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FREITAS, Luana de Almeida. Analise filogenética do gene de fusdo de cepas brasileiras
do virus da cinomose canina em cées. 2017. 83 f. Dissertacdo (Mestrado em Ciéncia
Animal) — Universidade Estadual de Londrina, Londrina, 2017.

RESUMO

A cinomose canina ¢ uma doenca viral sist€émica altamente contagiosa, de distribuicao
mundial e que afeta uma grande variedade de carnivoros terrestres. Este estudo teve como
objetivo analisar o gene F completo de cepas de campo brasileiras do virus da cinomose
canina (CDV) e compara-las com outros isolados de CDV. As amostras bioldgicas caninas
(n=15) utilizadas neste estudo foram coletadas entre 2003-2004 (n=6) ¢ 2013-2016 (n=9) e
submetidas a ensaio de RT-PCR para amplificagdo do gene F completo do CDV. A andlise
das sequéncias com 2.426 bp de 14 cepas brasileiras de CDV foram classificadas na linhagem
EU1 / SAl, com um agrupamento temporal entre amostras antigas (2003-2004) e
contemporaneas (2013-2016), independentemente do status vacinal dos animais amostrados.
Uma cepa brasileira de CDV agrupou-se na linhagem Rockborn-like, apresentando alta
similaridade (98,5%) com a cepa vacinal Rockborn. Para todas as cepas brasileiras, a regido
Fsp apresentou a maior variagdo nas sequéncias de aminoacidos (67,4% - 96,2%). As cepas
brasileiras apresentaram-se mais divergentes em relacdo as cepas vacinais classificadas como
NAI (24,5% - 36,3%) quando comparadas com a também cepa vacinal Rockborn (11,2% -
14,9%). Dezessete residuos de cisteina foram encontrados no gene F completo e quatro sitios
de glicosilagdo ndo conservados foram identificados na regido Fsp das cepas brasileiras de
CDV. Os resultados sugerem a circulacdo da linhagem EU1 / SA1 por 25 anos no Brasil ¢ a
atual cocirculagdo de cepas antigas e contemporaneas de CDV. A regido Fsp demonstrou ser
adequada para estudos evolutivos. Este ¢ o primeiro estudo que realizou a analise do gene F
completo de cepas de camplo brasileiras de CDV contribuindo com informagdes relacionadas
com a epidemiologia molecular do virus.

Palavras-chave: Analise Filogenética. CDV. Epidemiologia Molecular. Gene F. Proteina de
Fusao.



FREITAS, Luana de Almeida. Phylogenetic analysis of the the full-length fusion gene of
Brazilian field strains of the canine distemper virus in dogs. 2017. 83p. Dissertation
(Master Degree in Animal Science) — Universidade Estadual de Londrina, Londrina, 2017.

ABSTRACT

Canine distemper is a highly contagious systemic viral disease of worldwide distribution and
that affects a wide variety of terrestrial carnivores. This study aimed to analyze the whole
canine distemper virus (CDV) F gene of Brazilian field strains isolated in dogs and compared
it with other CDV isolates. Canine biological samples (n = 15) that were collected among
2003-2004 (n=6) and 2013-2016 (n=9) were subjected to RT-PCR assays for the
amplification of full-length CDV F gene. The sequence analysis of 2,426 bp length of 14
Brazilian CDV field strains were classified as EUI/SA1 lineage, with a temporal clustering
into past (2003-2004) and contemporaneous (2013-2016) strains, regardless of the vaccination
status of animals sampled. One Brazilian strain clustered into the Rockborn-like lineage,
showing high similarity (98.5%) with the Rockborn vaccine isolate. For all the Brazilian
strains, the Fsp region showed high aa variation (67.4% — 96.2%). The Brazilian strains were
more Fsp-divergent of the NA1 (24.5% — 36.3%) than to the Rockborn (11.2% — 14.9%)
vaccine strains. Seventeen cysteine residues in the full-length F gene and four non-conserved
glycosylation sites were found in the Fsp region of Brazilian CDV strains. The results suggest
a 25-year circulation of EUI/SAT lineage in Brazil and reveal a currently co-circulation of
past and contemporaneous CDV strains. The Fsp-coding region of CDV genome was shown
to be suitable for evolutionary studies. This is the first study dedicated to the whole CDV F
gene analysis from Brazilian field strains, complementing the knowledge on molecular
epidemiology of the virus.

Keywords: CDV. F gene. Fusion protein. Molecular epidemiology. Phylogenetic analysis.
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1 INTRODUCAO

A cinomose € uma doenca infecciosa viral de distribuicdo mundial que
acomete cdes domesticos e varias espécies de carnivoros selvagens (PANZERA et al., 2014).
Em cées, € uma enfermidade multissistémica, febril, aguda, altamente contagiosa causada pelo
virus da cinomose canina (canine distemper virus - CDV) (MACLACHLAN; DUBOVI, 2011).
A sua maior ocorréncia e importancia econémica estdo relacionadas a infec¢do em cées jovens
ndo vacinados, com altas taxas de morbidade e mortalidade (GREENE; VANDEVELDE,
2012).

Em paises desenvolvidos, as infec¢cBes sdo consideradas frequentes e bem
controladas devido aos eficientes protocolos de vacinacdo (MACLACHLAN; DUBOVI, 2011).
Contudo, nos ultimos dez anos, tém sido relatados surtos da doenca em cdes com esquema de
vacinacdo completo e evidenciou-se a expansdo do numero de hospedeiros de diferentes
espécies (PARDO; JOHNSON; KLEIBOEKER, 2005; LAN et al., 2006; CALDERON et al.,
2007; MARTELLA et al., 2007).

Em alguns paises da América do Sul a cinomose ainda € considerada
endémica e importante causa de mortalidade em cdes que vivem em regides urbanas
(PANZERA et al., 2014). No Brasil, a infeccdo natural pelo CDV em cées ¢ elevada devido a
grande populacdo de cdes ndo vacinados ou com esquema incompleto de vacinagdo
(BUDASZEWSKI et al., 2014). Os impactos econémicos relativos aos custos de tratamento
associado a manifestacdo clinica da infeccdo foram estimados entre US$147,6 e 160,3 milhdes
por ano no Brasil (HEADLEY et al., 2012)

A cinomose é uma enfermidade multissitémica, podendo apresentar
manifestacdes clinicas agudas, crénicas ou subclinicas. Os sinais clinicos da doenca sao muitas
vezes inespecificos, sendo facilmente confundidos com outros agentes infecciosos, o que
dificulta o diagndstico clinico (GREENE; VANDEVELDE, 2012).

Técnicas de deteccdo de antigeno ou de RNA viral sdo utilizadas como
diagndstico da doenca, sendo a transcricao reversa seguida da reacdo em cadeia da polimerase
(RT-PCR) amplamente utilizada na rotina, possibilitando a identificacdo do genoma do CDV
mesmo em amostras com pequenas quantidades de particulas virais (AMUDE; ALFIERI;
ALFIERI, 2006; NEGRAO et al., 2013; BUDASZEWSKI et al., 2014).

Com a utilizagdo de técnicas moleculares e analises filogenéticas, as cepas
virais de cinomose canina sao classificadas em linhagens, que podem ser agrupadas de acordo

com a origem geografica, independentemente da espécie do hospedeiro infectado
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(BUDASZEWSKI et al., 2014; KE et al., 2015).

A caracterizacdo das cepas de CDV circulantes em uma populagdo em
determinado periodo de tempo é fundamental para o estabelecimento das bases epidemioldgicas
da infeccdo; para a compreensdo das formas de apresentacao clinica e, principalmente, para
relacionar os aspectos imunolégicos envolvidos no processo infeccioso e a avaliacdo de
programas imunoprofilaticos.

O presente estudo foi delineado com o objetivo principal de caracterizar cepas
de CDV circulantes no Brasil com base na andlise filogenética do gene de fusdo, a fim de
investigar a diversidade genética do virus no pais em comparagdo com as cepas presentes nas

vacinas comerciais e as cepas selvagens circulantes no mundo.
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2 REVISAO BIBLIOGRAFICA

2.1 HISTORICO

CDV é um membro do género Morbillivirus e antigenicamente relacionado
com o virus do sarampo, com 0 virus da peste dos pequenos ruminantes e com o virus da peste
bovina (ARNS et al., 2012). A cinomose foi descrita pela primeira vez em 1746 no Peru como
uma enfermidade altamente infecciosa em cées e relatada em alguns paises da Europa em
meados de 1760. Em 1763, cerca de 900 cdes morreram em um Unico dia em Madri
(BLANCOU et al., 2004).

Panzera e colaboradores (2015) realizaram um estudo espago-temporal e
sugeriram que as primeiras cepas de CDV originaram-se dos Estados Unidos em 1880; essas
cepas teriam se diversificado através do tempo em duas linhagens: a linhagem atual,
denominada de América-1, que se disseminou posteriormente pela Asia, e outra linhagem que
se disseminou para diferentes regibes geograficas e deu origem as outras nove linhagens
caracterizadas até hoje no mundo (PANZERA et al., 2015).

A etiologia viral foi proposta pelo veterinario francés Henri Carre, em 1905,
e a doenca foi denominada de doenca de Carré (BLANCOU, 2004). Devido a algumas
semelhancas clinicas com doencas humanas que, na ocasido, comprometiam a populacdo com
surtos de sarampo e a pandemia de gripe em 1918, os primeiros estudos mais relevantes sobre
0 CDV foram desenvolvidos no Instituto Nacional para Pesquisa Médica de Mill Hill (NIMR,;
Londres, Reino Unido). Contribuigdes de tutores de cées permitiram que o patologista Patrick
Laidlaw e o médico veterinario George Dunkin confirmassem o trabalho de Carré e, em 1929,
desenvolvessem a primeira vacina, utilizando tecidos de um cdo infectado, que foram
macerados, filtrados e tratados quimicamente, gerando uma vacina inativada (GLEDHILL,
1953).

2.2 CARACTERIZACAO DO VIRUS

CDV pertence a ordem Mononegavirales, familia Paramyxoviridae,
subfamilia Paramyxovirinae e género Morbillivirus. As particulas viricas sdo envelopadas,
esféricas ou pleomérficas, com aproximadamente 150 a 300 nm de didmetro. O genoma do
virus é constituido por uma molécula de RNA fita simples linear ndo segmentada, de polaridade
negativa de aproximadamente 15,9 kb (MACLACHLAN; DUBOVI, 2011). Por possuir
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polaridade negativa, 0 genoma desnudo ndo é infeccioso quando introduzido em células
permissivas (ARNS et al., 2012).

O genoma de CDV possui seis genes que codificam oito proteinas (Figuras 1
e 2), sendo duas néo estruturais, denominadas C e V, e seis proteinas estruturais: nucleoproteina
(N), fosfoproteina (P), proteina da matriz (M), proteina de fusdo (F), hemaglutinina (H) e
grande polimerase (L) (LAMB; PARKS, 2013).

O nucleocapsideo possui simetria helicoidal, apresenta entre 13 e 18 nm de
didmetro e é formado pelo genoma RNA, conjugado com aproximadamente 2.500 cépias da
proteina N, ao qual estdo associadas 300 copias da proteina P e 50 moléculas da proteina L. No
envelope lipidico estdo localizadas as duas glicoproteinas de superficie (F e H) que possuem
funcéo importante na patogenia das infeccdes. Além dessas glicoproteinas, 0s virions contém
multiplas copias da proteina M que preenchem o espaco entre o nucleocapsideo e o envelope
viral (ARNS et al., 2012).

Nos virions intactos, a Unica estrutura visivel por microscopia eletrénica
(ME) é o envelope, com 7 a 15 nm de espessura, recoberto por projecdes de 8 a 20 nm de
extensdo, constituidas pelas glicoproteinas de superficie (MITCHELL et al., 1987).

O CDV é sensivel aos solventes lipidicos como o cloroférmio e o éter.
Formalina, fenol, agentes oxidantes e hipoclorito de sédio também inativam o virus. O virion é
sensivel a pH &cido e ao aquecimento a 56°C por 30 minutos. Apesar de sua labilidade, 0 CDV
pode permanecer vidvel a temperatura de < - 50°C ou menos por muitos meses, porem episodios

de congelamento e descongelamento podem inativar a infectividade viral (ARNS et al., 2012).

Figura 1 — Genoma RNA linear fita simples polaridade negativa do virus da cinomose canina.
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(-} strand RNA genome
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Fonte: ViralZone, 2014 (http://viralzone.expasy.org/all by species/86.html).
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Figura 2 — Representagdo esquematica da estrutura de um Morbillivirus.

Matriz Proteica (M)

Hemaglutinina (H)

Proteina de Fus&o (F) Polimerase (L)

Fosfoproteina (P)

S : v Nucleoproteina (N)

Fonte: ViralZone, 2014 (http://viralzone.expasy.org/all by species/86.html).

2.2.1 Proteina Hemaglutinina (H)

A proteina H é responsavel pela ligacdo dos virions a célula hospedeira e pelo
tropismo celular, possuindo importancia na inducdo da resposta imune especifica do
hospedeiro. Também apresenta atividade de hemaglutinacdo, utilizada na identificacdo de
isolados e também para diagnostico (ARNS et al., 2012)

A funcdo priméria da proteina H € a ligacdo aos receptores celulares do
hospedeiro. A molécula de sinalizacdo da ativacdo de linfocito (Signaling lymphocyte
activation molecule - SLAM) ou CD150 é uma glicoproteina expressa na membrana celular das
células do sistema imune e é o principal receptor celular dos morbilivirus. A SLAM é expressa
em linfécitos T e B ativados, células apresentadoras de antigenos, macréfagos e células
dendriticas (VON MESSLING et al., 2005), o que explica o forte tropismo do CDV por estes
tipos celulares. A destruicéo seletiva das células apresentadoras de SLAM pelo CDV é apontada
como o principal mecanismo de imunodepressdao (MACLACHLAN; DUBOVI, 2011). In vivo,
CDV também é capaz de infectar células epiteliais e neurais. Um segundo receptor celular,
denominado nectina-4, também desempenha um papel importante na disseminagdo do virus. A
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nectina-4 é uma proteina de adeséo que contém dominios semelhantes a imunoglobulinas e esta
envolvida na neuroviruléncia do CDV (PRATAKPIRIYA et al., 2012)

O gene da glicoproteina H possui a maior variagdo genética/antigénica nas
espécies inclusas no género Morbillivirus (VON MESSLING et al., 2001). Com relacéo ao
CDV, a divergéncia de aminoéacidos (aa) da proteina H chega a 10% entre as cepas circulantes,
sendo sua anélise filogenética amplamente estudada e empregada para classificagdo das cepas
de CDV em gendtipos, os quais se agrupam em relacdo a distribuicdo geografica,
independentemente da especie do hospedeiro infectado (ESPINAL; DIAZ; RUIZ-SAENZ,
2014; KE et al., 2015; RILEY; WILKES, 2015).

2.2.2 Proteina de Fuséo (F)

A proteina F interage com a H para mediar a fixacao e fusao do envelope viral
com a membrana celular, permitindo a penetracdo do nucleocapsideo na célula hospedeira
(LAMB; PARKS, 2013).

O gene F codifica uma proteina de 662 aa, compreendendo a regido do
peptideo de sinal (Fsp - fusion protein signal peptide) (aa 1-135), a regido F2 (aa 136-224) e a
regido F1 (aa 225-662), que sdo produzidas via protedlise pds-traducional (ROMANUTTI et
al., 2016). A proteina F inicialmente é sintetizada como um precursor inativo, denominado FO,
que necessita ser clivado para torna-se ativo e exercer sua funcéo fusogénica, fator determinante
para a patogenicidade viral. FO é clivado pela acdo da protease celular furina nas regides F1 e
F2, que permanecem em estreita proximidade em virtude da ligacdo por pontes dissulfeto. A
subunidade F1 contém duas regides hidrofobicas importantes para a promoc¢do da fusdo de
membrana, o dominio do peptideo de fusdo (FP), localizado na por¢do N-terminal e 0 dominio
trans-membrana (TM) na porcdo C-terminal (Figura 3) (VON MESSLING; CATTANEO,
2002).

A clivagem ocorre no interior das vesiculas do complexo de Golgi, nos
estagios finais do ciclo replicativo, durante o transporte das proteinas virais para a membrana
plasmatica. Cepas que clivam FO com mais eficiéncia tendem a ser mais virulentas, em
contraste com cepas menos eficientes na clivagem (ARNS et al., 2012).

O gene F, atua como determinante antigénico, estando sujeito a pressao de
selecdo (SARUTE et al., 2014). Esse gene, em particular a regido Fsp, tem sido foco de novos
estudos devido a sua alta variabilidade genética, sendo apontada como uma boa ferramenta de
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triagem e de caracterizacdo de cepas de campo de CDV (LEE et al., 2010; SARUTE et al.,
2013; SARUTE et al., 2014; ROMANUTTI et al., 2016).

Figura 3 — Representacdo esquematica da clivagem da proteina de fusdo. Na porcdo inferior, o precursor inativo
FO é representado. Para exercer sua funcdo fusogénica, FO é clivado pela acdo da protease celular furina nas regides
F1 e F2, representadas na porgdo superior do painel. A subunidade F1 contém duas regides hidrofdbicas
denominadas de peptideo de fuséo (FP) e dominio trans-membrana (TM) nas por¢des N-terminal e C-terminal,
respectivamente. F1 e F2 permanecem ligadas por pontes dissulfeto.

— o FP ™| =
< > € >
F2 F1
<€ >
FO

Fonte: Elaborado pelo autor.

2.2.3 Proteina de Matriz (M)

A proteina M é a mais abundante dos virions, ocupando o0 espaco entre 0
nucleocapsideo e o envelope, servindo como ponto de ancoragem para as glicoproteinas de
superficie H e F (LAMB; PARKS, 2013).

Essa & a proteina mais conservada entre os membros da familia
Paramyxoviridae e auxilia na interacdo entre o nucleocapsideo viral e a membrana da célula
hospedeira durante a morfogénese, maturacdo e brotamento do virion (MACLACHLAN;
DUBOVI, 2011).

2.2.4 Nucleoproteina (N)

A nucleoproteina tem aproximadamente 80% da sua sequéncia conservada,
estd associada ao genoma viral e juntamente com as proteinas P e L formam o nucleocapsideo

que é responsavel pela protecdo do genoma viral (ARNS et al., 2012).
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Essa proteina permanece associada com o genoma mesmo durante a
transcricdo e replicacdo e também participa da morfogénese das novas particulas virais pela
interacdo com a proteina M (LAMB; PARKS, 2013).

2.2.5 Grande (Large) Polimerase (L)

A proteina L é encontrada em quantidades muito baixas nas células
infectadas, associadas ao nucleocapsideo e aos virions (aproximadamente 50 copias por virion)
e representa a subunidade catalitica da RNA polimerase dependente de RNA (RdRP) (ARNS
etal., 2012).

A proteina L s6 exerce sua atividade a partir da formagdo de um
complexo com a proteina P, fator essencial para a atividade da polimerizac&o a partir de moldes
de RNA conjugados pela proteina N (ARNS et al., 2012). A sequéncia de nucleotideos (nt) da
proteina L é bastante conservada entre os membros de uma mesma subfamilia, no entanto,
observa-se pouca identidade entre sequéncia de subfamilias diferentes. Apesar disso, existem
cinco regides gendmicas curtas proximas ao centro da proteina L que mostram alta identidade,
incluindo RNA polimerases de outras familias virais, que sdo essenciais a atividade da RpRP
(LAMB; PARKS, 2013).

2.2.6 Fosfoproteina (P)

A proteina P ¢ altamente fosforilada e atua na formacdo do complexo
polimerase para a sintese de RNA (ARNS et al., 2012). Um mecanismo conhecido como edi¢do
de RNA, permite que varias proteinas diferentes sejam produzidas a partir do gene P, e no caso
dos Morbilivirus, sdo produzidas as proteinas V e C (LAMB; PARKS, 2013).

Toda a atividade catalitica da transcriptase viral é atribuida a proteina L,
porém, ela somente é capaz de se ligar ao complexo ribonucleoproteina (RNA:N) na presenca
da proteina P, que por sua vez regula a transcricdo, replicacdo e a eficiéncia com que a
nucleoproteina se insere e monta 0s nucleocapsideos. Juntamente com a nucleoproteina, a
proteina P forma agregados citoplasméticos conhecidos como corpusculos de inclusdo nas
células infectadas (ARNS et al., 2012).



23

2.2.7 Proteinas Ve C

As proteinas ndo estruturais V e C, ndo sdo essenciais a replicagdo viral,
mas auxiliam na sobrevivéncia do virus in vitro e sdo determinantes da sua viruléncia (LAMB;
PARKS, 2013). Também possuem participacdo na evasao da resposta imune inata pelo virus.
A regulacédo da sintese do RNA genémico viral também é exercida pela proteina C (ARNS et
al., 2012).

2.3 REPLICACAO

CDV se replica no citoplasma das células infectadas, sem a necessidade
de funcgdes nucleares (LAMB; PARKS, 2013). As proteinas de ligacdo reconhecem receptores
compativeis na superficie celular. O principal receptor celular é a molécula SLAM (CD150)
que é encontrada em linfécitos, macrofagos e células dendriticas. Apos a ligagéo, a proteina F
serve de mediadora para a fusdo do envelope viral com a membrana plasmatica, a um pH
fisiolégico. Para que a proteina precursora FO exerca sua funcdo fusogénica, é necessaria a sua
clivagem em F1 e F2 (ARNS et al., 2012). Como néo depende de pH baixo para a fusédo do
envelope viral com a membrana da célula, os paramixovirus sdo chamados de virus pH
independentes (MACLACHLAN; DUBOVI, 2011).

Apbs a entrada na célula ocorre o desnudamento do genoma viral (LAMB;
PARKS, 2013). No citoplasma da célula hospedeira o RNA livre é transcrito por seis unidades
de polimerase viral em mRNA, que servird como molde para a traducdo de proteinas virais e
molde para a replicacdo da fita negativa do genoma. No decorrer do processo as fitas da
progénie viral sdo empacotadas no capsideo proteico (MACLACHLAN; DUBOVI, 2011).

Durante o Gltimo estagio da replicacdo viral as proteinas do envelope migram
para a membrana da célula hospedeira, os nucleocapsideos agrupam-se préximo a membrana
celular e sdo liberados da célula pelo processo de brotamento, adquirindo um envoltorio
lipoprotéico, derivado da membrana da célula hospedeira onde estdo presentes as proteinas H
e F (ARNS et al., 2012). A proteina M desempenha uma importante funcdo na liberacdo do
virus maduro e a nucleoproteina é o antigeno viral produzido em maior concentracdo durante a
replicagéo viral (MACLACHLAN; DUBOVI, 2011).
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2.4 EPIDEMIOLOGIA

Além de caes domésticos, 0 CDV infecta varias outras espécies de carnivoros,
incluindo os membros das familias Canidae (coiote, lobo, raposa), Mustelidae (furdo, gamba,
lontra), Procyonidae (quati, guaxinim, jupard), Ailuridae (panda vermelho), Viverridae (gineta,
urso-gato-asiatico, civeta), Hyaenidae (hienas), Ursidae (ursos, panda gigante), Herpestidae
(juricata, mangusto) e Felidae (ledo, jaguatirica, onca). Também acomete mamiferos marinhos
de vérias familias como as baleias, golfinhos, botos, leGes marinhos e focas e primatas ndo
humanos como o macaco rhesus (Macaca mulatta) (BEINEKE; BAUMGARTNER;
WOHLSEIN, 2015). Infec¢cdo experimental com CDV em gatos domésticos, assim como em
suinos, resultou em soroconversdo, mas sem desenvolvimento da doenca clinica e excre¢do do
virus, talvez devido a uma resisténcia natural a doenca que impede a replicacdo viral nos
estagios iniciais (APPEL et al., 1974).

A variedade de hospedeiros vem aumentando desde a década de 90, quando
diversas espécies de animais selvagens foram infectadas e morreram em zool6gicos dos Estados
Unidos (APPEL et al., 1994) e em parques da Africa (CARPENTER et al., 1998). O aumento
do nimero de hospedeiros vem ampliando a transmisséo interespéecies de CDV, levando a
surtos com altas taxas de mortalidade (GUTIERREZ; SAENZ, 2016). Os furbes sdo
extremamente sensiveis a infeccdo pelo CDV, podendo apresentar taxas de morbidade e
mortalidade de até 100% (MACLACHLAN; DUBOVI, 2011). Analises evolutivas,
filogenéticas e moleculares revelaram que mutagdes que afetam o sitio de ligacdo da proteina
H aos receptores celulares estdo associadas a ocorréncia da doenca em novas espécies
hospedeiras (NIKOLIN et al., 2012; ORIGGI et al., 2012; SATTLER et al., 2014).

A maior importancia da cinomose na rotina veterinaria esta relacionada com
as manifestacdes clinicas em cdes domésticos (ARNS et al., 2012). A doenca acomete caes de
diferentes faixas etarias podendo ainda estar associado com diferentes manifestacées clinicas
sistémicas (MARTELLA; ELIA; BUONAVOGLIA, 2008). Entretanto a maior prevaléncia
ocorre em filhotes entre trés e seis meses de idade, ndo vacinados, apés o declinio dos anticorpos
maternos (CHAPPUIS, 1995).

Surtos em populacbes de cdes domésticos e animais selvagens podem ser
causados pela variagdo antigénica de cepas selvagens de CDV e pela capacidade do virus de
infectar outros hospedeiros carnivoros, que passam a atuar como reservatorios (GREENE;
VANDEVELDE, 2012).
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2.5 PATOGENIA E SINAIS CLINICOS

A principal via de infec¢do por CDV é a inalacdo de aerossois e goticulas
com particulas virais (ARNS et al., 2012). O virus também pode ser excretado nas fezes, saliva,
urina, exsudatos conjuntivais e nasais de animais infectados. Independentemente da
apresentacdo de sinais clinicos, a excrecao viral pode ocorrer a partir do 5° dia apos a infeccéo,
podendo se prolongar por até 60 a 90 dias (GREENE; VANDEVELDE, 2012).

Diversas variacbes na duracdo e gravidade dos sinais clinicos tém sido
relatadas em animais experimentalmente e naturalmente infectados. Os sinais clinicos variam
de acordo com a viruléncia da cepa, das condi¢cdes ambientais, da idade e do status imunoldgico
do hospedeiro, com mais de 50% das infeccbes podendo ser assintomaticas (APPEL,;
SUMMERS, 1995; HEADLEY et al., 2012).

Apos a infeccdo, o virus replica primariamente no interior de macr6fagos nos
tecidos do trato respiratdrio superior e, em seguida, se dissemina pelos 6érgéos linféides. CDV
infecta as células que expressam o receptor SLAM, presente nos linfécitos, macréfagos e
células dendriticas por meio das suas glicoproteinas de superficie (H e F) (GREENE;
VANDEVELDE, 2012). O tropismo do CDV por estas células justifica o seu efeito
imunodepressor, que ocorre ndo somente pela morte celular induzida pela acdo viral, mas
também porque o virus inibe respostas de interferon (IFN) e citocinas de células linféides via a
expressao do gene P e viruléncia das proteinas V e C (VON MESSLING et al., 2003).

A inibicdo e comprometimento da funcdo imune humoral e celular,
caracterizada pela imunodepressdo, tornam os animais altamente suscetiveis as infeccoes
secundarias como as de origem bacteriana, parasitéria, protozoéaria e de outros patdgenos virais
gue consequentemente agravam o quadro clinico do animal infectado (MORETT] et al., 2006;
CHVALA et al., 2007; HEADLEY et al., 2013).

Apo6s a multiplicacdo nos linfonodos regionais, o virus atinge a corrente
sanguinea (viremia primaria), onde circula dentro de linfocitos B e T infectados, disseminando-
se para todos os tecidos linfoides (bago, timo, linfonodos, medula dssea), incluindo tecidos
linféides associados ao intestino e macrofagos teciduais, tais como as células de Kupffer no
figado e placas de peyer (ARNS et al., 2012). A proliferacdo generalizada do virus nesses
tecidos provoca aumento da temperatura corporal e leucopenia entre 0 3° e 0 6° dia apds a
infeccdo (GREENE; VANDEVELDE, 2012).

A progresséo da infecgdo depende da resposta imunoldgica do animal (ARNS

et al., 2012). Do 7° ao 14° dia de infeccdo, dependendo da cepa viral, o cdo pode desenvolver
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resposta imune celular e humoral eficaz e ndo manifestar sinais clinicos da doenca. Titulos de
anticorpos adequados e citotoxicidade mediada por células eliminam o virus e esses animais
ndo apresentam sinais clinicos. O anticorpo IgG-CDV especifico é eficaz na neutralizacdo de
CDV extracelular e na inibicdo da sua propagacao intercelular (GREENE; VANDEVELDE,
2012).

Em até trés semanas ap6s a infeccdo os cdes que ndo conseguem montar
resposta imune eficiente apresentam a doenca em diferentes graus de intensidade. Nesses
animais, o virus é transportado por células mononucleares sanguineas, produzindo um segundo
pico febril (viremia secundéria), disseminando-se para varios tecidos, incluindo o tegumento,
trato digestorio, respiratorio, urinario, genital e sistema nervoso central (SNC) (GREENE;
VANDEVELDE, 2012). Esses animais podem apresentar uma variedade de manifestacdes
clinicas, relacionadas com os 6rgéos e os tecidos afetados, e a sequéncia de eventos patogénicos
depende da cepa viral e os sinais clinicos da doenga nestes cdes geralmente sdo graves (ARNS
etal., 2012).

A infeccdo de cadelas prenhes pode resultar na transmisséo transplacentaria
do virus, podendo causar abortamento, natimortos, nascimento de filhotes fracos debilitados
(ARNS et al., 2012).

No decorrer da infeccdo podem ser observados quadros de anorexia, descarga
nasal, conjuntivite, tosse, vomitos, diarreia e depressaio (MACLACHLAN; DUBOVI, 2011).
Na forma menos grave da doenca sdo encontrados quadros de reducdo do apetite, febre e sinais
clinicos relacionados ao trato respiratorio superior. Alguns sinais inespecificos como descarga
ocular serosa bilateral, que pode tornar-se mucopurulenta, tosse e dispnéia também podem
ocorrer (GREENE; VANDEVELDE, 2012).

As células mononucleares carreiam CDV para o SNC através da barreira
hematoencefalica e/ou pelo liquido cefalorraquidiano (ARNS et al., 2012). No SNC, se replica
em neurdnios e em células gliais, resultando em lesbes na substancia cinzenta e na substancia
branca, com desmielinizacdo. As manifestaces neurologicas ocorrem entre uma a trés semanas
apos o inicio dos sinais clinicos agudos, mas podem também aparecer depois de infec¢cdo
subclinica. ConvulsGes, sinais cerebelares e vestibulares, paraparesia ou tetraparesia com ataxia
sensitiva e mioclonias sdo comuns (GREENE; VANDEVELDE, 2012). Sinais neuroldgicos,
agudos ou crbnicos, geralmente sdo progressivos, o que leva a um prognostico reservado; cdes
gue sobrevivem podem ter sequelas permanentes no SNC (MACLACHLAN; DUBOVI, 2011).
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2.6 DIAGNOSTICO

O diagndstico da cinomose com base nos achados clinicos de anamnese e
exame fisico é inconclusivo, uma vez que o CDV é um virus pantropico capaz de causar quadros
clinicos distintos e inespecificos que se confundem com outras doencas. Para fins de
diagnostico diferencial, devem ser consideradas as enfermidades como: tosse dos canis,
parvovirose, coronavirose, infec¢des bacterianas, doenca neuroldgica como toxoplasmose,
neosporose, criptococose, intoxicagdo por chumbo e raiva (GREENE; VANDEVELDE, 2012).

Para o diagndstico laboratorial, na dependéncia da apresentacéo clinica e da
evolucdo da cinomose, o0 virus pode estar presente em varias amostras bioldgicas. Nos
diferentes estagios da infeccdo, amostras bioldgicas como Orgdos, urina, sangue total,
leucdcitos, fezes, liquor, secrecdo respiratdria e ocular podem apresentar concentracGes
variadas do virus (AMUDE et al., 2007; GEBARA et al., 2004; NEGRAO et al., 2013; SILVA
etal., 2014).

No exame hematoldgico pode-se observar linfopenia, durante a fase inicial
da infeccdo, combinada com leucopenia ou leucocitose, anemia, monocitose e, raramente,
trombocitopenia (GEBARA et al., 2004). Porém, nenhum desses sinais € especifico para a
doenca e variam de animal para animal e de acordo com a fase da infeccdo viral (GREENE;
VANDEVELDE, 2012).

O diagnostico rapido de CDV pode ser obtido por meio de kits comerciais de
ensaio imunocromatografico para a deteccdo da proteina F. A vantagem desse sistema é a
realizacdo em clinicas e consultérios veterinarios utilizando como amostras bioldgicas swab
conjuntival, urina, saliva, soro, plasma ou liquor, enquanto sua maior desvantagem € a
possibilidade de resultado falso-negativo (CURTI; ARIAS; ZANUTTO, 2012).

A histopatologia possibilita o diagnostico definitivo de infeccdo pelo virus
por meio da observacdo de corpusculos de inclusao intranucleares e eosinofilicos (corpusculo
de Lentz), porém, o resultado negativo ndo exclui a infeccdo (HEADLEY; GRACA, 2000). A
desvantagem da técnica é a realizagdo apenas post mortem (KOUTINAS et al., 2004).

O isolamento de CDV em cultivo celular, embora seja considerada a prova
ouro no diagnostico da infeccdo, ndo se aplica na rotina diagndstica, pois além de demorada, é
necessario a adaptagdo do virus aos cultivos celulares (MACLACHLAN; DUBOVI, 2011).

Desde 1995 a RT-PCR tem sido utilizada como ferramenta para o diagnostico
da cinomose (SHIN et al., 1995). Trata-se de uma técnica com alta sensibilidade e

especificidade, que permite a amplificacdo de fragmentos gendbmicos mesmo em amostras com
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pequenas quantidades de particulas virais, sendo muito eficiente para diagnostico em animais
assintomaticos (NEGRAO et al., 2013; BUDASZEWSKI et al., 2014).

2.7 CLASSIFICAGAO EM LINHAGENS

O gene H tornou-se foco dos estudos filogenéticos devido a sua alta
variabilidade, revelando padrdes de agrupamentos geograficos que sdo Uteis para monitorar a
epidemiologia molecular de CDV (MARTELLA et al., 2006; NEGRAO et al., 2013;
BUDASZEWSKI et al., 2014; RILEY; WILKES, 2015).

Com base nas sequéncias parciais e completas do gene H de cepas de CDV
isoladas de diferentes regiGes geograficas do mundo, pelo menos 15 linhagens ja foram
descritas, sendo elas: América do Norte 1 (NA1), América do Norte 2 (NA) , Asia 1 (AS1),
Asia 2 (AS2), Asia 3 (AS3), Asia 4 (AS4), Europa 1 / América do Sul 1 (EU1/SA1), América
do Sul 2 (SA2), América do Sul 3 (SA3), América do Sul 4 (SA4), European Wild-life, Artic-
like, Rockborn-like , Africa 1 e Africa 2 (WOMA et al., 2010; MARTELLA et al., 2011;
PANZERA et al., 2014; KE et al., 2015). As analises com base nas sequéncias do gene H de
cepas brasileiras demonstraram um predominio da linhagem EU1/SA1 no pais (PANZERA et
al., 2012; ROSA et al., 2012; BUDASZEWSKI et al., 2014).

Assim como o gene H, o gene F também atua como determinante antigénico,
sendo descrito como uma regido com variabilidade suficiente para a realizacdo de estudos
filogenéticos e obtencdo de maior compreensdo sobre a epidemiologia dos surtos causados pelo
CDV (SULTAN et al., 2009; LEE et al., 2010; ROMANUTTI et al., 2016). Dentro do gene F,
uma curta regido (Fsp) apresenta-se extremamente varidvel, considerada util para
caracterizacdo das cepas circulantes do virus (SARUTE et al., 2013; 2014 et al.; ROMANUTTI
etal., 2016).

Na América do Sul, trés linhagens de CDV foram identificadas com base em
analises da regido Fsp, sendo elas: EU1/SA1L, presente no Brasil, Uruguai e Argentina; SA2
circulante somente na Argentina; e SA3 presente no Equador (SARUTE et al., 2014). Com base
na analise de uma regido parcial (630 pb) do gene H comum a todas as cepas de CDV da
América do Sul, uma quarta linhagem foi descrita, constituida por cepas colombianas, para a
qual foi sugerida a denominagdo SA4 (PANZERA et al., 2014). Entretanto, a regido Fsp das
cepas de CDV colombianas néo foi analisada.

Anadlises filogenéticas com base no gene H e F evidenciaram a existéncia de

acentuada diversidade genética nas novas cepas de campo (denominadas new CDV),
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englobando cepas isoladas na Europa, Asia, Américas do Norte e do Sul, quando comparada a
diversidade genética de cepas antigas de CDV (denominadas old CDV), incluindo as cepas
padrdes e vacinais isoladas nas décadas de 50 e 60, como a Onderstepoort, Snyder Hill, Lederle
e Rockborn (BUDASZEWSKI et al., 2014; SARUTE et al., 2014; RILEY; WILKES, 2015).

2.8 CONTROLE E PROFILAXIA

A medida mais eficaz para controlar a cinomose € a imunizacao, por meio de
vacinacdo, ainda que as medidas classicas de higiene devam ser aplicadas em paralelo (ARNS
et al., 2012). A imunizacdo ativa obteve sucesso a partir da década de 50 com uma dréastica
reducdo do impacto de CDV na populacdo canina (GREENE; VANDEVELDE, 2012).

Controlar a disseminacdo do virus no ambiente ainda € muito dificil, pois, a
cobertura vacinal € insuficiente na maioria das regides menos desenvolvidas, fato associado
com o poder aquisitivo dos cidadaos, com o tamanho da populacdo canina, com o alto nUmero
de cées ndo domiciliados, resultando em muitos animais suscetiveis; e também em relacéo ao
grande numero de espécies selvagens suscetiveis ao virus (LAN et al., 2006; ARNS et al., 2012;
HEADLEY etal., 2012).

A vacinacgdo com cepas atenuadas do CDV, em formulac@es polivalentes, € a
estratégia mais utilizada no combate a cinomose (ARNS et al., 2012). Cepas que circulavam
mundialmente nas décadas de 50 e 60 (Onderstepoort, Snyder Hill, Rockborn e Lederle) ainda
sdo utilizadas na producdo das vacinais disponiveis no mercado atualmente (MARTELLA et
al., 2011).

A cepa Rockborn foi retirada do mercado apds meados de 1990, como
consequéncia de notificacdes de casos suspeitos de encefalite pds-vacinal, considerada menos
atenuada e menos segura que outras cepas vacinais, entretanto, Martella e colaboradores (2011)
demonstraram que essa cepa ainda faz parte da composicao das vacinais comerciais.

As falhas vacinais podem ser geradas por multiplos fatores como
interferéncia de anticorpos transmitidos passivamente, falhas individuais de resposta imune,
qualidade, conservacdo, variabilidade antigénica do imunogeno e infeccdo anterior a vacinacao
(ARNS et al., 2012).

Vacinas recombinantes estdo disponiveis no mercado na tentativa de evitar
reacOes adversas como a encefalite pos-vacinal, entretanto, apresentam menor duracdo de

imunidade quando comparadas com as vacinas de virus vivo atenuado (ARNS et al., 2012).
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Por ser um virus de genoma RNA, muitas mutagdes foram identificadas nas
ultimas décadas, tornando as cepas de CDV circulantes atualmente geneticamente diferentes
das cepas vacinais (SARUTE et al., 2014; KE et al., 2015; RILEY; WILKES, 2015).

Surtos em populacdes de cdes domésticos e animais selvagens podem ser
causados pela variacdo antigénica de cepas selvagens do CDV e, consequentemente, pelo
surgimento de novas cepas de campo capazes de evadir-se da resposta imunologica gerada pelas
“cepas antigas” que ainda sdo utilizadas nas vacinas comerciais (CALDERON et al., 2007;
IWATSUKI et al., 2000; MARTELLA et al., 2010). As novas cepas de CDV podem, ainda,
apresentar capacidade de infectar outros hospedeiros carnivoros, que passam a atuar como
reservatorios, mantendo a circulagdo do virus entre animais suscetiveis (GREENE;
VANDEVELDE, 2012; BEINEKE; BAUMGARTNER; WOHLSEIN, 2015; GUTIERREZ;
SAENZ, 2016).

Além da vacinacéo, as pessoas envolvidas nos cuidados ambulatoriais com
animais doentes devem sempre utilizar medidas de biosseguranca (luvas descartaveis,
esterilizacdo e descarte de fomites, higiene pessoal e do ambiente), associadas com o isolamento
dos animais infectados, prevenindo a disseminacdo do virus no ambiente residencial e
hospitalar (ARNS et al., 2012).
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3 OBJETIVOS
3.1 OBJETIVO GERAL
e Analisar a sequéncia completa de nucleotideos do gene F de cepas brasileiras de CDV
identificadas em cées e realizar andlises filogenéticas comparativas entres as cepas

estudas e aquelas disponiveis em bancos publicos de dados (GenBank).

3.2 OBJETIVOS ESPECIFICOS

Amplificar, por meio de RT-PCR, o gene de fusdo completo de cepas brasileiras de
CDV;

e Sequenciar os fragmentos do gene F amplificados na RT-PCR para a classificacdo do

virus em linhagens;

e Realizar andlise filogenética comparativa entre as cepas de CDV antigas e

contemporaneas circulantes no Brasil;

e Realizar andlise filogenética comparativa das cepas virais encontradas com as cepas
virais de referéncia (protétipos) disponiveis em bases publicas de dados (GenBank),

incluindo as cepas vacinais;

e Avaliar a utilizacdo da regido Fsp do gene F na classificagdo das cepas circulantes de
CDVv.
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4.1 The full-length fusion gene analysis of canine distemper virus field strains from dogs

in Brazil

Abstract

Canine distemper is a highly contagious systemic viral disease, of worldwide distribution and
that affects a wide variety of terrestrial carnivores. This study aimed to analyze the whole CDV
F gene of Brazilian field strains and compared it with other CDV isolates. Canine biological
samples (n=15) that were collected among 2003-2004 (n=6) and 2013-2016 (n=9) were
subjected to RT-PCR assays for the amplification of 2,426 bp of the full-length of CDV F gene.
Fourteen Brazilian CDV strains were classified as EU1/SAL lineage, with a temporal clustering
into past (2003-2004) and contemporaneous (2013-2016) strains, regardless of the vaccination
status of animals sampled. One Brazilian strain clustered into the Rockborn-like lineage,
showing high similarity (98.5%) with the Rockborn vaccine isolate. For all the Brazilian strains,
the Fsp region showed high aa variation (67.4% — 96.2%). The Brazilian strains were more Fsp-
divergent of the NA1 (24.5% — 36.3%) than to the Rockborn (11.2% — 14.9%) vaccine strains.
Seventeen cysteine residues in the full-length F gene and four non-conserved glycosylation sites
were found in the Fsp region of Brazilian strains. The results suggest a 25-year circulation of

EU1/SA1 lineage in Brazil and reveal a currently co-circulation of past and contemporaneous
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CDV strains. The Fsp-coding region of CDV genome was shown to be suitable for evolutionary
studies. This is the first study dedicated to the whole CDV F gene analysis from Brazilian field

strains, complementing the knowledge on molecular epidemiology of the virus.

Keywords: Paramyxovirus. CDV. F gene. Fusion protein. Phylogenetic analysis. Molecular

epidemiology.

Introduction

Canine distemper virus (CDV) is a highly contagious pathogen for domestic dogs and
several wild carnivore species [9]. CDV is the etiological agent of canine distemper (CD), a
severe multisystemic and globally distributed disease [31]. The clinical manifestations of CDV
infections vary widely and depend on factors such as individual immune status, vaccination
history, and virus strain virulence. Main clinical signs include dermatologic, respiratory,
gastrointestinal, neurological, and immunological disorders such as immunodepression [11].

CDV is a member of the Morbillivirus genus within the Paramyxoviridade family. The
virus is enveloped and its genome consists of a non-segmented single-stranded negative-sense
RNA of approximately 15.7 kb [20] CDV genome encodes eight viral proteins, being two
nonstructural proteins (C and V) and six structural proteins called hemagglutinin (H), fusion
(F), matrix (M), phosphoprotein (P), large polymerase (L), and nucleocapsid (N) [11].

The H and F glycoproteins are located at the virus envelope and are more variable than
other CDV proteins [2, 24, 45, 46]. The H protein helps in attachment of the virus to the host
cell, while the F protein mediates fusion between the virus and infected cells [43]. Both
glycoproteins are the antigenic determinants that induce protective immune responses against
CDV [15, 50]. Genetic variation in genes encoding the H and F envelope proteins is regarded

as possible cause of the increasing number of CDV infections in dogs [21, 22, 24].
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Sequence analysis of the H gene has been widely studied and employed to characterize
CDV field strains worldwide [8, 18, 34]. In addition the F gene, in particular the fusion protein
signal-peptide (Fsp) coding region has been focused in new studies, due to its high variability,
contributing to the knowledge of molecular epidemiology of CDV and characterization of CDV
field strains [22, 36, 40, 42].

The open reading frame of the CDV F gene encodes 662 amino acids (aa), comprising
the regions Fsp (aa 1-135), F2 (aa 136-224), and F1 (aa 225-662), which are produced via
post-translational proteolysis [36]. The F gene is synthesized initially as an inactive precursor,
named FO, which is cleaved by furin [48]. Such cleavage is essential for virus infectivity, since
it actives a cellular serine protease that acts in the Golgi complex and plays a determining role
for CDV pathogenicity. Cleavage releases the new N-terminus of F1, thus forming the
biologically active protein consisting of the disulphide-linked F1 and F2 subunit proteins [44,
48]. The F1 subunit contains two hydrophobic regions important for promotion of membrane
fusion, the fusion peptide (FP) domain, located at the F1 subunit N-terminus and the trans-
membrane (TM) domain at its C-terminus [20].

In Brazil, CD is one of the most important viral diseases and still the principal cause of
mortality in some urban canine populations [14]. Increasing in the incidence of the disease has
been demonstrated in Brazil and in the world even in vaccinated dog populations [5, 13, 25,
30]. Most of the CDV-based molecular epidemiologic studies conducted in Brazil were based
on analysis of the N and H genes [1, 5, 6, 29, 37]. Currently there are no reports of the full-
length F gene analysis for characterization of Brazilian field strains as already done in other
Asian and American countries [22, 36, 41, 45].

In this context, the aim of this study was to investigate the genetic diversity of the full-
length F gene of CDV Brazilian field strains from 2003 to 2004 and 2013 to 2016 and compared

it with worldwide circulating wild-type and vaccine strains.
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Materials and Methods

Specimens included in this study were selected from a collection of CDV-positive
canine biological samples that were collected between 2003 and 2016 and stored at -80°C. The
inclusion criterion was samples that remained positive by conventional reverse transcription-
polymerase chain reaction (RT-PCR) assay for amplification of 287 bp fragment size of the N
gene of CDV [10]. A total of 15 specimens were selected in this analysis and included urine
(n=6), whole blood (n=5), and central nervous tissues (n=4) that were collected from domestic
dogs of Northern Parand, Brazil, among 2003-2004 (n=6) and 2013-2016 (n=9); these
specimens were grouped into past and contemporaneous samples (Table 1).

The nucleic acid was extracted from 250 puL of whole blood and tissue suspension
samples using TRIzol® LS Reagent (Invitrogen™ Life Technologies, Carlsbad, CA, USA)
according to the manufacturer’s instructions. The nucleic acid was extracted from 300 pL of
urine samples based on the silica/guanidinium isothiocyanate method [4]. The nucleic acid was
eluted in 30 uL of ultrapure RNase-free diethylpyrocarbonate (DEPC)-treated sterile water.
During the nucleic acid extraction and the following procedures, an attenuated vaccine CDV
strain and aliquots of ultrapure sterile water were used as positive and negative controls,
respectively.

Four primer sets were used to amplify the full-length (2426 bp) of CDV F gene (Table
2). The amplification reactions were performed in final solutions of 50 pL for each targeted
fragment using a One-Step RT-PCR kit (Invitrogen™ Life Technologies, Carlsbad, CA, USA),
according to manufacturer’s instructions. The reaction solutions contained 5 puL of extracted
nucleic acid, 25 pL of 2x Reaction Mix (buffer containing 0.4 mM of each dNTP, 3.2 mM
MgSOQ4), 20 pmol of each primer (forward and reverse), and 2 pL of SuperScript® Il
RT/Platinum® Taqg Mix. Reverse transcription reactions were performed at 55°C for 30 min;

PCR amplification reactions were performed at 94°C for 2 min for denaturation followed by 40
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cycles at 94°C/15 s, 50°C/30 s, and 68°C/1 min, and a final extension at 68°C for 5 min using
the thermocycler ProFlex™ PCR System (Applied Biosystems™, Foster City, CA, USA).
The amplicons were purified by the PureLink® Quick Gel Extraction and PCR
Purification Combo Kit (Invitrogen™ Life Technologies, Carlsbad, CA, USA), quantified by
Qubit® Fluorometer (Invitrogen™ Life Technologies, Eugene, OR, USA), and sequenced in
both directions with forward and reverse primers in an ABI 3500 Genetic Analyzer Sequencer
with the BigDye® Terminator v3.1 Cycle Sequencing Kit (Applied Biosystems™, Foster City,
CA, USA). Sequence quality analyses and consensus sequences were assembled using

Phred/Phrap/CAP3 software (http://asparagin.cenargen.embrapa.br/phph/). Similarity searches

were performed with sequences deposited in GenBank using the Basic Local Alignment Search

Tool (BLAST) software (https://blast.ncbi.nlm.nih.gov/Blast.cgi). Sequence identity matrix

was performed using the BioEdit software version 7.1.11

(http://www.mbio.ncsu.edu/bioedit/bioedit.ntml). Only full-lenght F gene sequences of CDV

were selected for analysis (Table 3), with exception of a partial F gene aa sequence of a
Rockborn vaccine strain (GenBank accession number AF026244). A phylogenetic tree based
on aa was obtained using the neighbor joining statistical method based on maximum composite
likelihood model (MEGA v. 6), which provided statistical support via bootstrapping with 1,000
replicates. The GenBank accession numbers of the nucleotides (nt) sequences described in this

study are KY057345 to KY057359.


http://asparagin.cenargen.embrapa.br/phph/
https://blast.ncbi.nlm.nih.gov/Blast.cgi
http://www.mbio.ncsu.edu/bioedit/bioedit.html
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Table 1: Sampling data according to the year of collection and animal age, sex, and health status.

Vear of Animal data
Identification Sample? collection (mﬁr?tehs) Gender®® V:tc;:tiggg?n Main clinical signs

BRA/UEL-05/03 Whole Blood 2003 36 F NV Weakness of hind limbs, spastic tetraparesis/plegia, ataxia, and nystagmus.

BRA/UEL-13/03 Whole Blood 2003 132 F NV Personality change, compulsive walking, ataxia, head pressing, postural reactions deficits,

and tetraparesis.

BRA/UEL-15/03 CNS 2003 62 M \% Weakness of the hind limbs, ataxia, nystagmus, spastic tetraparesis/plegia, and myoclonus.

BRA/UEL-18/03 Whole Blood 2003 21 M NA Ataxia, spastic tetraparesis, nystagmu, and postural reactions deficits.

BRA/UEL-16/04 Whole Blood 2004 7 F V Compulsive walking, seizure, nystagmus, menace deficit, spastic tetraparesis, and postural

reactions deficits.

BRA/UEL-30/04 CNS 2004 55 M V Ataxia, head tilt to the right, spastic tetraparesis/plegia, and nystagmus.
BRA/UEL-BLU/13 Urine 2013 96 M NV Weakness of hind limbs, ocular discharge, lateral recumbency, and pneumonia.
BRA/UEL-SIM/13 Urine 2013 Adult M NA Head Tilt, spastic tetraparesis, hip dysplasia and pain in cervicothoracic region.
BRA/UEL-MEG/14 CNS 2014 2 F NV Ocular discharge, lateral recumbency, excessive vocalization, myoclonus, and dry fur.
BRA/UEL-LLA/14 Urine 2014 21 F NA Stupor, ataxia, spastic tetraparesis, decreased nasal mucosal sensitivity, myoclonus, and

cervical pain.
BRA/UEL-FRD/15 CNS 2015 2 M NA Excessive vocalization, dry eyes, and bloody stools.
BRA/UEL-ZNH/16 Urine 2016 15 M NV Weakness of hind limbs, myoclonus, trismu, and enophthalmos.
BRA/UEL-LLK/16 Whole Blood 2016 Adult F NV Ocular discharge, incoordination, myoclonus and weakness of hind limbs.
BRA/UEL-TCO/16 Urine 2016 Adult M NV Pneumonia, lateral recumbency, and otitis.
BRA/UEL-MEL/16 Urine 2016 60 F \% Spastic tetraparesis/plegia, weakness of hind limbs and pain in cervicothoracic region.

3CNS: Central Nervous System; "M: male; °F: female; ®V: vaccinated; ®NV: non-vaccinated; NA: not available.
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Table 2: Oligonucleotide primers used in the One-Step RT-PCR assay for the amplification of

the canine distemper virus full-lenght F gene.

] Fragment
Primer Sequence (5’ - 3°) Ger.lo'mlc lenght Reference
position*
(bp)
CDV-1Fw  CAGGACATAGCAAGCCA  4856-4872 This study
5426— 588 [36]
1Rev AGTTTTATGACCAAGTAC 5444
5369—
2F TGGGATTATCGGGACTGA 5387 558 [36]
5909-
3Rev GGGCCAAATATTGACAAC 5927
5829—
4F GTCCCTGCTATGCAACAT 5847 483 [36]
6293
5Rev GGAGTTCTGGCTACAAATG 6312
6270 [36]
6F TGTGTATTCGTCTCAGA 6287 797 This study

CDV-7TRev  CTGAGCCCTAAGTTTTCT  7050-7067

*Genomic position corresponding to the F gene sequence of the Onderstepoort strain
(GenBank accession number AF305419).

Results
Phylogenetic analysis of full-length F gene

The deduced aa sequences of the CDV F gene of the 15 Brazilian wild-type strains were
aligned with full-length F gene sequences from different geographic regions, to explore their
aa profiles. Additionally, potential sequence differences were assessed among vaccine and
wild-type strains circulating worldwide.

The full-length F gene deduced aa sequence analysis among representative and this

study CDV strains showed the clades Europe 1/South America 1 (EU1/SA1), South America 2
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(SA2), Europe 2 (EU2), Asia 1 (AS1), Asia 2 (AS2), North America 1 (NA1), North America
2 (NA2), Rockborn-like and Artic-like (Figure 1A). The comparison of the phylogenetic trees
constructed based on the full-length and partial (Fsp region) deduced aa sequences of the F gene

revealed a similar pattern of clades, including for the similar bootstrap values (Figure 1B).

Table 3: GenBank accession numbers and origin of the full-lenght CDV F gene sequences used

in phylogenetic analysis.

Origin Country Strain Accession numbers”
Vaccine UK Onderstepoort AF305419
USA Onderstepoort AF378705
USA Snyder Hill JN896987
America USA 18133 AY964108
USA 21261 AY964112
USA 25259 AY964114
USA 171391-513 KJ123771
USA 01-2689 AY649446
USA 164071 EU716337
Argentina Benito KT224731
Argentina Pampa KT224732
Uruguay Uy251 KM280689
Europe Germany 5804P AY386316
Italy CDV2784/2013 KF914669
Switzerland A75-17 AF112188
Asia China GZ2 JN381189
China GN EF596900
China HL EF596901
China SCO01 EF596902
Indian Ludhiana LC011102
Japan 55L AB475099
Japan 009L AB475101
Japan 50Cbhl AB476403
Taiwan TW-TP1 EU191985
Taiwan TW-KS15 EU192026
Thailand 270Lu AB509346
Africa Tanzania Lion94SNP JN812977

*GenBank
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Brazilian CDV strains did not group according to the vaccination status of the animals
included in this study. Fourteen wild-type Brazilian strains were closely related to each other,
sharing the EU1/SAL clade. As expected, it was noted two clusters within this clade composed
of strains from CDV-positive samples collected among 2003-2004 and 2013-2016. There are
two exceptions; the first is the strain BRA/UEL-BLU/13, which clustered together with the
strains collected between 2003 and 2004 and the second exception refers to the BRA/UEL-
30/04 CDV strain, which is more similar to the European 5804P isolate than to any other
Brazilian field strains.

Asingle CDV strain, BRA/UEL-FRD/15, clustered in the Rockborn-like clade, together
with the 25259 strain, a canine CDV strain isolated in the USA [32]. To confirm the result from
BRA/UEL-FRD/15, a new aa alignment and phylogentic tree were realized based on the Fsp
region; these analyses included an aa sequence of a Rockborn vaccine strain [23]. The results
confirmed the classification of BRA/UEL-FRD/15 as Rockborn-like strain (Figure 2).

The Fsp sequence analysis of the Brazilian wild-type strains among each other showed
similarities varying from 86.6% to 100%. The higher divergence (13.4%) was shown between
the BRA/UEL-30/04 — BRA/UEL-SIM/13 and BRA/UEL-FRD/15 — BRA/UEL-BLU/13
strains. The comparison of the deduced aa sequences in this study with CDV strains from other
countries revealed similarities ranging from 67.4% to 96.2%, with the greater divergence
(32.6%) presented with the Italian CDV2784/2013 strain. Most of the aa sequences showed
higher similarities (89.6% to 92.5%) with the strain Uruguayan Uy251. The exceptions are the
BRA/UEL-30/04 and BRA/UEL-FRD/15, which presented similarities of 91.1% and 96.2%
with the strains European 5804P and American 25259, respectively. The alignment of the Fsp
region of the samples herein with CDV vaccine strains included in the NA1 clade showed a

divergence even higher, with values ranging from 24.5% to 36.3% (Online Resource 1).
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When the Fsp aa sequences from Brazilian strains were compared with the Rockborn
vaccine strain, lower divergence were obtained, with values varying from 11.2% to 14.9%. The
exception was the BRA/UEL-FRD/15, which presented the lowest divergence value (1.5%)
with the Rockborn vaccine strain (Online Resource 2).

Differently from the high variation of the Fsp region, the aa sequences of regions F2 and
F1 presented results that are more homogeneous. The similarities among Brazilian strains for
these two regions were > 96.1%. When aligned with wild-type strains from other countries the
deduced aa sequence similarities varied from 94.3% to 100% for the F2 and from 94.9% to
99.5% for the F1. Regarding the CDV vaccine strains the similarities were of 93.2% to 98.8%

for the F2 (Online Resource 3) and 94.5% to 97.4% for the F1 (Online Resource 4).

Cysteine residues and N-linked glycosylation sites

Seventeen cysteine residues were identified in the full-length F gene of the Brazilian
CDV strains in this study, of which 16 were located at same positions of the reference vaccine
strains. All the Brazilian wild-type strains presented one additional residue of cysteine at aa
position 67 within the Fsp region (Figure 3).

Four glycosylation sites (N-X-S/T) were found in the Fsp region of Brazilian sequences;
however, none were conserved among them. The glycosylation sites at positions 62-64 and 76-
78 were common to at least one of the vaccine strains analyzed. Two further additional potential
sites were identified in this region, one between residues 88-90 (N-H-T) specific of the strain
BRA/UEL-MEL/16 and another between residues 108-110 (N-A-T) present in the strains
BRA/UEL-30/04 and BRA/UEL-FRD/15 (Figure 3). In the other regions were identified four
conserved glycosylation sites, three at positions 141-143, 173-175, and 179-181 within the F2

(Online Resource 5) and one at position 517-519 within the F1 region (Online Resource 6).
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Figure 1. Phylogenetic analysis of deduced amino acid sequences of the full-length F gene (panel A) and on the F gene signal peptide region (Fsp)

(panel B) of Brazilian CDV field strains. Neighbor-joining phylogenetic tree construction using the maximum composite likelihood model. Bootstrap

values were determined in 1,000 replications; only bootstrap values >75% are shown. GenBank accession numbers of representative sequences and

CDV Brazilian strains (black-filled circles) herein are indicated between parentheses.
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Figure 2. Phylogenetic analysis of deduced amino acid (aa) sequences of F gene signal peptide region
(Fsp) with 135 aa of Brazilian, 25259, and vaccine canine distemper virus strains, including the
Rockborn vaccine isolate. Neighbor-joining phylogenetic tree construction using the maximum
composite likelihood model. Bootstrap values were determined in 1,000 replications; only bootstrap
values >75% are shown. GenBank accession numbers of representative sequences and CDV Brazilian

strains herein are indicated between parentheses.

Cleavage sites and hydrophobic regions analysis
The two conserved cleavage sites in the C-terminus of Fsp (A\l/QIHW) and in the N-
terminus of F1 (RRQRR) regions were present in all the Brazilian strains (Online Resource 4).
The FP domain located at the F1 subunit N-terminus was highly conserved in all CDV
strains analyzed. However, the TM domain at F1 C-terminus showed aa changes when
compared other CDV sequences, including the vaccine strains. A common change to all

Brazilian isolates was found at the position 616 (S = 1). Only strain BRA/UEL-30/04 and
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BRA/UEL-SIM/13 presented a specific change at position 618 (T= ). Another common change
was found at position 621, except for the strain BRA/UEL-30/04 and BRA/UEL-FRD/15,

which presented the same aa of the vaccine strains (V= A) (Online Resource 6).

Discussion

In Brazil the available molecular data on CDV strains are based on N and H genes; this
study represents the first full-length F gene sequence analysis of CDV from Brazilian wild-type
strains. To date, there are only two studies from South America, specifically from Uruguay [41]
and Argentina [36] that characterized the full-length CDV F gene. Contemporaneous studies
presented the F gene as a useful tool for characterization and classification of the CDV field
strains [22, 36, 42].

Phylogenetic analysis in this study revealed the circulation of two lineages of CDV in
Brazil, the EU1/SAL1 and the Rockborn-like, in agreement with previous H gene-based studies
from Brazilian wild-type strains [5, 37]. In accordance to previous studies [5, 29, 42] the
predominance of EU1/SA1 lineage strains was herein identified, including the high similarities
of the Brazilian CDV aa sequences with the Uruguayan Uy251 and for their clustering in a
separate clade of the Argentinean strains, which are classified as SA2. The strain BRA/UEL-
30/04 was closely related to European 5804P strain. Although there was no geographical
grouping of this strain with the other Brazilian strains, a temporal pattern can be observed. The
European 5804P strain was obtained in 2003, after a serial passage of the virulent 5804 strain
in domestic ferrets, and the wild-type strain 5804 was isolated in 1989 of a distemper outbreak
in a dog shelter in northern Germany [49]. Considering that the strains analyzed in this study
were collected up to the year 2016 and that the introduction of the virus in Brazil (the onset of

SALl lineage) was estimated to have taken place in 1989 [9], we can assume that the EU1/SA1
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Figure 3. Alignment of deduced amino acid sequences of CDV strains of the F gene signal peptide (Fsp) region. Only amino acids different from the
Onderstepoort vaccine sequence (AF305419) are shown. Potential N-linked glycosylation sites (N-X-S/T) are shaded grey and open rectangles indicate

glycosylation sites common to at least one vaccine strain analyzed. Stars indicate cysteine residues.
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lineage has circulating in Brazilian territories for approximately 25 years.

The Brazilian full-length F gene sequences within the EU1/SA1 clade formed two
groups according to the year of collection, revealing a temporal division of the Brazilian strains
into past (2003-2004) and contemporaneous (2013-2016) CDV strains. However, the clustering
of strains obtained in 2003-2004 with a Brazilian strain of a sample that was collected in 2013
(BRA/UEL-BLU/13) suggests the likely current co-circulation of past and contemporaneous
CDV strains. Only BRA/UEL-FRD/15 strain grouped in a phylogenetic clade clearly separated
from the other Brazilian strains, presenting the highest aa similarity (96.2%) with the American
isolate 25259 [32].

The high genetic identity among strains of this study and European and American strains
suggests that CDV in these different geographical regions has a common ancestral origin. A
study suggested that current CDV strains emerged in the United States in the 1880s and that
this ancestor diversified through time into two ancestral clades, one that spread worldwide and
originated eight of current lineages, and the other gave rise to the NAL1 lineage, which
comprehends most of vaccine strains [31]. The Brazilian territorial extension together with the
increasing of the global displacement of animals also support the possibility of concomitant
circulation of different CDV lineages in the country [29].

Brazilian CDV strains did not group according to the vaccination status of the animals
included in this survey. However, all the wild-type CDV strains herein were distant of the
lineage NAL, in which most of the vaccine strains are included. This result is in agreement with
other studies that analyzed H and F gene sequences of CDV [24, 29, 36, 37, 42]. The
phylogenetic analysis of the full-length F gene was compared with the analysis of its most
variable region (Fsp); both phylogenetic trees showed similar classification by grouping the
CDV strains analyzed in this study into the same clades. Meanwhile, results revealed 24.5-

36.3% of divergence in the Fsp region among the Brazilian CDV field isolates and
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Onderstepoort and Snyder Hill vaccine strains; the results of the comparison of Fsp aa
sequences of Brazilian strains with the Rockborn vaccine isolate revealed lower divergence
(11.2% to 14.9%), suggesting that the Brazilian strains are closely related with the Rockborn
vaccine isolate than to the NAL vaccine strains. These results confirm previous reports that
indicated that Fsp-coding region sequence analysis is suitable for evolutionary studies as it
allows for straightforward identification of CDV lineages [40, 42, 45]. Conversely of the high
deduced aa divergence in the Fsp region, lower variations were verified within F1 and F2
regions; this last had the most conserved aa sequences of the three F gene regions, in agreement
to previous studies [22, 45, 48].

Onderstepoort and Snyder Hill strains, designated as NAL, were used for vaccine
production in the 1950s and since then these CDV strains have been used in commercial vaccine
[7, 26]. The genetic diversity observed among the Brazilian strains in this study, CDV isolates
worldwide, and NA1 vaccine strains has raised concerns over a possible alteration in the
antigenic profile of new variants that could compromise the immunity elicited by vaccine
strains [16, 24, 25, 47]. Repeated attenuation of commercially produced vaccines and the
concomitant presence of other viral agents within these vaccines might induce genetic
mutations [51] and, consequently, impact the vaccine efficacy. However, the genetic CDV
diversity, the interference of maternal antibody, and improper handling of the vaccine were
claimed to be possible causes in immunization failures of the current vaccines [17, 34].

Rockborn vaccine strain also was isolated 1950s in primary cells of canine kidney [35];
however this vaccine strain is not within the NA1 clade. This CDV strain was withdrawn from
several markets after the mid-1990s due to reports of suspected cases of post-vaccinal
encephalitis and the resulting belief that it could be less attenuated and less safe than other CDV
strains [5, 26]. Martella et al. [26] suggested that Rockborn-like strains are still available in

commercial vaccines. The Fsp phylogenetic analysis revealed that the Brazilian BRA/UEL-
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FRD/15 strain grouped together with the 25259 and Rockborn vaccine isolates. The
classification of the 25259 isolate as Rockborn-like strain was performed in previous studies
based on the H gene [8, 18, 26]. The phylogenetic result and high similarity values among the
BRA/UEL-FRD/15 with Rockborn vaccine isolate and 25259 strain (98.5% and 96.2%,
respectively) in the present study confirm such classification and include the BRA/UEL-
FRD/15 as Rockborn-like strain.

The BRA/UEL-FRD/15 strain was obtained from a two-month-old pup with a limited
clinical history access. It was known that this animal had been purchased 15 days before the
beginning of clinical signs, which included excessive vocalization, dry eyes, and blood stools,
and no vaccination history was available. Based on these data, we formulated three hypotheses.
The first considered that the pup was not vaccinated and the reported clinical manifestations
were likely due to infection with a wild-type Rockborn-like CDV strain that has circulating in
Brazil. The second hypothesis considered that the unvaccinated pup had natural contact with an
attenuated Rockborn CDV strain of vaccine origin that converted in the clinical manifestations
observed. Finally, the third hypothesis considered that the pup had been vaccinated and
presented subsequent post-vaccine encephalitis due to reversal of the Rockborn CDV strain
virulence, as previously described [12, 26].

The two cleavage sites of the F gene (A \lQIHW and RRQRR) were conserved in all
CDV Brazilian strains. The Fsp region cleavage is necessary for the F gene activation and
expression on the cell surface. Fsp region is cleaved in an early stage of the F protein processing
and is not present in the mature F protein [48]; however, previous reports have demonstrated
that some mutations within the Fsp peptide can lead to changes in the fusogenicity of the
resulting protein [33, 48].

In this study four non-conserved N-glycosylation sites within the Fsp region of the

Brazilian strains were found; two extra N-glycosylation sites were observed in three of the 15
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Brazilian CDV strains. Further, an additional cysteine residue (position 67) also was identified
in the Brazilian CDV sequences. The N-linked glycosylation of viral envelope proteins plays a
number of critical roles in the virus life cycle and in virulence mechanisms, such as binding to
cell surface receptors and protecting against neutralization by antibody [19, 27]. The different
glycosylation sites of the F proteins suggest that these F proteins have different biological
and/or morphological features; however, more studies are needed to evaluate these purposes.
Cysteine amino acids are important factors for the intra molecular disulfide bond and the steric
structure of protein [36, 45]. This additional residue was also reported by authors who analyzed
strains from other countries and is indicative of changes in protein structure [36, 45]. All
together, the findings in this study suggest possible alterations in the F gene structure with
consequent potential modulation of antigenicity or even virulence of these CDV strains.

The membrane-anchored F1 subunit of paramyxoviruses contains two hydrophobic
domains, the FP and TM segments. The FP domain was conserved in all CDV strains of this
study; TM domain of the Brazilian strains showed aa changes when compared with the vaccine
strains. Hydrophobic FP domains are conserved regions of paramyxovirus fusion-mediating
glycoproteins and contain conserved glycine residues that appear to have a primary role in
regulating the activation of the metastable native form of F gene and the fusion activation [38,
39]. The TM anchors the protein in the cell membrane; modifications in this domain can result
in modulation of viral fusion protein activity, including impairment of fusion pore opening,
enlargement, or alterations of fusion promotion efficiency [3, 28]. Further studies based on the
full-length F gene are needed to better elucidate the relationship of the variability of the TM
domains in CDV fusion process.

The present study is the first to analyze the full-length F gene of CDV wild-type strains
of domestic dogs in Brazil. The results herein indicate co-circulation of two CDV lineages

(EU1/SA1 and Rockborn-like) in the country and suggested that the EU1/SAL has circulating
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in Brazil for 25 years. It also was demonstrated the co-circulation of past and contemporaneous
CDV strains in the country, since CDV Brazilian strains analyzed present approximately 10
years of difference in the date of collection. The CDV wild-type strains described in this study
presented variability of the F gene when compared to vaccine strains. However, comparisons
of the Fsp regions of Brazilian strains with vaccine isolates revealed that the strains in this study
are more similar to the Rockborn than to the NA1 vaccine isolates. Thus, we conclude that the
F gene diversity is useful to investigate the molecular diversity of CDV, providing
complementary information to understand epidemiology of the virus. Further studies based on
the full-length F gene analyses of the CDV strains should be conducted to improve knowledge

on the biological roles of this protein.
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5 CONCLUSOES

e Foi possivel amplificar e sequenciar o gene de fusdo completo das cepas brasileiras de
CDV selecionadas para este estudo;

e Existe cocirculagéo de cepas de CDV antigas (2003-2004) e contemporaneas (2013-2016)

no Brasil;

e A andlise filogenética do gene F completo das cepas brasileiras indica a circulacdo de
duas linhagens de CDV (EU1 / SA1 e Rockborn-like) e a presenca da linhagem EUL /

SA1 ha pelo menos 25 anos no pais.

e As cepas brasileiras de CDV sdo mais semelhantes a cepa vacinal Rockborn do que com

isolados vacinais da linhagem NA1.

e A diversidade genética do gene F é til para investigar a diversidade molecular de cepas
de CDV, fornecendo informacBes complementares que auxiliam compreender a

epidemiologia do virus.

e Avregido Fsp é a mais variavel do gene F do genoma de CDV e permite a classificacdo de

cepas de campo do virus.

e Estudos adicionais baseados nas analises completas do gene F das cepas CDV devem ser

conduzidos para melhorar o conhecimento sobre os papéis bioldgicos desta proteina.
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LUDHIANA (LC011102) 11 |65.1 |65.1 |65.9 | 74 |77.7 [72.5 |69.6 |69.6 | 74.8 | 74.8 31.2 | 23.8 [25.2 |26.7 | 26.0 | 26.0|23.8 |27.5 | 26.7 |24.5 | 25.2 |19.3 | 25.2 |25.2 | 26.0| 26.0
CDV2784/2013 (KF914669) 12 |65.9 |68.1 |67.4 |69.6|79.2| 74 (674|703 |70.3 |72.5 |68.8 304 |31.2 [31.9 |32.6 |31.9 |28.9 |31.9 |32.6 |29.7 | 28.9 |21.5 | 29.7 | 29.7 | 30.4 |29.7
BRA/UEL-5/03 (KY057345) | 13 [65.1 |67.4 |65.1 |92.5 |85.9 | 80 |77.7 |78.5 |89.6 |80.7 [ 76.2 |69.6 30/38 |38 |3.0]82 |45 |75 |45 |52 |104]52 |52 ]| 60| 6.0
BRA/UEL-13/03 (KY057346) | 14 |64.4 [66.6 [64.4 |91.1 [84.4 |77.7 |77.7 |78.5 |88.1 [79.2 | 74.8 |68.8 | 97 38 |38 |30(112]|45 |75 60|67 |[119]|6.7 |67 |75 |75
BRA/UEL-15/03 (KY057347) | 15 |65.9 [68.8 |67.4 [90.3 |85.1 | 77 [75.5 |78.5 [88.8 | 80 |73.3 [68.1 | 96.2 |96.2 05 |08 1192397 |67 |75 |112]75 |75 | 82 |82
BRA/UEL-16/04 ( (KY057348) | 16 |65.1 {674 |659 [91.8 |85.1 | 77 [76.2 | 77 |88.8 | 80 | 74 [67.4 |96.2 |196.2 |98.5 08 11938 [9.7 |67 |75 [11.2|75 |75 | 82 | 82
BRA/UEL-18/03 (KY057349) | 17 |65.9 [68.1 |66.6 [91.1 [85.9 | 77.7 [76.2 |77.7 [89.6 [80.7 | 74 [68.1 | 97 | 97 [99.2 [99.2 1121 30|89 | 6.0 |67 |104]|67 |67 |75 |75
BRA/UEL-30/04 (KY057350) | 18 [65.9 |67.4 [65.9 |87.4 [87.4 | 80 |77.7 [79.2 |91.1 [81.4 | 76.2 |71.1 [ 91.8 | 88.8 |88.1 [88.1 | 88.8 126 |113.4 [10.4 | 11.2 | 9.7 [11.2 |11.2 [11.9 |11.9
BRA/UEL-BLU/13 (KY057351) | 19 |64.4 [67.4 |66.6 [89.6 |82.9 | 76.2 |74.8 |77.7 | 86.6 | 77.7 | 72.5 |68.1 | 95.5 [95.5 [97.7 |96.2 | 97 |87.4 104175 |75 |134|8.2 |82 |89 |82
BRA/UEL-SIM/13 (KY057352) | 20 |63.7 |65.1 [63.7 [89.6 |83.7 |75.5 [77.7 |77.7 |87.4 | 78.5 | 73.3 [67.4 | 92.5 |92.5 [90.3 [90.3 |91.1 |86.6 |89.6 45 |52 |126]52 |52 | 6.0 | 60
BRA/UEL-MEG/14 (KY057353) [ 21 [65.9 |67.4 [65.9 |92.5 [86.6 | 78.5 | 78.5 [78.5 |89.6 [81.4 | 75.5 |70.3 [ 95.5 | 94 |93.3 [93.3 | 94 [89.6 |92.5 |95.5 08 |97 [0.8 |08 |05 |05
BRA/UEL-LLA/14 (KY057354) | 22 |65.1 |66.6 [65.1 |91.8 [85.9 |77.7 |77.7 |77.7 |88.8 |80.7 | 74.8 | 71.1 | 94.8 |93.3 |92.5 [92.5 |93.3 [88.8 |92.5 |94.8 [99.2 10405 |05 |23 |08
BRA/UEL-FRD/15 (KY0S57355) | 23 | 74 |75.5 |72.5 [87.4 |96.2 |85.9 [83.7 |85.9 |91.1 |90.3 |80.7 [78.5 | 89.6 |88.1 |88.8 |88.8 |89.6 |90.3 | 86.6 [87.4 |90.3 |89.6 104|104 [11.2 |11.2
BRA/UEL-ZNH/16 (KY057356) | 24 |65.9 |67.4 [65.9 [91.8 |85.9 | 78.5 [77.7 |77.7 | 88.8 | 80.7 [ 74.8 [70.3 | 94.8 |93.3 [92.5 |92.5 |93.3 |88.8 |91.8 [94.8 |99.2 |98.5 |89.6 00 )08 |23
BRA/UEL-LLK/16 (KY057357) | 25 |65.9 [67.4 |65.9 [91.8 |85.9 | 78.5 [77.7 | 77.7 | 88.8 | 80.7 | 74.8 [70.3 | 94.8 [93.3 [92.5 |92.5 [93.3 |88.8 [91.8 |94.8 |99.2 [98.5 |89.6 | 100 0.8 |23
BRA/UEL-TCO/16 (KY057358) | 26 |65.1 |66.6 |65.1 [91.1 |85.1 [77.7 | 77 | 77 |88.1 | 80 | 74 [69.6 | 94 [92.5 |91.8 |91.8 [92.5 |88.1 [91.1 | 94 |98.5 [97.7 |88.8 |99.2 |99.2 30

BRA/UEL-MEL/16 (KY057359) | 27 |65.1 [66.6 |65.1 [91.1 [85.1| 77 | 77 | 77 (88.1| 80 | 74 (703 | 94 |92.5 [91.8 |91.8 [92.5 88.1 |91.8 | 94 |98.5 |99.2 |88.8 |97.7 [97.7 | 97
1 2 (3| 4|5]6 7| 8|9 (1010|1213 |14(15]|16 |17 (18|19 (20 |21 |22 |23 |24|25]|26]|27

Percentage of similarity
Online Resource 1. Divergence and similarities of deduced amino acid sequences among different CDV strains based on the F gene signal

peptide region (Fsp).



APENDICE B

Percentage of divergence
1 2 3 4 S 6 7 8 9 10 | 11 | 12 | 13 | 14 [ 15| 16 | 17 | 18 [ 19 | 20

Onderstepoort (AF305419) ID | 6.0 |14.1]24.5(26.7|34.9(35.6|34.1 [34.9|34.1|34.1|35.6[363|34.1(349| 26 |34.1|34.1|34.9](349
Onderstpoort (AF378705) 94 | ID | 11.2| 23 [26.8]32.6(33.4|31.2(32.6]31.9]32.6|32.6 |349|32.6(334| 245|32.6(326|33.4(334
SNYDERHILL (JN896987) 859|888 | ID | 26 |28.2(34.9|35.6(32.6|34.1 |33.4|34.1|334[363|34.1|34.9]| 27.5|34.1 |34.1]|34.9] 349
Rockborn (AF026244) 7550 77 | 74 | ID | 52 | 11.9]| 134126126 11.9[11.2| 149 | 141|112 11.9]| 1.5 [11.9[11.9[12.6( 12.6
25259 (AY964114) 748718948 | ID | 14.1]156|149|149|14.1|126| 17.1 [ 163 | 134|141 | 3.8 | 14.1|14.1| 149 149

BRA/UEL-5/03 (KY057345)
BRA/UEL-13/03 (KY057346)
BRA/UEL-15/03 (KY057347)
BRA/UEL-16/04 ((KY057348)
BRA/UEL-18/03 (KY057349)
BRA/UEL-30/04 (KY057350)
BRA/UEL-BLU/13 (KY057351)
BRA/UEL-SIM/13 (KY057352)

65.167.4]65.1(88.1]|859| ID | 3.0 |38 |38 |30(82]|45|75([45]|52|104(52]|52](60] 6.0
644166.6|644|866|844| 97 | ID | 38 | 3.8 [ 3.0 [112| 45| 75|60 |67 | 11967 |67 |75]|75
659688674 [87.4]851[96.2|9.2 | ID| 15| 08 [11.9] 23 |97 |67 |75 [11.2| 75| 75|82 | 82
65.1[67.4]659[87.4]85.1[962]|96.2|985|ID | 08 [119]| 38 | 97 (67| 75| 11.2|75]| 75|82 ] 82
68.1[66.6]88.1[859]| 97 | 97 (992992 ID |11.2| 3.0 [ 89| 60 [ 67 | 104 | 67 [ 67 | 75| 75
674 (659|888 |87.4]|91.8|88.8|88.1|88.1888| ID |12.6(134]104(11.2] 97 [11.2|11.2]11.9( 119
674 |66.6|85.1[829]955[955(97.7]962| 97 |874| ID [104]| 75| 75 | 134 | 82 [ 82 | 89 | 82
65.1 [63.7]859[83.7]925[92.5[903]90.3(91.1|86.6[89.6 [ ID | 45|52 | 126]| 52| 52] 60 | 6.0
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BRA/UEL-MEG/14 (KY057353) 14 [659|67.4|659|88.8|86.6[955| 94 (933|933 | 94 |89.6]925|955(ID | 08 | 97 | 08| 08 | 1.5]| L5
BRA/UEL-LLA/14 (KY057354) 15 [65.1]66.6[65.1)88.1[859]|94.8]93.3(925]92.5(933|88.8(925[948]|99.2|ID |104| 15| 15] 23|08
BRA/UEL-FRD/15 (KY057355) 16 74 1755]725]1985]96.2|89.6|88.1|88.8|88.889.6[90.3(86.6|87.4]|903|89.6| ID |104(104[11.2(11.2
BRA/UEL-ZNH/16 (KY057356) 17 1659674659 |88.1859[94.8(93.3[92.5[92.5[933|88.8|91.8/94.8(99.2(985(89.6| ID | 00| 08|23
BRA/UEL-LLK/16 (KY057357) 18 [659(674[659[88.1[85.9[94.8]933]92.5]92.5]93.3|88.8]|91.8[94.8[99.2(985]|89.6| 100 ID | 0.8 | 2.3
BRA/UEL-TCO/16 (KY057358) 19 [65.1]66.6[65.1]|87.4 (851 94 [92.5]|91.8]91.8(92.5|88.1[91.1 | 94 |98.5(97.7| 88.8[99.2/99.2| ID | 3.0
BRA/UEL-MEL/16 (KY057359) 20 |65.1]66.6|651|87.4]|851| 94 |92.5/91.8(91.8[92.5[88.1[91.8| 94 |98.5/99.2| 88.8 [97.7(97.7| 97 | ID

1 2 3 4 5 6 T 8 9 (10 [ 11 [ 12 | 13 | 14 [ 15| 16 | 17 | 18 | 19 | 20
Percentage of similarity

Online Resource 2. Divergence and similarities of deduced amino acid sequences of deduced amino acid sequences of F gene signal peptide region

(Fsp) with 135 aa of Brazilian, 25259, and vaccine CDV strains, including the Rockborn vaccine isolate.



APENDICE C

Percentage of divergence

1 2 3 4 5 6 i ] 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25
Onderstepoort (AF305419) 1 12 | 45 | 34 | 23| 57 | 57 | 23 | 45| 23 | 34| 23 | 34 | 34 | 34 | 45 34 | 34| 34 | 34 | 34 | 34 | 23 34 | 34
Onderstpoort (AF378705) 2 | 988 34 | 23 12 | 45 | 45 1.2 34 | 12 | 23 12 B2 23 |28 34 | 34| 23 | 23 | 23 3o 23 12 34 | 34
SNYDERHILL (JN896987) 3 | 955 | %66 57 |45 | 68 79 | 45 68 | 45 | 57 | 45 | 57 | 57 | 57 | 68 | 68 | 57 | 57 | 57 | 68 | 57 | 45 | 68 6.8
UY251 (KM280689) 4 |966 |97.7 | 943 121 23 455 23 12 12 | 34 12 00| 00 ] 00 | 12 12 00| 00| 00 | 12 00 | 12 1.2 12
25259 (AY964114) S |97.7 | 988 | 955 | 988 34 | 34 1.2 | 00 | 23 00 | 12 12 B2 23 |23 1.2 12 1.2 RS 12 00 | 23 | 23
55L(AB475099) 6 | 943 | 955|932 [97.7 | 9.6 68 | 45 | 34 | 34 | 57 |34 |23 |23 |23 |34 |34 [23 |23 |23 |34 |23 |34 |34 34
SCO1 (EF596902) 7 943 | 955 | 921 | 955 | 96.6 | 932 45 | 57 | 34 | 57 |34 | 45 |45 | 45 | 57 | 57 |45 |45 | 45 | 57 | 45 | 34 57
PAMPA (KT224732) 8 |97.7 | 988 | 955 | 97.7 | 988 | 955 | 95.5 34 1.2 12 12 23] 23 |'23 | 34 |34 | 23 |23 | 23 [134 | 23 12 | 34 34
5804P (AY386316) 9 955|966 | 932 [ 988 | 97.7 | 96.6 | 943 | 96.6 23 [ESSE 2.3 12 12 12 | 23 | 23 1.2 12 12 RS 12 JEESE 2.3 RS
A75-17 (AF164967) 10 [ 97.7 | 988 [ 955 | 988 | 100 | 96.6 | 96.6 | 988 | 97.7 23 00 | 12 12 2 23 S 1.2 12 12 RS 12 G0N 23 BEeS
LUDHIANA (LCO11102) 11 966 | 977 | 943 | 966 | 97.7 | 943 | 943 | 988 [ 955 | 97.7 23 | 34 [ 34 | 34 [ 45 | 45 [ 34 | 34 [ 34 | 45 | 34 | 23 45 | 45
CDV2784/2013 (KF914669) 12 | 97.7 | 988 | 955 [ 988 | 100 | 96.6 | 96.6 | 988 | 97.7 | 100 [ 97.7 12 12 B0 23 RS 1.2 12 12 | 1.2 00 | 23 | 23
BRA/UEL-5/03 (KY057345) 13 (966 | 97.7 (943 | 100 | 988 | 97.7 | 955 | 97.7 | 988 | 98.8 | 966 | 98.8 00 | 00 | 12 12 00| 00| 00| 12 00 | 12 1.2 1.2
BRA/UEL-13/03 (KY057346) 14 | 966 | 97.7 | 943 | 100 [ 988 [ 977 [ 955 [ 97.7 | 988 | 988 | 96.6 | 988 | 100 00 | 1.2 12 00| 00| 00 | 12 00 | 12 1.2 1.2
BRA/UEL-15/03 (KY057347) 15 (966 | 97.7 | 943 | 100 | 988 | 97.7 | 955 [ 97.7 | 988 | 988 [ 966 | 98.8 | 100 | 100 1.2 12 00 | 00| 00 | 12 00 | 12 1.2 12
BRA/UEL-16/04 ( (KY057348) 16 | 955 | 966 | 932 | 988 (977 [ 966 | 943 [ 966 | 97.7 | 97.7 | 955 | 97.7 | 988 | 988 | 988 23 12 12 1.2 | 23 12 [NESE 2.3 S
BRA/UEL-18/03 (KY057349) 17 | 966 | 966 | 932 | 988 | 97.7 | 96.6 | 943 | 96.6 | 97.7 | 97.7 [ 955 | 97.7 | 988 | 988 | 98.8 | 97.7 1.2 12 12 00 12 | 23 00 | 00
BRA/UEL-30/04 (KY057350) 18 [ 966 | 97.7 [ 943 | 100 | 988 | 97.7 | 955 | 97.7 | 988 | 988 | 966 | 98.8 | 100 | 100 [ 100 | 988 | 988 00 | 00| 12 00 | 12 1.2 12
BRA/UEL-BLU/13 (KY057351) 19 966 | 97.7 | 943 | 100 | 988 | 97.7 | 955 | 97.7 [ 988 | 988 | 96.6 | 988 | 100 | 100 [ 100 | 988 [ 988 | 100 00 | 12 00 | 12 12 1.2
BRA/UEL-SIM/13 (KY057352) 20 | 966 | 97.7 | 943 | 100 [ 988 (977 | 955 [97.7 | 988 | 988 | 966 | 988 | 100 | 100 | 100 | 988 | 988 | 100 | 100 12 00 | 12 1.2 12
BRA/UEL-MEG/14 (KY057353) 21 | 966 | 966 | 932 | 988 | 97.7 | 966 | 943 | 966 | 97.7 | 97.7 | 955 | 97.7 | 988 | 988 [ 988 | 97.7 | 100 | 98.8 [ 988 | 98.8 12 | 23 00 | 0.0
BRA/UEL-LLA/14 (KY057354) 22 | 966 | 97.7 | 943 | 100 [ 988 (977 | 955 [97.7 | 988 | 988 | 966 | 988 | 100 | 100 | 100 | 988 | 988 | 100 | 100 | 100 | 98.8 12 1.2 12
BRA/UEL-FRD/15 (KY057355) 23 | 97.7 | 988 | 955 [ 988 | 100 | 96.6 | 96.6 [ 988 | 97.7 | 100 | 97.7 | 100 | 98.8 | 98.8 | 988 | 97.7 | 97.7 | 98.8 | 988 | 988 | 97.7 | 98.8 23 |23
BRA/UEL-ZNH/16 (KY057356) 24 | 966 | 966 [ 93.2 | 988 [ 97.7 [ 966 | 943 [ 966 | 97.7 | 97.7 | 955 | 97.7 | 988 | 988 | 988 | 97.7 | 100 | 98.8 | 988 | 988 | 100 | 988 | 97.7 0.0
BRA/UEL-LLK/16 (KY057357) 25 | 966 | 966 | 932 [ 988 | 97.7 | 96.6 | 943 [ 966 | 97.7 | 97.7 | 955 [ 97.7 | 988 | 988 | 988 | 97.7 | 100 | 98.8 | 988 | 98.8 | 100 | 988 | 97.7 | 100
BRA/UEL-TCO/16 (KY057358) 26 | 966 | 966 [ 932 | 988 [ 97.7 [ 966 | 943 [ 966 | 97.7 | 97.7 | 955 | 97.7 | 988 | 988 | 988 | 97.7 | 100 | 98.8 | 988 | 988 | 100 | 988 [ 97.7 | 100 | 100
BRA/UEL-MEL/16 (KY057359) 27 | 955 | 966 | 943 | 988 | 97.7 | 97.7 | 943 | 966 | 97.7 | 97.7 | 955 | 97.7 | 988 | 988 | 98.8 | 97.7 | 97.7 | 98.8 | 988 | 98.8 | 97.7 | 98.8 | 97.7 | 97.7 | 97.7
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25

Percentage of similarity

Online Resource 3. Divergence and similarities of deduced amino acid sequences among different CDV strains based on the F2 region of F

gene.



APENDICE D

Percentage of divergence

1 2 3 4 5 6 7 8 9 10 | 11 [ 12 | 13 [ 14 [ 15 | 16 | 17 | 18 | 19 | 20 | 21 | 22 | 23 | 24 | 25 | 26 | 27

Onderstepoort (AF305419) 1 12 126 | 37 |35 [ 32 |46 |35 |37 |35 |35 |37 |48 | 46 | 48 | 44 | 46 (42 | 48 | 48 [ 55 | 37 | 35 | 39 | 42 | 42 |37
Onderstpoort (AF378705) 2 | 988 14| 28 |26 | 23 |37 ] 26 |28 | 26 | 26 | 28 |39 | 3.7 |39 3.5 |37 32 |'39 | 39 |46 | 28 | 26 | 30 |32 | 32 |28
SNYDERHILL (JN896987) 3 |974 | 986 32 [BRON 23 RGN 26 [EESE 2.6 G 23 ESEE 3.7 NS 3.5 [EETEN 3.2 RSN 42 RS 3.2 [EROE 3.5 [EREE 3.7 [
UY251 (KM280689) 4 1963 972|968 26 |28 |37 |16 |14 |16 |21 |32 |16 |14 |16 |12 14 )19 |16 |16 |28 05|21 (07| 10] 10|05
25259 (AY964114) 5 1965 (974|974 (974 19 13019 |26 |19 |19 |21 |37 |35 |32 |32 |35 |30 |32 37|44 |26 |05 |28 | 30| 30 |26

55L (AB475099) 6 | 968 |97.7 |97.7 | 97.2 | 98.1 SN 2.1 [EESE 2.1 [ERI 2.3 S5 32 SR 3.0 RSN 3.2 SN 39 [ESON 2.8 BN 3.0 2N 32 |28

SCO1 (EF596902) 7 1954 1963|970 9.3 | 970 | 9.5 30 137 | 30|30 (39 |48 [46 |44 | 44 [ 46 | 42 |44 [ 44 |51 |37 |26 | 39 |42 | 42 |37
PAMPA (KT224732) 8 (965 974|974 (984 | 98.1 | 979 | 97.0 16| 14 14| 26 |28 | 26 |28 23 26| 2.1 [F28°] 28 |35 1.6 14| 19 P21 21 |16
5804P (AY386316) 9 1963 1972|972 [98.6 | 974 | 972 | 963 | 984 19 |21 |32 |16 |14 |16 |12 |14 ]| 10|16 |21 |28 | 10|21 |12 |14 ]| 14|10
A75-17 (AF164967) 10 | 965 | 974 [ 974 | 984 | 98.1 | 979 | 97.0 | 98.6 | 98.1 14 | 26 |28 | 26 | 28 | 23 | 26 | 26 |28 | 28 |39 |16 | 14 | 19 |21 | 21 |16
LUDHIANA (LC011102) 11 | 965|974 | 974 | 979 | 98.1 | 979 | 97.0 | 98.6 | 979 | 98.6 26 |32 | 30 |32 |28 | 30| 26 |32 |32 |39 ] 21 |14 |23 |26 | 26 |21
CDV2784/2013 (KF914669) 12 (963 972 |1 97.7 [ 968 | 97.9 | 97.7 | 96.1 | 97.4 | 96.8 | 974 | 974 44 | 42 | 44 | 39 |42 |35 |44 |39 |51 |32 |26 |35 |37 |37 |32
BRA/UEL-5/03 (KY057345) 13 1952 |96.1 |96.1 | 984 | 963 | 965 | 952 | 97.2 [ 984 | 97.2 | 96.8 | 95.6 0.7 f10]o0s 2] 21 10|23 3512 32114 |16 16 |12
BRA/UEL-13/03 (KY057346) 14 | 954 | 963 [ 963 | 98.6 | 96.5 | 968 | 954 | 974 | 98.6 | 974 | 97.0 [ 958 | 99.3 07 |03 | 10|19 |07 |21 |32 ]| 1030|1214 |14 |10
BRA/UEL-15/03 (KY057347) | 15 | 952 | 96.1 | 96.1 | 984 | 96.8 | 968 | 956 [ 97.2 | 984 | 97.2 | 968 [956 | 9 [ 993 05 12|21 |05 |23 |30 12 |28 | 14 | 16| 16 |12
BRA/UEL-16/04 ((KY057348) | 16 [95.6 | 96.5 | 96.5 [ 98.8 | 96.8 | 97.0 | 95.6 | 97.7 [98.8 | 97.7 | 97.2 | 96.1 | 99.5 | 99.7 | 9.5 07 |16 |05 |19 |30 |07 |28 | 1.0 |12 |12 |07
BRA/UEL-18/03 (KY057349) | 17 (954 | 963 | 963 | 98.6 | 96.5 | 968 | 954 | 97.4 | 98.6 | 974 | 97.0 [ 958 | 988 | 99.0 | 98.8 | 99.3 19 |12 |21 |28 | 10 |30 |12 |10 10|10
BRA/UEL-30/04 (KY057350) | 18 | 958 | 96.8 [ 96.8 | 98.1 | 97.0 | 96.8 | 95.8 [ 97.9 | 99.0 | 974 | 97.4 [ 96.5 | 97.9 [ 98.1 | 97.9 | 984 [ 98.1 21 |21 |32 |14 |26 |16 | 19] 19 |14
BRA/UEL-BLU/13 (KY057351) | 19 | 952 [ 96.1 | 96.1 [ 984 | 968 | 96.8 | 95.6 | 97.2 | 984 | 97.2 | 96.8 | 956 | 99.0 | 993 | 99.5 | 99.5 | 98.8 | 979 23 |35 1.2 |28 14 L6 | 1.6 |12
BRA/UEL-SIM/13 (KY057352) | 20 | 952 | 96.1 [958 | 984 [ 963 | 96.1 | 956 [ 97.2 | 979 | 97.2 | 96.8 | 96.1 | 97.7 [ 979 | 97.7 | 98.1 [ 97.9 | 97.9 | 97.7 35 |12 |32 |14 | 16 | 16 |12
BRA/UEL-MEG/14 (KY057353) | 21 | 945 (954 | 949 [97.2 | 95.6 | 954 [ 949 | 96.5 | 97.2 | 96.1 [ 96.1 | 949 [ 96.5 | 96.8 | 97.0 | 97.0 | 97.2 | 96.8 | 96.5 | 96.5 23 |39 | 26 | 21 | 23 |23
BRA/UEL-LLA/14 (KY057354) | 22 | 963 [97.2 [ 968 | 99.5 | 974 [ 972 | 963 | 984 | 99.0 | 984 | 97.9 | 96.8 | 98.8 | 99.0 | 988 [ 993 | 99 | 98.6 | 98.8 | 98.8 | 97.7 21 |03 |05 |05 |10
BRA/UEL-FRD/15 (KY057355) | 23 | 96.5 [ 974 | 974 | 979 | 99.5 | 98.1 [ 974 | 98.6 |97.9 | 98.6 | 98.6 | 974 | 968 | 97.0 | 97.2 [ 97.2 | 97.0 | 974 | 97.2 | 96.8 | 96.1 | 97.9 23 |26 | 26 |21
BRA/UEL-ZNH/16 (KY057356) | 24 | 96.1 | 97.0 | 96.5 | 993 | 97.2 | 97.0 [ 96.1 [ 98.1 [98.8 [ 98.1 [ 97.7 [ 96.5 | 98.6 | 98.8 | 98.6 | 99.0 | 98.8 | 984 | 98.6 | 98.6 | 974 | 99.7 | 97.7 07 | 07 |03
BRA/UEL-LLK/16 (KY057357) | 25 | 958 [ 96.8 | 963 | 99.0 | 97.0 | 96.8 | 958 | 97.9 | 98.6 | 979 | 974 | 963 | 98.4 | 98.6 | 984 [ 98.8 | 99.0 | 98.1 | 984 | 984 | 97.9 [ 99.5 | 974 [ 993 05 |05
BRA/UEL-TCO/16 (KY057358) | 26 | 958 [ 96.8 | 963 | 99.0 | 97.0 | 96.8 [ 958 | 97.9 | 98.6 | 979 | 97.4 | 963 [ 984 | 98.6 | 984 [ 98.8 | 99.0 [ 98.1 | 984 | 984 [ 97.7 | 99.5 | 974 | 99.3 | 99.5 0.5

BRA/UEL-MEL/16 (KY057359) | 27 | 963 [97.2 | 96.8 [ 99.5 | 97.4 | 97.2 [ 963 | 98.4 | 99.0 [ 984 [ 97.9 | 96.8 [ 98.8 | 99.0 | 98.8 | 99.3 | 99.0 [ 98.6 | 98.8 | 98.8 [ 97.7 | 100 | 979 [ 99.7 | 99.5 | 9.5

1 2 3 4 5 6 7 8 9 10 | 11 | 12 | 13 | 14 | 15 | 16 | 17 | 18 | 19 | 20 | 21 | 22 | 23 | 24 | 25 | 26 | 27

Percentage of similarity

Online Resource 4. Divergence and similarities of deduced amino acid sequences among different CDV strains based on the F1 region of F

gene.
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Online Resource 5. Alignment of deduced amino acid sequences of CDV strains of the F gene F2 region. Only amino acids different from the

Onderstepoort vaccine sequence (AF305419) are shown. Potential N-linked glycosylation sites (N-X-S/T) are shaded grey and open rectangles

indicate glycosylation sites common to at least one vaccine strain analyzed. Cleavage sites identified with closed rectangle: A\l/QIHW and RRQRR.

Stars indicate cysteine residues.
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Online Resource 6. Alignment of deduced amino acid sequences of CDV strains of the F gene F1 region.

Only amino acids different from the Onderstepoort vaccine sequence (AF305419) are shown. Potential N-

linked glycosylation sites (N-X-S/T) are shaded grey and open rectangles indicate glycosylation sites

common to at least one vaccine strain analyzed. Hydrophobic regions were underlined: the fusion peptide

(FP) and the transmembrane (TM) segment. Stars indicate cysteine residues.



ANEXOS

ANEXO A — LISTA DE REAGENTES

1. Acetona P.A. (CH3COCH3) P.M. 58,08 (Dinamica®)

2. Acido cloridrico (HCI) P.M. 36,46 (Reagen®)

3. Acido etilenodiaminotetraacido sal dissodico (EDTA) P.A. (C10H14N208NA2.2H20)
P.M. 372,24 (Reagen®)

4. Agarose (Gibco BRL®)

5. Agua dietil pirocarbonato (DEPC) (Invitrogen Life Technologies®)

6. Alcool etilico absoluto (C2H20H) P.M. 46,07 (Nuclear®)

7. Azul de bromofenol (Sigma®)

8. Brometo de etidio (C21H20N3Br) P.M. 394,3 (Sigma®)

9. Buffer PCR 10x (200 mM Tris-HCI, pH 8.4, 500 mM KCI) (Invitrogen Life
Technologies®)

10. Cloreto de potassio (KCI) P.M. 74,56 (Reagen®)

11. Cloreto de sdio (NaCl) P.M. 58,45 (Reagen®)

12. Conjunto dNTP 100 mM, 4 x 250 mL; 25 mmol de cada (100 mM das solugdes dATP,
dCTP, dGTP, dTTP) (Invitrogen Life Technologies®)

13. Dodecil sulfato de sodio (SDS) (C12H25NAO4S) P.M. 288,38 (BDH)

14. Fosfato de sdio dibasico anidro (NA2HPO4) P.M. 141,96 (Synth®)

15. Hidréxido de sodio P.A. (NaOH) P.M. 40,00 (Dinamica®)

16. Hidroximetil amino metano TRIS 99% P.M. 121,14 (Inlab®)

17. Isotiocianato de guanidina (Invitrogen Life Technologies®)

18. Kit de purificacdo Purelink Quick Gel Extraction (Invitrogen Life Technologies®)

19. Kit de quantificagdo Quant-iT™ (Invitrogen Life Technologies®)

20. Kit de sequenciamento BigDye Terminator v. 3.1 Cycle Sequencing Kit (Applied
Biosystems®)

21. One-Step RT-PCR kit (Invitrogen™ Life Technologies, Carlsbad, CA, USA)

22.  Oligonucleotideo  iniciador  (primer) forward CDV-1  (forward; 5'-
ACAGGATTGCTGAGGACCTAT -3"; nucleotide (nt) 769-789) Frisk et al. (1999) - 200
pmol (Invitrogen Life Technologies®)
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23.  Oligonucleotideo iniciador (primer) reverse CDV-2 (reverse; 5'- CAAGATAACCAT
GTACGGTGC-3; nucleotide (nt) 1055- 1035) Frisk et al. (1999) - 200 pmol (Invitrogen Life
Technologies®)

24.  Oligonucleotideo iniciador (primer) forward CDV-1 Fw (forward; 5'-
CAGGACATAGCAAGCCA -37; nucleotide (nt) 4856-4872) Desenhado neste estudo - 200
pmol (Invitrogen Life Technologies®)

25.  Oligonucleotideo iniciador (primer) reverse 1Rev (reverse; 5-
AGTTTTATGACCAAGTAC -37; nucleotide (nt) 5426-5444) Romanutti et al. (2016) -
200 pmol (Invitrogen Life Technologies®)

26.  Oligonucleotideo iniciador ~ (primer)  forward  2F  (forward; 5'-
TGGGATTATCGGGACTGA -37; nucleotide (nt) 5369-5387) Romanutti et al. (2016) - 200
pmol (Invitrogen Life Technologies®)

27.  Oligonucleotideo iniciador  (primer) reverse ~ 3Rev  (reverse; 5-
GGGCCAAATATTGACAAC -3"; nucleotide (nt) 5909-5927) Romanultti et al. (2016) - 200
pmol (Invitrogen Life Technologies®)

28.  Oligonucleotideo iniciador (primer) forward 4F (forward; 5-
GTCCCTGCTATGCAACAT -37; nucleotide (nt) 5829-5847) Romanultti et al. (2016) - 200
pmol (Invitrogen Life Technologies®)

29.  Oligonucleotideo iniciador  (primer) reverse ~ 5Rev  (reverse; 5-
GGAGTTCTGGCTACAAATG -3"; nucleotide (nt) 6293-6312) Romanultti et al. (2016) -
200 pmol (Invitrogen Life Technologies®)

30. Oligonucleotideo  iniciador  (primer)  forward 6F  (forward; 5'-
TGTGTATTCGTCTCAGA -37; nucleotide (nt) 6270-6287) Romanultti et al. (2016) - 200
pmol (Invitrogen Life Technologies®)

31. Oligonucleotideo iniciador (primer) reverse CDV-7Rev (reverse; 5'-
CTGAGCCCTAAGTTTTCT -37; nucleotide (nt) 7050-7067) Desenhado nesse estudo - 200
pmol (Invitrogen Life Technologies®)

32. Padrdo de tamanho molecular DNA 123 bp (Invitrogen Life Technologies®)

33. Polimerase recombinante Platinum Tag DNA (500 unidades) (Invitrogen Life
Technologies®)

34. Sacarose/sucrose P.A. (C1,H,,04;) P.M. 342.31 (Reagen®)



35. Silica (SiO2) P.M. 60,08 (Sigma®)

36. Transcriptase reversa M-MLV (200 unidades) (Invitrogen Life Technologies®)
37. Triton x-100 (J.T. Baker®)

38. TRIzol® LS Reagent (Invitrogen Life Technologies®)
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ANEXO B — SOLUCOES E TAMPOES

e Gel de agarose 2%
- 1,0 g de agarose
- 50 mL de tampéo TBE 1x
- 20 uL de brometo de etideo

e Hidratacdo da silica
- 6 g de silica (Sigma®)
- Adicionar 50 mL de &gua ultrapura autoclavada
- Agitar lentamente e manter em repouso durante 24 h
- Por succéo, desprezar 44 mL do sobrenadante
- Ressuspender a silica em 50 mL de agua ultrapura autoclavada
- Manter em repouso durante 5 h para sedimentar
- Desprezar 44 mL do sobrenadante
- Ajustar o pH (pH 2,0)

- Aliquotar e autoclavar

e SDS 10%
- 5 g dodecil sulfato de sodio — Lauril sulfato de sédio — SDS (C12H2sNa0.S)
- 4gua bidestilada g.s.p. 50 mL

e Solucéo L6
- 120 g de isotiocianato de guanidina (GUSCN)
- 100 mL de TRIS-HCI 0,1 M pH 6,4
-22mL de EDTA 0,2 M pH 8,0
- 2,6 g de Triton x-100

e Solucéo L2
- 120 g de isotiocianato de guanidina (GUSCN)
- 100 mL de TRIS-HCI 0,1 M pH 6,4
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Tampao de corrida — TBE (Tris — Acido borico — EDTA) 10x
- 107,78 g de TRIS 0,89 M

- 55,03 g de acido borico 0,89 M

-7,459gde EDTA 0,02 M

- 4gua bidestilada g.s.p. 1 litro

- ajustar o pH (pH 8,4)

Tampéao de amostra para eletroforese em gel de agarose
- 0,25 g de azul de bromofenol 0,25%
- 45 g de sacarose — sucrose (C12H22011) 45%

- 4gua bidestilada g.s.p.100 mL
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ANEXO C — PROTOCOLOS DE TECNICAS

e Extracdo do RNA pelo método silica/tiocianato de guanidina

- Pipetar 300 uL da urina

- Adicionar 500 uL da solucédo L6

- Adicionar 25 uL de silica hidratada

- Homogeneizar em vortex

- Agitar em temperatura ambiente /30 min

- Centrifugar 10.000 x g /30 s

- Desprezar o sobrenadante em solucéo contendo NaOH 10 M
- Adicionar 500 uL de solugédo L2

- Homogeneizar em vortex

- Centrifugar 10.000 x g /30°s

- Desprezar o sobrenadante em solucdo contendo NaOH 10 M
- Adicionar 500 pL de solugéo L2

- Homogeneizar em vortex

- Centrifugar 10.000 x g /30 s

- Desprezar o sobrenadante em solucéo contendo NaOH 10 M
- Adicionar 1000 pL de etanol 70% gelado

- Homogeneizar em vortex

- Centrifugar 10.000 x g /30°s

- Desprezar sobrenadante em descarte comum

- Adicionar 1000 uL de etanol 70% gelado

- Homogeneizar em vortex

- Centrifugar 10.000 x g /30°s

- Desprezar sobrenadante em descarte comum

- Adicionar 1000 uL de acetona P.A. gelada

- Homogeneizar em vortex

- Centrifugar 10.000 x g /30 s

- Desprezar sobrenadante em descarte comum

- Secar o pellet em termo bloco a 60 °C (aproximadamente 2 min) ou banho-maria a 56 °C (15

min)



77

- Adicionar 50 pL de 4&gua DEPC

- Homogeneizar em vortex

- Banho-maria 56 °C/15 min

- Homogeneizar em vortex

- Centrifugar 13.000 x g /4 min

- Recolher o sobrenadante em microtubo de 500 pL

- Estocar a -20 °C até a utilizacédo

Extracdo de RNA pelo método TRIzol® LS Reagent (Invitrogen Life Technologies®)

Sangue total:
- Pipetar 250 uL de sangue total

- Adicional 750 uL de TRIzol LS

Orgao:
- Macerar 50-100 mg de 6rgdo em 1 mL de agua DPEC.
- Centrifugar a 3000 x g / 10 min

- Pipetar 250 pL do sobrenadante
- Adicionar 750 uL de TRIzol LS

Prosseguir com as seguintes etapas para os dois materiais biol6gicos:

- Homogeneizar em vortex.

- Incubar por 5 minutos em temperatura ambiente.

- Adicionar 200 uL de cloroférmio

- Homogeneizar em vortex por 15 segundos.

- Incubar por 15 minutos em temperatura ambiente.

- Centrifugar por 15 minutos a 12000 RCF a 4°C.

- Recolher a fase aquosa.

- Adicionar 500 uL de propanol e homogeneizar em vortex
- Incubar por 10 minutos em temperatura ambiente.

- Centrifugar por 10 minutos a 12000 RCF a 4°C.



- Desprezar todo o contetdo do microtubo.

- Adicionar 1mL de etanol a 75% e homogeneizar em vortex

- Centrifugar por 5 minutos a 7500 RCF a 4°C.

- Descartar o sobrenadante e secar no termobloco a 56°C até evaporar.
- Adicionar 30 uL de 4gua DPEC e vortexar.

- Incubar a 56°C por 10 minutos.

- Centrifugar e recolher o sobrenadante.

e RT-PCR paragene N do CDV

Desnaturacéao

- 9 uL do RNA extraido

- 20 pmol do primer forward

Programa: 70°C por 10 min e banho de gelo por 5 min

Transcrigdo reversa

- 1x RT buffer (250 mM Tris-HCI, pH 8,3, 375 mL KCI, 15 mM MgCl»)
-1,3mM de cada dNTP

-0,1MdeDTT

- 50 unidades de transcriptase reversa M-MLV

Programa: 37°C/50 min; 70°C/15 min.

PCR

- 1x PCR buffer (30 mM Tris-HCI, pH 8,4 e 75 mM KClI)

- 3 mM de MgCl»

- 0,8 mM de cada dNTP

- 20 pmol de cada primer

- 2,5 unidades de Tag DNA polimerase

- 5 uL de cDNA

- Agua g.s.p. 50 uL

Programa: 94°C/1 min; 35 ciclos de 94°C/1 min, 59,5°C/1 min e 72°C/1 min; 72°C/5 min.
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e RT-PCR parao gene F de CDV

- 25 pL de 2X Reaction Mix (0,4 mM de cada dNTP, 3,2 mM de MgSOs)
1 uL de cada primer (20 pmol)

2 uL SuperScript® 111 RT/Platinum® Tag Mix

10 puLL do RNA extraido

- Agua q.s.p. 50 uL
Programa: 55°C/30 min; 40 ciclos de 94°C/2 min; 94°C/15 seg; 50°C/ 30 seg e 68°C/1 min;
68°C/5 min.

e Eletroforese em gel de agarose a 2%

- 1,0 g de agarose

- 50 mL TEB buffer (Tris 89 mM; acido bérico 89 mM; EDTA 2mM) pH 8,4

- 20 uL de brometo de etideo (0,5 ng/mL)

Séo utilizados 5 puL do amplicon e 1 uL do tampéao de amostra. A eletroforese sob voltagem

(100V) e amperagem (80A) constantes por aproximadamente 50 min.
e Purificacdo de produto de PCR excisado do gel

- Pesar o fragmento excisado do gel em microtubo de 1,5 mL.

- Adicionar 3 volumes do tampdo de solubilizacdo em gel (L3) para cada 1 volume de gel.
- Incubar o tubo a 50 °C / 15 min, homogeneizando a cada 3 min.

- Transferir o gel dissolvido com o amplificado de interesse para um tubo coletor com coluna.
- Centrifugar a 13.000 x g / 1 min.

- Descartar o filtrado e recolocar a coluna no mesmo tubo coletor.

- Adicionar 500 uL do Wash buffer 1 (W1) na coluna com tubo coletor.

- Centrifugar a 13.000 x g / 1 min.

- Descartar o filtrado e recolocar a coluna no mesmo tubo.

- Centrifugar o tubo novamente a velocidade maxima por 3 min.

- Descartar o tubo coletor e transferir a coluna para um microtubo de 1,5 mL.

- Adicionar 30 uL do Elution buffer 1 (E1) no centro da coluna.

- Incubar a temperatura ambiente por 1 min.

- Centrifugar a 13.000 x g / 1 min.

- Estocar o fragmento de DNA purificado a -20°C.
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e Purificacdo direta de produto de PCR

- Adicionar 4 volumes do Binding buffer (B2) a 1 volume de reacdo de PCR.
- Transferir a solugdo para uma coluna de purificacdo.

- Centrifugar a 13.000 x g / 1 min.

- Descartar o filtrado e recolocar a coluna no mesmo tubo.

- Adicionar 650 puL do Wash buffer 1 (W1) na coluna com tubo coletor.

- Centrifugar a 13.000 x g / 1 min.

- Descartar o filtrado e recolocar a coluna no mesmo tubo.

- Centrifugar o tubo novamente a velocidade maxima por 3 min.

- Descartar o tubo coletor e transferir a coluna para um microtubo de 1,5 mL.
- Adicionar 30 uL do Elution buffer 1 (E1) no centro da coluna.

- Incubar a temperatura ambiente por 1 min.

- Centrifugar a 13.000 x g / 1 min.

- Estocar o fragmento de DNA purificado a -20°C.

e Quantificacdo de produto de PCR

- Certificar-se de que todos os reagentes estdo em temperatura ambiente.

- Preparar a solugdo Quant-iT™ Working Solution diluindo o reagente Quant-iT™ em Buffer
Quant-iT™ 1:200. S30 necessarios 200 pL desta solucdo por amostra e para os padrdes 0 e 100.
- Homogeneizar em vortex.

- No microtubo das amostras adicionar 198 pL da solugdo Quant-iT™ Working Solution a 2 pL
do fragmento de DNA purificado.

- No microtubo do padrdo 0 adicionar 190 pL da solugdo Quant-iT™ Working Solution a 10
uL do padréo 0.

- No microtubo do padréo 100 adicionar 190 pL da solugio Quant-iT™ Working Solution a 10
uL do padréo 100.

- Homogeneizar os microtubos em vortex por 2-3 s

- Incubar os microtubos em temperatura ambiente por 2 min

- Realizar a leitura usando Qubit™ fluorometer (Invitrogen™ Life Technologies, EUA)

- Multiplicar pelo fator de dilui¢do para determinar a concentragao correta da amostra.
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. Sequenciamento pelo método de Sanger
- Preparo de amostras para o sequenciamento

As amostras e 0s primers devem estar na concentragcdo demonstrada na tabela abaixo:

Tamanho do fragmento (pares Concentragdo da amostra ~ Concentragdo do primer

de base) (ng/uL ou pg/mL) (pmol/uL ou uM)
<300 2 5
300 - 700 4 5
>700 10 10

- Mix do sequenciamento

Reagente” Volume
BigDye Terminator v3.1 2,0 pL
Tampéao 5x 1,5puL
Agua ultrapura autoclavada 0,5 uL
Volume final 4,0 L

*BigDye Terminator v3.1 Cycle Sequencing Kit

O volume final de mix do sequenciamento é adicionado a 5 pL de amostra purificada + 1 pL
de primer.

- Ciclos de tempo e temperatura da reacdo de sequenciamento”

Reacdo Temperatura Tempo N“”.“ero de
ciclos
Desnaturacéo inicial 96 °C 1 minuto 1
Desnaturacéo 96 °C 15 segundos 35
Anelamento 50 °C 15 segundos 35
Extenséo 60 °C 4 minutos 35

*Programa recomendado pela Applied Biosystems.

- Precipitagdo com EDTA e Etanol

- Adicionar os 10 pL da reagdo de sequenciamento em um poco de uma placa MicroAmp®

Optical 96-Well Reaction (0,2 mL) (Applied Biosystems)

- Adicionar 2,5 pL de EDTA (&cido etilenodiamino tetra-acético) 125 mM pH 8,0
- Adicionar 30 pL de etanol 100%

- Homogeneizar lentamente a placa

- Incubar a placa por 10 minutos em temperatura ambiente

- Centrifugar a 2720 x g durante 30 minutos a 20 °C


https://www.thermofisher.com/order/catalog/product/4337455
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- Desprezar o contetido da placa

- Centrifugar a 2720 x g durante 1 minuto a 20 °C com a placa invertida sobre papel
- Adicionar 100 pL de etanol 70%

- Centrifugar a 2720 x g durante 1 minuto a 20 °C

- Desprezar o contetdo da placa

- Centrifugar a 2720 x g durante 1 minuto a 20 °C com a placa invertida sobre papel
- Cobrir a placa com papel e deixar em temperatura ambiente por 10 minutos

- Adicionar 10 pL de formamida (HIDI)

- Adicionar a septa

- Homogeneizar a placa em voértex

- Submeter a placa a um spin no miniplate spinner

- Colocar a placa em termociclador (tampa aberta) por 95 °C por 5 minutos

- Colocar a placa em cooler ou banho de gelo por 1 minuto

- Apos a precipitacdo com EDTA e etanol, a placa é inserida no sequenciador (ABI 3500

Genetic Analyzer - Applied Biosystems) para realizar a eletroforese capilar.
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ANEXO D — LISTA DE SOFTWARES

e Electropherogram quality analysis - Phred e CAP3

(http://asparagin.cenargen.embrapa.br/phph/)

e BLAST The Basic Local Alignment Search Tool

(http://blast.nchi.nlm.nih.gov/Blast.cqi)

e MEGA package software version 6

(http://www.megasoftware.net/mega4/megadl.html)

e BioEdit software version 7.1.11

(http://www.mbio.ncsu.edu/bioedit/bioedit.html)



http://asparagin.cenargen.embrapa.br/phph/
http://blast.ncbi.nlm.nih.gov/Blast.cgi
http://www.megasoftware.net/mega4/mega41.html
http://www.mbio.ncsu.edu/bioedit/bioedit.html



