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CAPITULO 1
1 INTRODUCAO

O virus Vaccinia, um membro do género Orthopoxvirus da familia
Poxviridae, é o agente etioldgico de uma doenga exantemética, caracterizada
pelo aparecimento de lesdes cutédneas nos tetos e Uberes das vacas, e no muflo
e mucosa oral dos bezerros (MEDEIROS-SILVA et al., 2010; KROON et al.,
2011). Além dos animais, afeta também os humanos, que adquirem a infeccao
pelo contato direto com as lesdes no momento da ordenha, desenvolvendo
alteracdes semelhantes a dos animais nas maos, bracos e antebracos
(MOUSSATCHE et al., 2008; MEDEIROS-SILVA et al., 2010; FONSECA et al.,
2011; KROON et al., 2011).

Ao género Orthopoxvirus pertencem o extinto Virus da Variola Humana
ou Variola virus (VARYV), e outros trés importantes patdbgenos zoonéticos: o Virus
da “variola bovina” ou Cowpox virus (CPXV), o Virus da Variola dos Macacos ou
Monkeypox virus (MPXV), e o Vaccinia virus (VACV) (LOBATO et al., 2005;
MOUSSATCHE et al., 2008; ESSBAUER et al., 2010; MEDEIROS-SILVA et al.,
2010; KROON et al.,, 2011; FLORES, 2012). Os membros deste género
apresentam reacdo imunoldgica cruzada, ou seja, apds infeccdo e/ou
imunizagdo com qualquer virus desse género observa-se uma resposta
soroldgica protetora frente aos demais (MOUSSATCHE et al., 2008; JACOBS et
al., 2009; ESSBAUER et al., 2010; KROON et al., 2011; FLORES, 2012). Essa
caracteristica, permitiu a utilizacdo do VACV como antigeno vacinal contra o
VARV no programa de vacina¢cdo mundial macica da Organizacdo Mundial de
Saude (WHO) (TRINDADE et al., 2007a; DRUMOND et al., 2008; JACOBS et
al., 2009).

No Brasil, aproximadamente 10 anos ap6s a WHO, em 1980, anunciar a
erradicacdo do VARV, surtos por VACV afetando rebanhos bovinos e seres
humanos comecaram a ser descritos (DAMASO et al., 2000; TRINDADE et al.,
2003; TRINDADE et al., 2007b; MEGID et al., 2008, MEGID et al., 2012;
ABRAHAO et al., 2015). Acreditava-se que tal ocorréncia estivesse relacionada

a uma adaptacdo do VACV vacinal a algum hospedeiro selvagem ainda nao



identificado, re-emergindo esporadicamente em surtos afetando rebanhos
bovinos e humanos (MOUSSATCHE et al., 2008). Entretanto, estudos sugerem
gue a origem e a histéria natural do VACV é distinta dos virus vacinais usados
no Brasil (TRINDADE et al., 2007a; DRUMOND et al., 2008).

A origem dos surtos no pais continua desconhecida. No entanto a
hip6tese mais aceita supde que existe uma populacédo de VACV com diversidade
genética e fenotipica que circula em reservatorios naturais ainda desconhecidos
e que, dependendo das condicBes biolégicas e geograficas, sdo transmitidos
para vacas e humanos (TRINDADE et al., 2007a; DRUMOND et al., 2008;
FERREIRA et al., 2008a).

Existem poucas informacfes sobre os reservatorios naturais do VACV,
mas sabe-se que o CPXV, tem os roedores como reservatorios naturais, estando
envolvidas diversas espécies silvestres como Apodemus sylvaticus,
Clethrionomys glareolus e Microtus agrestis, e urbanas como Mus musculus,
Rattus rattus e Rattus norvergicus (CHANTREY et al.,, 1999; NINOVE et al.,
2009; ESSBAUER et al., 2010; FLORES, 2012). No Brasil o VACV foi uma vez
isolado de um roedor peridoméstico da espécie Mus musculus durante surto
afetando rebanho bovino e humanos (ABRAHAO et al., 2009a). Entretanto,
durante surto zoonotico, DNA viral foi também detectado, em amostras de
sangue de cdes e gambas (Didelphis albiventris) sem sinais clinicos, sugerindo
o0 possivel envolvimento de outras espécies na disseminacao viral (PERES et al.,
2016).

Considerando o carater re-emergente do VACV e 0 ndo esclarecimento
sobre a origem dos surtos no pais, o presente estudo teve por objetivo verificar
positividade ao VACV em amostras de animais domeésticos, selvagens e
humanos provenientes de areas com e sem histérico de surto, na regido centro

oeste do estado de Sao Paulo.



2 REVISAO DE LITERATURA
2.1 Virus Vaccinia
2.1.1 Taxonomia

O virus Vaccinia (VACV) pertencente a familia Poxviridae, que é
subdividida em duas subfamilias, Entomopoxvirinae e Chordopoxvirinae. Os
membros da subfamilia Entomopoxvirinae infectam diversas ordens da classe
Insecta (SMITH, 1993; FENNER, 2000; BECKER et al., 2008; ESSBAUER et al.,
2010; FLORES, 2012); a subfamilia Chordopoxvirinae infecta os vertebrados e
agrupa oito géneros: Orthopoxvirus, Capripoxvirus, Suipoxvirus, Leporipoxvirus,
Avipoxvirus, Molluscipoxvirus, Yatapoxvirus e Parapoxvirus (ESSBAUER et al.,
2010; FLORES, 2012).

O ogénero Orthopoxvirus (OPV) abriga sete espécies de virus
antigenicamente relacionadas: Variola virus (VARV), Vaccinia virus (VACV),
Cowpox virus (CPXV), Monkeypox virus (MPXV), Camelpox virus (CMLV),
Ectromelia virus (ECTV), Uasin Gishu virus (UGDV) (FLORES, 2012). Desses,
quatro espécies infectam seres humanos: VARV, VACV, CPXV, e MPXV, sendo
os trés ultimos de importante carater zoondtico, infectando inicialmente os
animais (ESSBAUER et al., 2010; FLORES, 2012). O Vaccinia virus (VACV),
tem distribuicdo mundial e infecta humanos, bovinos, equinos, suinos, roedores,
coelhos, e outros mamiferos (TRINDADE et al., 2004; MEGID et al., 2008; BRUM
et al., 2010; ESSBAUER et al., 2010; MEDEIROS-SILVA et al., 2010; FLORES,
2012; PERES et al., 2016). O Cowpox virus (CPXV) ou virus da “variola bovina”
propriamente dita, tem sua ocorréncia restrita aos continentes europeu e
asiatico, e infecta humanos, bovinos, felideos e roedores, esses ultimos atuam
como reservatérios naturais e estdo envolvidas diversas espécies silvestres
como Apodemus sylvaticus, Clethrionomys glareolus e Microtus agrestis, e
urbanas como Mus musculus, Rattus rattus e Rattus norvergicus (CHANTREY
et al., 1999; KURTH et al., 2008; CARLETTI et al., 2009; CAMPE et al., 2009;
NINOVE et al., 2009; ESSBAUER et al., 2010; FLORES, 2012). O Virus da
Variola dos Macacos ou Monkeypox virus (MPXV), de distribuicdo restrita a



oeste e centro do continente africano, infecta humanos, primatas e roedores
(ESSBAUER et al., 2010; FLORES, 2012).

2.1.2 Estrutura viral

Os virions séo grandes e complexos, e podem apresentar formato, ovoide,
retangular arredondado ou pleomérfico, com dimensdes que variam entre 170-
260nm de diametro por 270-360nm de comprimento (FENNER, 2000;
ESSBAUER et al., 2010; BHANUPRAKASH et al., 2012; FLORES, 2012). A
particula viral contém quatro estruturas distintas: cerne, corpusculos laterais
(corpos laterais), membrana e envelope (Figura 1). O cerne tem configuracéo
bicbncava, unilateralmente céncava ou cilindrica e envolve o material genético.
Uma membrana lipidica contendo proteinas de superficie tubulares ou
globulares arranjadas em forma helicoidal ou irregular envolve o cerne e os
corpos laterais (SMITH, 1993; BHANUPRAKASH et al., 2012; FLORES, 2012).
Apresentam uma forma extracelular denominada EEV (extracellular enveloped
virions), provida de envelope duplo, adquirido por brotamento da membrana
plasmatica, e uma forma intracelular desprovida de envelope adicional,
denominada IMV (intracellular mature virions), que sdo menos infecciosas e
liberadas por lise celular (ESSBAUER et al., 2010; FLORES, 2012).
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Figura 1. Estrutura dos virions (fonte: adaptado de viralzone, www.viralzone.expasy.org)



O genoma é uma molécula de DNA linear de fita dupla, contendo
sequéncias repetidas invertidas (ITRs) nas extremidades e uma unica regiao
longa que ocupa a regido central (Figura 2). As duas cadeias de DNA séo unidas
entre si nas extremidades por curvas (loops), sendo as regides que formam as
curvas ricas em adenina (A) e timina (T) ndo complementares, ndo sendo
possivel o pareamento entre elas (SMITH, 1993; BECKER et al.,, 2008;
BHANUPRAKASH et al., 2012; FLORES, 2012). A regido central é altamente
conservada, e codifica proteinas requeridas para estrutura e morfogénese, bem
como enzimas envolvidas na replicacdo do DNA e transcricdo do RNAm,
enquanto as regides terminais invertidas sdo variaveis, e codificam produtos
envolvidos na patogenia (determinacao do espectro de hospedeiros, modulacéo
da resposta imune e antiapoptética) e viruléncia (FLORES, 2012; SMITHSON et
al., 2014). As regides que forma as curvas ricas em A-T ndo complementares,
sao altamente conservadas, contendo sequencias necessarias para a formacéo
de concatameros durante a replicacdo do DNA (FLORES, 2012).

Repoticho invertda Seqléncias unicas Repetcio invericda
44— ——
10 kbp 160 kbp 10 kbp
Sequénoas repebidas Sequéncias repetidas
TS ) [roe—mr =vIs 8
0.9 kp 1.3 kbp 13kbp 09kbp

Figura 2. Representacdo do genoma dos poxvirus (fonte: Flores, 2012)

2.1.3 Manifestacdes clinicas e transmissao

As lesbes causadas pelo VACV séao proliferativas, ulcerativas ou
crostosas, e facilmente visiveis nos tetos e Ubere das vacas (Figura 3).
Caracterizam-se inicialmente por eritema réseo e edema localizado que evolui
para vesiculas e, posteriormente, para papulas e pustulas que se rompem e
supuram, formando entdo crostas escuras que podem ulcerar (MEDEIROS-
SILVA et al., 2010; KROON et al., 2011, RIVETTI JR et al., 2012, SANT’ANA et
al., 2013). Bezerros podem desenvolver lesdes no focinho ou muflo e mucosa

oral (Figura 4). O curso da doenca varia entre trés a quatro semanas (MEGID et



al., 2008, TRINDADE et al., 2009; MEDEIROS-SILVA et al., 2010; KROON et al.,
2011, FLORES, 2012; SANT’ANA et al., 2013).

A transmissao entre 0os animais ocorre pelas maos dos ordenhadores e/ou
equipamentos utilizados na ordenha manual, como cordas, e igualmente por
equipamentos de ordenha mecénica e fomites em geral. A penetragéo viral
ocorre por solugdes de continuidade na pele e em lesdes pré-existentes nos tetos
das vacas. Os humanos podem se infectar pelo contato direto com as lesdes
existentes nos tetos e Uberes das vacas, desenvolvendo além de lesGes nas
maos e antebracos semelhantes as dos animais (Figura 5 e Figura 6), um quadro
febril com reacao linfonodal axilar, por vezes dolorosa, prostracdo, anorexia,

desidratacdo, cefaleia, sudorese, artralgia e mialgia. Nos casos de lesdes

afetando pescoco e face se observa reacdo linfonodal cervical anterior
(NEGASSE-GAHARA et al., 2004; LOBATO et al., 2005; FLORES, 2012; MEGID
et al., 2008, SILVA-FERNANDES et al.,, 2009; SCHATZMAYR et al., 2009;
MEDEIROS-SILVA et al., 2010; FONSECA et al., 2011; KROON et al., 2011,
MEGID et al., 2012; SANT'ANA et al., 2013).

Figura 3. Lesdes em teto e Ubere (fonte: arquivo pessoal)



N\

Figura 4. Les6es em muflo e mucosa nasal de bezerro (fonte: arquivo pessoal)

Figura 5. Lesdes em mao de ordenhador (fonte: arquivo pessoal)



Figura 6. Lesdes em antebraco de ordenhador (fonte: arquivo pessoal)

Recentemente foi descrito em humanos diagnosticados com VACV, além
dos sinais classicos, convulsdes, vomitos, diarreia e confusdo mental. No
entanto os fatores envolvidos na gravidade dos quadros humanos durante esse
surto ainda n&o estéo elucidados (ABRAHAO et al., 2015).

2.1.4 Diagnéstico e Tratamento

O material clinico utilizado para o diagnéstico laboratorial consiste em
crostas, swab das lesGes, liquido vesicular, sangue total, soro, leite e fezes
(ABRAHAO et al., 2009b; FLORES, 2012; RIVETTI JR et al., 2012; ASSIS et al.,
2013a; KROON et al., 2016; PERES et al., 2016). O diagnostico da infeccao é
realizado pelo isolamento viral em membrana corioalantéide de ovos
embrionados e/ou em cultivo celular (células Vero ou BSC-40), deteccdo da
particula  viral por microscopia eletrbnica, métodos  soroldgicos
(soroneutralizacdo, ELISA, imuoperoxidase em monocamada celular — IPMC) e
técnicas moleculares, como a reacdo em cadeia pela polimerase (PCR),
convencional e em tempo real (FLORES, 2012; KROON et al., 2016).

A técnica de PCR tem permitido diagndstico, rapido, sensivel e especifico
da enfermidade, e diversos genes tem sido utilizados como alvos no diagnostico



molecular, como o gene C11R, relacionado ao fator de crescimento viral (viral
growth fator, vgf), que é exclusivo e altamente conservado entre os virus do
género OPV, sendo por este motivo, frequentemente utilizado em diversos
estudos de diagndéstico e caracterizacdo viral de VACV isolados em surtos no
Brasil (ABRAHAO et al., 2009c; ABRAHAO et al., 2010a; RIVETTI JR et al.,
2012; ASSIS et al., 2013b; KROON et al., 2016).

Outro gene importante e muito utilizado na caracterizacdo de VACV
brasileiros, € 0 gene A56R, que codifica uma glicoproteina de superficie presente
em todos os OPV, a hemaglutinina viral (ha). De acordo com as analises das
sequencias desse gene, é possivel classificar as amostras brasileiras de VACV
em dois grupos filogenéticos distintos (DAMASO et al., 2000; TRINDADE et al.,
2003; LEITE et al., 2005; ABRHAO et al., 2009a; KROON et al., 2016). Essa

dicotomia genética encontra-se detalhadamente descrita no item 2.3.

Como diagnostico diferencial considera-se picadas de insetos,
traumatismos, infec¢cdes vesiculares (febre aftosa, estomatite vesicular),
papilomas com traumatismos, infec¢des por Parapoxvirus (Pseudocowpox virus,
agente da pseudovariola bovina), infeccées por Herpesvirus bovino tipo 2 (BHV-

2, agente da mamilite herpética) e infec¢des bacterianas (KROON et al., 2016).

Uma vez que nao existe tratamento especifico para VACV, recomenda-se
como tratamento de suporte, a utilizagdo de iodo com glicerina e pomadas
epitelizantes nas lesBes, bem como antibidticos sistémicos em casos de

infeccbes bacterianas secundarias (KROON et al., 2016).
2.2 VACV no Brasil
2.2.1 Amostras vacinais

Foi em 1804, com a chegada de escravos vindos de Lisboa, que o VACV
foi importado para o Brasil. Trazendo em seus bracos a vacina contra a variola
humana, os escravos atracaram na Bahia e de la foram enviados ao Rio de
Janeiro, possivelmente transmitindo o virus vacinal para a populagdo local,
sendo desta forma, através do contato direto com a leséo vacinal dos bracos
(brago a braco), que a populacdo brasileira foi vacinada entre 1804 e 1887
(FERNANDES, 1999).



10

A primeira vacina produzida com as lesbes pustulares de bovinos
inoculados, foi importada em 1887 do Instituto Chambon de Paris, para o Instituto
de Vacina no Rio de Janeiro (atual Instituto Oswaldo Cruz). A vacina foi
distribuida para outros estados do Brasil e, entre 1887 e 1895, outros institutos
produtores de vacina foram estabelecidos nos estados do Rio Grande do Sul,
Sdo Paulo, Minas Gerais, Mato Grosso, Espirito Santo e Pernambuco
(FERNANDES, 1999).

A erradicacdo da variola humana ocorreu em 1951, nas Americas do
Norte e Central, e em 1953 na Europa. O Brasil comecou a trabalhar com a
Organizacdo Pan-Americana de Saude em 1962, instituindo a campanha
nacional de vacinacdo contra a variola e, em 1966, com a intensificacdo do
programa de vacinacdo global da Organizacdo Mundial de Saude (OMS), um
novo programa de vacinacdo nacional foi instituido. Quatro laboratérios
produziam a vacina no Brasil, o Instituto Oswaldo Cruz no Rio de Janeiro, o
Instituto Butantan em S&o Paulo, o Instituto para Pesquisas Bioldgicas em Porto
Alegre e um instituto na cidade de Recife, Pernambuco. Os virus usados por
esses institutos eram as amostras PARIS, LISTER e a LEDERLE (LEWIS et al.,
2005). A amostra PARIS, usada pelo Instituto Oswaldo Cruz, parece ser uma
referéncia a vacina produzida com as lesfes pustulares de bovinos inoculados,
originalmente importada do Instituto Chambon de Paris, em 1887. A amostra
LISTER, desenvolvida originalmente no Instituto Lister na Inglaterra, era usada
pelo Instituto para Pesquisas Bioldgicas de Porto Alegre. A LEDERLE, usada
pelo Instituto de Recife e pelo Instituto Butantan, foi obtida do Laboratério Lederle
Wyeth nos Estados Unidos da América. Tem origem na amostra NYCBH e
originou as amostras VACV-WR (amostra de pesquisa) e Dryvax (amostra viva
mantida nos Estados Unidos desde os anos 70) (LEWIS et al., 2005; JACOBS
et al., 2009). Portanto, PARIS, LISTER e NYCBH foram usadas no Brasil no
periodo de 1968 a 1971.

Quando o suprimento de vacinas disponiveis diminuiu a niveis criticos em
1970, o Brasil importou vacina da Argentina que, naquele periodo, utilizava a
amostra MALBRAN em seus programas de vacinacdo. Nesse mesmo ano,

seguindo as recomendacdes da OMS, a Argentina adotou a amostra LISTER.
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Da mesma forma, o Instituto Butantan seguiu as normas da OMS utilizando a
LISTER e se tornou o distribuidor oficial do Brasil (FERNANDES, 1999; LEWIS
et al., 2005; TRINDADE et al., 2007a). Com isso houve a distribuicdo das
amostras virais PARIS, LISTER, NYCBH e MALBRAN pelo Brasil durante a

campanha de erradicacao da OMS.
2.2.2 Primeiros isolamentos

Durante uma fiscalizacéo da atividade dos arbovirus em areas de floresta
ao redor da cidade de Sao Paulo, conduzida pelo governo brasileiro em parceria
com o Instituto Adolfo Lutz, entre 1960 a 1970, um poxvirus foi isolado de
camundongo-sentinela exposto a vetores aéreos em area de floresta no
municipio de Cotia no Estado de Sdo Paulo, sendo nomeado como Cotia Virus
(COTV SPAN232) (LOPESODE et al., 1965). Posteriormente, com base nas
analises das sequencias dos genes que codificam a Timidina Kinase (TK) e o
Fator de Crescimento Viral (VGF) o COTV SPANn232 foi caracterizado como um
VACV e foi renomeado, passando a chamar-se SAV (FONSECA et al., 2002).
No entanto, o primeiro suposto isolamento de uma nova variante do VACV em
roedor silvestre ocorreu em 1963, quando o virus nomeado BeAn58058 (BAV),
foi isolado em amostra de sangue de um Oryzomis spp. capturado na floresta
Amazbnica nos arredores de Belém do Pard. BAV foi antigenicamente
relacionado ao SAV (FONSECA et al., 1998; MARQUES et al., 2001). Entretanto
analises recentes do sequenciamento completo do genoma do SAV revelou 185
“Open Reading Frames” (ORFs) ausentes em outros poxvirus, sugerindo que o
SAV seja membro de outro género da familia Poxviridae, ainda nao classificado
(AFONSO et al., 2012).

2.2.3 Disseminacdao pelo pais

Em 1993 um surto semelhante ao de ectromelia (Mousepox) afetou os
camundongos do Instituto Biolégico (Centro do Bioterismo) da Universidade
Federal de Minas Gerais (UFMG) em Belo Horizonte. Os camundongos eram
provenientes da Universidade de Campinas no estado de S&o Paulo e
apresentavam bom estado geral de salde ao chegarem. Apds alguns dias

alguns vieram a 0bito e outros apresentaram pustulas generalizadas, sendo este
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material coletado para analise. Posteriormente, em 1998, o virus isolado nessas
amostras congeladas foi denominado Belo Horizonte Virus (BHV), e as
caracterizacbes moleculares demonstraram alta homologia entre o BHV e os
genes de VACV depositados no GenBank, evidenciando a circulacdo de
diferentes linhagens do VACV no Brasil, a partir de outras fontes além das
selvagens, demonstrando a necessidade de Vvigilancia epidemiolégica
(TRINDADE et al., 2004).

A partir de 1999, apos o surto que afetou pequenas propriedades rurais
na cidade de Cantagalo no estado do Rio de Janeiro, resultando no isolamento
de um VACV que foi nomeado Cantagalo Virus (CTGV), e outro na cidade de
Aracatuba no estado de S&o Paulo, resultando em isolamento de VACV
nomeado Aracatuba Virus (ARAV), (DAMASO et al., 2000; TRINDADE et al.,
2003) diversos casos de doenca exantematica afetando rebanhos bovinos e
humanos comecaram a ser descritos no Brasil. Alguns surtos merecem destaque

pela importancia genética ou epidemiolégica (Figura 7 e Figura 8).

O estado de Minas Gerais, 0 maior produtor leiteiro do pais, registra surtos
desde 2000, com isolamento de VACV que receberam os nomes das cidades
onde ocorreram os surtos, como Muriae Virus (MURV), Mariana Virus (MARV),
dentre outros (LEITE et al., 2005; TRINDADE et al., 2006; TRINDADE et al.,
2007b; ABRAHAO et al., 2009a; TRINDADE et al., 2009; ABRAHAO et al., 2015).
Trés surtos no estado mineiro chamam a nossa atenc¢éo. O surto que afetou o
municipio de Guarani, onde duas variantes do VACV foram simultaneamente
isoladas, o Guarani P1 Virus (GP1V) e o Guarani P2 Virus (GP2V) (TRINDADE
et al., 2006). O surto que afetou o municipio de Mariana, por relatar o primeiro
isolamento de VACV acometendo simultaneamente bovinos, humanos e um
camundongo peridoméstico (Mus musculus) capturado no local do surto
(ABRAHAO et al., 2009a) e o surto que afetou o municipio de Resplendor, por
relatar o primeiro caso de co-infec¢do por Vaccinia virus e Pseudocowpox, onde
um jovem ordenhador e suas vacas foram diagnosticados por meio de testes
imunologicos e moleculares, e apresentaram resultados positivos para ambos 0s
agentes (ABRAHAO et al., 2010b).
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O primeiro caso confirmado de transmissao de VACV humano a humano
foi registrado na cidade de S&o Francisco de Itabapoana — RJ em 2002
(OLIVEIRA et al.,, 2014). Casos assim sdao comuns nos Estados Unidos da
América (EUA), envolvendo soldados recém vacinados e seus parentes
proximos (VORA et al., 2008). Mas nessa situacdo, um ordenhador adquiriu a
infeccdo dos animais no ambiente de trabalho, e a transmitiu ao seu filho em sua
residéncia 20km distante do mesmo, sendo o virus isolado e caracterizado
filogeneticamente (OLIVEIRA et al., 2014). Ainda relacionado a transmisséo
intrafamiliar, em Setembro de 2012, na cidade de Serro — MG, um ordenhador
com lesdes em suas maos foi diagnosticado molecular e sorologicamente
positivo ao VACV, entretanto duas filhas que ndo manejavam ou mantinham
qualguer contato com 0s animais, tampouco apresentavam sinais clinicos,
apresentaram DNA viral em suas amostras de sangue, sugerindo outras vias de
infeccdo, como fémites por exemplo (COSTA et al., 2015). Esses achados
corroboram os resultados de um surto que afetou o municipio de Carangola —
MG em 2011, onde um ordenhador com lesées em suas maos supostamente se
auto-inoculou em seu nariz, e houve positividade ao VACV em provas
moleculares e de isolamento viral, ndo apenas de suas lesdes, mas também de
swab coletado de seu travesseiro, sugerindo que a alta carga viral de suas lesdes
contaminaram o ambiente, sendo esse uma possivel fonte de infeccao para
pessoas que nao desenvolvem atividades ocupacionais como ordenha ou
manejo de rebanhos (ASSIS et al., 2013a).

Outro destaque merece o surto que afetou cavalos da racga crioulo no
municipio de Pelotas no estado do Rio Grande do Sul, em fevereiro de 2008,
onde 14 animais (nove éguas, quatro potros e um macho adulto castrado)
apresentaram les6es nodulares que evoluiram para puUstulas e estas para
crostas, na regiao de focinho, narinas, e areas internas e externas dos labios
(BRUM et al., 2010). Posteriormente, em 2009, amostras de biopsia da leséo de
um desses animais foram enviadas ao laborat6rio de Virus no Departamento de
Microbiologia do Instituto de Ciéncias Biol6gicas da UFMG, em Belo Horizonte,
onde o isolamento viral e a caracterizacdo molecular foram realizadas. Os
resultados obtidos no isolamento viral demonstraram dois virus distintos,

nomeados como Pelotas 1 virus (P1V) e Pelotas 2 virus (P2V). A analise das
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sequéncias de nucleotideos dos genes Ha, B5R, B18R e E3L do P1V e P2V
revelou diferencas que os coloca em grupos diferentes e reflete diferentes vias
de evolucédo (CAMPOS et al., 2011).

O ano de 2008 foi marcado, ainda, pela propagacdo do CTGV para a
regido norte do pais. Em setembro desse ano, no municipio de Muricilandia no
estado do Tocantins, 15 bovinos de um rebanho de 356 cabecas, apresentaram
quadro febril e lesBes caracteristicas de VACV nos tetos e Ubere das vacas
adultas e no muflo dos bezerros. Ordenhadores também reportaram quadro febril
e lesdes semelhantes a dos animais, nas maos e pescoco. O isolamento viral e
PCR demonstrou tratar-se de um surto causado pelo Cantagalo virus (CTGV).
Dois meses depois, um novo surto afetando nove animais de uma propriedade
no municipio de Santa Fé do Araguaia, 12km distante de Muricilandia, também
revelou infeccdo pelo CTGV. Os autores atribuiram tal propagacdo a
movimentacao de pessoas e animais, que ocorre com maior frequéncia na regiao
sul do estado, proximo a fronteira com o estado de Goias, onde ha relatos de
ocorréncia da doenga. Entretanto, ndo ha dados epidemiolégicos que confirmem

a correlacao entre os surtos nos dois estados (MEDAGLIA et al., 2009).

A propagacdo do CTGV foi também observada em surtos investigados
nos estados do Mato Grosso e Rondonia, entre 2008 e 2010. Um total de 52
amostras de crostas foram coletadas de vacas apresentando manifestacfes
clinicas tipicas em 23 fazendas distribuidas ao longo dos dois estados. Trinta e
cinco amostras resultaram positivas na PCR e alta homologia ao CTGV foi
observada no sequenciamento. As propriedades afetadas estao distribuidas ao
longo da BR-363 que liga Mato Grosso a Rondb6nia, sugerindo que a
movimentacdo animal ao longo dessa rodovia, deve ser a provavel causa da
disseminacéao do CTGV na regido (QUIXABEIRA-SANTOS et al., 2011).

Nesse sentido, alta homologia a VACV isolados anteriormente foi
observada por Megid e colaboradores (2012) em surtos que afetaram as cidades
de Itatinga e Torre de Pedra no interior do estado de S&o Paulo, 2009 e 2010
respectivamente. Nessa ocasido, a analise filogenética das amostras coletadas
demonstrou alta identidade do VACV envolvido nesses surtos com o ARAV e o

CTGV. Torre de Pedra ja havia sido afetada anteriormente por surtos (MEGID et
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al., 2008), e Itatinga voltou a registrar surto em 2012, ocasido em que, além da
confirmacdo molecular da infeccdo no rebanho e ordenadores, o DNA viral foi
detectado em amostras de sangue de cédes das propriedades e de gambas
capturados nas areas de mata das propriedades, sugerindo hipoteses sobre a
possivel atuacao de cées e gambas na disseminacéo viral (PERES et al., 2016).

Embora os aspectos envolvidos na disseminagédo do VACV pelo Brasil
ainda nao estejam completamente elucidados, um estudo conduzido de Janeiro
a Dezembro de 2011 em 22 municipios no estado da Bahia, analisou 52 surtos
zoonoticos de VACV e verificou, através de analise epidemioldgica, que 40% dos
produtores afetados relataram comprar animais advindos do estado de Minas
Gerais, e considerando os frequentes surtos afetando o referido estado, sugeriu-
se que a introducao de um unico animal doente proveniente de Minas Gerais,
poderia ter contribuido para a disseminacéo viral por todo o estado da Bahia
(ASSIS et al., 2015).

Outro aspecto inédito registrado em surto foi a severidade das
manifestacdes clinicas em seres humanos. Abrahdo e seus colaboradores
(2015) descrevem surto no municipio de Doresopolis, MG, em 2010, onde
observou-se além das lesGes e sinais caracteristicos (papulas, pustulas,
vesiculas, crostas, dor local e irradiada, reacdo linfonodal, febre), convulsdes,
vomitos, diarreia e confusdo mental. ApGs isolamento do agente nomeado
VACV-DOR2010, as analises genéticas e de viruléncia ndo apresentaram
nenhuma caracteristica especial que justificasse a severidade dos quadros
apresentados pelos ordenhadores (ABRAHAO et al., 2015).
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ANO 1999 1999 2000 2001 2001 - 2002 2003 2005 2005 2005
2003
Virus Cantagalo | Aracatuba Muriae Guarani P1 VACV VACV-SFI | Passatempo Mariana Serro Co-infeccao
isolado Virus Virus Virus Virus Virus Virus Virus VACV e
(CTGV) (ARAV) (MURV) (GP1V) e (PSTV) (MARYV) (S2v) Parapoxvirus
Guarani P2
Virus
(GP2V)
Espécies Vacas e Vacas e Vacas e Vacas e Vacas e Vacas e Vacas e Vacas e Vacas e Vacas e
afetadas humanos humanos humanos humanos humanos humanos humanos humanos humanos humanos
(humano - Positividade
humano) em Mus
musculus
Municipios Cidades Cidade de Cidade de Cidade de Vale do Cidade de Cidade de Cidade de Cidade Cidade de
e Estado de Aracatuba Muriaé Guarani Paraiba |S&o Franciso] Passatempo Mariana de Serro | Resplendor
Cantagalo, | Estado de Estado de Estado de Estado de de Estado de Estado de Estado Estado de
Miracema Sao Paulo Minas Minas Séo Paulo e | Itabapoana Minas Minas de Minas | Minas Gerais
e Santo Gerais Gerais Vale de Sdo | Estado do Gerais Gerais Gerais
Antonio de Patricio Rio de
Padua Estado de Janeiro
Estado do Goias
Rio de
Janeiro
Referencia | Damaso et Trindade Trindade Trindade et Nagasse- |Oliveiraetal.,| Leiteetal., Abrahéo et Trindade Abrahéo et
al., 2000 etal., etal., al., 2006 Sugahara et 2014 2005 al., 2009a etal., al.,2010b
2003 2007b al., 2004 2009

Figura 7. Cronologia dos surtos no pais
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ANO 2007 2008 2008 2008 - 2009 2009 e 2010 2010 2011 2010 - 2012
2010 2010 2012
Virus VACV Pelotas 1 Cantagalo Alta Maranhéao Homologia | Para Virus VACV - [Mundo Novo| VACV VACV
isolado Virus (P1V) e|Virus (CTGV)| homologia | Virus (MRV) | ao ARAV (PARYV) DOR2010 |Virus (MUNV)
Pelotas 2 ao e CTGV
Virus (P2V) Cantagalo
Virus
(CTGV)
Espécies Vacas e Cavalos da Vacas e Vacas Vacas e Vacas e Vacas e Vacas e Vacas e Vacas e Vacas e
afetadas humanos | raca Crioulo | humanos humanos humanos humanos humanos humanos humanos | humanos
Positividade
em caes e
gambés
Municipios | Cidade de | Cidade de Cidade de | Estado do | Cidade de Cidade de Cidade de | Cidade de |22 municipios| Cidades de| Cidade de
e Estado Guarei, Pelotas Muricilandia, Mato Acailandia Itatinga e Bom Doresopolisjdo Estado da| Varjao, Itatinga
Torre de Estado de | SantaFé do| Grossoe | Estado do Torre de Jesus do Estado de Bahia Buriti Estado de
Pedra Rio Grande | Araguaia Rondonia | Maranh&o Pedra Tocantins Minas Alegre, S&o| Séo Paulo
Estado de do Sul Estado do Estado de Estado do Gerais Jodo da
Sao Paulo Tocantins Séo Paulo Para Paralna,
Pontalina,
Edéia,
Mineiros
Estado de
Goias
Referencia [Megid et al.,| Brum et al., | Medaglia et |Quixabeira-|Oliveira et al.,| Megid et Assis et Abrahdo et | Assis et al., |Sant’Ana et|Peres et al.,
2008 2010 al., 2009 Santos et 2013 al., 2012 al., 2013b al., 2015 2015 al., 2013 2016
Campos et al.,, 2011
al., 2011

Figura 8. Cronologia dos surtos no pais (Cont.)
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2.3 Dicotomia genética e fenotipica

O achado mais importante sobre a diversidade dos Vaccinia virus
brasileiros € uma nitida dicotomia genética e fenotipica entre eles (TRINDADE
et al., 2007a; DRUMOND et al., 2008; FERREIRA et al., 2008a). Essa hipotese
vem sendo confirmada por estudos do sequenciamento parcial desses virus e
por estudo da viruléncia in vivo. Nos ultimos anos, diversos genes vem sendo
usados para caracterizar 0s virus isolados, como é o0 caso dos genes
relacionados ao fator de crescimento viral (VGF), a timidina quinase (TK), ao
corpusculo de inclusao tipo A (ATI) e, o mais usado, o gene que codifica a
hemaglutinina viral (A56R) (DAMASO et al., 2000; TRINDADE et al., 2003; LEITE
et al., 2005; ABRAHAO et al., 2009a). Esse gene é o mais estudado pois muitas
variantes do VACV apresentam uma delecéo de 18 nucleotideos na posicéo 251,
como é o caso do ARAV, CTGV, PSTV, GP2V, MURV, S2V, MARV, P2V, PARV,
MRV, VACV-DOR2010, MUNV, enquanto que GP1V, BHV, P1V, BAV, SAV e
SH2V/2011 nado apresentam essa delecdo (DAMASO et al., 2000; FONSECA et
al., 2002; TRINDADE et al., 2003; TRINDADE et al., 2004; LEITE et al., 2005;
ABRAHAO et al., 2009a; ASSIS et al., 2012; ASSIS et al., 2013b; OLIVEIRA et
al., 2013; ABRAHAO et al., 2015; ASSIS et al., 2015). As analises filogenéticas
das sequéncias do gene A56R mostram os virus brasileiros divididos em dois
grupos de acordo com o padrao de delecdo dos 18 nucleotideos (TRINDADE et
al., 2007a; DRUMOND et al.,2008).

Essa dicotomia encontrada na andlise filogenética do gene A56R pode
ser estendida em nivel biolégico. Em estudo realizado por Ferreira e
colaboradores (2008a), demonstrou-se que camundongos BALB/c inoculados
por GP1V, BHV, BAV, SAV pela via intranasal apresentaram doenca respiratoria
aguda seguida de morte, enquanto os inoculados por ARAV, GP2V e PSTV néo
apresentam nenhum sinal clinico. No entanto, nenhuma diferenga na gravidade
das infec¢gdes nos humanos e nos bovinos foi observada ou relatada nos surtos
em que as amostras destes virus foram coletados. Outro ensaio biol6gico em
gue camundongos BALB/c foram inoculados por via intranasal com P1V e P2V,
corrobora os achados descrito por Ferreira e colaboradores (2008a). Os animais

inoculados com P11V desenvolveram manifestacdes clinicas como pélos
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arrepiados, costas arqueadas, balanopostite e taxa de letalidade de 50%,
enguanto os animais inoculados com P2V apresentaram letalidade de 0% e
nenhuma manifestacao clinica, demonstrando que P1V e P2V encontram-se em
grupos de distinta viruléncia (CAMPOS et al., 2011).

Entretanto, Abrah&o e colaboradores (2015) sugerem que o modelo de
ensaio bioldégico com camundongos para verificar a viruléncia das variantes dos
VACYV circulantes no pais, pode néo representar o potencial de viruléncia nas
infeccbes humanas. Ao analisarem amostras de um surto que afetou 12
trabalhadores rurais de Doresoépolis, MG, dos quais trés apresentaram, além das
manifestacdes clinicas caracteristicas, convulsées, confusdo mental, vomitos e
diarreia, verificou-se pela filogenia do VACV-DOR2010, que 0 mesmo nao
apresenta alterac6es de nucleotideos, além da delecao de 18 nucleotideos
caracteristica dos virus menos virulentos nos ensaios bioldgicos com
camundongos. Verificando a viruléncia entdo por ensaio biolégico, o0s
camundongos inoculados com VACV-DOR201 ndo apresentaram sinais clinicos
nem mortalidade, permanecendo inconclusivos os motivos da variagao de

gravidade nas manifestac¢des clinicas humanas.
2.4 Origem dos virus isolados

Alguns pesquisadores tém estudado a semelhanca entre os virus isolados
ao longo dos anos no Brasil e aqueles usados durante a erradicacao da variola.
Foi demonstrado por Drumond e colaboradores (2008) pelas andlises do gene
A56R que a amostra LISTER do Butantan ndo esta diretamente agrupada com
0s VACV brasileiros. Embora a amostra vacinal PARIS do Instituto Oswaldo Cruz
(IOC) apresente a mesma delecdo de 18 nucleotideos no gene A56R, ela
também apresenta substituicdes de nucleotideos em todo o gene que nao sao
partiihadas pelos virus brasileiros, 0 que faz com que ndo se agrupe aos
mesmos. Assim evidencias suportam que a origem e a histéria natural do VACV
€ distinta dos virus vacinais usados no Brasil (TRINDADE et al., 2007a;
DRUMOND et al., 2008).

Como se observa grande diversidade genética e fenotipica entre os virus

isolados possibilitando a separacéo filogenetica das cepas vacinais usadas no
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Brasil; a hipétese mais aceita quanto a origem do VACV no Brasil, supde que
existe uma populacdo de amostras do VACV com diversidade genética e
fenotipica que circula em uma populacdo de reservatorios naturais ainda
desconhecidos e, dependendo das condi¢cfes biolégicas e geograficas, podem
ser transmitidas para vacas e humanos (TRINDADE et al., 2007a; DRUMOND
et al., 2008; FERREIRA et al., 2008a).

Em tese, cada um dos virus isolados nos surtos € o resultado de uma
nova introducao de virus, a partir de um reservatorio selvagem, para populacdes
bovinas e humanas, o que provavelmente esta relacionada com a intensificacdo
das atividades antropogénicas (ABRAHAO et al., 2009a). Distlrbios
antropogénicos como desmatamento e fragmentacdo de habitats, aumentam o
contato da vida selvagem com as populacdes rurais, alteram os padrdes de
diversidade e abundancia de espécies, o que influencia na dindmica natural de
ciclos silvestres de agentes infecciosos (BRADLEY; ALTIZER, 2006). Mills
(2006) destacou a relacédo entre a perda da biodiversidade e a emergéncia de
doencas infecciosas, nas quais as alteragcdes nos habitats favorecem poucas
espécies, e caso essas sejam as mais competentes na transmissao de
patdgenos, havera maior eficiéncia de transmissdo, aumento das taxas de
prevaléncia entre reservatorios, e maior risco de transmissdo aos humanos.
Como consequéncia, zoonoses epidémicas, incluindo VACV, podem emergir
(KROON et al., 2011).

2.5 Modelo de transmissao

A maioria dos surtos ocorre na época da seca quando ha escassez da
oferta de alimentos, o que leva alguns animais selvagens a procurarem alimentos
nas areas proximas a habitats humanos e currais (ASSIS et al., 2015). Ratos,
camundongos, gambas, raposas, cachorros e gatos selvagens sao
frequentemente avistados no entorno das propriedades onde ocorrem 0s surtos
(ABRAHAO et al., 2009a). Sugere-se que, essas espécies, particularmente os

roedores, possam ser os reservatorios (KROON et al., 2011).

Um modelo de transmissdo hipotético vem sendo sugerido, desde o

isolamento do MARV em camundongo da espécie Mus musculus (ABRAHAO et



21

al., 2009a). Neste modelo, roedores peridomésticos atuam como uma conexao
entre 0s animais selvagens e os animais domésticos na area rural (Figura 9). O
roedor peridomeéstico pode se infectar a partir de um animal selvagem nos
arredores da propriedade, pelas disputas por territorio, aspiracdo ou ingestao de
excrementos contento particulas virais, consumo de carcaca contaminada ou
consumo de comida contendo saliva de um animal infectado. Alguns desses
roedores peridomésticos retornariam para a propriedade, introduzindo o VACV
dentro da populacdo de bovinos e humanos pelo contato direto ou excrecdes.
Os roedores peridomésticos também podem se tornar infectados apos contato
com fragmento de crostas dos bovinos ou humanos, ou leite contaminado,
excrementos ou fomites (ABRAHAO et al., 2009a).
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Figura 9. Modelo de transmiss&o (fonte: Abrah&o et al., 2009a)

Essa hipotese foi corroborada por dois estudos recentes que
demonstraram a transmissdo de VACV respectivamente, para camundongos
BALB/c expostos a fezes de vacas experimentalmente infectadas por GP2V, e
para camundongos BALB/c inoculados pela via oral com leite experimentalmente
contaminado com o mesmo virus (D’ANUNCIACAO et al., 2012; REHFELD et
al., 2015). No primeiro estudo, particulas virais infecciosas foram detectadas nas
fezes dos camundongos expostos, bem como DNA viral nas fezes e no sangue
dos mesmos, porém sinais clinicos ndo foram observados, sendo tal fato

relacionado a baixa viruléncia dos VACV classificados no grupo 2
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(D’ANUNCICAO et al., 2012). Igualmente, no segundo estudo, os camundongos
inoculados adquiriram a infeccdo, sem manifestar nenhum sinal clinico, sendo
possivel a deteccdo de DNA viral em fezes, sangue, swab oral e 6rgaos, embora
nenhuma particula viral infecciosa tenha sido detectada no isolamento viral em
BSC-40 das mesmas amostras (REHFELD et al., 2015).

Ainda, segundo o modelo de transmissédo (Abrah&do et al.,, 2009a), os
roedores peridomésticos infectados podem disseminar VACV para 0s animais
silvestres quando s&o predados, pela ingestdo de suas fezes ou carcagas, ou
durante brigas. Em um estudo realizado por Abrahdo e colaboradores (2009d)
foi observado que camundongos BALB/c inoculados pela via intranasal com
VACV-WR, GP1V, GP2V e BAV, eliminaram particulas virais em suas fezes por
até 20 dias apos infeccdo, enquanto o DNA viral foi encontrado por até 60 dias,
confirmando a longa duracéo de VACV nas fezes murinas expostas a condicdes
ambientais. Ferreira e colaboradores (2008b) demonstraram que camundongos
BALB/c nao infectados (sentinelas) expostos a fezes e urina de camundongos
BALB/c experimentalmente infectados pela via intranasal com VACV-WR e
GP2V, ndo apresentam sinais clinicos, mas disseminam DNA viral e particulas
virais viaveis em suas fezes, sugerindo infec¢cdo subclinica e sucitando
importantes questfes relacionadas a circulacdo e manutencédo viral entre 0s
roedores peridomésticos e silvestres. Embora menos provavel, a hipétese de
transmisséo direta entre animais silvestres e animais domeésticos/humanos néo
pode ser excluida (FERREIRA et al., 2008b; ABRAHAO et al., 2009d; PERES et
al., 2016).

Em estudo soroldgico realizado entre fevereiro de 2001 a setembro de
2002, 269 macacos-prego (Cebus apella), 27 bugius (Allouata caraya), 12 quatis
(Nasua nasua), 20 cotias (Dasyprocta sp), dois gambas-de-orelha-branca
(Didelphis albiventris), cinco tatus-peba (Euphractus sexcinctus), cinco
tamanduas-mirim (Tamandua tetradactila) e quatro cachorros-do-mato
(Cerdocyon thous) foram capturados em um programa de resgate de fauna
durante a construcdo de uma hidrelétrica nas cidades de Lajeado e Ipueiras no
estado do Tocantins. Nos ensaios de soroneutralizacdo foram encontrados

anticorpos para Orthopoxvirus (OPV) em 68 macacos-prego (Cebus apella), 13
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bugius (Alouatta caraya), dois quatis (Nasua nasua) e uma cotia (Dasyprocta sp).
Das 344 amostras submetidas a PCR, 18 apresentaram resultados positivos,
sendo 11 macacos-prego (Cebus apella) e sete bugius (Allouata caraya)
sabidamente positivos nos ensaios de soroneutralizacdo (ABRAHAO et al.,
2010c).

Estudo epidemiolégico conduzido por Peres e colaboradores (2013),
demonstrou baixa prevaléncia de anticorpos para OPV em roedores silvestres
da regido centro oeste do Estado de S&o Paulo. Em contrapartida alta
soroprevaléncia foi demonstrada em caes, questionando seu possivel
envolvimento na disseminacao viral. Outro achado interessante foi descrito por
Peres e colaboradores (2016) durante surto afetando rebanhos e ordenadores
na cidade de Itatinga, SP, onde DNA viral foi detectado em amostras de sangue
coletadas de 3 caes e 3 gambas (Didelphis albiventris) capturados nas areas de
mata das propriedades afetadas, porém 2 roedores silvestres (Akodon

montensis e Nectomys squamipes) foram negativos.

Nesse sentido os mecanismos e espécies envolvidos na transmissao do
VACV aos rebanhos bovinos continuam ndo totalmente esclarecidos, néo
podendo ser descartada a atuacao de roedores e outras espécies de mamiferos,

domésticos ou selvagens.
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Abstract

The origin of Vaccinia virus (VACV) outbreaks in Brazil remains unknown, but since
the isolation of VACYV in Mus musculus mice during a zoonotic outbreak that
peridomestic rodents have been suggested to be a link between cows and wild animals.
Considering that experimentally infected mice eliminate viral particles in their feces, we
investigated the presence of VACV in the feces and urine of wild rodents that were
captured in the forest areas surrounding milking farms in the central west region of Sdo
Paulo State. For the first time, this work reports the detection of VACV by PCR in the
feces of naturally infected Oligoryzomys flavescens, Oligoryzomys nigripes and
Sooretamys angouya, and in the urine of Oligorizomys flavescens, which raises
important questions about the spread of VACV by rodent feces and its potential to
induce clinical infections in cows.

Introduction

Vaccinia virus (VACV) is a prototype of the Orthopoxvirus genus (OPV) that
has been the causal agent of emergent exanthematous zoonotic outbreaks in Brazil over
the past decade (1,2,3,4). The emergence of human cases of VACV infection may be
related to the end of the intensive vaccination campaign promoted by the World Health
Organization (WHO) in 1980, but the origin of the outbreak in cattle remains unknown
(5, 6).

A hypothetical transmission model has been suggested following the isolation of
VACV from Mus musculus mice during a zoonotic outbreak (7). In this model,
peridomestic rodents act as a connection between wildlife and domestic animals in rural
areas (7). In Europe, wild and peridomestic rodents are known to act as reservoirs of
cowpox (4), but in Brazil, the role of these rodents as VACV reservoirs remains unclear.

Although mice that are experimentally infected eliminate viable viral particles in their
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feces (8, 9), transmission to cows through contact with rodent feces has not been
established during any of the Brazilian outbreaks.

In the present study, we assessed the presence of VACYV in fecal and urine
samples from wild rodents captured in forest areas surrounding milking farms in areas
with and without histories of VACV zoonotic outbreaks.

Materials and Methods
Animal Ethics Statements

This study was approved by Ethical Committee of Animals Uses in Veterinary
Medicine and Animal Production UNESP, Botucatu, Sdo Paulo (number 114/2015-
CEUA), the Brazilian Institute of Renewable Environment and Natural Resources
(IBAMA) of the Environment Ministry (MMA), the Chico Mendes Biodiversity
Conservation Institute (ICMBI0), and the Biodiversity Information and Authorization
System (SISBIO) for wild rodent capture under the number 23918-1.

Site sampling

Samples were collected in three counties in the central west region of Séo Paulo
State with and without histories of VACV zoonotic outbreaks, i.e., Torre de Pedra
(23°14°58.76°’S48°11°39.49°’W) in which outbreaks were registered in 2007 and 2010
(10, 11) and Bofete (23°05°54.51°’S48°11°26.61°°W) and Anhembi
(23°05°54.51°°S48°11°26.61°’W) in which histories of outbreaks are unknown (Figure
1).

The total number of farms included in the study was calculated based on the
populations of the farms in the three counties, a 5% prevalence of positive farms (at
least one positive sample), and a 5% margin of error using Epi Info 3.5.4. Forty-seven
farms were randomly selected, including 10 in Torre de Pedra, 15 in Bofete, and 22 in

Anhembi (Figure 1)
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Figure 1. Map of the sampling sites in Brazil (A) with S&o Paulo State shown in black. Sdo Paulo
state map (B) with Torre de Pedra, Bofete and Anhembi in red. Map of S&o Paulo State (C)
showing the sampling sites; the points in red correspond to the farms in Torre de Pedra (D),
Bofete (E) and Anhembi (F). Source: Peres et al., 2013 (13).

Wild rodent capture

Wild rodents were captured from May to September of 2011 on 47 milking
farms in the three counties (Figure 1). Pitfall and Sherman traps were used for wild
rodent capture, and peanut cream, canned sardines, cornmeal and oatmeal were used as
bait. Five trap nights were required to capture animals in each of the native forest areas
(consisting of a transitional Atlantic Forest and Cerrado) surrounding each milking
farm. Due to the risk of exposure to infectious diseases related to rodents, such as
Hantavirus, all procedures were performed following safe procedures. Positive pressure

masks with HEPA filters and triple glove layers were used during the procedures for
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checking the Sherman and Pitfall traps. Rodents in the Pitfall traps were removed and
placed in plastic boxes for transport to the site of sample collection, and the Sherman
traps containing rodents were transported to the site of sample collection.

Wild rodent sample collection

The personal protective equipment (PPE) consisted of a waterproof
polypropylene disposable apron, two pairs of procedure gloves, rubber boots and a
motorized respiratory set containing a Tyvex-type cap, a trachea, a motor and a HEPA
filter was used during the collection of the wild rodent samples. The rodents were
anesthetized in plastic autoclavable bags containing gauze soaked in ethyl ether. Blood
samples were collected by cardiac puncture, and if death did not occur after the
puncture, they were euthanized through the deepening of the anesthetic plan. The
organs, feces and urine were collected (feces directly from the final portion of the
intestine, and urine by puncturing the urinary bladder with insulin needle), placed into
microtubes and stored at -80° C until the polymerase chain reaction (PCR) assays.
Polymerase Chain Reaction (PCR), Sequencing and Phylogenetic Analysis

The PPE described for the wild rodent sample collection was also used during
the viral DNA extraction from the feces and urine samples, and these steps were
performed in a laminar flow hood.

Viral DNA was extracted using the RTP® DNA/RNA Virus Mini Kit (Stratec
Molecular, Berlin, Germany). A nested PCR was used for the amplification of the
vaccinia growth factor (vgf) gene (12), and positive samples were submitted to gene
sequencing. A phylogenetic tree was constructed using the neighbor-joining method, the
Tamura-3 model of nucleotide substitutions and a bootstrap of 1,000 replicates in

MEGA 7.0.



29

Results
Wild rodent capture and sample collection

A total of 138 wild rodents of the following species were captured: Akodon
montensis, Calomys tener, Juliomys pictipes, Necromys lasiurus, Nectomys squamipes,
Oligoryzomys flavescens, Oligoryzomys nigripes, and Sooretamys angouya (Table 1).
Fecal samples were collected from 115 animals, and urine samples were also collected
from 55 animals (Table 1). For some animals, fecal and/or urine sample collection was
not possible due to the absence of intestinal content and/or empty urinary bladders. The
most sampled species was Oligoryzomys nigripes (54%) following by Oligoryzomys
flavescens (22%) and Sooretamys angouya (10%) (Table 1). The numbers of analyzed

fecal and urine samples were also highest for these species (Table 1).

Table 1. Wild rodent species captured and clinical samples analyzed to presence of
VACV in Brazil.

Analyzed samples

Species Captured Feces Urine

n (%)* n (%)* n (%)*
J. pictipes 1 0.7) 0 (0.0) 0 (0.0)
N. lasiurus 1 0.7) 1 (0.9) 1 (1.8)
C. tener 4 (2.9) 4 (3.5) 1 (1.8)
N. squamipes 4 (2.9) 3 (2.6) 2 (3.6)
A. montensis 8 (5.8) 6 (5.2) 2 (3.6)
S. agouya 14 (10.1) 14 (12.2) 9 (16.4)

O. flavescens 31 (22.5) 24 (20.9) 11 (20.0)
O. nigripes 75  (543) 63 (54.8) 29  (52.7)
TOTAL 138 (100.0) 115 (83.3) 55  (39.8)

* Percentages calculated over the total numbers of samples
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Among the 115 analyzed fecal samples, six (5.2%) were positive for vaccinia

growth factor (vgf) gene amplification by nested PCR, including three samples from

Anhembi (4%) and three from Bofete (8%); however, only one of the positive samples

was sequenced due to the low DNA concentration of the other five were not sufficient

for sequencing (Table 2). The percentages of positivity of the fecal samples from the

different species were 14% for Sooretamys anoguya, 8% for Oligoryzomys flavescens,

and 4% for Oligoryzomys nigripes. According to county, the highest rates of positivity

were observed in Oligoryzomys flavescens from Bofete (22%) and Sooretamys angouya

from Anhembi (15%) (Table 2).

Table 2. Distributions of wild rodent fecal samples according to municipality and

VACYV positivity in Brazil.

Species Anhembi Bofete Torre de Pedra TOTAL
n Positive N  Positive n Positive n  Positive
(%) (%) (%) (%)
N. lasiurus 0 0 (0.0) 1 0 (0.0) 0 0(0.0) 1 0 (0.0
N. squamipes 2 0 (0.0 1 0 (0.0 0 0(0.0) 3 0 (0.0)
C. tener 2 0 (0.0) 2 0 (0.0) 0 0(0.0) 4 0 (0.0)
A. montensis 0 0 (0.0) 6 0 (0.0) 0 0(0.0) 6 0 (0.0)
S. agouya 13 2 (15.4) 1 0 (0.0) 0 0(0.0) 14 2(14.3)
O. flavescens 14 0 (0.0 9 2(22.2) 1 0(0.0) 24 2 (8.3)
O. nigripes 42 1* (2.3) 18 1(5.5) 3 0(0.0) 63 2(3.7)
TOTAL 73 3(4.1) 38 3(7.9) 4 0(0.0) 115 6 (5.2)

* Sequenced sample

Among the 55 analyzed urine samples, only one (1.8%) was positive and was

not sequenced due to the low DNA concentration (Table 3). The only species with a

positive urine sample was Oligoryzomys flavescens (9%) from Anhembi (14%). All

wild rodents sampled in the present study were previous tested for detection of

neutralizing antibodies against Orthopoxvirus (13). The simultaneous detection of
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VACV DNA in the feces and neutralizing antibodies against Orthopoxvirus (OPV) were

observed in two Oligoryzomys flavescens from Bofete (Table 3).

Table 3. Correlation between detection of VACV DNA in fecal samples and previous

seropositivity (SN) in the same sampled wild rodents (13).

Species Anhembi Bofete Torre de Pedra TOTAL

n  Positive n Positive n Positive n Positive

DNA  SN! DNA  SN! DNA  SN! "DNA  SNT

N. lasiurus 0 O 0 1 0 0 0 O 0 1 0 0
N. squamipes 2 0 0 1 0 0 0 O 0 3 0 0
C. tener 2 0 0 2 0 0 0 O 0 4 0 0
A. montensis 0 O 0 6 0 0 0O O 0 6 O 0
S. agouya 13 2 2 1 0 0 0 0 0 14 2 2
O.flavescens 14 O 1 9 2* 2* 1 0 0 24 2 3
O. nigripes 42 1 2 18 1 2 3 0 0 63 2 4
TOTAL 73 3 5 38 3 4 4 0 0 115 6 9

DNA = positive fecal samples for detection of VACV DNA by PCR

SN = positive serum samples for detection of Neutralizing Antibodies by Plague Reduction Neutralizing
Test (PRNT) previous observed in the same sampled wild rodents (13)

! Data from previous serologic study (13)

* Wild rodents both positive, PCR and PRNT

Phylogenetic Analysis

The sequencing and phylogenetic tree based on the orthopoxvirus nucleotide

sequence of the vgf gene revealed that our strain (Sample) clustered with the Brazilian

VACVs (i.e., TOa, TOb, Passatempo, MURV, GP1V, GP2V, and DMTV2005) and

vaccine VACVs (i.e., Lc16m2, WR, and Lister), which characterized it as a Vaccinia

virus. (Figure 2); however, the vgf gene exhibited nucleotide polymorphisms that

indicated it was not completely similarity to the clustered VACV (Figure 3).
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Figure 3. Alignment of the rodent strain (SAMPLE) sequences showing the
polymorphism in red.
Discussion

To the best of our knowledge, we have reported for the first time the detection of
Vaccinia virus by PCR in the feces of naturally infected Oligoryzomys flavescens,
Oligoryzomys nigripes and Sooretamys angouya and in the urine of Oligorizomys
flavescens, captured in forest areas surrounding milk farms in the central west region of
Sdo Paulo State. These findings agree with the results of previous studies in which mice
that were experimentally infected with VACV were able to eliminate viral particles in
their feces and urine (8).

The presences of VACV in 5.2% of the fecal samples and 1,8% of the urine

samples analyzed are low and corroborate previous serologic findings that demonstrated
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8,7% seropositivity in the same animals studied (13). Only two positive wild rodents
(Oligoryzomys flavescens) have previously exhibited the presence of antibodies against
orthopoxviruses. The absence of positive wild rodents in Torre de Pedra, which is a
county with a history of official reports of VACV zoonotic outbreaks (10, 11), is also in
accordance with the absence of seropositivity in wild rodents from this region (13). In
contrast, Anhembi and Bofete, both cities without histories of VACV zoonotic
outbreak, presented positive PCR results, and these findings accord with previous
seropositivities observed in wild rodents sampled from these counties (13).

These results allow us to question the epidemiological influence of viral
shedding in the feces of wild rodents in terms of the transmission of VACV to cattle.
Long-lasting stabilities of VACV strains in the feces of experimentally infected
BALB/c mice have been demonstrated (9), and the transmission of VACV via the feces
of experimentally infected cows to mice has previously been described (14). However,
transmission from the feces of experimentally infected mice has been described only for
exposed sentinel BALB/c mice (8). A peridomestic rodent (Mus musculus) was once
found to be positive for VACV during a zoonotic outbreak (7), but no wild rodent
species have been positively diagnosed during VACV outbreaks. Mus musculus is an
Old World species that was introduced to Brazil (15). In Europe, among other
peridomestic species, such as Rattus rattus and Rattus norvergicus, this species acts as a
natural reservoir of Cowpox virus (CPXV) (4, 16). In recent years, cases of CPXV
transmission from pet rats (Rattus norvergicus) to pet owners, from rats to other pet
animals and from these pets to pet owners have been described. Nevertheless, in these
cases, the involved animals all became sick and died, and transmission occurred via
direct contact between humans and the animals’ lesions (17, 18). Indeed, the,

transmission of VACV via the feces of experimentally infected mice to cows has not yet
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been described, and no cases of rodent-to-cow or rodent-to-human VACV transmission
have been reported during the Brazilian outbreaks.

Another relevant finding from an investigation of the spread of VACV via
murine feces is that sentinel BALB/c mice that are naturally infected by direct contact
with the feces of experimentally infected mice do not exhibit any clinical signs
independent of whether group I or group 11 VACVs are examined, which suggests that
these mice experience subclinical infections (8). Similar observations have been made
with BALB/c mice that have been exposed to the feces of experimentally infected cows
(14). Taking these findings into account, along with the facts that both VACYV and
CPXV are transmitted by direct contact with lesions, questions are arisen concerning
whether the low viral loads eliminated in the feces are able to infect and produce disease
in cattle.

We use the amplification of vgf gene as to screen for positive wild rodents due to
high sensitivity of this PCR reaction (12). Among the six positive samples, the DNA
concentration of one was of sufficient quality for sequencing, whereas the DNA
concentration of the other five were not. We ascribe the low DNA concentration to low
viral loads in the feces. Therefore, it is quite likely that these animals were in a
subclinical infection stage because they did not exhibit clinical signs, and the viral loads
eliminated in their feces were low. Thus, these animals may not be capable of
transmitting sufficient viral loads to induce clinical infection in cattle. Although not
mentioned in the materials and methods, we attempted to classify the VACYV in one of
two groups of Brazilian VACVs according to the deletion of amino acids A56R in the
gene that encodes the viral hemagglutinin (ha gene). Thus, all samples were also tested
for the amplification of the ha gene according to the methods of Damaso et al (19), but

these tests were not successful. This protocol is less sensitive and does not detect low
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viral loads, which reinforces our hypothesis that the viral loads eliminated in the
sampled feces were low.

Interestingly, during a zoonotic outbreak in Sdo Paulo State, three dogs and three
opossums (Didelphis albiventris) without characteristic clinical signs were found to be
positive for VACV by PCR among all of the tested blood samples, but no positive wild
rodent (Akodon montensis and Nectomys squamipes) samples were found (20). These
findings are similar to those of a previous serologic study in which a high prevalence of
antibodies against Orthopoxvirus (OPV) was detected in dogs without clinical signs,
which suggest their involvement in the spread of VACV (13). Other wild species, such
as capuchin monkeys (Cebus paella) and howler monkeys (Alouata carya), have been
found to be positive in serological and molecular tests without presenting clinical signs
(21). Thus, the involvement of rodents in the spread of VACV and the involvements of
other mammalian species both domestic and wild require further study.

Our study detected VACV DNA in wild rodent feces and raises important
questions about the spread of Vaccinia virus by rodent feces and its potential to induce
clinical infections in cows. Additional studies are needed to further elucidate this

epidemiologic situation.
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Abstract
Outbreaks of Vaccinia virus (VACV) affecting cattle and humans have been reported in
Brazil in the last 15 years, but the origin of these outbreaks remains unknown. Although
VACV DNA has been detected in mice (Mus musculus), opossums (Didelphis
albiventris) and dogs during zoonotic VACV outbreaks, no transmission to cattle or
humans from any of these species was reported during Brazilian outbreaks. In this work,
we assessed the PCR-positivity for VACV in blood samples from cows and other
domestic mammals, wild rodents and other wild mammals, and humans from areas with
or without reports of VACV infection. Our results show detection of VACV DNA in
blood samples from cows, horse and opossums, raising important questions about
VACYV transmission.
Introduction

The first official report of a Vaccinia virus (VACV) outbreak in cattle and
humans in Brazil was recorded in 1999 at Cantagalo city, Rio de Janeiro State (1). Since
then, outbreaks have been described in several regions of the country (2 - 9). It was
believed that VACV re-emergence in zoonotic outbreaks was related to the VACV
vaccine strain used by the World Health Organization (WHQ) during campaigns against
smallpox and its possible adaptation to wild hosts (10). The VACV isolated in Brazilian
outbreaks is divergent from VACYV vaccines strains, but the origin of these outbreaks
remains unknown (11, 12).

A model of transmission has been proposed in which peridomestic rodents act as
a link between domestic animals and wildlife (13). In fact, peridomestic rodents such as
Mus musculus, Rattus rattus and Rattus norvergicus act as host reservoirs of the
Cowpox virus in Europe (14). The order Rodentia members has been targeted for

research regarding its possible role in the spread of VACV (15-18).
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Although VACYV was once isolated from the peritoneum and testicles of Mus
musculus and VACV DNA was once detected in blood samples from opossums
(Didelphis albiventris) and dogs during VACV outbreaks (13, 19), no transmission to
cows or humans from any of those species during Brazilian VACV outbreaks was
established.

In Brazil, during a zoonotic VACV outbreak, VACV DNA was detected in
blood samples from a milker and in the blood of his two daughters that were not
engaged in any exposure activity (20). VACV DNA has also been detected in blood
samples from smallpox-vaccine recipients, as well as in blood samples from
experimentally infected cows and mice (17; 21; 22). Accordingly, we accessed the
PCR-positivity for VACV in blood samples from humans, cows and other domestic and
wild mammals from areas with or without official reports of zoonotic VACV outbreaks
in central west region of Sdo Paulo State, Brazil.

Materials and Methods

All animal and human samples in the present study were tested previously for
the presence of antibodies anti-Orthopoxvirus (OPV) (18).

Ethical Statements

This study was approved by the Ethical Committee of Animal Uses in
Veterinary Medicine and Animal Production College of Sdo Paulo State University
“Jalio de Mesquita Filho”(number 114/2015-CEUA) and by the Ethical Committee in
Research of Medicine College of that university (CEP3605-2010).

Site sampling
Samples were collected in three counties with and without reports of zoonotic

VACYV outbreaks: Torre de Pedra (23°14°58.76°°S48°11°39.49°°W), where outbreaks
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were previously reported (3, 6), Bofete (23°05°54.51°°S48°11°26.61°’W) and Anhembi
(23°05°54.51°°S48°11°26.61°°W), in which there is no history of outbreaks (Figure 1).
The total number of farms included in the study was calculated based on the
populations of the farms in the three counties, aiming for a 5% prevalence of positive
farms (at least one positive sample) with a 5% margin of error using Epi Info 3.5.4. We
randomly selected 48 farms: 11 in Torre de Pedra, 15 in Bofete, and 22 in Anhembi

(Figure 1).
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Figure 1. Map of sampled sites (A) with Sdo Paulo State in black. S&o Paulo state map (B) with
Torre de Pedra, Bofete and Anhembi in red. Map of Sdo Paulo State (C) showing the sampled
sites; the points in red correspond to farms in Torre de Pedra (D), Bofete (E) and Anhembi (F).
Source: Peres et al., 2013 (18).

Blood-sample collection from domestic animals
The minimum number of sampled cows was determined using the program

HERDACC3.0® for each farm, assuming a PCR sensitivity of 80%, a specificity of
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99.9%, and a proportion of infected animals in a positive herd of 20%. The minimum
number of lactating cows that needed to be sampled to ensure a minimum sensitivity
and specificity of 95% was 20 animals. In a herd with more than 20 animals, only 20
lactating cows were selected for sampling at random, but in a herd with fewer than 20
animals, samples were collected from all animals. From other species (horse, sheep,
swine, dogs and cats), one to five samples were collected.

Blood samples were collected from February to April 2011 by mammary-vein
puncture or jugular puncture from lactating cows and by jugular puncture from other
domestic species and stored at -20° C until testing by PCR. All animals were examined
to determine the presence of characteristic clinical signs such as pustules and crusts.
Blood samples collection from wild animals

Capture of wild mammals was conducted from May to September 2011 and was
authorized by the Brazilian Institute of Environment and Natural Resource Renewable
(IBAMA), the Chico Mendes Biodiversity Conservation Institute (ICM-Bio) by
Biodiversity Information and Authorization System (SISBIO) under authorization
number 23918-1.

Tomahawk traps with chicken bait were used to capture of wild mammals, and
Pitffal and Sherman traps with a bait consisting of a mixture of peanut cream, canned
sardine, cornmeal and oatmeal were used for wild rodent capture. Five trap nights in
each farm were required to capture animals in native forest areas surrounding them
(consisting of a transitional Atlantic Forest and Cerrado).

Wild mammals were anesthetized with tiletamine and zolazepan (Zoletil®) using
the recommended dose for each species (23), and blood samples were collected by
jugular puncture. Due to infectious agents related to rodents, such as Hantavirus spp,

the procedure for all wild rodents before, during and after blood sample collection was
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performed with personal protective equipment (EPP), as previously described (18). All
collected blood samples were stored at -20°C until testing by PCR. All animals were
examined to determine the presence of characteristic clinical signs such as pustules and
crusts.
Blood samples collection from humans

Blood samples from farmers, rural workers and their families were collected by
nurses by cephalic vein puncture during October and November 2011 and stored at -
20°C until testing by PCR.
PCR, Purification, Sequencing and Analysis of Sequences

Viral DNA was extracted using the Invisorb® Spin Blood Mini Kit (Stratec
Molecular, Berlin, Germany). A nested PCR was used for amplification of vaccinia
growth factor (vgf) gene in the same conditions previous described (24). The vgf gene is
a conserved Orthopoxvirus (OPV) gene, widely used as a PCR target, in diagnostic and
phylogenetic of Brazilian VACV outbreaks (22, 24, 25). The vgf PCR products were
purified by uses of the llustra® GFX PCR and Gel Band Purification Kit (GE
Healthcare Life Science, Freiburg, Germany) and then, were submitted to cloning using
the pGEM®-T Easy Vector System | (Promega, Madison, W1, USA) at Virus
Laboratory of Bioscience Institute of the Federal University of Minas Gerais - UFMG.
Cloned samples were submitted to gene sequencing and obtained sequences aligned
with previously published VACV sequences from GenBank using the Clustal W
method, and the alignments were manually checked with MEGA version 7.0 software
(Arizona State University, Phoenix, AZ, USA). A phylogenetic tree was constructed
using the neighbor-joining method, the Tamura-3 model of nucleotide substitutions and

a bootstrap of 1,000 replicates.
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Results
Missing values

A total of 48 farms was randomly chosen for the study; however, one farm from
Torre de Pedra didn’t authorize the study, resulting in a total of 47 farms sampled. A
total of 138 wild rodents was captured, but collection of blood samples were
successfully performed in 103 animals; the results are shown only for these animals.
Samples collected and positivity

A total of 1331 blood samples, 148 from humans, 688 from cows, 44 from
sheep, 22 from swine, 117 from horses, 114 from dogs, 7 from cats, 57 from white-
eared opossums (Didelphis albiventris), 16 from black-eared opossums (Didelphis
aurita), 6 from Brazilian gracile opossums (Grcilinanus microtarsus), 4 from crab-
eating foxes (Cerdocyon thous), 4 from coatis (Nasua nasua), 1 from ocelot (Leopardus
pardalis), and 103 from wild rodents (4 Akodon montensis, 4 Nectomys squamipes, 4
Calomys tener, 13 Sooretamys angouya, 17 Oligoryzomys flavescens, 61 Oligoryzomys
nigripes) were collected (Table 1).

From collected samples, eight (0.6%) were positive for amplification of the vgf
gene in the testing by PCR. Positivity was observed in four cows (0.6% of sampled
cows), one horse (0.8% of sampled horse), two black-eared opossums (12.5% of
sampled D. aurita) and one white-eared opossum (1.7% of sampled D. albiventris)
(Table 1). The positive animals were from Anhembi (0.7%) and Bofete (0.7%), and no
positivity was detected in blood samples from Torre de Pedra (Table 2), where zoonotic

VACYV outbreaks were previously reported (3, 6).



Table 1. Total of collected blood samples and PCR-positivity among species

Species n p (%)
Human 148 0 (0.0)
Cow 688 4 (0.6)
Sheep 44 0 (0.0)
Swine 22 0 (0.0)
Horse 117 1 (0.8)
Dog 114 0 (0.0
Cat 7 0 (0.0
Didelphis albiventris 57 1 .7
Didelphis aurita 16 2 (12.5)
Gracilinanus microtarsus 6 0 (0.0)
Cerdocyon thous 4 0 (0.0)
Nasua nasua 4 0 (0.0)
Leopardus pardalis 1 0 (0.0)
Akodon montensis 4 0 (0.0)
Nectomys squamipes 4 0 (0.0)
Calomys tener 4 0 (0.0)
Sooretamys angouya 13 0 (0.0)
Oligoryzomys flavescens 17 0 (0.0)
Oligoryzomys nigripes 61 0 (0.0)
TOTAL 1331 8 (0.6)

n = collected samples
p = positive samples
(%) = percentage of positives
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Table 2. Blood sample distribution among municipalities and proportion of PCR-
positive between different species

Species Anhembi Bofete Torre de Pedra

n p (%) n  p%) n  p%)

Human 82 0 (0.0 38 0(0.0) 28 0(0.0)
Cow 332 3(0.9) 204 1(0.5) 152  0(0.0)
Sheep 33 0 (0.0) 9 0(0.0) 2 0(0.0
Swine 9 0 (0.0 12 0(0.0) 1 0(0.0)
Horse 71 1(1.4) 23  0(0.0 23  0(0.0
Dog 56 0 (0.0) 35 0(0.0) 23 0(0.0)
Cat 3 0 (0.0) 2 0(0.0) 2 0(0.0
D. albiventris 31 1(3.2) 19 0(0.0) 7 0(0.0)
D. aurita 0 0 (0.0 13 2 (15.4) 3 0(0.0
G. microtarsus 2 0 (0.0 2 0(0.0) 2 0(0.0)
C. thous 3 0 (0.0) 1 0(0.0) 0 0(.0
N. nasua 3 0 (0.0 1 0(0.0) 0 0(0.0
L. pardalis 1 0 (0.0) 0 0(0.0 0 0(0.0
A. montensis 0 0 (0.0) 4 0(0.0) 0 0(.0
N. squamipes 3 0 (0.0 1 0(0.0 0 0(0.0)
C. tener 0 0 (0.0 2 0(0.0) 2 0(0.0)
S. angouya 13 0 (0.0) 0 0(0.0) 0 0(0.0)
O. flavescens 11 0 (0.0 3 0(0.0) 3 0(0.0)
O. nigripes 30 0 (0.0) 26 0(0.0 5 0(0.0)
TOTAL 683 5(0.7) 395 3(0.7) 253 0(0.0)

n = collected sampled
p = positive samples

(%) = percentage of positive samples

Of the total analyzed samples, one animal from Bofete was simultaneously
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positive for the detection of DNA in the blood and neutralizing antibodies (titer equal to

16) against OPV in the serum, while the other seven PCR-positive samples were from

seronegative animals (Table 3).
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Table 3. Correlation between VACV DNA detection in blood samples by PCR and
detection of neutralizing antibodies in serum samples from the same sampled animals
previously tested (18).

PCR-positive (%)  PCR-negative (%)  Total (%)

Seropositive! 1" (0.5) 185 (99.5) 186 (100)
Seronegative! 77 (0.6) 1138 (99.4) 1145 (100)
Total 8 (0.6) 1323 (99.4) 1331 (100)

* Cow positive by PCR and serology (OPV neutralizing antibodies titer equal to 16)
** PCR-positive but seronegative animals (three cows, one horse, one D. albiventris, two D. aurita)
! Data from previous serologic study (18).

The PCR-positive animals were from six different milking farms, four located in
Anhembi county and two in Bofete county, which have made no reports of VACV
outbreaks. PCR-positivity in two animals (a cow and a horse) was observed on one
milking farm from Anhembi and another milking farm from Bofete (two D. aurita). The
farms with PCR-positive in blood presented seropositivity for OPV in animals and
humans previously (Table 4).

Table 4. Farms on which blood samples from animals were PCR-positive for VACV
and previous seropositivity of animals and humans from these farms

Milking farms | PCR-positive animals Previous seropositive!
Species p (%) N
A16 | Opossum Human 1(25) 4
Anhembi (D. albiventris) Domestic dog 1(50) 2
A2 | Cow Cow 1(5) 20
A23 | Cow Cow 1(6.6) 15
Horse
A7 | Cow Human 1(16.6) 6
Cow 1(5) 20
Domestic dog 2(33.3) 6
Wild rodent (O. nigripes) 1(5.5) 18
Bofete B46 | Cow™* Horse 1(25) 4
Domestic dog 1(16.6) 6
Cows 5(25) 20
B47 | Opossums Human 1(50) 2
(two D. aurita) Swine 2(333) 6

* Cow positive in both tests, PCR and Serology; * Data from previous serologic study (18)
p = number of previous seropositives

n = sampled individuals from each species

(%) = percentage of samples that were seropositive
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Sequencing and Analysis of the sequences

The sequencing and phylogenetic tree based on the nucleotide sequence of the
orthopoxvirus vgf gene revealed that our strains (Sample 694, Sample 211, Sample 693,
Sample 263, Sample 270, Sample 706) clustered with the Brazilian VACVs (i.e., TOa,
TOb, Passatempo, MURV, GP1V, GP2V) and vaccine VACVs (i.e., Lc16m2, WR, and

Lister), marking it as a Vaccinia virus (Figure 2).

VACV LC16m8 (AY678275)

VACV WR (AY243312)

VACV LISTER (AY678276)

Sample 694 (KX758613)

Sample 211(KX758612)

Sample 693(KX758610)

Sample 263(KX758609)

76| Sample 270(KX591057)

Sample 225 (KX758614)

VACV TOa (GQ465372)

VACV TOb (GQ465373)

98 VACV Passatempo(DQ085462)

VACV MURYV (DQ247772)

VACV GuaraniP2 (DQ206441)

VACV GP1V (DQ206440)

Sample 706 (KX758611)

VACV SPAN (AY523995)

99 — CPXV - BR (AF482758)
L CPXV GER (DQ437593)

MPXV - USA (DQ011157)

o7 { MPXV- CONGO (DQ011154)

76' MPXV - ZAIRE (AF3890138)

0.0100

Figure 2. Phylogenetic tree based on the OPV nucleotide sequence of the vgf gene
showing the blood samples clustering (Sample 694, Sample 211, Sample 693, Sample
263, Sample 270, Sample 225, Sample 706).

Sample 694 = blood sample from Didelphis aurita

Sample 211 = blood sample from a cow

Sample 693 = blood sample from Didelphis aurita

Sample 263 = blood sample from a cow

Sample 270 = blood sample from a horse

Sample 225 = blood sample from a cow

Sample 706 = blood sample from Didelphis albiventris
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Discussion

Vaccinia virus, like other orthopoxviruses, exhibits a tropism for epithelial cells,
so during outbreaks, diagnosis is preferably conducted through the analysis of scabs (1-
7). In this study, we assessed the presence of VACV in bovine herds and in other
domestic and wild mammals, as well as in humans, from milk farms located in areas
with and without reports of zoonotic outbreaks. When none of the 47 milk farms were
undergoing VACYV outbreaks, as VACV DNA has been detected in blood samples from
experimentally and naturally infected animals, as well as in blood samples from
naturally infected humans (15, 17, 19, 20, 22), we investigated the presence of VACV
DNA in blood samples collected from healthy animals and humans from these
properties.

Viral DNA was detected in the blood samples from one horse, three opossums
(one Didelphis albiventris and two Didelphis aurita) and four cows, all apparently
healthy, from areas in S&o Paulo State where there had been no reports of VACV
outbreaks (Anhembi and Bofete counties). To the best of our knowledge, this is the first
detection of VACV DNA in blood samples from naturally infected cows, horses and
Didelphis aurita.

All sampled animals and humans in this study were previously tested for the
presence of OPV-neutralizing antibodies, and seropositivity was observed in humans,
cows, horses, swine, dogs, cats, opossums (D. aurita; D. albiventris), coatis (Nasua
nasua), and wild rodents (Oligoryzomys nigripes, Oligoryzomys flavescens, Sooretamys
angouya) (18). In this study, only one cow was positive for both viral DNA and
neutralizing antibodies in blood and serum, respectively. The other three cows and the
horse were positive only for viral DNA and had no detectable neutralizing antibodies. A

similar pattern was observed during a zoonotic VACV outbreak when serum samples
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from unaffected humans were positive only for viral DNA or for both viral DNA and
neutralizing antibodies (20). The absence of clinical signs associated with the presence
of viral DNA in the blood with or without neutralizing antibodies suggests systemic and
subclinical infection or an early stage of infection that could evolve into future clinical
manifestations.

Humans appear to acquire clinical infection following contact with viral
particles on bovine or human scabs (3, 4, 6, 8); however, subclinical human infections
in which viral DNA was detected in the blood have been related to other routes of
infection, such as fomites in the household or the consumption of raw milk and cheese
(20). In our study, all human blood samples tested negative for the presence of viral
DNA,; however, neutralizing antibodies were previously detected in 17% of them.
Seropositivity was directly correlated with age and was higher in older persons (18).
Possible explanations include smallpox vaccine memory or lifelong exposure of farmers
to the circulating virus in domestic animals, especially cows (18); however, we found
seropositive results in people who had never been vaccinated for smallpox (18). The
absence of viral DNA in the blood of seropositive subjects may be due to constant
contact with clinically or sub-clinically infected domestic animals, especially as
seropositivity was observed in regions with and without reports of VACV infection.

The opossums (D. aurita; D. albiventris) that were PCR-positive were
previously classified as seronegative because their antibody titers were insufficient to
induce 50% or more of reduction of viral plaques (18). However, the presence of viral
DNA in the blood, along with the low percentage (9% in D. albiventris; 13% and 14%
in both D. aurita) of samples with neutralizing titers, may suggest acute infection with
initial production of neutralizing antibodies; these animals may present clinical signs in

the future, but subclinical infection cannot be ruled out. In a previous report (19), blood
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samples from apparently healthy Didelphis albiventris were also PCR-positive during a
zoonotic VACYV outbreak; both subclinical infection and a role for these animals as a
VACYV reservoir are possibilities .

We did not detect viral DNA in blood sampled from wild rodents in this area,
and low rates of seropositivity were previously detected in these animals (18). However,
VACV DNA was detected in the feces of O. flavescens, O. nigripes and S. angouya, as
well as in urine of O. flavescens from the same area (Peres et al., unpublished data). The
simultaneous detection of VACV DNA in feces and neutralizing antibodies in serum
samples from two O. flavescens from Bofete were observed (Peres et al., unpublished
data; 18). These animals were apparently healthy and showed 54% and 59% of
reduction in viral plaques, making them seropositive for OPV (18). These findings
together suggest acute infection with initial production of neutralizing antibodies, which
might or might not develop into clinical disease. Sentinel mice exposed to the feces of
experimentally infected cows and mice showed no clinical signs but did become PCR-
positive in their blood, organs and feces, suggesting subclinical infection (15, 17).

Our findings do not rule out the possibility that animals (DNA positive) may
develop clinical disease, but as no VACV-like outbreaks were reported in the three
sampled counties from the time of sample collection until the present, these animals
were presumably sub-clinically infected and sustain viral circulation in the area.

Accordingly, in Torre de Pedra, a county in which two zoonotic VACV
outbreaks occurred in 2007 and 2010 (3; 6), no viral DNA was detected in blood
samples, feces or urine samples from wild rodents (Peres et al., unpublished data). On
the other hand, this county showed the highest rate of seropositivity in cows (39%) and
horses (22%), while 10% of sampled opossums were seropositive and all wild rodents

were seronegative (18). Comparatively, viral DNA was detected in blood samples from
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one cow and two D. aurita and in feces of two O. flavescens and one O. nigripes in
Bofete (Peres et al., unpublished data). Bofete also had the second-highest seropositivity
rate in cows (14%) and horses (9%) and opossums (9%) [D. albiventris and D. aurita];
additionally, the highest seropositivity rate in wild rodents (11%) (18). In contrast, in
Anhembi, blood samples from three cows, one horse and one D. albiventris, feces
samples from one O. nigripes and two S. angouya and urine samples from one O.
flavescens were PCR-positive (Peres et al., unpublished data). In addition, Anhembi
showed the lowest rate of seropositivity in cows (5%) and horses (3%), and opossums
(6.5%) and second high rate in wild rodents, with 9% of seropositivity (18).
Considering our previous serology results in association with outbreak history,
region and PCR results, we consider that the high prevalence of neutralizing antibodies
against OPV in domestic animals from Torre de Pedra could be explained and
associated with the VACV outbreak that occurred previously; on the other hand, Bofete
and Anhembi presented a lower seropositivity rate and positive detection of VACV
DNA in animal population being compatible with the model of endemic infection
known as the SIR model (26): after the outbreaks in Torre de Pedra, the number of
removals (R) increased due to long-term immunity promoted by VACV, resulting in a
reduction in susceptibles (S) and infectives (1) and accounting for the absence of viral
DNA from sampled species. In contrast, the findings from Bofete and Anhembi suggest
that there were still a large number of susceptibles (S = DNA negative and
seronegative) that acquired the infection (I = DNA positive), thus resulting in an
ongoing increase in removals (R = seropositive). In addition, these data suggest viral
spread by contiguity, from Torre de Pedra to Bofete and from there to Anhembi. It is
possible that the virus circulates in opossums and wild rodents, the latter of which shed

low viral loads in their feces and urine (Peres et al., unpublished data), contaminating
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the environment. The low viral loads in the environment can induce subclinical
infections, as evidenced by the presence of viral DNA and neutralizing antibodies in the
blood of apparently healthy domestic and wild animals. While wild rodents eliminate
DNA viral in their feces, there was no evidence to this effect found in Torre de Pedra,
probably due to the small sample size in this county or the short average lifespan of
these species of wild rodents (27). Both PCR of blood and the Plaque Reduction
Neutralizing Test (PRNT) were negative in samples from this county, suggesting that
the virus is no longer circulating there.

The spread of infectious agents by contiguity relies on a shared border (28).
Torre de Pedra, Bofete and Anhembi are neighboring municipalities (Figure 1). Most
emerging infections originate in one geographic location and then disseminate to new
places (29), and thus Torre de Pedra could be the origin from this circulating virus in
this region. The spread of VACV to other regions has been attributed to the movement
of infected cattle for trade between neighboring municipalities and states (30, 31, 32).
The movement of herds among municipalities can promote viral spread. In addition, if
the reservoir host becomes more widely disseminated, the infectious agent can appear in
new places (29). Accordingly, both opossums (D. albiventris and D. aurita) and wild
rodents (O. nigripes, O. flavescens and S. agouya) were the most-sampled wild
mammals (Table 2). The factors involved in the interaction between these species is still
unclear but may include contact with feces, social interactions, and predation, among
others, as previously suggested in the murine-transmission model proposed by Abrahao
etal. (13).

A possible role of rodents and opossums in the spread and environmental
maintenance of VACV have been suggested (13, 16, 19); subclinical infection was

observed in sentinel mice exposed to feces of experimentally infected mice (15, 17)
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reinforcing our suggestion that the low viral load spread through the feces and urine of
wild rodents could induces subclinical infections.

In an attempt to test our suggestion that the virus from the Torre de Pedra
outbreak is the same virus circulating as a subclinical infection in wild and domestic
animals from the studied region, all blood samples that were PCR-positive for the vgf
gene were tested by PCR for the gene that encodes viral hemagglutinin (ha) (33).
Amino-acid deletions in the ha gene can be used to classify Brazilian VACV into two
groups (11, 12) and infer the origin of a given virus. All tested samples were negative
for amplification of the ha gene, which we attribute this a low viral load in animals with
subclinical infections. This protocol is less sensitive and does not detect low viral loads
(33), which reinforces our hypothesis of low viral loads circulating in animals with
subclinical infections. As mentioned in the materials and methods, PCR products from
all samples that were positive for the vgf gene were submitted to cloning because the
initial DNA concentration was insufficient to allow direct sequencing. This low DNA
concentration might be due to low viral load in the blood of subclinically infected
animals.

In an attempt to increase the viral load, although it was not described in the
materials and methods, all positive samples were submitted to virus isolation in Vero
cell culture at the Biologic Institute of Sdo Paulo State, which would allow
amplification and sequencing of the ha gene. After six passages in Vero cell cultures, no
cytopathic effect was observed in any inoculated sample. We attribute this outcome to
the low viral load in the blood of apparently healthy animals, evidenced by the low
DNA concentrations observed in PCR tests.

Additionally, the presence of viral DNA in blood samples from apparently

healthy animals does not mean that viable viral particles are present in the blood.
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Previous reports demonstrated that individuals vaccinated against smallpox with the
Dryvax vaccine had detectable VACV DNA in their blood but no infectious virus
detectable by viral isolation (21). VACV was only isolated from blood samples from
individuals who experienced moderate or severe complications of the vaccinia vaccine
(21). It is possible that viable viral particles are not present in the blood during
subclinical infections.

The second possibility is that viable viral particles are not detectable in the blood
at the same frequency at which viral DNA is detected. Rivetti Jr et al. (22) showed that
one of eight experimentally infected cows were positive for VACV isolation in cell
culture only on the fourth day post-inoculation out of 70 days of blood-sample
collection and analysis. Over that period, intermittent detection of VACV DNA was
observed between the 2nd and 15th days post-inoculation. This hypothesis could
explain both the absence of viable viral particles and the low levels of DNA detected in
sampled blood.

Despite our efforts to elucidate the source of the VACV found in blood samples
from domestic and wild mammals, it was not possible to conclude that there was any
similarity to the VACV previously detected in Torre de Pedra. However, the results of
the vgf gene analysis in the present study showed that the virus detected in blood
samples from domestic and wild mammals was a Vaccinia virus. Our results
corroborate previous findings that VACV induces systemic infection with viral DNA
detectable in the blood (22), as well as subclinical infection in experimentally and
naturally infected animals (15, 17, 19). We suggest that the sampled animals in the
present study might have been subclinically infected. Additionally, we suggest that the
virus may be circulating by contiguity in this region, but more studies are needed to

confirm this hypothesis.
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CAPITULO IV
DISCUSSAO GERAL

Na presente tese foi avaliada a presenca de DNA viral em amostras de
sangue coletadas de bovinos, outros mamiferos domésticos e selvagens, bem
como de humanos, provenientes de areas com e sem historico de surtos de
VACV. Adicionalmente foi verificada a presenca de DNA viral em amostras de
fezes e urina de pequenos roedores silvestres capturados nas areas de mata
das 47 propriedades produtoras de leite analisadas.

Nossos resultados mostraram a presenca de DNA viral em amostras de
sangue de quatro vacas, um cavalo, trés gambas (um Didelphis albiventris e dois
Didelphis aurita), bem como em amostras de fezes e urina de pequenos roedores
silvestres, sendo seis amostras positivas para DNA viral nas fezes (dois
Oligoryzomys flavescens, dois Oligoryzomys nigripes e dois Sooretamys
angouya), uma para DNA viral na urina (Oligoryzomys flavescens). Relata-se
pela primeira vez a deteccdo de DNA viral em amostras de sangue, fezes e
urinas de animais sadios, naturalmente infectados.

A deteccdo de anticorpos soroneutralizantes para Orthopoxvirus foi
realizada, previamente, em todos os animais e humanos do presente estudo
(PERES et al.,, 2013). A presenca simultanea de DNA viral no sangue e
anticorpos neutralizantes foi observada em uma vaca e nas fezes de dois
Oligoryzomys flavescens que também apresentavam anticorpos neutralizantes.

De forma geral, a auséncia de sinais clinicos, somada a detec¢do de DNA
viral associada ou ndo a presenca de anticorpos, sugere um estagio inicial de
infeccdo que posteriormente poderia levar os animais ou ndo a desenvolverem
sinais clinicos. De fato detec¢do de DNA viral no sangue com auséncia de sinais
clinicos ja foi observada em um roedor do género Oryzomys capturado na
floresta Amazonica nos arredores de Belém do Para (FONSECA et al., 1998),
em Macacos prego (Cebus apela) e Bugius (Allouata Caraya) durante resgate
de fauna no Tocantins (ABRAHAO et al., 2010c), em cées e gambas (Didelphis
albiventris) durante surto zoonaético em lItatinga — SP (PERES et al., 2016), e em
humanos durante surto zoon6tico em Serro — MG (COSTA et al., 2015). O que
sugere que o VACV possa estar circulando de forma subclinica entre os animais

selvagens e domesticos.
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Foi também demonstrado que camundongos sentinelas, expostos a fezes
de camundongos experimentalmente infectados, ndo apresentam sinais clinicos,
mas DNA viral pode ser detectado em suas fezes, sugerindo infeccéo subclinica
(FERREIRA et al.,, 2008b). Considerando a longa persisténcia do VACV
evidenciada em fezes de camundongos infectados experimentalmente
(ABRAHAO et al., 2009d), e a deteccdo de DNA viral nas fezes dos roedores
amostrados aqui, sugere-se eliminacdo viral pelas fezes e possivel
contaminacgédo do meio ambiente, e manutencao da circulacado viral entre animais
selvagens e domésticos. Adicionalmente sugere-se que a eliminacgéo viral pelas
fezes ocorra com baixas cargas virais, o que justificaria as infec¢des subclinicas,
uma vez que um fator que influencia o aparecimento e a gravidade de uma
enfermidade infecciosa é a dose infectante, representada pelo numero de
unidade requeridas do agente infeccioso para produzir a doen¢ca (BARRETO et
al., 2006).

Outros achados do presente estudo também sugerem baixa carga viral,
tanto no sangue quanto nas fezes, como a baixa concentracdo de DNA viral nas
amostras positivas. Em ambas as situacbes, os resultados da PCR para
amplificacdo do gene vgf resultaram em baixas concentracdes de DNA, sendo
necessario a clonagem para possibilitar o sequenciamento das amostras de
sangue. O fato de que todas as amostras positivas para amplificacdo do gene
vgf, resultaram negativas nas tentativas de amplificacdo do gene ha, também
reforca a sugestdo de baixas cargas virais, uma vez que a reagdo para
amplificagédo do gene ha utilizada (DAMASO et al.,, 2007) apresenta menor
sensibilidade que a reacéo para deteccéo do gene vgf (ABRAHAO et al., 2009c).

Considerando a possivel baixa carga viral eliminada nas fezes, associada
a auséncia de sinais clinicos, tantos nos animais selvagens quanto nos animais
domésticos em que houve detec¢cdo do DNA viral, questiona-se o impacto
epidemiologico da disseminagédo viral nas fezes de roedores selvagens para a
inducéo de infecg¢des clinicas nos rebanhos bovinos. Apesar de um camundongo
(Mus muscullus) sem sinais clinicos ter apresentado positividade ao VACV
durante surto zoonético (ABRAHAO et al., 2009a), a transmissédo de VACV de
roedores para vacas ou humanos ainda néo foi comprovada durante os surtos

brasileiros. O Mus musculus € um roedor peridoméstico do velho mundo que foi
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introduzido no Brazil (DELARIVA et al., 1999). Na Europa, espécies
peridomésticas como Rattus rattus e Rattus norvergicus dentre outras espécies
selvagens, atuam como reservatorio naturais do Cowpox virus (ESSBAUER et
al., 2010; FLORES et al., 2012). Casos de transmissédo de Cowpox virus de ratos
(Rattus norvergicus) tidos como animais de estimacdo para seus proprietarios
ou para outros animais de estimacédo tem sido descritos (CAMPE et al., 2009;
NINOVE et al., 2009). Entretanto nesses casos 0s animais envolvidos tornaram-
se doentes e evoluiram para 6bito, ocorrendo a transmissédo pelo contato direto
com as lesdes cutaneas dos ratos. Levando em consideragéo que tanto o VACV
quanto o Cowpox induzem infeccdo clinica através do contato direto com as
lesbes, nOs questionamos se a eliminacdo viral pelas fezes dos roedores
selvagens seria capaz de resultar em infeccdo clinica em bovinos, em outros
animais domésticos e selvagens, e em humanos, entretanto mais estudos séo
necessarios para elucidar tal questionamento.

Por outro lado, nossos achados fornecem evidencia de circulacao viral em
regides sem historico de surto (Bofete e Anhembi), porém vizinhas a Torre de
Pedra, que ja registrou dois surtos prévios a esta pesquisa (MEGID et al., 2008;
MEGID et al., 2012). O surto de VACV em Torre de Pedra justifica a elevada
prevaléncia de anticorpos neutralizantes nos animais domésticos previamente
relatada nesse municipio (PERES et al., 2013), e sugerem que existe uma
circulacao viral por contiguidade de Torre de Pedra para Bofete e deste para
Anhembi, evidenciada através do aumento de anticorpos neutralizantes em
Bofete comparativamente a Anhembi. E possivel que a circulacdo viral por
contiguidade ocorra em marsupiais e roedores selvagens, e estes Ultimos
eliminem o virus em suas fezes e urina, contaminando o meio ambiente, mas
com baixa carga viral (sugerindo infeccdo subclinica) o que é evidenciado pela
presenca de DNA viral e anticorpos neutralizantes no sangue de animais
domésticos e selvagens aparentemente saudaveis. Apesar de roedores
silvestres eliminarem DNA viral em suas fezes, isso néo foi evidenciado em Torre
de Pedra, provavelmente devido ao pequeno N amostral nessa cidade, ou devido
a vida média dessas espécies de roedores selvagens (REIS et al., 2006),
também evidenciado pela auséncia de positividade na PCR de sangue e na

prova sorolégica. Contudo o insucesso da amplificacéo e posterior analise das
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sequéncias do gene ha, nos impossibilitou de confirmar que o virus circulante
em Anhembi e Bofete, detectado pela presenca de DNA viral em animais
domésticos e selvagens bem como nas fezes dos roedores selvagens, seja o
mesmo virus responsavel pelos surtos em Torre de Pedra. Em suma mais
estudos sao necessarios para confirmar a circulacdo viral de forma subclinica e

seu impacto epidemiolégico nas populac¢des bovinas e em humanos.
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CONCLUSOES GERAIS

1-

Nossos resultados sugerem que na infec¢ao natural por Vaccinia virus em
bovinos, equinos e gambas (Didelphis aurita e Didelphis albiventris),
aparentemente saudaveis exista um periodo de circulacéo viral no sangue
Roedores silvestres naturalmente infectados e aparentemente saudaveis
séo potenciais fontes de infec¢@o evidenciada por eliminacdo de virus
Vaccinia em amostras de fezes e urina

A analise das sequencias do gene vgf mostras nossas amostras
agrupadas com amostras de Vaccinia virus Brasileiras e vacinais, nos
permitindo classificar o virus detectado nas amostras de sangue, fezes e
urina, como Vaccinia virus.

Nossos resultados sugerem que o Vaccinia virus circula de forma

subclinica na regido amostrada.
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