of CCoV-Il are
very similar to each other, being of great impodarfor the diagnosis including the
differential diagnosis of these two viral agenthis was the first characterization of
subtype CCoV-lla in dogs in Brazil. The detectionl @haracterization of CPV-2 and
CCoV-Il, that are currently circulating, are essemtto understanding the viral
evolution and to the development of more effectiverol and prevention measures

Keywords: canine parvovirus, CPV-2c, detection, rahterization, phylogeny,
pantropic coronavirus, CCoV-lla.
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1 INTRODUCAO

Doengas gastroentéricas compdem grande parte distizes da clinica médica
de pequenos animais, 0S quais apresentam sinaisoslitipicos como vOmitos e
diarreias (BURROWS; BATT; SHERDING, 199As enterites virais sdo consideradas
uma das causas mais comuns de diarreia infecamnszies com menos de 6 meses de
idade. Dentre os principais agentes causadoresadeids estdo o parvovirus canino
(CPV-2), o coronavirus canino (CCoV), o rotavirumnioo (CRV) e o virus da
cinomose canina (CDV) (HOSKINS, 1997; TAMS, 200Besde o final dos anos
setenta, o CPV-2 ganhou destaque como um dos gmiacagentes etiolégicos de
gastrenterites infecciosas em céaes jovens (APPHL e1979; MORAES e COSTA,
2012). Assim, a parvovirose canina, por sua eleviadqiéncia aliada a grande
resisténcia no meio ambiente, tem se destacadtrede demais, por apresentar altas
taxas de morbidade e mortalidade (OTTO et al., ROO1CPV-2 foi primeiramente
isolado em 1978 e, desde entdo, deu origem a nipassantigénicos que se difundiram
na populacédo de cédes (APPEL et al., 1979; MORAE®STA, 2012). Com o tempo,
o virus original foi sendo substituido pelas vaganantigénicas CPV-2a e CPV-2b
(DECARO et al., 2008a). Um virus CPV-2 mutante coma alteracdo em um sitio
antigenicamente importante foi reconhecido nadtélin 2000 (BUONAVOGLIA et.
al., 2001). A nova variante, denominada 2c, tamifi@nidentificada no Vietna e na
Espanha por Nakamura et al. (2004) e Decaro ef2@D6b), respectivamente. Na
Ameérica do Sul, o primeiro relato desta nova cemanb Uruguai por Pérez et al.
(2007). Recentemente, Streck et al. (2009) ideatiim o tipo 2c em amostras de fezes
caninas oriundas da regidao metropolitana de Polegré, Rio Grande do Sul, Brasil.
Na Europa e Estados Unidos, varios estudos obsenvgue cdes imunizados com
vacinas contendo os genotipos CPV-2 e CPV-2b apieasen sintomas da infeccao,
sendo que a maioria desses animais foram pospas o tipo CPV-2c (DECARO et
al. 2006a; PEREZ et al. 2007; HONG et al. 2007\ aBiet al. (2008) concluiram que
as vacinas atuais devam conter todas as variaot€P¥-2 ou as cepas presentes no
ambiente dos cées, ja que as vacinas com um soOdBpgepa ndo protegeram

satisfatoriamente contra as outras.
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J& o CCoV causa enterites em cées jovens, fadititaninfeccdo por outros virus,
quando presente em co-infec¢do, agravando a sasleridas diarréias. Ele pode ser
detectado, também, em cdes clinicamente saudaBRANDAO, LOVATO e
SLHESSARENKO, 2012). Os tipos CCoV-l e CCoV-Il estEmplamente distribuidos
pelo continente europeu (DECARO et al., 2010, 2@ Yarios surtos desses agentes
foram relatados em todo o mundo, principalmenteaarthientes como canis e abrigos
para animais (RIMMELZWAAN et al., 199TENNANT et al., 1993; BANDAIet al.,
1999; SCHULZ et al., 2008). A infeccdo simultanedap duas variantes pode ocorrer
(PRATELLI et al., 2004; DECARO et al., 2005), senggualmente restrita ao trato
gastrointestinal e associada com anorexia, diagrg@mito (TENNANT et al., 1991). O
CCoV-Il é dividido em dois subtipos, CCoV-lla e CGdb, sendo que esses virus
possuem recombinacdo genética com o FCoV-ll e oolfGEV, respectivamente
(DECARO et al., 2010). Buonavoglia et al. (200&)ataram um surto fatal do CCoV-
Il em filhotes, onde foi identificado um subtipo @&lla (pantrépico), altamente
patogénico. Este subtipo é responsavel pela dagstgmica em infec¢cdes naturais e
experimentais (BUONAVOGLIA et al.,, 2006; DECARO at., 2008b), causando
severas lesbes em 6rgdos como pulmdes, rins, bigad® (BUONAVOGLIA et al.
2006). A identificacdo dos tipos de CPV-2 e CCoivhportante para 0 monitoramento
destes agentes na populacdo canina, contribuindo @@studo de suas filogenias e
posterior epidemiologia. Como as vacinas atualmeséelas para a prevencédo de CPV-
2 e CCoV nédo possuem as novas variantes, a poputagéa brasileira esta suscetivel
a graves surtos, como os ocorridos em varios paisegrometendo a sanidade desses
animais. O presente estudo tem como objetivos ecci@d, caracterizacdo e andlise

filogenética do CPV-2 e CCoV, em caes no Brasil.
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2 REVISAO BIBLIOGRAFICA

2.1 Parvovirus canino

2.1.1 Caracterizacao e Classificacdo

O CPV-2 é um patégeno de grande importancia emicinadveterinaria e
propriedades Unicas do virus tornam-no um agengegamte e reemergente de caes em
todo o mundo (BUONAVOGLIA et. al., 2001; DECARO at., 2007a).

O CPV-2 pertence a familiRarvoviridae e caracteriza-se por ser um virus
pequeno (20 a 25 nm), esférico, com capsideo idasagFIGURA 1), possuindo uma
molécula de DNA linear de fita simples como genoma.

Figura 1: Crio-eletromicroscopia com indica¢@es estruturas na superficie

do CPV-2:depressdes, chamadas de dimples (1); projecOespicukas (2).
Fonte: http://www.marvistavet.com/html/body_oseltanhtml
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Os parvovirus possuem somente quatro genes,bdistois em duas regides
codificantes ¢pen reading frames ©RFs) sobrepostas no genoma de 5 quilobases (kb)
(FIGURA 2). Este apresenta de 6 a 10 sequénciasdp@mnicas que possibilitam a
formacdo de estruturas em forma de grampo naseedgé&minais, sendo essenciais
para a replicacdo do genoma viral e para sua edegps. A sua dependéncia por
células na fase S do ciclo celular faz com queeafepreferencialmente, 6rgaos que
apresentam ceélulas em multiplicacdo, como, por pkemos da medula 6ssea,
embrionarias e das criptas intestinais (MORAES &TA) 2012). Sdo extremamente
estaveis no ambiente, podendo manter sua infeatleidurante meses em determinadas
condi¢gbes, sendo relativamente resistentes aofel@sites, pois sdo virus nao
envelopados (MARULAPPA e KAPIL, 2009).

Figura 2: Representagéo esqueméatica do genoma\de@ (Fonte: Moraes e Costa (2012).

NS1 e NS2

| NS1 | )
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O parvovirus circulante na década de 1970 foi aémado de virus minuto dos
caes (CnMV) (GREENWOOD et al.,1995), pertencentg&weroBocavirus O CnMV
era um virus apatogénico, porém estudos recentemrdtraram que pode causar
reabsorcao fetal e abortamento em cadelas (POLLRGIOYNE, 1993; PARRISH,
1994). Em 1978, surgiu o CPV-2 do gén&arvovirus que sofreu, posteriormente,
alteracdes genéticas que originaram as variantégéaicas CPV-2a e CPV-2b. As
diferencas entre essas duas variantes sdo minangise confere uma boa protecéo
cruzada (MORAES e COSTA, 2012). No Brasil, foratateelos casos de infeccdo pelo
CPV-2 a partir de 1980 (HAGIWARA, 1980; DURIGONat, 1987; MOOJEN et al.,
1992).

De acordo com as pesquisas efetuadas ao longamiss observou-se que o
CPV-2 apresenta caracteristicas antigénicas e igas&emelhantes as do virus da
panleucopenia felina (FPLV) e as do virus da ewetelos visons (MEV) (LENGHAUS
e STUDDERT, 1980; McMASTER el al., 1981; TRUYEN 6ARRISH 1992;
GREENWOOD et al., 1995). A origem do CPV-2 tem cdmmdtese mais provavel o
FPLV, o qual difere pela substituicdo de dois amamos na proteina VP2 do capsidio,
que permitiu a utilizacdo do receptor da trangfer{iTfR) presente em células de cées,
estabelecendo o CPV-2 como um novo patégeno degmrie (PARRISH, 1999;
TRUYEN, 1999; MORAES e COSTA, 2012). A proteina YREm de ser o sitio de
ligacdo ao receptor, confere ao virus a proprieti@deaglutinante e contém os epitopos
responsaveis pela inducdo de anticorpos neutrédzafl OPEZ de TURIZO et al.,
1991) Com o tempo, o CPV-2 foi sendo substituido, na [agdo canina, pelas
variantes antigénicas CPV-2a e CPV-2b (PRATELILdlet2001a).

Segundo Truyen (2006), o CPV-2 é diferenciadoaldsos parvovirus pelo uso
de anticorpos monoclonais especificos, sendo qaersplicacdo pode ocorrer em
células felinasn vitro, mas néan vivo (TRUYEN e PARRISH, 1992). Em contraste, as
novas variantes antigénicas replicam-se em gats énfeccdes experimentais, podem
induzir doenca clinica (TRUYEN et al., 1996). Uneackira variante do CPV-2, cuja
primeira denominacédo foi mutante Glu-426 e subsagieente renomeada para CPV-
2c, foi detectada na Itdlia em 2000 (BUONAVOGLIA at, 2001). O CPV-2c
diferencia-se das outras por apresentar na podizéada proteina VP2 do capsideo,

uma substituicdo dos aminoacidos Asn e Asp pelqIB@NG et al., 2007).



16

2.1.2 Epidemiologia e Patogenia

Desde sua descoberta, no final dos anos 70, a\p@ars®e canina gerou altas
taxas de morbidade e mortalidade, sendo sua gdevidi&cialmente atribuida a falta de
imunidade natural da populacdo canina contra osvifuvacinacdo e a resisténcia
natural contra a doenga deveriam conferir maiotegém aos cées, entretanto, a alta
incidéncia da infecgdo se mantém em animais coufeidmtre 6 semanas e 6 meses
(MORAIS e COSTA, 2012). Os filhotes sdo mais prgmsnao desenvolvimento da
gastrenterite hemorragica pelo CPV, porém céesuddgger idade, género ou raca
podem ser acometidos (PARRISH, 1999; McCANDLISH)2OMORAES e COSTA,
2012). Algumas racas de cdes de médio e grande, pmmmno Doberman, Labrador,
Pastor Aleméo, Pit Bull e Rottweiler podem ser nwiscetiveis e vir a desenvolver
uma doenca mais grave quando infectados (NELSONDETD, 2006; MORAIS e
COSTA, 2012). Nas popula¢des suscetiveis, alguinsagadultos soroconvertem sem
manifestar sinais, indicando que é comum a infedgdaaoda ou inaparente, enquanto
que a enterite pode se disseminar rapidamente amitmgais mais jovens (HOSKINS,
2004). A estabilidade do CPV-2 no ambiente do cania excrecdo de grandes
guantidades de virus por animais doentes podemr dipotes suscetiveis a doses
infecciosas macicas do agente. A susceptibilidadenologica coincide com o
desmame nos filhotes, que ocorre na faixa etaria6da 8 semanas de idade
(MARULAPPA e KAPIL, 2009). Antes das 6 semanas dade, normalmente, 0s
filhotes encontram-se protegidos contra a infea@aveés dos anticorpos maternos. O
virus é extremamente resistente, sobrevivendoars fem temperatura ambiente, por
mais de um ano e em solo contaminado por cinco SNEEORDON e ANGRICK,
1986). Estudos de infeccdo experimental em filhdeesdes mostraram que a infeccéo
natural ocorre pela via oral, com replicacdo ihida virus nos tecidos linféides da
orofaringe dois dias apds infeccéo (Pl). A seguina intensa viremia é observada em
até cinco dias PI, disseminando o virus para outeoglos: medula Ossea, tecido
linféide e intestino delgado (MACARTNEY et al.,, 8 McCANDLISH, 2001).
Como facilitadores da transmissao viral, ha tambérarticipacdo do homem, roedores
e insetos (HOSKINS, 1997). A infeccéo, portant@mroe por exposi¢do oro - nasal as
fezes, fomites ou ambientes contaminados (MORAE®STA, 2012).

A identificacdo e caracterizacdo do CPV-2 no Brasimportante para que

ocorra 0 monitoramento de sua disseminacao enmtdistregidoes do pais, a ocorréncia
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de surtos da doenca e a identificacdo das varianteggnicas, contribuindo, com esses
dados, para a sua epidemiologia. As vacinas atméémesadas para a prevencao da
parvovirose canina sao compostas pelas cepas GRM=PV-2b. Este fator coloca em
davida se estas vacinas estdo conseguindo proparaimna protecao eficiente para o
CPV-2c.

Estudos na Itdlia demonstraram, pelas técnicasibbeedo da Hemaglutinagéo
(HI) e Soro Neutralizacdo (SN), a imunogenicidadeferida por duas vacinas com
virus vivo atenuado das cepas CPV-2 e CPV-2b. Fatdimados 36 filhotes de cées,
divididos em dois grupos distintos, cada grupolieaeum tipo de vacina, ocorrendo a
titulacdo dos anticorpos 30 dias ap0s a vacinagg@munogenicidade da cepa 2b foi um
pouco maior do que a da CPV-2 original (PRATELL&kt 2001).

Na Europa e Estados Unidos, varios estudos obsenvgue caes imunizados
com vacinas contendo as variantes CPV-2 e CPV-Zesaptaram sintomas da
infeccdo, sendo que a maioria desses animais f@@sitivos para o tipo CPV-2c
(DECARO et al. 2006; HONG et al. 2007; PEREZ eRaD7).

Cavalli et al. (2008) concluiram que as vacinasiatadevem conter todas as
variantes do CPV-2 presentes no ambiente dos A8egacinas com uma so variante
antigénica ndo protege satisfatoriamente contoatias.

Hass et al. (2008) detectaram, através da Hlpsitde anticorpos 80 contra o
CPV em 90,3% dos cées domiciliados, em 91,5% destigham acesso a rua e em
100% nos que viviam na rua. Pratelli et al. (200Bp observaram diferencas
significativas entre os niveis de anticorpos e @migdes de moradia de cdes, isto
ocorreu, provavelmente, pelas caracteristicas spadégicas do CPV-2, como sua
excrecdo em grandes quantidades pelas fezes efustiyrsua grande resisténcia no
meio ambiente. Contudo, a pratica de vacinacdoa&antCPV-2 parece ser altamente
justificada e necessaria somente em animais jovpaols esses nao apresentam
anticorpos em niveis protetores, sendo suscetigdisfeccdes virais.

Pereira et al. (2000) identificaram, em amostraedes caninas, as variantes de
CPV-2 presentes em varias regides do Brasil. Assaamforam coletadas de caes com
sintomatologia para parvovirose nos anos de 1986-£91990-1995 e testadas através
da PCR. A variante predominante na década de 8DH®-2a e na década de 90 CPV-
2b.

A prevaléncia de anticorpos observada para CP\6Rin Grande do Sul, foi

de 68% e no do Rio de Janeiro, encontraram 97%odgipdade, sendo a variante
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CPV-2b a mais observada em ambos os estudos (C@86dl1A2005; DEZENGRINI et
al. 2007).

As vacinas contendo o CPV-2 estdo sendo subsstpiciavacinas que possuem
a variante CPV-2b, com virus vivo atenuado. O maimblema da imunizacdo de
filhotes é o alto titulo de anticorpos maternos igterferem na resposta vacinal. Porém,
estes anticorpos decaem entre 2 a 5 semanas dgfazdado que esses caes figuem
suscetiveis a infeccao. A aplicacao intranasalad@na com virus vivo atenuado CPV-
2b teve 0 mesmo efeito quando comparada a via fgaabnA vacina induziu a soro
conversdo em 100% dos cédes que estavam com filellasticorpos maternos menores
que 80 no momento da vacinacdo e em 51,6% dosco@editulos entre 160 e 320
(MARTELLA et al. 2005).

A terceira variante CPV-2c, foi descoberta nadtéln 2000 (BUONAVOGLIA
et al., 2001), apresentando grande disseminacé® @mopulacdo canina daquele pais
(DECARO et. al., 2006b) e em outros paises eurgpeosio também na Asia
(NAKAMURA et. al., 2004) e nas Ameéricas (HONG dt, a007; KAPIL et. al., 2007,
PEREZ et. al., 2007; STRECK et al., 2009).

Embora os primeiros relatos mostrassem uma baixgeaicidade do CPV-2c,
dados experimentais e observacdes a campo indicataamente, um curso clinico
mais grave e maiores taxas de mortalidade, bem eocapacidade de infectar e causar
doenca em cées adultos, mesmo adequadamente wec(DEICARO et. al., 2008).

As vacinas comerciais atualmente no mercado sastittddas por CPV-2 ou
CPV-2b, néo existindo nenhuma vacina com o tipVMBRULAPPA e KAPIL, 2009).
Contudo, as pesquisas divergem sobre a protecdasiescinas frente ao desafio com o
CPV-2c (BUONAVOGLIA et al.,, 2001; NAKAMURA et. al.2004; HONG et. al.,
2007; KAPIL et. al., 2007; PEREZ et. al., 2007).
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2.1.3 Manifestacdes Clinicas e Lesdes

A evolucéo clinica apos a exposicdo ao CPV-2 dipeem grande parte, do
grau de imunidade materna, viruléncia da cepa,vitase infectante do virus e da
defesa imunolégica do hospedeiro (HOMEM et al.,919BAMS, 2005; NELSON e
COUTO, 2006). Duas sindromes clinicas sdo desaitasdes acometidos por CPV-2:
a miocardite e a gastrenterite hemorragica (GEHnidcardite pode ocorrer em cées
recém-nascidos que tiveram infeccdo intrauterineemusuas primeiras semanas de
vida. Esses animais apresentam morte subita consastinespecificos, desenvolvendo
sinais de insuficiéncia cardiaca. A miocardite omor com maior freqiiéncia, quando
foram relatados os primeiros surtos de parvovimseinal dos anos 1970. Com o
aumento da prevaléncia de anticorpos contra o CPWidgs dias atuais, essa
manifestagcéo € considerada muito rara.

A principal manifestacdo da parvovirose cangna gastrenterite (MORAES e
COSTA, 2012)A diarreia apresenta-se de diferentes formas, saddebservadas fezes
de cor amarelada, hemorragicas ou com estriasngeisaA consisténcia pode variar de
pastosa a levemente fluida, caracterizando-se pmsantar um odor desagradavel
(APPEL et al., 1979; McCANDLISH, 2001). A perda dpitélio intestinal permite a
penetracdo de bactérias e outros agentes na c#iousanguinea, o que contribui para o
agravamento dos sinais clinicos. A excrecdo dosuiias fezes inicia no terceiro ou
quarto dia apoés a infeccdo, sendo excretado endegaguantidades por até 20 dias e
seu término esta, provavelmente, relacionado codesenvolvimento de imunidade
(MORAES e COSTA, 2012). O vomito &, normalmente, achado predominante e
pode ser grave o suficiente para causar esof#gapresentacao tipica da GEH ocorre,
geralmente, em cédes jovens nao vacinados, 0S @umesentam uma acentuada
desidratacdo com a progressao dos sinais clin®aRIMICHAEL, 2005; DECARO et
al., 2005; KOCATURK, et al., 2010)

Animais infectados demonstram, no hemograma, lergap neutropenia e
linfopenia, podendo ocorrer leucocitose na faseedaperacdo. A anemia € justificada
pela perda de sangue intestinal e o hematocritcadte é resultante da desidratacdo
(DECARO et al., 2005; MORAES e COSTA, 2012; KOCATKIRet al., 2010). Os

niveis de uréia e creatinina aumentados sao co@se@uda oliguria e azotemia preé-
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renal (GONZALEZ e SILVA, 2006). A hipoalbuminemiaa@ormalidades eletroliticas
como hiponatremia, hipocalemia e hipocloremia s@&tas em 25-33% dos cées. A
enzima alanina aminotransferase (ALT) encontraleseada em aproximadamente 25%
dos cées e anormalidades acidobéasicas podem & @m caes severamente afetados,
geralmente sugestivas de acidose metabdlica (STREDKBe GUILFORD, 1991).
Alteracbes na temperatura retal, como hiperternpagem ser observadas em
decorréncia da proépria infeccéo viral ou bacterigoaém, devido a evolugéo rapida da
doenca alguns caes apresentam hipotermia, sepgicentoagulacdo intravascular
disseminada (CID), sinais terminais em pacientesckague endotéxico (HOSKINS,
2004; KOCATURK, et al., 2010). Os sinais clinicas choque inicialmente sdo: pulso
normal ou fraco, palidez das mucosas, tempo dengh@eento capilar aumentado,
hipotensao, nivel de consciéncia reduzido e tenyo@raorporal baixa. Os animais nao
tratados adequadamente nesse estagio evoluem mardval terminal, apresentando
bradicardia, mucosas palidas e cianéticas, hipategsave, anuria, estupor ou coma,
Nessa situacdo, a parada cardiaca e respirat@ianséentes, levando os animais a
Obito (MORAES e COSTA, 2012).

As lesdes macroscoépicas no intestino causadas QW2 sdo variaveis e
inespecificas, apresentando-se mais acentuadas ani@ plistal do duodeno,
posteriormente atingindo o jejuno, evidenciand@aseplacas de Peyer (POLLOCK e
CARMICHAEL, 1990; OLIVEIRA et al., 2009). As lesOemriam de leves a graves,
com as alcas intestinais apresentando a camadsasdraaspecto hemorragico, coberta
ou nédo por fibrina. A congestdo da subserosa eem&da mucosa espessam a parede
intestinal (OLIVEIRA et al., 2009). O limen intewl pode apresentar-se vazio ou com
conteudo fluido hemorragico ou de coloragcdo amar®k linfonodos mesentéricos
encontram-se aumentados e edemaciados com heraomagifocal em petéquias no
cortex (HAGIWARA, 1980; APPEL e PARRISH 1987; OLNHA et al., 2009).
Oliveira et al. (2009) relataram que, durante aopsia de filhotes de caes, além das
lesbes citadas anteriormente, também foram encwdraatrofia do timo e
esplenomegaliaNa medula éssea, pode-se observar necrose e deplagsacélulas
germinativas e células maduras das séries miekidatrdide, seguida de hipoplasia
regenerativa durante a fase de recuperagcdo (POLL@CBARMICHAEL, 1990;
OLIVEIRA et al., 2009).
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McCandlish (2001) cita que a recuperacao da dopoga ser rapida, mas pode
levar de 7 a 10 dias ou mais nos animais gravenseatados, 0 que exige tratamento

intensivo.

2.1.4 Diagnostico

Tratando-se de uma doenca de carater infectogiosta o diagnéstico rapido e
precoce da parvovirose canina torna-se essencmlepéar a disseminacao da doenca
(VIEIRA et al., 2008). O diagndstico presuntivo, mmina clinica, geralmente é feito
pelo histérico, sinais clinicos e hemograma (MORAEEOSTA, 2012). Nelson e
Couto (2006) ainda relatam que o diagnéstico é demodo geral, estabelecido por
tentativa, sendo a neutropenia uma alteracdo dodrama sugestiva de parvovirose,
mas nao sensivel ou especifica o suficiente paraafediagnostico, pois esta pode
ocorrer devido a outra infeccao grave. O diagnddiiefinitivo de parvovirose exige a
identificacdo do virus por testes especificos (ME@8A COSTA, 2012).

A deteccdo do virus nas fezes de pacientes suspsiie ser realizada por
intermédio de Microscopia Eletrbnica, Hemaglutimag#reta (HA), isolamento viral
(IV) em cultivo celular ou ELISA. Estes métodos sBomais sensiveis e especificos
para o diagnostico, porém dependem do periodoiméatdo do antigeno fecal, que é
breve. Os testes sorolégicos indiretos, como HIoseutralizagcdo (SN), ELISA
indireto e Imunofluorescéncia indireta (IFl) tambémodem ser utilizados para
diagnéstico de infeccdo passada, ou mesmo paraompanhamento da condicdo
imunolégica do animal apds vacinacdo. Concentragégesas elevadas de IgM podem
ser observadas ainda na primeira semana de infeatéal ou mesmo apds vacinagao
recente com virus atenuado. J4 na segunda sensacaneentracoes séricas de IgG
apresentam aumento, sendo a classe de imunoglabpledominante em ambos os
casos (HOSKINS, 2004).

O isolamento viral a partir de fezes ou de teciglode ser realizado em células
de origem canina, como as MDCK e A-72, e/ou emlaglda linhagem CRFK de
origem felina (MORAES e COSTA, 2012). Strottmannaét (2008) citam que o
isolamento em cultivo celular é considerado o tgmtdrdo, mas a PCR tem sido
amplamente utilizada, principalmente pela alta @fipelade e sensibilidade deste

teste. A deteccdo do material genético viral, fER, em amostras de fezes é sem
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davida o método atual de escolha, uma vez queibonara excluir muitos falsos
positivos e falsos negativos (DE MARI et al., 200B%tudos anteriores demonstram
que a PCR é mais especifica e sensivel para acéetedle CPV-2 em fezes de cées,
quando comparada com HA, ELISA e isolamento viveDCHIZUKI; HARASAWA e
NAKATAN, 1993). Uma técnica muito utilizada é a glaunoperoxidase (IPX), que
pode ser aplicada em monocamadas celulares, egfeega diretamente em tecidos,
sendo denominada de imunocitoquimica (ICQ) (FIGURAou imuno-histoquimica
(IHQ), respectivamente. Esses meétodos detectam rateiqas virais apdés a
multiplicac@o do virus em cultivos celulares ou tegidos, confirmando a presenca do
agente que, em alguns casos, apresenta poucataitgea ou a ndo produgéo do efeito
citopatico (MORAES e COSTA, 2012).

O diagnésticopost-mortemdos cdes acometidos pela parvovirose canina é
realizado com base nos achados macroscoOpicos aldssrna necropsia e lesdes
histologicas caracteristicas (HOSKINS, 1997). Na&rogsia observa-se a mucosa
intestinal congesta, hemorragica e frequentemectberta por uma pseudomembrana,
a medula 6ssea pode apresentar-se liquefeita eétima. A histopatologia intestinal
revela necrose epitelial, colapso das vilosidadasneento do infiltrado inflamatério na
lamina prépria (MORAES e COSTA, 2012).

Em estudo recente, Oliveira et al. (2009) obsemagae o aumento das placas
de Peyer do intestino delgado e a hiperemia da saueoserosa intestinal foram os
achados macroscopicos mais detectados em noveséds ecdes necropsiados com
lesGes macroscopicas sugestivas de parvovirosenacamilicroscopicamente, foi
visualizada enterite necrotica em 77% dos cées, emas17,7% as alteracbes
histolégicas do intestino delgado ficaram prejudasa pela autolise, dificultando a
interpretacdo. A identificacdo viral nos tecidosap#lQ néo foi possivel em todos os
casos, sendo o intestino delgado o melhor 6rgda pardentificacdo do CPV-2.
Entretanto, a IHQ de tecidos linfides revelou umnor nimero de cortes positivos
para CPV-2 e, em geral, com pequena quantidadeélligas linféides marcadas,
resultado que sugere a rapida passagem do CP\s@sn@gaos.

Os achados histopatolégicos podem ser inespecifinosdo prejudicados por
autolise, principalmente no intestino delgado omdta alteracd@ost-mortemse
apresenta precocemente (SVARA et al., 2003). Diestaa, métodos de diagndstico

auxiliares sdo necessarios para a confirmacaorgaymse canina.
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Figura 3: A- Imunocitoquimica em células MDCK negat para CPV-2b. B-
Imunocitoquimica em células MDCK positivas para GBV(x100). Fonte: Setor de Patologia
Veterinaria - FAVET-UFRGS
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2.1.5 Prevencéao e Controle

Caes com parvovirose devem ser isolados e recedtamento em um local
especifico. A limpeza e desinfec¢éo de boxes esili@s podem ser feitas com formol a
5%, hipoclorito de sodio a 0,175% ou calor a 60% 0 minutos (MORAES e
COSTA, 2012).

Na tentativa de prevenir a disseminacdo da doéngaportante lembrar que o
CPV-2 persiste por um longo periodo de tempo noiemdy tornando dificil o seu
controle. Em cées assintomaticos, pode-se det@gesenca do virus nas fezes, sendo
que a imunidade passiva, que em alguns filhotesgpempor 18 semanas de idade, pode
inativar o virus vacinal (NELSON e COUTO, 2006).

A maneira mais efetiva de prevencdo da parvoviéogesacinacéo sistémica de
filhotes, que devem receber a primeira dose comaseito semanas de idade, com duas
doses de reforco a cada quatro semanas. Uma qgdas& pode ser efetuada,
principalmente para aqueles animais consideradosisto em geral. Recomenda-se o
isolamento dos animais até completarem a imunidshepre observando a desinfeccao
do local (McCANDLISH, 2001; NELSON e COUTO, 2006;(RAES e COSTA,
2012). A revacinacgao anual é, geralmente, recontiengara o CPV-2, embora possam
ser realizados a cada trés anos (NELSON e COUT@3; 2O0RZINEK, 2010).

McCandlish (2001) cita que as vacinas com virue wmodificado e inativado da
FPLV foram utilizadas para proteger caes contr&¥-2 devido aos antigenos comuns
que estimulam protecdo cruzada, porém o baixo wiwglrotecdo conferido tornou-as

sem utilidade.
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Essas vacinas foram substituidas por vacinas vatasuadas contendo as
variantes CPV-2 e CPV-2b. Em animais imunizados e@uinas contendo estas
variantes antigénicas e desafiados com amostrasauigpo de CPV-2c e CPV-2b,
apresentaram uma protecdo eficiente quando congsmrawd grupo controle,
evidenciando a protecdo vacinal (LARSON e SCHULZ@NSG; SPIBEY et al., 2008).
No entanto, outros pesquisadores colocam em d&ocuss as mutacdes genotipicas
sofridas durante esses anos pelo CPV-2 tém altemadapacidade das vacinas em
proteger adequadamente contra a doenca (DECARIO28107; DECARO et al., 2008).
Embora o significado dessa variabilidade antigénioda seja investigado, acredita-se
gue tenha importancia principalmente quando oSty com imunidade passiva
materna, sdo desafiados com virus antigenicaméeterntes, ou seja, um determinado
titulo de anticorpos é suficientemente alto paxgegger contra o desafio com o virus
homélogo, mas ndo o suficiente para evitar umac@dfe por uma cepa heterdloga,
podendo causar doencga nesses caes (TRUYEN, 2006).

2.2 Coronavirus canino

2.2.1 Caracterizacéo e Classificacao

O coronavirus canino (CCoV), é classificado comoAlphacoronavirus 1da
ordem Nidovirales familia Coronaviridag subfamilia Coronavirinag género
AlphacoronavirugCARSTENS, 2010). Causa infec¢éo gastrointestinalcaes, a qual
geralmente se manifesta em filhotes com letargiarexia, vomitos e diarreia, com
duracdo de uma a duas semanas (DECARO e BUONAVOG20A8). As fezes sdo
geralmente normais a aguosas, com uma variacaordéecamarelo a esverdeado e,
algumas vezes, pode-se observar diarreia hemaaragicmaioria dos animais se
recupera apO0s um periodo de 7-10 dias (CARMICHAELBIAN, 1981). A
coronavirose entérica canina € uma doenca infexcasmopolita, que ocorre de forma
endémica, com elevadas morbidade e mortalidadellentes (ZAPPULLI et al., 2008)
e é considerada extremamente contagiosa, espeotalneen locais como canis e
abrigos de animais, sendo a prevaléncia sign¥aatente maior nesses locais, com
maior densidade populacional, comparados com os e#gados separadamente
(CARMICHAEL e BINN, 1981). O CCoV (FIGURA 4) replkese primariamente na
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extremidade dos vilos do intestino delgado, causamda infecgdo litica seguida por
descamacao e encurtamento dos vilos e diarreia8ean72 horas pdés-infeccdo. Além
disso, este virus pode ser encontrado em infecdedtaneas com bactérias, parasitos,
ou outros virus, como adenovirus canino (CAV) oW@RPRATELLI et al. 2001b).

Figura 4: Micrografia eletrnica de um coronavirus. Fonte:
http://phil.cdc.gov/PHIL_Images/10270/10270_longg.

Os coronavirus possuem RNA ndo segmentado, dsirfijales, sentido positivo
e 27 a 32 kb de comprimento (FIGURA 5), sdo enwop, pleomorficos,
aproximadamente arredondados com até 220 nm deetl@fAl e HOLMES, 2001).
O nome coronavirus é derivado do latioronaque significa coroa, esta morfologia se
deve a glicoproteinas estruturais que se encomteasuperficie viral (HOLMES e LAI,
1996). O CCoV apresenta um genoma composto dos gexéicadores das proteinas:
poliproteina replicase (ORFl1open read frame)l, de espicula (S), de envelope (E), de
membrana (M) e de nucleocapsideo (N) (LAl e HOLMBE®)1).Além da espécie de
CCoV, uma segunda espécie, denominada de corogsandgpiratorio canino (CRCV),
formalmente conhecida confetacoronavirus 1géneroBetacoronaviru CARSTENS,

2010),foi relatada causando processos respiratériosses ERLESet al.,2003.
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Figura 5: Representagéo esqueméatica do genoma od.E0nte: Lovato e Dezengrini (2007)
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2.2.2 Epidemiologia e Patogenia

A infecgdo por CCoV é restrita ao trato gastrogcée esta associada com
anorexia, diarreia e vomitos (TENNANT et al., 1994)doenca ocorre principalmente
em abrigos para cées e canis, pois 0 virus € aitene®ntagioso, disseminando-se
rapidamente na populagéo canina. A principal viantercdo € a oral, sendo as fezes e
fébmites contaminados a fonte do virus. O CCoV #iekdo nas fezes por até duas
semanas pos infeccéo e alguns estudos demonsteestpperiodo pode se prolongar
por até 180 dias. Caes saudaveis podem excretanonas fezes por longos periodos
(BRANDAO, LOVATO e SLHESSARENKO, 2012).

Atualmente, o CCoV é classificado em dois gendétig3oV tipo 1 (CCoV-I) e
0 CCoV tipo 2 (CCoV-Il) (DECARO e BUONAVOGLIA, 2008 O CCoV-II foi
detectado apdés um surto de doenca clinica severa fibrotes de caes
(BUONAVOGLIA et al., 2006). O virus foi encontrag@as fezes e em varios érgaos
parenquimatosos, sendo isolado em cultivo celulanogulado em caes livres de
patogenos especificos (SPF), reproduzindo a dodbgses cdes vieram a Obito,
confirmando a viruléncia desse novo tipo. A distigho do CCoV-Il € mundial, com
destaque na Europa (DECARO et al. 200%sia (WANG et al. 2006; SOMA et al.
2010). O CCoV-ll pode ser classificado em dois ipaist CCoV-lla e CCoV-lIb
(TGEV-like) (DECARO et al., 2009). O subtipo CCoM-tem sido relatado em varios
paises europeus (ERLES e BROWNLIE, 2009; DECAR@I.e2010), bem como no
Japao (SOMA et al., 2010). Ele foi detectado enfidsg mas ndo sendo relacionado a
doenca sistémica em cdes (DECARO et al., 2009; NFAdt al.,, 2011). Porém, o
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subtipo CCoV-lla, é responsavel pela ocorrénciaederos surtos da doenca (NTAFIS
et al., 2010; ZICOLA et al.,, 2012). Em paises comdapdo, ltalia e Turquia a
prevaléncia soroldgica para CCoV, em caes com aiigarfoi de 44,1% a 74,3%
(BANDAI et al., 1999; PRATELLI et al., 2002; YESIIAS et al., 2004). No Brasil,
Mosca (2003) encontrou 55 animais positivos de otal tde 80 testados (68,8%) e
Guirdo (2009), 47 positivos de 100 animais testgd@8o); no Rio Grande do Sul,
Dezengrini et al.(2007) encontraram 412 animai®smitivos para CCoV de 817
animais estudados (50,4%). O CCoV também foi dadecttm animais selvagens,
como coiotes (GREEN et al., 1984), lobos (ZARNKEakt 2001) e hienas (EAST et
al., 2004).

2.2.3 Manifestacdes Clinicas e Lesdes

Os animais infectados pelo CCoV-l apresentam sirdinicos leves a
moderados, incluindo perda de apetite, vomito, reii@r fluida, desidratacdo e,
ocasionalmente, morte. Geralmente, doenca sistémdca € observada durante a
infeccdo, embora o virus tenha sido isolado deosarécidos (tonsilas, pulmdes e
figado) em filhotes infectados experimentalmenteNINANT et al., 1991). A doenca
fatal comumente ocorre em consequéncia de infeecp@tas com CPV-2 (DECARO et
al., 2006b, 2007b), adenovirus canino tipo 1 (DECABRt al., 2007a) ou virus da
cinomose (DECARO et al., 2004a). Na infeccdo pooZd os sintomas e lesdes séo
mais graves, possuindo ou n&o coinfec¢ao por oafjestes. Os animais apresentam
febre, letargia, anorexia, vomito, GEH, sintomasirakgicos (ataxia, convulsdes),
acentuada leucopenia (linfopenia), 6bito em 2 & dapOs o inicio dos sintomas,
severas lesbes no trato gastroentérico, pulmdes, figado, rins (BUONAVOGLIA et
al., 2006). Evermann et al. (2005) relataram daisos fatais em filhotes em que nao
foi demonstrada coinfeccéo por outro agente vidalirus, apds infectar caes pela via
fecal-oral, atinge o intestino delgado, replicamas vilosidades. A excrecao nas fezes
inicia entre um a dois dias pos-infec¢do e os siatclinicos aparecem entre um a
guatro dias.

As lesdes macroscopicas causadas pelos CCoV-l ®@/0Cséo: intestino
delgado dilatado, conteddo liquido e de coloracdwaralada ou esverdeada,

evidenciacdo das placas de Peyer, mucosa intestinebntra-se hiperémica e
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hemorréagica, os linfonodos mesentéricos podem estlmaciados. As lesdes
microscoOpicas se caracterizam por atrofia das iddoles intestinais, depressédo das
criptas, achatamento das células epiteliais, awndantcelularidade da lamina proépria e
aumento das células globosas. A necrose e infiltrad parénquima pulmonar e
hepético, severa deplecdo linfoide no bacgo, exserdsaas de necrose renal, sdo
encontradas somente na infeccdo por CCoV-Il (ZAPRUt al., 2008; BRANDAO,
LOVATO e SLHESSARENKO, 2012).

2.2.4 Diagnostico

Para deteccdo do CCoV nas fezes ou no intessna diferenciacdo de enterites
causadas por outros agentes, como o CPV-2, o ma(CRV), CAV e o virus da
cinomose canina (CDV) séo utilizadas as técnicaEld8A, SN, IPX, VI, IFA, RT-
PCR e PCR em tempo real (qPCR). O IV em célulasendmito utilizado, entretanto
diferentes laboratorios obtiveram sucesso utilivaoélulas primarias de rim, timo e
membrana sinovial canina. As células de linhagem ride canino A-72 sao
particularmente susceptiveis ao CCoV, além dea=lld¢ embrido e de linhagem de rim
felino (CRFK). O virus produz efeito citopéatico aeterizado pela formacéao de
sincicios e a confirmacdo da identidade do agemtmkzada por IFA (BRANDAO,
LOVATO e SLHESSARENKO, 2012). As técnicas de RT-PCHRATELLI et al.,
2001) e gPCR (DECARO et al.,, 2004) realizadas almente das fezes tém sido
utilizadas, principalmente em pesquisas. Um espddRT-PCR detectou 0 RNA viral
em 20% (3/15) das amostras de fezes caninas tegtd@SCA et al., 2003). Em testes
com vacinas experimentais observaram que essascagcdetectam quantidades
menores de virus excretadas nas fezes, por penmagioses, quando comparadas com o
isolamento viral. A sorologia ndo € muito utilizagais alguns fatores influenciam nos
resultados, como a ampla distribuicdo do virusopujacédo canina e, em muitos casos,
a ocorréncia de infecgdes subclinicas (BRANDAO, 1£00 e SLHESSARENKO,
2012).
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2.2.5 Prevencao e Controle

Como medida de prevencdo para o CCoV deve seadevib contato com
animais infectados, falta de sanidade, superpo@ojadesmame precoce e infeccdes
concomitantes por outros agentes. No meio ambientdrus € facilmente inativado
pelo calor e por solventes lipidicos. No entanto temperaturas baixas, pode manter-se
infeccioso por longos periodos (BRANDAO, LOVATO EHESSARENKO, 2012). O
tratamento utilizado para CCoV é de suporte e haseina restituicdo do equilibrio
hidrico-eletrolitico, além do controle de infec¢G®scundarias (HOSKINS, 1997).
Vacinas inativadas existem para o controle dessagdp mas seu valor de protecéo é
controverso (MACLACHLAN e DUBOVI, 2011). As vacinasvas atenuadas foram
testadas com bons resultados, onde cées vacinatbbyvip oral apresentaram titulos
mais altos de IgA do que cées vacinados pela tianmuscular. Os caes que receberam
a vacina pela via oral ndo excretaram o virus eassf mas os cdes vacinados pela via
intramuscular excretaram o virus por um periodo atie 10 dias (BRANDAO,
LOVATO e SLHESSARENKO, 2012).

As vacinas atualmente no mercado ndo apresentsga BeVOS subtipos em sua
formulacdo, o que seria necesséario para uma mestggdio. Segundo alguns trabalhos,
0s subtipos CCoVlla e CCoVIlb possuem uma reagédpada limitada com o genétipo
CCoV-Il, comprometendo a eficiéncia vacinal (DECARal., 2009; DECARO et al.,
2010; DECARO et al. 2011).
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3. ARTIGOS CIENTIFICOS

Os resultados, bem como os materiais e métodosegagos para a realizacdo
dos experimentos, serdo apresentados a seguirma f® dois artigos cientificos como

segue:

1. Typing of canine parvovirus strains circulatingBrazil between 2008 and 2010

Publicado no periddico cientifiddirus Researchem 1° de janeiro de 2012.

2. Characterization of pantropic canine coronaviresnfiBrazil
Esta em elaboracdo e serd submetido ao periddieatif@io Veterinary

Microbiology.
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Detection and characterisation of the canine parvovirus (CPV-2) strains that are currently circulating are
essential for the understanding of viral evolution and the development of measures to control its spread.
In the present study, stool samples from 144 dogs were analysed by polymerase chain reaction (PCR) for
CPV-2, and 29.2% (42(144) of them were positive. From the 42 positive strains, 71.4% (30) of the dogs
had signs of haemorrhagic gastroenteritis. The sequencing of the 583 bp fragment of the VP2 gene from

the positive strains identified 78.6% (33/42) of them as type 2c, 19% (8/42) as type 2b and 2.4% (1/42) as
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circulating in Brazil.

type 2a. A phylogenetic analysis of the variants circulating in the canine population of Brazil showed that
they are very similar to those found in other countries and type 2c has become the predominant type

© 2012 Elsevier B.V. All rights reserved.

1. Introduction

Treatment of gastrointestinal diseases comprises a large part
of small animal medicine, in which typical clinical signs are vom-
iting and diarrhoea that can lead to death of the animal (Sellon,
2005). Among the main viruses that cause diarrhea are the canine
parvovirus-2 (CPV-2), canine enteric coronavirus (CCoV), canine
rotavirus (CRV) and canine distemper virus (CDV) (Hoskins, 1997;
Tams, 2003). Since the late 1970s, the CPV-2 strain has been known
to be a major etiologic agent of infectious gastroenteritis in young
dogs (Appel et al,, 1979; Morais and Costa, 2007). Thus, canine par-
vovirus, which occurs with high frequency and endures for long
periods of time in the environment, has stood out among other
diseases because it results in high rates of morbidity and mor-
tality (Hoskins, 1997). CPV-2 was first isolated in 1978, and since
then, it has given rise to new antigenic types that have spread in
the dog population (Appel et al., 1979; Morais and Costa, 2007).
Over time, the original CPV-2 has been replaced by its antigenic
variants, CPV-2a and CPV-2b (Decaro et al., 2008). A strain with
an amino acid change, (Asp) — 426 to (Glu) — 426, in an impor-
tant antigenic site was recognised in Italy in 2000 and was named

* Corresponding author at: Av. Bento Gongalves 9090, Agronomia, Porto Alegre,
Rio Grande do Sul, CEP 91.540-000, Brazil. Tel.: +55 51 33086926;
fax: +55 51 33087325,
E-mail address: claudio.canal@ufrgs.br (C.W. Canal).

0168-1702/% — see front matter © 2012 Elsevier B.V. All rights reserved.
doi:10.1016/j.virusres.2012.01.001

CPV-2c (Buonavoglia et al., 2001). Subsequently, this strain was
identified in Vietnam (Nakamura et al., 2004) and Spain (Decaro
et al.,, 2006). In South America, this new type was first reported in
Uruguay (Pérez et al.,, 2007), followed by Brazil (Streck et al., 2009)
and Argentina (Calderén et al., 2009). The identification and moni-
toring of the types of CPV-2 circulating in the canine population are
important in the understanding of viral evolution and the develop-
ment of measures to control its spread. The present study aimed to
detect the presence and characterise the types of CPV-2 circulating
in Brazil between the years 2008 and 2010.

2. Materials and methods
2.1. Samples

The analysis was performed on 144 samples of dog faeces col-
lected in 20 districts of six Brazilian states from April 2008 to July
2010.These animals, which were aged between 1 month and 1 year,
included animals with or without symptoms of haemorrhagic gas-
troenteritis (HGE), animals with or without a vaccination history
and animals from different breeds and both genders.

2.2. DNA extraction

The stool samples were diluted to 20% (w/v) in phosphate
buffered saline (PBS, pH 7.4). The solution was frozen and thawed
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three times and then centrifuged at 1500 x g for 10 min. DNA
was extracted from the supernatant using a commercial kit based
on guanidine isothiocyanate and silica (Biotechnology Simbios,
Canoas-RS, Brazil) as described by Boom et al. (1990) and stored
at —20°C until use. A commercial vaccine was used as a positive
control and distilled water was used as a negative control.

2.3. Polymerase chain reaction (PCR)

We amplified 583 bp of the VP2 gene (position 4003-4585)
using the protocol described by Buonavoglia et al. (2001). The PCR
products were electrophoresed in 2% agarose gels, visualised under
UV light and compared with a 100 bp molecular weight ladder (Fer-
mentas, USA).

2.4. Sequencing of the amplification products

The amplification products were purified using GFX PCR
DNA and gel band purification (Amersham Bioscience, USA)
and sequenced by using the Abi-Prism 3100 Genetic Analyzer
(Applied Biosystems, USA). The alignment and analysis were inter-
preted using the Clustal method with the BioEdit 7.0.0 software
(http://www.mbio.ncsu.edu/BioEdit/bioedit.html). The sequences
were submitted to GenBank (http://www.ncbi.nlm.nih.gov) and
the accession numbers are shown in Table 1.

2.5. Phylogenetic analysis

For the phylogenetic analysis, 28 CPV-2 sequences from 14
countries were retrieved from GenBank. Two Brazilian sequences
(DQ340434 and DQ340409) (Pereira et al., 2000) and a sequence of
feline panleukopenia virus (AB054225), representing the out group,
were also included. The Bayesian inference (BI) of phylogeny was
performed using MrBayes 3.1.2 (Huelsenbeck and Ronquist, 2001).
The substitution model for Bl analyses was found using MrMODEL-
TEST (Nylander, 2002) with the AIC criterion. Four Markov chains,
one cold and three heated, were run for 2 x 10° generations, trees
were strained every 100 generations and those generated prior to
stationary were discarded as “burn-in". The posterior probability
values for all clades in the final majority rule consensus tree are
reported. The support values shown along each branch are Bayesian
posterior probabilities (Nodal support values <50% not shown).

Samples were assigned to one CPV-2 type based in the presence
of a deduced asparagine (2a), aspartic acid (2b) or a glutamic acid
(2c) in the amino acid position 426 (Buonavoglia et al., 2000).

3. Results

Of the 144 stool samples analysed by PCR, 29.2% (42/144) were
positive for CPV-2 (Table 1). Amplification of the partial VP2 gene
displayed asingle band with the expected 583 bp. Of the dogs exam-
ined, 38.8% had haemorrhagic gastroenteritis (HGE), but from the
42 positive samples, 71.4% displayed signs of HGE (Table 2). From
Rio Grande do Sul, 111 samples were analysed, which were from
the municipalities of Porto Alegre, Viamao, Cachoeirinha, Taquara,
Canoas, Caxias do Sul, Passo Fundo, Bagé, Glorinha, Gravatai, San-
tana do Livramento, Lavras do Sul, Novo Hamburgo, Rio Pardo and
Sdo Francisco de Paula. The states of Santa Catarina (SC), Parana
(PR), Sao Paulo (SP), Rio de Janeiro (R]) and Rondonia (RO) had a
total of 33 samples that resulted in nine CPV-2-positive samples.
Sequencing the amplification product from the 42 positive samples
allowed us to identify nucleotide mutations, although the majority
were silent (Table 1), It was possible to identify 78.6% (33/42) of
the samples as type 2c, 19% (8/42) as type 2b and 2.4% (1/42) as
type 2a. From the positive animals, 33.3% (14/42) were aged less
than 2 months, 47.6% (20/42) had no vaccination history and the 6

animals with a complete immunisation schedule were positive for
CPV-2c. Regarding breed, 11 mixed breeds, 6 German Shepherds
and 3 Rottweilers were CPV-2c positive and their ages ranged from
2 to 10 months.

In general, the BI and NJ trees (not shown here) were different
because many possible topological resolutions were found, with
weak support. Salient features of all trees included that (a) CPV-2
Brazilian variants can be considered to be cosmopolitan, with sim-
ilar variants in South America, Europe, Africa and Asia and (b) no
clear geographic structure was found showing that CPV-2 variants
are widely dispersed along the studied area. The BI tree (Fig. 1)
showed that the CPV-2 Brazilian variants have clustered into dif-
ferent groups.

4. Discussion

Since its emergence in the late 1970s, parvovirus has caused
high rates of morbidity and mortality, but the severity was initially
attributed to a lack of natural immunity in the canine population
against the virus. Therefore, dog vaccination and natural exposure
to infection should have improved protection; however, a high inci-
dence of disease continues in animals aged between 6 weeks and
6 months (Morais and Costa, 2007). This trend was confirmed by
data found in the present study, in which 95.2% of the positive
animals were between 1 and 6 months of age, Puppies are more
prone to the development of haemorrhagic gastroenteritis caused
by CPV-2, although dogs of any age, gender or breed may be affected
(McCandlish, 1999; Morais and Costa, 2007; Parrish, 1999). From
the 42 positive animals detected in the present study, 12 displayed
no signs of HGE, showing that the clinical outcome may depend
on the degree of maternal immunity, virulence of the virus strain,
infectious virus dose and the host's immune system (Homem et al.,
1999; Sellon, 2005; Tams, 2003).

It should be noted that in Brazil, canine parvovirus vaccines
consist of live attenuated virus (CPV-2 and CPV-2b) and which,
although it is rare, may be detected in the faeces of dogs (Decaro
et al,, 2007). However, the sequencing analyses of the CPV-2b
described in the current study demonstrated that a point mutation
at residue position 570 (A-G), which is characteristic of the CPV-2b
vaccine strain, was not observed in the present sequences, confirm-
ing that the CPV-2b strains detected were not related to vaccination.
These data corroborate previous reports that have demonstrated
the high stability of the virulence attenuation of the strains used in
current vaccines (Decaro et al., 2006).

German Shepherds and Rottweilers were among the breeds of
dogs that were CPV positive. These two breeds, as well as other
medium and large breeds, are more susceptible and can develop
a more severe clinical picture when infected by CPV (Morais and
Costa, 2007; Sellon, 2005). Interestingly, the six animals that had
received a complete vaccination protocol were infected by the vari-
ant CPV-2c and displayed HGE, which resulted in death for one
of them. These data corroborate previous findings in the United
States and Uruguay (Kapil et al., 2007; Pérez et al., 2007), although
it had been shown that vaccination would protect dogs exposed to
CPV-2c (Spibey et al., 2008). However, in field situations, the vacci-
nation protocol and maternal antibody titers are variable and may
influence the appropriate response to the vaccine (Sellon, 2005).

The Brazilian CPV-2a strain contained the amino acid valine at
position 555 of VP2, which has been described by Pérez etal. (2007).
In the 1980s, CPV-2a strains from many countries displayed the
amino acid valine in this position (Cavalli et al., 2008; Decaro et al.,
2006). The Ile555Val change can be considered to be a reversion
to the original CPV-2 (Martella et al., 2006; Pereira et al., 2007).
Comparison of the CPV-2c strains from Europe and Uruguay with
those found in Brazil revealed silent mutations in residue 461 (AG)
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Fig. 1. Nucleotide phylogenetic tree based on the VP2 gene of CPV-2 strains circulating in Brazil between the years 2008 and 2010 (@) with 28 other worldwide CPV-2 variants.
Principal bootstrap values are indicated. The values in parentheses indicate the number of strains with identical sequences to that included in the tree.(5): FJ236068, JF796199,
JF796181, JF796189, JF796211; (4): JF796190, JF796193, JF796203, [F796198; (6): EU797728, JF796209, FJ236065, EU797727, F]236066, FJ236063; (4): JF796197, GQ395692,
JF796196, JF796184; (9): JF796204, JF796182, JF796202, JF796191, JF796205, [F796183, JF796194, JF796188, JF796187.

Table 2
Results of the analysis by PCR for CPV-2 from stool samples of dogs with and without
haemorrhagic gastroenteritis (HGE).

Positive by PCR Negative by PCR Total
Dogs with HGE 30 26 56
Dogs without HGE 12 76 88
Total 42 102 144

and 546 (CT) from eleven strains and amino acid mutations in
two strains (Pro547Thr and Tyr573Phe). The Brazilian strains did
not show the mutation at position 440 (TA) that had been previ-
ously described (Calderén et al., 2011; Decaro et al., 2009; Hong
et al,, 2007; Kapil et al., 2007). The CPV-2c was the main subtype
detected in the Brazilian samples, as previously found in the United
States(Hongetal.,2007), Uruguay (Pérez et al., 2007 ) and Argentina
(Calderdn et al., 2009). The detection of CPV-2c in Europe, Asia and
the Americas is an indication of the worldwide spread of this new
variantin the canine population(Decaro etal., 2006,2007 ). Martella
et al. (2005) indicated an increasing replacement of subtypes
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CPV-2a and CPV-2b by CPV-2c that, from 2000 until 2004, increased
from 17% to 60% of the samples in Italy. Pérez et al. (2007 ) suggested
that the rapid spread of subtype 2c was likely associated with an
important nucleotide substitution and might lead to the elimina-
tion of the other subtypes of CPV-2 over time. In other countries,
such as India (Raj et al., 2010), Belgium and Italy (Decaro et al.,
2009), the predominance of the type 2a strains has been verified.
The CPV-2b has a more homogeneous distribution and has been
detected in different Brazilian regions and in other European coun-
tries, such as France and the UK (Decaro et al., 2009; Pereira et al.,
2000).

Phylogenetic analysis of the variants circulating in the canine
population of some regions of Brazil has shown that they are very
similar to those found in other countries and do not indicate a
common geographical origin and are thus termed cosmopolitan.
In contrast, mutations were detected in two amino acids (547 and
573) from sequences with the accession numbers JF796207 and
JF796206, which were not reported in any other country.

The results of the present study demonstrate that 2c is the main
CPV type thatcirculated in Brazil between the years 2008 and 2010,
affecting puppies either with or without a complete vaccination
protocol. Most of the positive samples, as identified by PCR, were
from dogs with signs of haemorrhagic gastroenteritis. Phylogenetic
analysis of the variants circulating in the canine population of Brazil
shows that they are very similar to those from other countries in
the Americas.
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Abstract

Detection and characterization of the canine comong (CCoV) strains that are
currently circulating are essential for the undmrding of viral evolution and the
development of measures to control its spreadhénpresent study, five puppies that
died with diarrhea, vomiting, fever, decreased &ppand prostration. Organ samples
were analyzed by Reverse Transcription followedPblymerase Chain Reaction (RT-
PCR)assays for the M and the S partial genes of CCaMfanthe VP2 gene of canine
parvovirus (CPV-2). Three dogs were positive foro¥Gnd CPV-2, one was positive
only for CCoV and one only to CPV-2. Sequencingtlid amplification products
showed the strains were from the antigenic type @P\and the CCoV were from the
pantropic type (CCoV-lla). The phylogenetic anaysf the CCoV-lla circulating in
the canine population of south Brazil indicatedt ttheey are similar to those found in
other countries; however, they tend to group togreth a single clade, suggesting a
common ancestor. Can be concluded that the clisigals and lesions are very similar
to those caused by CPV-2 and is necessary to ia€l@@€bV in the differential diagnosis

of CPV-2. This is the first report of pantropic O&d in puppies from Latin America.

Keywords: dogs, coronavirus, pantropic, genotyping
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1. Introduction

Canine coronavirus (CCoV) belongs to the far@ilyronaviridae being recently
classified as a member of the gerAlphacoronavirus,speciesAlphacoronavirus 1
(Carstens, 2010). CCoV has a genome that ranges &0 kb to 31 kb of single-
stranded RNA, consisting of two large open readiiages (ORFs), which encode four
structural proteins (spike (S), membrane (M), eopel (E) and nucleocapsid (N)) and
five nonstructural proteins (3a, 3b, 3c, 7a and (B®ycaro and Buonavoglia, 2008).
Coronavirus infection is characterized by high niditip and low mortality, and its
transmission occurs via the fecal-oral route (Tebhnet al., 1991). Studies have
demonstrated that it is a ubiquitous disease, timgcmainly dogs in kennels and
shelters (Rimmelzwaan et al., 1991; Tennant efl8P3; Bandai et al., 1999; Naylor et
al., 2001; Yesilbag et al., 2004; Schulz et al.Q&0Ntafis et al., 2010). CCoV was
limited to the gastrointestinal tract, causing vimg, diarrhea, dehydration, loss of
appetite and, in some cases, death, especially wtiafections with canine parvovirus
(CPV-2), canine adenovirus type 1 (CAV-1) and caniistemper virus (CDV) were
present (Decaro et al., 2004; 2006; 2007a, 20@x®n though systemic infection by
CCoV was not observed, Tennant et al. (1991) iedl#élte virus from some organs in
experimental infections. Currently, CCoV can beuged into two genotypes: CCoV
type 1 (CCoV-I) and CCoV type 2 (CCoV-ll) (DecandaBuonavoglia, 2008). CCoV-
Il was detected after an outbreak of severe clirdesease in puppies (Buonavoglia et
al., 2006). The virus was detected in the fecesiargkveral parenchymatous organs,
and was isolated in cell culture and inoculated syecific pathogen-free (SPF) dogs,
reproducing the disease. These dogs eventually dedirming the virulence of this
new type of CCoV. Recently, CCoV-Il, known as paptc, was classified into two

subtypes, CCoV-lla and CCoV-IIb, the latter of whiderives from a recombination



39

with TGEV (Decaro et al., 2009; 2010). The CCoV-flbbtype was found in organs,
but was not associated with systemic disease is (I@0gcaro et al., 2009; Ntafis et al.,
2011). Currently available vaccines do not conthase new subtypes in their formula,
which would be necessary for further protectiond@e et al. 2010). The development
of a more virulent pantropic CCoV (subtype lla),tetstion, identification and

monitoring of these new agents is of paramount mamce in the clinical diagnosis of
dogs, chiefly for the differential diagnosis of CRYwhose clinical symptoms are quite
similar. The aim of the present paper was to pmvite pathological and phylogenetic
characterization of coronaviruses detected in @gaindogs that had presented with

gastroenteritis symptoms and eventually died.

2. Materials and Methods

2.1. Samples
Five dogs which eventually died at the Clinical t&feary Hospital of

Universidade Federal do Rio Grande do Sul, soutlgnawil, between June and
September 2011, were necropsied at the hospitaVisibn of Pathology. The animals
were aged 1 to 6 months, were of different breddgh male and female, with or
without history of vaccination. Twenty samples weodlected from different organs of
each dog, totaling 100 biological samples, whiclienidentified separately and stored
at -80°C. The stool samples were diluted to 20%)(wi phosphate buffered saline
(PBS, pH 7.4). The solution was frozen and thaveeet times and then centrifuged at
5000 x g for 10 min before nucleic acid extractidlrcommercial vaccine was used as a

positive control and distilled water was used ag@ative control.
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2.2. ldentification of other gastrointestinal viess

The stool suspensions were used for identificatddbnother gastrointestinal
viruses, as previously described by PCR: CPV-2 (Bwoglia et al., 2001) and canine
adenovirus types 1 and 2 (CAV-1 and CAV-2) (Hulet2001) or by RT-PCR: canine
distemper virus (CDV) (Frisk et al., 199@nd canine rotavirus (CRV) (Gouvea et al.,

1990).

2.3. RNA extraction and reverse transcription (RTR)

The organs were crushed separately, centrifugd@Ga x gfor 15 min., and the
supernatant was stored at -80°C. The total RNA exascted from the supernatants of
organs or stool samples using TRfZoLS (Invitrogen, USA) according to the
manufacturer’'s instructions. Reverse transcripticas carried out immediately after
extraction using Superscribtlll Reverse Transcriptase (Invitrogen, USA). The
reactions were standardized to a final volume oftRGand incubated for 5 minutes at

65°C followed by a one-hour cycle at 55°C and 1Butes at 72°C.

2.4. DNA extraction
DNA was extracted from the supernatant of the Isgaspension using a
commercial kit based on guanidine isothiocyanaig sihica (Simbios Biotecnologia,

Canoas-RS, Brazil), as described by Boom et aB{},and stored at —20° C until use.

2.5. PCR for partial amplification of the M gene@toV
CCoV1 and CCoV2 primer pairs were used for théigdaamplification of the M

gene (409 bp), as described by Herrewegh et &98(19
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2.6. PCR for partial amplification of the S gengd@@oV region 3’
EL1F, EL1IR and S5, S6 primer pairs were used ftieréntiation between

CCoV-I (346 bp) and CCoV-II (694 bp), respectiv@atelli et al., 2004).

2.7. PCR specific to CCoV-lla and CCoV-IIb

PCR specific to CCoV (CCoV-lla) and TGEV-like (CCdNb) were performed
taking advantage of the large diversity of the 8eegion of the S gene. The following
primer pairs were used in two different reactiod€oV-llaF, CCoV-llaR and CCoV-
[IbF CCoV-IIbR, which yielded amplification prodwsctof 758 bp and 499 bp,

respectively (Decaro et al., 2010).

2.8. Sequencing and phylogenetic analysis

The PCR products were electrophoresed in 2% agagels, visualized under
UV light and compared with a 100 bp molecular weigkdder (Fermentas, USA). They
were purified using GFX PCR DNA and gel band paafion (Amersham Bioscience,
USA) and sequenced by using the Abi-Prism 3100 @Gengnalyzer (Applied
Biosystems, USA). Sequence traces were visuallgkdte and manually edited using
Bioedit 6.0.7 (HALL, 1999). The sequences were dtiech to GenBank

(http://www.ncbi.nlm.nih.go\

In order to identify homologous sequences to th@mend in this study,
MegaBLAST searches were performed in the nucleotiokéection (nr/nt) database
using the NCBI Blast (http://blast.ncbi.nlm.nih.gpin January, 2013. To perform the
phylogenetic analyses, sequences with multiple hogmes were selected based on the
best-scoring homology. Sequences were aligned ugiagClustal W 2.1 program

(Thompson et al, 1994).
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To reconstruct phylogenies, three different sgig® were implemented by
using three different datasets. First, to iderdifiyl to characterize the CCoV sequences,
we used an alignment of 16 sequences based on p3Zromn the M gene
(transmembrane protein). This alignment includefitresce sequences of different
strains ofAlphacoronavirusand similar sequences recovered during the Meg&BLA
searchesSecond, to further characterize CCoV strains, wesitacted an alignment of
16 sequences using a 569-bp fragment of the 3*regidn of the S gene. Third, also to
characterize the pantropic CCoV strains, we usedatset containing a 938-bp
fragment of the spike gene (369 bp of the 5-entbreplus 569 bp of the 3’-end region)
which maximized the number of molecular charactbrg, minimized the number of
sequences (n=9) due to the high variability of 8iend region. In all datasets,
saturation was evaluated by plotting transitiond #&ansversions againgtdistance
using DAMBE 5.2.18 (Xia and Xie, 2001).

The maximum likelihood (ML) trees were constructesing PhyML v. 3.0
(Guindon et al., 2010)incorporating 1,000 bootstrap replicates to evaluatanch
support. The best substitution models were estunaseng JModeltest v.0.1.1 (Posada,
2008) for the nucleotide dataset and ProtTest4/(Rbascal, 2005) for the amino acid
dataset, both with the Akaike information criteriphiC). For Bayesian inference, we
selected substitution models according to the As@@ MrModeltest (Nylander, 2002)
for the nucleotide datasets and a prior settingnatig model jumping between fixed-
rate amino acid models for amino acid datasetsh Bayesian analysis involved two
independent runs, each consisting of one millionegations of Metropolis-coupled
Markov Chain Monte Carlo (MCMC) sampling with onelat and three heated chains;
samples were taken every 100 generations, and s@ardied trees from the first

250.000 generations as burn-in. Plots of likeliheodres against the generation number
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indicated that analyses reached stationary digioibs, and convergence diagnostics
implemented in MrBayes 3.1.2 (Huelsenbeck and Rishqd001) indicated that the
independent runs converged on the same postestibdition. Based on the post burn-
in samples of trees, we calculated majority-rulesemsus trees for each dataset, and
assessed branch support based on posterior pritpafailues. Due to the absence of

outgroups in the datasets, all trees were midpouwted.

3. Results

3.1. Clinical signs and gross pathology

On clinical examination, these animals presenteith whaemorrhagic
gastroenteritis (HGE), vomiting, fever, loss of ep{e and prostration. At necropsy, the
dogs had similar lesions, which consisted of roagt thick small intestinal mucosa,
submucosal edema and evidencing of Peyer’s pat€ibsr findings included enlarged
mesenteric lymph nodes and non-collapsed lung#fod reddish color with a shining
surface, with mild to moderate flow of frothy fluidom the cut surface. Microscopic
findings indicated necrotic enteritis, with atropagd fusion of microvilli; there was
edema and congestion of mesenteric lymph nodes;nalidto moderate edema and
diffuse congestion were observed in the lungs. Boaerow depletion occurred in all

animals, as well as necrosis of lymphoid and myeteil lines.

3.2.PCR analysis for CCoV-Il and CPV-2
Of the five dogs tested, three were positive foilo€dl and three were positive
for CPV-2 (Table 1). The results for the presenfc€©oV-Il in the organs are shown in

Table 2. The partial amplification of region 5’ thie S gene (CCoV-Il) and of the VP2
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gene (CPV-2) and later sequencing allowed idemiifyihe presence of (pantropic)
CCoV-lla and CPV-2c. One dog was negative for millses tested, and those dogs that
were positive for CCoV-Il and/or CPV-2 were negatifor CDV, CRV, CAV-1 and
CAV-2. The nucleotide sequences of the analyzed pant®mcilian strains were
deposited in GenBank under accession numbers éoktigene (JX442376, JX442377,
JX442378) and for the 3’-end region of the S gel¥983596, JX446572, JX446573)

and for the 5’-end region of the S gene (KC138X&38138237, KC138236).

Table 1. Results for the partial amplification bR of M and 5’end S genes (CCoV-

lla) and VP2 (CPV-2), in dog feces.

Dogs 1 2 3 4 5
CCoV-lla - + - + +
CPV-2 - + + + -

Table 2. Results for the partial amplification b§RR of the S gene in the 5-end region

for CCoV-lla in organ samples.

Organs Dog 2 Dog 4 Dog 5
CCoV-lla CCoV-lla CCoV-lla
cerebellum + + -
brain + + +

brain bulb - - -

heart + + -
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lung + + +
thymus - + +
tongue + + +
tonsils - + -
spleen + + +
bladder + + +
kidney + + +
pancreas - + +
liver + + +
mesenteric lymph node + + +
retropharyngeal lymph node + + -
bone marrow + - -
duodenum + - +
jejunum + + +
colon + + +
rectum + + +

3.3. Phylogenetic analyses

The MegaBLAST searches in the nr/nt databasegusie fragment of the M
gene from Brazilian dogs as query, yielded veryilaimsequences to CCoV-Il (e.g.
GU300127) presenting 98-97% of identity over 330 amul e-values close to zero.
Similar levels of identity with CCoV-Il (96-95% ceving 100% of the query
sequences) as well asvalues close to zero were observed in MegaBLASTckea

when we used fragments of the 5’end and 3’end nsgod the S gene.
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Plots of pairwise divergence did not show evideoicsaturation in the datasets,
except in the 3’-end fragment of the S gene, wiehibited saturation of substitutions
due to the presence of very divergent AY307020 Bbd86072. However, results of
the ML and Bayesian analyses in which AY307020 &t{l86072 were excluded
(Figure 1B) were very similar to those in whichsbdaxa were included (Figure 1A),
indicating that saturation did compromise the pbgluetic analyses. Additionally, the
phylogenies based on amino acid sequences corgaiy807020 and EU186072
sequences concur with those shown in Figure 1,eptegy the same topological

resolution (trees not shown).

Phylogenetic trees obtained using different dasaaatl estimated by different
methods indicated a close relationship betweenBitszilian samples and CCoV-II
related group (Figl and Fig 2A). The phylogenetialgses based on nucleotide
sequence of the M gene grouped the Brazilian ppistsamples isolated in Rio Grande
do Sul state (southern Brazil) with GU300127, idfesd from a dog in S&o Paulo state
(southeastern Brazil) in both ML and Bl analyseshwnoderate to high statistical
support (Fig 1). However, the position of this @aaithin the CCoV-Il group could not
be solved reliably. In fact, the similarity betwettre pantropic samples from southern
Brazil and GU300127 ranges between 95.5 and 98l&hg very similar to those
found for the comparison with reference samples @&16 (Germany) (94.4-96.7%)
and DQ112226 (ltaly) (93.7-95.2%).

The phylogenies based on the 3’end region of tgerfe using different datasets
and methods grouped the Brazilian samples intoimcipal group with CCoV-lla,
FCoV-ll and TGEVwith moderate to high support. However, the refetlops within
this group are not fully resolved. Analysis usimg tconcatenated fragment of the S

gene (5’end plus 3’end) also supported this pradcgroup and clustered the Brazilian
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samples into a highly supported monophyletic cladal analyses. The phylogeny also
suggests a sister-group relationship between thezilm samples and the group

composed of JQ404410, FCoV-Il X80799, and NC002306.
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Figure 1. ML tree showing the relationships betw€&oV strains based on a 332 bp
fragment of the M gene using the TIM2+G model. Nailgport values (<0.7 posterior
probability or <70% bootstrap not shown) are inthidafor ML and Bl methods,

respectively. (-) indicates values <70%.
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Figure 2.A) ML tree based on a 569 bp fragment from the & ezgion of the S gene
and on the TIM2+I+G model. The topology shows thlatronships between 16 CCoV
strains. B)ML tree based on a 569 bp fragment from the 3'@gion of the S gene and
on the TRN+I+G model using 14 CCafrains. Nodal support values (<0.7 posterior
probability or <70% bootstrap not shown) are inthdafor ML and Bl methods,
respectively. () indicates values <70% while (targls for different resolution in Bl

analysis.



51

AY342160 CCoV.-lla BGF10 (UK}

<100

D13096 CCoV-lla ISAVC (UK)

DO112226 CCoV-lla CB/OS (ltaly)

— KC138236 CCoVla (Brazil)
100

937100

KC138237 CCoVla (Brazil)

-8
L___KC138238 CCoVlla (Brazil)
92/100
JO404410 CCoV-la TNA4G (USA)
NC002306 FCoV-1l (USA)
| 493
X80799 FCoW-l (UK)
—
0.02

Figure 3.ML tree showing the relationships between 9 CCa¥iiss based on a 938 bp
fragment of the S gene (5’end plus 3'end combiredskt) and on the TIM3+G model.
Nodal support values (<0.7 posterior probability<at0% bootstrap not shown) are

indicated for ML and Bl methods, respectively. ifxdicates values <70%.
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In the partial sequencing of the M gene, BraziBamples, compared with

reference samples, had amino acid mutations in sesidues, as shown in Table 3.

Table 3. Amino acid differences between Braziliad eeference samples of the partial

M gene.

Samples//aa position 123 127 187 212 223 243 246
D13096 CCoV-lla (UK) Thr lle Cys Val Lys Tyr  Asp
AY342160 CCoV-lla (UK) lle lle Tyr Ser Gin Tyr  Asp

DQ112226 CCoV-lla (Italy) lle lle Tyr Ser Lys Tyr  Sp

EU924790 CCoV-IIb (Italy) lle lle Tyr Ser Lys Tyr Asp
GU300127 (Brazil) lle Val Tyr Ser GIn

JX442376 (Dog 2) (Brazil) lle Val Tyr Ser GIn Asn Glu
JX442377 (Dog 4) (Brazil) lle Val Tyr Ser Lys Asn Glu
JX442378Dog 5) (Brazil) lle Val Tyr Ser Lys Asn Glu

NC002306 FCoV-Il (USA)  Val Ala Tyr Ser GIn

Recombitek ™ lle Tyr Ser Lys

Inside the parentheses is the identification talmer of dog and the country of origin.
Recombitek™ is a commercial vaccine.

As to the 5’end region of the S gene, there wenmea acid mutations in some

residues, as shown in Table 4.
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Table 4. Amino acid differences between Braziliad eeference samples of the partial

S gene the 5’end region.

Samples//aa 5 20 21 34 38 54 72 78 125

DQ112226 CCoV-lla (ltaly Leu Thr Thr Asp Asn Val Ala Glu Asn
JQ404410 (CCoV-llajUSA) Val Thr Ala Pro Tyr Val Ala GIn Asp
KC138238 (Dog 2) (Brazil) Glu Thr ThrPro Tyr Glu Ala Glu Asp

KC138237 (Dog 4) (Brazil) Vval Thr ThrPro Tyr Val Arg Glu Asp

KC138236 (Dog 5) (Brazil) Val MetAla Pro Tyr Val Ala Glu Asp

NC002306 FCoV-Il (USA) Val Thr ThrAla Asn Val Ala GIn Asp

The number in parentheses is the identificatiothefdog in the present work and its country ofiarig

4. Discussion

Coronavirus infection is a ubiquitous endemic dssewith high morbidity and
mortality in puppies (Zappulli et al., 2008), amdsi extremely contagious, especially in
kennels and shelters; in addition, its prevaleraignificantly higher than in dogs
housed separately (Carmichael and Binn, 1981). @enecombinations of different
coronavirus species is an important way to prevest immunity, which may occur
due to the close relationship with domestic spe@tesrewegh et al., 1998). CCoV can
be found in coinfections with bacteria, parasit@spther viruses such as the canine
adenovirus (CAV) or canine parvovirus (CPV) (Prated al. 2001). Coinfections may
be confirmed by the data provided in the presardystas occurred with dogs 2 and 4,
whose PCR was positive for CCoV and CPV. Zicolale{2012) reported coinfection
with CPV-2c in an outbreak of coronavirus infectimmong French and Belgian dogs,
which had symptoms that were characteristic of lnofigctions, leading to their deaths.

In Greece and Ireland, coinfections by CCoV-Il/CR¥-and CCoV-I/CPV-2b were
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described for puppies aged up to three months ifN&fal., 2010; McElligott et al.,
2011). In western European countries, 28 out of dégs had coinfection by these two
agents (Decaro et al., 2009). Dogs that presenidd imtestinal lesions at necropsy,
which are characteristic of CPV, were actually pwsifor CCoV (Evermann et al.,
2005). The same happened in our study, in whichsddged from CPV-characteristic
symptoms; however, the PCR only detected CCoV. Tigklights the importance of a
differential diagnosis between these two viral dsss. Deaths caused by pantropic
CCoV were first observed in Italy (Buonavoglia ét 2006), Greece (Ntafis et al.,
2011), France, and Belgium (Zicola et al., 2018)Latin America, this was the first
report of pantropic CCoV in puppies, with or with@ssociation with CPV. The feces
and several organs (e.g., lungs, spleen, kidnegscrpas, heart, liver, intestine, and
brain) of these animals were positive for CCoV,raborating the data published by
Buonavoglia et al. (2006), Zappulli et al. (2008B)afis et al. (2011), Decaro et al.
(2012), and Zicola et al. (2012). The clinical syomps of these dogs were similar to
those found by Buonavoglia et al. (2006) and Zdpgalal. (2008); however, these
authors reported neurological symptoms that werteobserved in our dogs. On the
postmortem examination, gross lesions showed edamacongestion in the intestine,
lungs and kidneys and enlarged mesenteric lymples)aghich were similar to, but not
so severe as, those found by Zappulli et al. (2088) Ntafis et al. (2011), who
observed areas with lung consolidation and emphgsatrdominal cavity with bloody
fluid, multifocal infarctions in the renal corteftjable liver with enlarged volume, and
venous congestion in the cerebral dura mater. Tioeostopic lesions in the organs
detected by Zappuli et al. (2008) and Decaro andnBuoglia (2011) were also
observed in our study. An important finding was éanarrow depletion and necrosis,

which was confirmed in the three dogs coinfectedCi@oV-lla and CPV-2¢, and also
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observed in dog 5, which was positive only for CGlt&/ These lesions are common in
cases of CPV-2 (Appel and Parrish, 1987), causheg death of the animals, as
immunological protection is severely compromised fayjphocyte depletion. These
lesions of bone marrow are not usually describeifections by pantropic CCoV, but
they were observed in all dogs in our study. Thetnepic CCoV-Il was confirmed by
the presence of gross lesions in the internal argdirihe dead dogs, as well as by the
detection of viral RNA in those tissues, includim@ins.

The phylogenetic analysis of circulating subtyméfecting dogs in southern
Brazil showed that they are similar to those foimather countries. Nonetheless, the
Brazilian samples tend to group into a single claleygesting a common ancestral.
However, studies focusing on pantropic CCoV in tgedepth are necessary to confirm
whether these samples are a monophyletic group.

The mutation detected by Buonavoglia et al. (20@6amino acid 125 of the
5’end region of the S gene (D125N), in two Italr@ference strains, was not observed
in our analysis, suggesting that this mutation migbt influence viral pathogenicity.
This finding is in line with that of other studi#isat suggest that there is no genetic
signature capable of detecting pantropic strairecédo et al., 2012). Note that, as far as
amino acid 127 of the M gene is concerned, dodisarpresent study were infected by a
field virus, since, according to the molecular gsil, the samples show a variation in
amino acids that is not compatible with the vaccsteain (1127V). With the
development of pantropic CCoV, and due to the exeein their virulence (subtype
lla), detection, identification and monitoring ohese new agents in the canine

population is of utmost importance in clinical v@tary practice.
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5. Conclusion

The results of this study demonstrated that the\G{Ta named as pantropic,
was the main subtype detected in bodies of puppibgh came to death with clinical
suspicion of CPV-2, suggesting the inclusion ofedéntial diagnosis between these
two agents. At necropsy, the lesions found in tigestive tract, highly suggestive of
infection by CPV-2, were both found in infected dagnly with CCoV-lla, as those
with CPV-2 co-infection and CCoV-lla. By sequencirtgwas confirmed the subtype
CCoV-lla and the antigenic variant CPV-2c, thisngeihefirst reported theletection of
pantropic CCoV-lla in puppies dogs in Brazil. Plgéaetic analysis of CCoV-lla, the
canine population in southern Brazil, shows thatyttare grouped in one clade,
suggesting a common ancestor, evidencing a sityilavith samples from other

countries.
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4. CONCLUSOES

Capitulo 1 — Parvovirus canino

1. Das 144 amostras de fezes de cdes com e sem sintmengastroenterite
hemorragica, 42 foram positivas para CPV-2 por P@6&strando que o CPV-2
ocorre em grande frequéncia na populacéo caniraakl.

2. Das 42 amostras positivas para CPV-2, trinta passusinais clinicos de
gastroenterite hemorragica, mostrando que uma gastenfeccdes é subclinica.

3. Pelo sequenciamento parcial do gene VP2, dos #2aspositivos para CPV-2,
33 foram caracterizados para CPV-2c, oito para @B\& um para CPV-2a,
mostrando que o CPV-2c foi a variante antigénie@minante na populacéo
canina do Brasil.

4. A filogenia das amostras de CPV-2 demonstrou gas efam similares as
encontradas em outros paises, ndo indicando urganorgeografica comum,
sendo caracterizadas como cosmopolitas.

Capitulo 2 — Coronavirus canino

1. Foli realizada a deteccao do CCoV-Il e CPV-2 por RQpartir de amostras de
orgaos e fezes de cinco filhotes que vieram a@uim sinais de GEH.

2. Trés caes foram positivos para CCoV-1l e CPV-2, fonpositivo apenas para
CCoV-Il e um s6 para CPV-2, dois tiveram co-infecpar esses dois agentes e
outro foi negativo para todos os virus pesquisadusstrando que ambos 0s
virus podem estar em co-infeccoes.

3. O CCoV-II foi identificado em diversos orgaos doistcaes positivos para esse
virus, mostrando caracteristicas do subtipo paittwop

4. O sequenciamento parcial dos produtos de ampl&adentificou a variante
antigénica CPV-2c e o subtipo CCoV-lla, sendo agpaimeira descricdo desse
subtipo em cées no Brasil.

5. A analise filogenética do CCoV-lla, na populacdmica no sul do Brasil,
mostra que eles se agrupam em um mesmo clado,rslgem ancestral em
comum, evidenciando uma similaridade com amoseasuttos paises.
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