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ALLENDORF, S.D. Analise filogenética correlacionada com a distribui¢cdo do
virus rébico em quiropteros naturalmente infectados. Botucatu, 2011. 64 p.
Dissertacdo (Mestrado) — Faculdade de Medicina Veterinaria e Zootecnia, Campus

de Botucatu, Universidade Estadual Paulista.

RESUMO

Morcegos vém recebendo crescente importancia em Saude Publica, pois sdo os
principais reservatorios para a raiva em diversas partes do mundo. Pouco se
conhece a respeito da distribuicdo do virus rabico em tecidos e 6rgdos nao
nervosos. O objetivo deste estudo foi avaliar a distribuicdo do virus rabico em
orgaos e tecidos de quirépteros naturalmente infectados de diferentes habitos
alimentares, e avaliar a existéncia de alguma possivel correlacdo com a filogenia
das amostras. Foram utilizados 26 morcegos previamente diagnosticados
positivos para raiva pelos métodos padrdo, sendo coletado cérebro, glandulas
salivares, pulmédo, coracdo, figado, bago, estbmago, intestinos, rins, bexiga,
gordura interescapular e fezes. As amostras foram submetidas a extracdo do
material genético e submetidas a reacdo de RT-PCR com iniciadores especificos
para o gene N. As amostras que resultaram negativas na primeira reagcdo foram
submetidas a uma segunda amplificacdo (hemi-nested PCR). Os produtos
amplificados foram submetidos ao sequenciamento genético e as sequéncias
alinhadas com sequéncias homélogas obtidas do GenBank para construcdo da
arvore filogenética. Os resultados demonstraram uma ampla distribuicdo do virus
em oOrgaos e tecidos dos morcegos, ndo sendo possivel correlacionar com a
espécie e tdo pouco com a linhagem viral encontrada. O maior percentual de
positividade foi encontrado em cérebro e glandula salivar e a técnica de hemi-
nested PCR demonstrou ter maior sensibilidade na detec¢do do virus rabico nas
amostras estudadas. Na anadlise filogenética observou-se o agrupamento das
amostras de acordo com as espécies, confirmando a existéncia de linhagens
género especificas.

Palavras chave: Raiva; Morcegos; Filogenia; Epidemiologia; RT-PCR
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ALLENDOREF, S.D. Phylogenetic analysis correlated with the distribution of
rabies virus in naturally infected bats. Botucatu, 2011. 64 p. Dissertacdo
(Mestrado) — Faculdade de Medicina Veterinaria e Zootecnia, Campus de

Botucatu, Universidade Estadual Paulista.

ABSTRACT

Bats have been assigned an increasing importance in Public Health as these are
the main rabies reservoirs in many parts of the world. Little is known about the
distribution of rabies virus in non-nervous tissues and organs. The aim of this study
was to evaluate the distribution of rabies virus in organs and tissues of naturally
infected bats with different feeding habits, and evaluate the existence of any
possible correlation with the phylogeny of the samples. 26 bats previously
diagnosed as positive for rabies by standard methods were used; the brain,
salivary glands, lung, heart, liver, spleen, stomach, intestine, kidneys, urinary
bladder, interscapular fat and feces were collected. The genetic material were
extracted and submited to RT-PCR reaction with specific primers for the N gene.
The samples that were negative in the first reaction underwent a second
amplification (hemi-nested PCR). The amplified products were subjected to genetic
sequencing and the sequences aligned with homologous sequences obtained from
GenBank for phylogenetic tree construction. The results showed a wide distribution
of virus in organs and tissues of bats, it was not possible to correlate the viral
distribuition with the species nor with the viral strain found. The highest percentage
of positivity was found in brain and salivary glands and the technique of hemi-
nested PCR demonstrated to have a greater sensitivity for detection of rabies virus
in the studied samples. The phylogenetic analysis showed the clustering of
samples according to the species, confirming the existence of genus specific

lineages.

Key words: Rabies; Bats; Phylogeny; Epidemiology; RT-PCR



CAPITULO 1
INTRODUCAO

A raiva € uma zoonose que afeta o sistema nervoso central, de evolugéao
aguda e fatal que acomete um grande numero de mamiferos (ACHA &
SZYFRES, 2003). E definida como uma doenca negligenciada no mundo todo
(DODET, 2006). Apesar da possibilidade de prevencao por meio de vacina e
tratamento pés expositivo (BRIGGS & HANLON, 2007), esta entre as dez
principais causas de mortes humanas dentre as doencas infecciosas (WORLD
HEALTH ORGANIZATION, 2000).

A palavra raiva deriva do latim rabere, faria, delirio; do sanscrito rabhas
gue significa tornar-se violento (STEELE e FERNANDES, 1991) e da palavra
grega lyssa, que deu origem a denominagdo do género Lyssavirus, ao qual
pertence o virus da raiva (WILKINSON, 2002). Esta enfermidade é mantida e
perpetuada na natureza por diferentes espécies de animais carnivoros

domésticos, silvestres e morcegos, denominados reservatorios (SMITH, 1996).

Com o grande progresso no controle da raiva urbana o nimero de casos
no Brasil foi reduzido drasticamente, passando de 170 casos em 1980, para
menos de cinco casos em 2007 (AMATUZZI et al., 2005). Em 2004, pela
primeira vez na histéria do programa regional de controle da raiva coordenado
pela Organizacdo Pan-Americana de Saude (PAHO), o numero de casos
transmitidos por animais silvestres (morcegos hematéfagos em sua maioria)
superou o0s casos transmitidos por cdes (SCHNEIDER et al., 2005). A
verificacdo de um nuamero cada vez maior de casos de raiva em morcegos,
independentemente de seu habito alimentar, tem comprovado a importancia
dos morcegos, de diferentes espécies, como reservatérios do virus da raiva em
nosso meio (KOTAIT et al., 2007).



REVISAO DE LITERATURA

A raiva é causada pelo Virus da Raiva (RABV), que por sua vez pertence
ao género Lyssavirus, familia Rhabdoviridae, e ordem Mononegavirales, nas
guais todos os membros apresentam genoma de RNA nao-segmentado, de
sentido negativo e de fita simples (FENNER et al., 1992; INTERNATIONAL
COMMITEE ON TAXONOMY OF VIRUSES, 2005). Os Lyssavirus sao virus
envelopados, com o formato de projétil, apresentando-se como sete genaotipos,
agrupados em dois filogrupos, genética e imunopatologicamente distintos
(BADRANE e TORDO, 2001).

O gendtipo 1 esta distribuido mundialmente; € o mais importante
epidemiologicamente, pois esta associado a um grande numero de casos de
encefalites quando comparado aos outros lyssavirus relacionados
(RUPPRECHT et al.,, 2002). Dados epizootiol6gicos para raiva e 0s tipos
moleculares do virus tém demonstrado que existem diversos reservatorios para
0 gendtipo 1. Variantes deste genotipo existem na natureza em ciclos
independentes, sendo que, dentro de cada ciclo, um diferente reservatoério
exerce papel fundamental na manutencdo de cada uma das variantes do
RABYV, tais como aquelas relacionadas a morcegos hemato6fagos, frugivoros,
insetivoros, canideos silvestres, guaxinins e cangambas (doninha-fedorenta)
(VELLASCO-VILLA et al., 2002). A distribuicdo do RABV nos morcegos esta
limitada as Américas; o ciclo silvestre e doméstico ocorre independentemente

entre carnivoros mundialmente (SMITH, 1996).

O RABV mede em média 100 a 250 nm de comprimento e 75 nm de
didmetro e possui 11.932 nucleotideos (nt), os quais codificam as cinco
proteinas estruturais N (nucleoproteina), P (fosfoproteina), M (proteina de
matriz), G (glicoproteina) e L (RNA polimerase), sendo que 0s genes para estas
proteinas apresentam-se separados por pequenas regides intergénicas de 2, 2,
5 e 247 nt, respectivamente. O RABV possui envoltério externo (envelope)

formado por lipideos e trimeros da glicoproteina viral (proteina G). Abaixo do



envelope existe uma camada matriz, formada pelas proteinas M, que unem o
envoltorio viral a ribonucleoproteina (RNP). A RNP é formada pelo RNA viral,
proteinas L, P e N, sendo que a matriz M em conjunto com a RNP forma o
nucleocapsideo do virus (WUNNER, 2007).

A proteina N (nucleoproteina viral) contém 450 aminoacidos, é o principal
componente viral, sendo a regido mais conservada entre 0s genotipos de
lyssavirus; uma importante raz&o para sua maior conservacdo de aminoacidos,
principalmente em regides especificas, sdo as funcdes chaves para replicacéo
viral exercidas por essas regioes. Por esta razao, para deteccdo do virus pela
reacdo de transcricdo reversa em cadeia pela polimerase (RT-PCR), o gene
mais estudado é a nucleoproteina viral (WUNNER, 2007). Estudos com
sequéncias parciais ou completas do gene N (nucleoproteina), foram realizados
no Brasil (ITO et al., 2001, 2003; ROMIJIN et al., 2003; SCHAEFER et al.,
2005), Chile (DE MATTOS et al., 2000; YUNG et al., 2002), Coldombia (PAEZ et
al.,, 2003) e Venezuela (DE MATTOS et al.,, 1996). Estudos direcionados a
glicoproteina e regido inter génica, ambas regifes altamente variaveis entre os
RABV também foram realizados (SATO et al., 2004; OLIVEIRA et al., 2009).

As diferencas de aminoacidos na nucleoproteina fornecem epitopos
especificos e unicos capazes de diferenciar os lyssavirus em linhagens ou
variantes, através dos padrdes de reacdo de anticorpos monoclonais (AcM)
para estes epitopos. O conceito de variantes do virus da raiva e o estudo das
suas diferencas e reservatérios especificos foram consolidados com o
desenvolvimento da técnica de anticorpos monoclonais (AcM) para a
glicoproteina viral, no final da década de 70. Diferentes painéis destes
anticorpos permitem uma identificacdo e classificacdo rapida de isolados de
lyssavirus (CUNHA, 2006). Desde entdo, com a utilizacdo da caracterizacdo
antigénica para a classificagdo do RABV, muitos avancgos foram obtidos na
epidemiologia da raiva, tornando-se possivel determinar a distribuigdo

geografica e reservatérios de diferentes variantes do RABV (FAVORETTO et



al., 2002). Um painel de oito AcM dirigidos a nucleoproteina viral do RABV
utilizado nas Américas, permite a classificacdo do RABV em 11 variantes
antigénicas distintas e adaptadas a diferentes reservatdrios como mostrado na
tabela (DIAZ et al., 1994).

HOSPEDEIRO VARIANTE
Cao/Mangusto 1
Céo 2
Desmodus rotundus 3
Tadarida brasiliensis 4
Desmodus rotundus 5
Lasiurus cinereus 6
Lobo do Arizona 7
Gamba 8
Tadarida brasiliensis mexicana 9
Gamba 10
Desmodus rotundus 11

Tabela 1 - Relagdo das variantes antigénicas do RABV encontradas nas

Ameéricas e seus respectivos reservatorios, segundo Diaz et al., 1994.

Foram estabelecidas cinco variantes antigénicas (AgV) por AcM
circulantes no Brasil: AgV2 (cao), AgV3 (Desmodus rotundus), AgV4 (Tadarida
brasiliensis), AgV5 (morcego hematdéfago da Venezuela) e AgV6 (Lasiurus
cinereus), entretanto, estudos utilizando este painel de AcM também
demonstraram a existéncia de quatro perfis antigénicos ndo compativeis com
os perfis esperados para este painel, os quais foram encontrados isolados de
morcegos insetivoros do género Eptesicus, Nyctinomops, Myotis e Lasiurus
(FAVORETTO et al., 2002).



A aplicacdo da técnica de AcM apresenta limitagdes, como por exemplo,
na analise de variantes virais intimamente relacionadas antigenicamente e
variantes nao classificadas com o painel de AcM. Com o desenvolvimento da
técnica do sequenciamento genético para o estudo da raiva, as limitacdes
inerentes a técnica dos AcM foram superadas, 0 que permitiu estabelecer uma
relacdo definitiva entre linhagens virais intimamente relacionadas (BRASS,
1994), além de oferecer dados importantes para estudo da evolucdo de
linhagens que circulam em tantos animais. Assim sendo, a caracterizagcéo
molecular é fundamental para determinar a presenca dos multiplos ciclos
endémicos e potencial transmissdo inter espécies. A coexisténcia de uma
variada populacdo de morcegos com humanos e animais domésticos nos
centros urbanos torna imprescindivel a compreensao da epidemiologia da raiva
nestas areas (OLIVEIRA, 2009).

Assim sendo, diferentes variantes e linhagens do RABV circulam ao longo
de um determinado territério, pois sao adaptadas e mantidas pelas diferentes
espécies de animais distribuidas regionalmente. Esta distribuicdo pode ser
alterada se ocorrer a transmissdo do virus primario para um secundario
(spillover) (CHILDS e REAL, 2007). Um exemplo fundamental de spillover é a
transmissao da linhagem de RABV de quirGpteros para carnivoros, que foi
calculado como tendo ocorrido antes mesmo da descoberta das Américas,
dando origem assim, as linhagens de RABV em animais terrestres (BADRANE
e TORDO, 2001). Normalmente, quando ocorre a infeccdo entre espécies
ocorre uma Unica transposicdo (spillover), que geralmente €& fatal;

transposi¢des secundarias sao raramente observadas (LESLIE et al., 2006).

A possibilidade de os morcegos hematéfagos desempenharem o papel de
reservatorio na propagacao da raiva foi pela primeira vez levantada por Carini,
quando foi observada uma grave epizootia de raiva na faixa compreendida
entre a serra e o mar, em frente a Ilha de Santa Catarina, Sul do Brasil, na qual

morreram cerca de 4.000 bovinos e 1.000 equinos e muares, causando



elevado prejuizo econdmico a populacao local. Esta hipétese, no entanto, nao
foi prontamente aceita pelos pesquisadores internacionais, tendo sido
considerada uma “fantasia tropical” (CARINI, 1911). Dois veterinarios alemaes,
Haupt e Rehaag (1925), pesquisando na mesma regido onde Carini havia
diagnosticado a raiva em bovinos, identificaram a presenca de corpusculos de
Negri, no sistema nervoso central (SNC) de um morcego hematéfago que

estava se alimentando em um bovino, confirmando a hipotese de Carini.

Coube também aos dois pesquisadores a primeira descricdo, em 1916, no
Brasil, da presenca do virus da raiva em um morcego ndo hematéfago da
espécie Phyllostoma superciliatum, atualmente classificado como Artibeus
lituratus. Rehaag classificou alguns morcegos, presos por colonos quando
voavam de dia, os quais eram todos da espécie Phyllostoma superciliatum,
classificado segundo “Burmelster: Schematische Urbarsicht der Tiere
Brasiliens”, Berlim 1834. Haupt examinou alguns Phyllostomides e o contetdo
do estbmago destes animais e observou a presenca de banana. Era
interessante o fato de que nos distritos afetados pela epizootia foram vistos
morcegos voando durante o dia. Ainda que o niumero de morcegos com este
costume anormal fosse pequeno em comparacao com o dos animais atacados,
este habito extraordinario podia dar a prova de que esses animais sofriam da
moléstia. No fim de Margo de 1914, uma pessoa em Blumenau escreveu num
jornal que viu no crepusculo uma duzia de morcegos grandes lutando
fortemente uns com os outros. No mesmo ano, habitantes da vila de Blumenau
chamaram a atencdo de Haupt sobre os apitos e gritos altos de morcegos
durante o crepusculo como uma coisa extraordinaria que s6 foi observada
depois do comeco da epizootia. Este habito anormal de combater e morder-se
mutuamente, pode ser caracterizado como sintomas da doenca em
quirépteros, conclusédo obtida pela observacdo dos pesquisadores (HAUPT e
REHAAG, 1925).



Passados pouco mais de uma década depois da epidemia da raiva no
Estado de Santa Catarina, uma doenca misteriosa acometeu os bovinos da Ilha
de Trinidad, no Caribe, atingindo inclusive os seres humanos, sendo mais tarde
diagnosticada como raiva (CARNEIRO, 1936). A primeira morte humana
atribuida a mordida de morcegos vampiros foi relatada, nesta ocasido, em
1931. O virus da raiva foi isolado do morcego hematéfago D. rotundus e de
morcegos frugivoros Artibeus planirostris trinitalis, Diclidurus albus e
Hemiderma sp e se conseguiu infectar experimentalmente com o virus da raiva
0s morcegos D. rotundus e A. lituratus (PAWAN, 1936).

Episddios de raiva humana causada por morcegos hematéfagos
continuaram sendo relatados em muitos paises da América Latina, tais como
México, Peru, Venezuela e Brasil. Entre os anos de 2004 e 2005, os morcegos
hematofagos foram os principais transmissores de raiva humana na América
Latina, com 46 e 52 casos, respectivamente. O Brasil foi o responsavel por 64
destes casos (22 em 2004 e 42 em 2005) devido ao surto de raiva humana
transmitida por morcegos hematofagos ocorrido nos estados do Pard e
Maranh&do nestes anos. A raiva em morcegos hematéfagos, além de ser um
sério problema de saude publica na América do Sul, também causa grande
prejuizo econdmico para a pecuaria destes paises (DA ROSA et al., 2006;
KOTAIT et al., 2007; BARBOSA et al, 2008).

O reconhecimento dos morcegos insetivoros como reservatorios do virus
da raiva na America do Norte, ocorreu na Florida, em 1953, apds agressao por
animal da espécie Dasypterus floridanus (atualmente denominado Lasirurus
intermedius) (SCATTERDAY e GALTON, 1945). Pouco tempo depois deste
incidente, outros morcegos ndo hematofagos das espécies Lasiurus cinereus e
Lasiurus seminola, ambos insetivoros, foram diagnosticados positivos para
raiva no estado da Pensilvania (WITTE, 1954). A partir de entdo, as
autoridades publicas dos EUA se interessaram em conhecer a extensao da

raiva nos morcegos, e a infeccdo pelo virus da raiva foi confirmada em



diferentes espécies de habitos alimentares distintos, incluindo os insetivoros,

frugivoros, onivoros, polinivoros e piscivoros (BAER, 1975).

No Brasil, assim como na maior parte da América Latina, apesar destes
achados, a importancia dos morcegos ndo hematéfagos na epidemiologia da
doenca continuou pouco estudada até a década de 80 devido a raiva em cées
e morcegos hematéfagos (ACHA et al., 1985). A partir dessa década, com o
controle da raiva canina em muitos municipios e a incorporacdo da tipificacao
molecular e antigénica aos programas de vigilancia, a importancia dos
morcegos ndo hematdfagos comecou a ser estudada nesses paises (DE
MATTOS et al., 1996; DE MATTOS et al., 2000).

Na América Latina, do ponto de vista epidemioldégico, o Desmodus
rotundus constitui o principal reservatério silvestre do RABV, mas outros
quiropteros ndo hematofagos também tém importancia na transmissao do virus
(FAVI et al.,, 2003). Pesquisas mostram que 0s géneros de morcegos nao
hematofagos com maior importancia epidemiologica para a raiva séo: Artibeus

sp., Tadarida sp., Myotis sp., e Lasiurus sp (KOTAIT et al., 2007).

Os morcegos representam aproximadamente 24% de todas as espécies
conhecidas. Pertencem a ordem Chiroptera que, por sua vez, divide-se em
duas subordens: Megachiroptera e Microchiroptera. A  subordem
Megachiroptera possui apenas uma familia, que habita exclusivamente o Velho
Mundo (Africa, Asia e Oceania), e 0s seus representantes possuem habitos
crepusculares, séo frugivoros e pelo seu tamanho sdo chamados de “raposas
voadoras”. Os morcegos da subordem Microchiroptera possuem habitos
noturnos, apresentam tamanhos variados e habitos alimentares diversificados;
a maioria dos seus representantes encontra-se no continente americano e tem
ampla distribuicdo geogréfica incluindo 18 familias, sendo 3 cosmopolitas. A
ordem é composta, portanto, de 202 géneros e 1120 espécies (SIMMONS,
2005). Os morcegos encontrados no Brasil estdo incluidos em 9 familias, 64

géneros e subdivididos em 167 espécies (REIS et al., 2006).



Os morcegos sao altamente moveis e a capacidade de certas espécies de
se adaptar em ambiente urbano e abrigar-se em habitacdes humanas
aumentam a probabilidade de contato com humanos e animais domésticos
(UIEDA, 1996). O numero desses animais nas areas urbanas tem aumentado
constantemente (TADDEI, 1983). Neste sentido, a adaptacdo dos morcegos
insetivoros, que constituem a maior parte da populacdo de morcegos, ao meio
urbano, se deve em grande parte a abundante oferta de alimento e abrigo,

associada a auséncia de predadores (ALMEIDA et al., 1994).

A raiva em morcegos apresenta um ciclo epidemioldgico independente
dos ciclos existentes nos mamiferos terrestres. A enfermidade, em morcegos
hematéfagos, ocorre somente na América Latina e Trinidad e Tobago, onde
sdo encontradas estas espécies de morcegos. A raiva, em morcegos nao
hematofagos, € registrada indistintamente nos paises desenvolvidos e em
desenvolvimento das Américas, representando um problema emergente de
saude publica, pela expanséo das areas de ocorréncia, incluindo areas urbanas
(ACHA e ZYFRES, 2003). Casos de raiva humana nos quais foram
identificadas variantes proprias de morcegos, sem evidéncia de mordeduras,
também foram relatados em diversos outros paises da Europa e Américas
(KOTAIT et al., 2007).

O primeiro relato de o&bito envolvendo linhagem viral de morcego
insetivoro na América Latina, ocorreu em 5 de marco de 1996, no Chile. Um
garoto de sete anos, na cidade Doiihue foi internado com alteracdes
neuroldgicas e salivagdo. Durante a anamnese, negou contato com morcegos,
porém relatou a presenca de morcegos em casa € nos arredores. A principio
nao se suspeitou de raiva, porém com a evolucao clinica desfavoravel, surgiu a
suspeita clinica e foi realizada a sorologia, resultando em titulo de anticorpos
elevado, confirmando o diagndstico. Durante o exame pds mortem foi coletado
encéfalo, hipocampo, cerebelo, bidpsia de pele do pescoco e enviado ao

laboratorio para diagndstico. O cerebelo e a biopsia de pele resultaram
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positivos para virus rabico pela técnica de Imunofluorescéncia direta e o
diagnodstico de raiva foi estabelecido. A auséncia de histérico de agresséao e
contato com morcegos, do sinal clinico de hidrofobia, e a auséncia de casos
humanos num periodo de 24 anos no Chile contribuiram para o atraso no
diagnostico definitivo (FAVI et al., 2002).

Existem 5 variantes genéticas circulando no Chile, e dois reservatérios
identificados, Tadarida brasiliensis e Lasiurus spp. A amostra viral isolada neste
caso era compativel com amostra de Tadarida brasiliensis pelo painel de
anticorpos monoclonais (AcM) sendo em seguida confirmada por RT-PCR e
sequenciamento como variante 4. A analise filogenética de isolados humanos
indicou que o Tadarida brasiliensis foi o provavel reservatério nesta area, ja
qgue as linhagens se mostravam como sendo de carater regional (FAVI et al.,
2002).

Resultados obtidos a partir do sequenciamento parcial do gene N
indicaram que pelo menos dois outros casos de raiva humana, um na Califérnia
em 1995 e outro em Nuevo Leon, no México, em 1999, estavam associados a
variantes de T. brasiliensis. Em 2008 houve um relato interessante de um
imigrante mexicano que foi a 6bito na Califérnia apos ter sido mordido por uma
raposa; o virus encontrado neste caso era mais proximo da variante do
morcego insetivoro T. brasiliensis, porém a caracterizagdo molecular e
filogenética sugeria uma variante nova. A origem do virus neste caso
possivelmente poderia ser um morcego, mas o histérico de contato com
carnivoros silvestres sugeria a existéncia de um reservatorio desconhecido,
podendo ser um carnivoro silvestre ou até mesmo outra espécie de morcego
(VELLASCO-VILA et al., 2008).

Com todos os avancos obtidos na compreensdo da epidemiologia da
raiva, € imprescindivel a realizacdo de diagnostico diferencial para raiva em

qgualquer caso de encefalite, mesmo que ndo haja relato de contato ou
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agressao por morcegos e em locais onde a raiva urbana foi erradicada (FAVI et
al., 2002).

No Brasil, 42 espécies de morcegos ja foram identificadas com raiva
(OLIVEIRA, 2009). Considerando-se 0s casos positivos no Estado de S&o
Paulo, a espécie mais diagnosticada com raiva foi 0 morcego frugivoro Artibeus
lituratus e o insetivoro Myotis nigricans. Os géneros Artibeus spp. e Myotis spp.
representam respectivamente 40,2% e 18,3% do total de morcegos enviados
para diagnostico entre abril 2002 e novembro 2003 (SCHEFFER et al., 2007).
Queiroz et al. (2009) relataram que estas espécies representam 30% dos
morcegos diagnosticados positivos na regido noroeste do Estado de S&o
Paulo, de 1993 a 2007. Martorelli et al. (2009) relataram que os morcegos
Artibeus spp. e Myotis spp. sdo as espécies mais comumente diagnosticadas
positivas para raiva, cada uma representada por 17,6% do total de um periodo
de 1988 a 2009, demonstrando claramente a importancia destas duas espécies

na manutengédo do RABV em meio urbano.

A ocorréncia de infec¢cdes envolvendo linhagens virais de morcegos
insetivoros permanece encoberta, j& que a presenca de morcegos
hematofagos causando raiva em herbivoros sdo mais frequentemente
observados por se tratar de um assunto de maior importancia, devido ao
prejuizo econdbmico que a doenca causa para pecuaria na Ameérica do Sul,

adicionalmente a questdo de saude publica (KOTAIT, 1996).

A transmissdo da raiva entre morcegos ocorre frequentemente devido a
mordidas e arranhdes provocados durante brigas, e pode ocorrer pela ingestédo
de leite contaminado e via transplacentaria. A transmissao vertical € rara e
dificil de confirmar (CONSTANTINE, 1966; CONSTANTINE et al., 1968).
Estudo realizado em uma col6nia de vida livre de Tadarida mexicana teve
como objetivo avaliar a transmissdo da raiva pela via transplacentaria; os
autores relataram auséncia de isolamento viral nos 284 morcegos estimados

com idade inferior a 5 dias capturados na caverna enquanto que 76 em 395
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(19,2%) morcegos capturados estimados com idade de 3 até 11 dias foram
diagnosticados positivos para raiva, comprovando que a infeccdo poderia
ocorrer logo apdés o nascimento, pelo contato com a mée infectada ou via

aerossois em cavernas densamente habitadas (CONSTANTINE, 1986).

Outras portas de entrada sao raras, porém, em 1956 duas pessoas vieram
a Obito apos adentrarem a grande caverna de Frio Cave, no Texas onde
habitavam morcegos sabidamente positivos para raiva. Nado houve relato de
mordida por morcegos ou outro mamifero. ApGs a investigagdo epidemioldgica
foi sugerida a possibilidade da transmissdo da raiva via aerossoéis (IRONS et
al., 1957). Para confirmar esta hipétese, Constantine et al. (1962) realizaram
um experimento, onde animais sadios (coiotes e raposas) foram colocados em
jaulas dentro de cavernas onde viviam grandes colonias de morcegos
infectados. O pesquisador comprovou a infec¢do por via aérea, visto que 0s
animais vieram a o6bito por raiva. Durante o estudo da patogénese da infeccéo
via aerossois, o virus foi detectado na mucosa nasal de morcegos naturalmente
infectados, sendo confirmado pelo isolamento viral e imunofluorescéncia
(CONSTANTINE et al., 1972).

A patogenia do virus da raiva inclui replicacao inicial do virus na porta de
entrada usualmente constituida por uma lesdo, migracdo pelos nervos
periféricos até o SNC onde se replica ativamente. O virus nao penetra pela
pele intacta, a infeccdo depende do contato do virus com solucbes de
descontinuidade da pele, ja existentes ou provocadas por mordeduras ou
arranhaduras, entre outras, ou com membranas mucosas como nariz, olhos ou
boca (ACHA e SZYFRES, 1986; BRASS, 1994). Apés atingir o SNC, o virus
migra centrifugamente em direcdo aos diferentes 6rgdos, envolvendo
particularmente o sistema nervoso parassimpatico (JACKSON, 2002). Os
orgaos invadidos pelo virus durante a migracdo centrifuga incluem o coracao,
figado, pele, timo, ovarios, Utero, glandula adrenal, pulmao, baco, intestinos,
musculos liso e esquelético, foliculos, epitélio da lingua, retina e cdérnea
(BRASS, 1994).
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Ha muito tempo se procura compreender a patogenia do virus rabico em
morcegos por meio do estudo da distribuicdo do virus rabico em diferentes
tecidos. Em 1968, Silva e Souza isolaram o virus rédbico em pulméo, coracéo,
rins, figado, musculo escapular, traguéia, muco oral e faringiano, cérebro e
glandulas submaxilares e parétidas de morcegos hematdéfagos da espécie
Desmodus rotundus, capturados durante o dia, em plena fase de excitacéo,
gquando sugavam bovinos. Estudo semelhante foi realizado por Constantine
(1972) que pesquisou o virus em diferentes tecidos de morcegos naturalmente
infectados obtendo positividade em mucosa nasal, cérebro, glandula salivar,
pulmdo e rins, confirmada por meio da imunofluorescéncia e inoculacéo
intracerebral em camundongos. Langoni et al. (2005) observaram a presenca
de pequenos corpusculos de Negri fluorescentes durante a reacdo de
Imunofluorescéncia direta para o baco e rim direito de um morcego frugivoro da
espécie Artibeus lituratus diagnosticado positivo para raiva apos ser encontrado

caido durante o dia em um estabelecimento comercial da cidade de Botucatu.

Sulkin et al. (1959) estudaram a infeccdo em morcegos da espécie
Tadarida mexicana e Myotis lucifugus, utilizando a inoculagdo experimental,
com o objetivo de investigar os possiveis mecanismos de como estes animais
poderiam estar envolvidos na manutengédo do RABV na natureza. Os autores
consideraram que a gordura marrom ou tecido interescapular é extremamente
importante para os morcegos durante a hibernagdo, sendo um tecido de
intensa metabolizacdo, atuando como reserva energética (glicogénio) e que,
devido a isso, poderia ser importante na patogenia da raiva nestes animais. A
presenca do virus foi identificada em 23 (22,1%) na gordura interescapular,
comparado a 37 (35,6%) na glandula salivar e 91 (87,5%) dos cérebros de um
total de 104 morcegos inoculados, experimentalmente, da espécie Tadarida
mexicana. Observou-se uma maior resisténcia a infeccdo experimental nesta
espécie. Os autores ressaltaram o elevado percentual de positividade na
gordura interescapular, quase em mesma proporcdo que a encontrada na

glandula salivar.
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Na espécie Myotis lucifugus, foram obtidos melhores resultados, sendo
esta espécie considerada como verdadeiros hibernadores, possuindo o tecido
interescapular bem desenvolvido. A infec¢ao teve taxas mais altas e periodo de
incubacdo menor quando comparado a outra espécie estudada; foi
especialmente significante que o virus tenha sido isolado com maior frequéncia
do tecido interescapular do que da glandula salivar. Os resultados obtidos
demonstraram a presenca do RABV na gordura interescapular em 18 (30,5%)
dos 59 animais infectados, comparado com 10 (17%) da glandula salivar; a
presenca do virus no cérebro foi identificada em mais de 90% dos morcegos.
Além disso, em algumas situacbes o titulo viral presente na gordura
interescapular foi préximo ao encontrado no cérebro; estes resultados sugeriam
gue a gordura interescapular se caracterize como local de replicacdo viral t&do
frequente quanto a glandula salivar (SULKIN et al., 1959). Foi relatada também
a presenca do virus na gordura interescapular de morcegos aparentemente
sadios, que ndo apresentavam o virus no cérebro e tampouco na glandula
salivar (VILLA et al., 1963; DA SILVA e DE SOUZA, 1968).

Segundo Constantine et al. (1988), pelo fato de os quirOpteros
apresentarem taxa metabdlica reduzida e possuirem caracteristicas de
hipotermia, o periodo de incubagédo pode ser prolongado ou pode influenciar
outras fases da infeccdo. Com o objetivo de correlacionar estes achados in
vivo, experimentos in vitro foram realizados demonstrando que o RABV pode
persistir em células de cultivo celular de gordura marrom por 56 dias a 37,5°C.
A replicacdo do virus foi suprimida a baixas temperaturas, mas ativadas
novamente com o aumento da temperatura (ALLEN et al., 1964a, 1964Db).
Outros estudos confirmaram a preservacdo do virus rabico durante a
hibernacdo (SADLER e ENRIGHT, 1959; KUZMIN e BOTVINKIN, 1996).

Scheffer et al. (2007) também verificaram a distribuicdo do virus rabico em
diferentes 6rgéos e tecidos de morcegos das espécies: Artibeus sp., Myotis sp.,

Eptesicus sp., Lasiurus sp., Nyctinomops laticaudatus, Tadarida brasiliensis,
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Histiotus velatus, Molossus rufus, Eumops sp. e Desmodus rotundus, pela
inoculacao intracerebral em camundongos e demonstrou que a glandula salivar
e 0 cérebro sdo os locais de maior concentracdo do virus. Constatou-se
também a presenca do virus na lingua, bexiga, coracdo, pulmdes, gordura
interescapular, rins, trato genital, estbmago e musculo peitoral, nesta ordem de

prevaléncia.

Silva et al. (2007) realizaram trabalho semelhante pesquisando a
presenca do virus em um morcego insetivoro da espécie Nyctinomops
laticaudatus. Foi possivel detectar o virus em cérebro, rins, pulmdes e
glandulas salivares, também por inoculacdo em camundongos. O isolamento
do virus rabico foi realizado com sucesso em todos os tecidos pesquisados,
uma vez que todos os camundongos lactentes inoculados com as suspensdes
adoeceram e vieram a Obito, revelando-se positivos pela técnica de IFD. A
maior positividade viral foi encontrada nas glandulas salivares, com valor muito
préximo ao do SNC, condizendo com o trabalho realizado por Nilsson e Nagata
(1975). Neste trabalho os autores isolaram virus rabico a partir de cérebro,
glandulas salivares, gordura interescapular, coracdo, pulmdes e testiculos de
morcego da espécie Desmodus rotundus. A pesquisa do virus em rins, bexiga,
intestino, baco, musculo peitoral e figado do mesmo morcego, resultaram
negativos. Atanasiu (1975) apud Kotait (1996) verificou que, depois do cérebro,

0 6rgdo mais importante para replicacdo € o pulmao.
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CAPITULO 2

ARTIGO CIENTIFICO - VIRUS RABICO EM MORCEGOS NATURALMENTE
INFECTADOS DO OESTE DO ESTADO DE SAO PAULO
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SUMMARY

Bats are the main reservoirs for lyssaviruses in the world. Rabies virus (RABV) has been isolated
from 42 species of bats present in Brazil. The objective of the present study was to investigate
the distribution of the rabies virus in bat tissues and organs associated to virus variant
characterized to antigenic typing using a panel of monoclonal antibodies (CDC/Atlanta/USA).
Were studied 13 frugivorous (Artibeus lituratus), and 13 insectivorous (3 Lasiurus spp., 4 Myotis
nigricans and 6 Eptesicus spp.) bats. Fragments of brain tissue, sdivary gland, heart, lung,
stomach, liver, spleen, kidneys, urinary bladder, intestine, feces and interscapular fat were
aseptically collected. The heminested-PCR using primers to the nucleoprotein-coding gene was
performed. The results showed a dissemination of the RABV in different tissues and organs,
especidly in salivary gland, lungs, kidney, urine bladder, intestine and feces, suggesting other
possible forms of rabies virus elimination and the possbility of transmission among these

animals.
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1. INTRODUCTION

Rabies is a zoonosis that affects the central nervous system (CNS) causing an acute and
fata encephalitis and is maintained in mammals. The etiologic agent is the Rabies virus
(RABV), which belongs to genotype 1 of the genus Lyssavirus in the family Rhabdoviridae, has
a single-stranded and negative-sense RNA genome containing the genes encoding the
nucleoprotein, phosphoprotein, matrix protein, glycoprotein, and the RNA polymerase proteins
(Dietzschold et al 2008). Various mammals act as reservoirs for RABV particularly those from
orders Carnivora and Chiroptera (Rupprecht et al. 2002). RABV has an amost global
distribution and approximately 50,000 people die each year from rabies, mainly in Africa and

Asia (WHO 2007).

In the United States of America, the first case of rabies, transmitted by bat in humans,
was reported in 1951 and according to Rupprecht (2002) it is likely that other cases of human
rabies have gone largely unrecognized in the past, because the attention of the health authorities
was focused at that time on the widespread distribution of rabies in dogs. Since then, the
predominant source of infection in humans shifted from terrestrial animals to insectivorous bats
and nowadays, the mgjority of naturally acquired, indigenous human rabies cases in the United

States have resulted with insectivorous bats (Blanton et a. 2006).

In Brazil, great progress has been made in the control of the disease in domestic animals
mainly as aresult of improved canine vaccination programs and the other procedures followed in
some states, such as educational programs, sterilization and stray animal control. The number of
cases had fallen steadily from 1980, over 170 cases, to under five cases in 2007 (Amatuzzi et a

2005). Even though the disease continues to be a public and animal health problem in Latin
2



America, as a result of ecological, social and economic factors, rabies is epidemic in certain
geographic regions being responsible for human deaths as well as a large number of animal
deaths (OPS/OMS 2009). To understand the dynamics by which rabies is maintained in nature
and to determine the identity relationship of the virus, molecular and antigenic typing of RABV

isolates must be carried out (WHO 2004).

Antigenic typing by Favoretto et a (2002) of RABV isolates from various species
revealed that five variants circulate in Brazil: AgV2 (dog and cat), AgV3 (common vampire bat
— Desmudus rotundus and herbivores), AgV4 (Brazilian free-tailed bat — Tadarida brasiliensis),
AgV5 (Venezueld's vampire bat) and AgV6 (Hoary bat — Lasiurus cinereus). However, atypical
reaction patterns have been described in antigenic typing of RABV, primarily in isolates from
insectivorous bats, using a panel of eight monoclonal antibodies against the RABV nucleoprotein
provided by PAHO/CDC (Paez 2007, Favi 2008), which were found in isolates from
insectivorous bats from genera Eptesicus, Nyctinomops, Myotis and Lasiurus (Favoretto et al.

2002).

There are many reports of human cases on infection with RABV, and the numberstend to
increase in North America (Krebs 2003, Messenger 2002, Mondul 2003). In 2002, Favi et al
(2002) reported that insectivorous bat RABV variant was isolated from a human patient in Chile.
In Colombia and Venezuela insectivorous bat RABV variants were also isolated from dogs and
cats, which were the main RABV transmitters to human (Paez 2003, De Mattos 1996). Although
some kinds of insectivorous bats have been diagnosed positive for RABV in Brazil, there have

been no reports of human case of infection with insectivorous bat RABV variants until now.



RABV positive bats were, however found in urban areas, and this fact has been considered as

important problemsin public health (Sodré 2010).

The uses of molecular techniques, mainly Polymerase Chain Reaction (PCR) are useful
tools in rabies diagnosis (Beldk 1993). Reverse Transcriptase Polymerase Chain Reaction (RT-
PCR) and heminested RT-PCR can detect the rabies virus genome in highly decomposed
samples, even when DFA and MIT present negative results, a common situation in countries
with tropical weather like Brazil (Whytby 1997, David 2002, Soares 2002). PCR based on N
gene has been widely used for diagnostic purposes since it is one of the most conserved fractions

in RABV (Heaton et a. 1999, Black et al. 2000).

Little is known about the distribution of virus in non nervous tissues and organs of bats.
Silva & Souza (1968) did the first report of virus in lung, heart, kidney, urinary bladder and
tissues, in a Desmodus rotundus, in Brazil. Nilsson & Nagata (1975) aso isolated the virus from
brain, salivary glands, interscapular fat, testicles of a Desmodus rotundus, both by mouse
inoculation test (MIT). Scheffer et a (2007) did a more extensive and complete research and
compared methods to evaluate the virus isolation by MIT and N2A neuroblastoma cell culture,
from tissues and organs from bats with different feeding habits. The results showed that the virus
was widely distributed in all tissues with some differences on the distribution according to the
method used. Another study conducted on two specimens of Myotis daubentonni, detected and
quantified the European bat lyssavirus (EBL2) by heminested Reverse Transcriptase (RT)
Polymerase Chain Reaction (PCR), the virus RNA was detected in samples of brain and stomach

after the first round of PCR, and in samples of tongue, intestine, liver and kidney after the second



round of amplification. The detection and quantification of EBLV-2 RNA in bat organs by real-

time PCR showed the potential distribution of the virus (Johnson 2006).

The objective of the present study was to investigate the distribution of the rabiesvirusin
bat tissues and organs associated to virus variant characterized to antigenic typing using a panel

of monoclonal antibodies (CDC/Atlanta/USA).

2. MATERIAL AND METHODS

2.1BATS

A total of 26 non hematophagous bats (13 Artibeus lituratus, 4 Myotis nigricans, 5
Epitesicus furinalis, 1 Epitesicus diminutus, 1 Lasiurus blossevillii, 2 Lasiurus ega) collected

between 2004 and 2009 from 7 cities in the state of Sao Paulo were used.

Fragments of brain tissue, salivary gland, heart, lung, stomach, liver, spleen, kidneys,
urinary bladder, intestine, feces and interscapular fat were aseptically collected and stored at -

80°C until processing.

All the isolates had been previously diagnosed positive for rabies by direct
immunofluorescence and isolation of the virus in abino mice inoculated intra-cerebrally, as

previous described by Dean et a. (1996) and Koprowski (1996), respectively.

The identification of the bat was made by its morphological and morphometrical

characteristics according to Gregorin & Tadei (2002).



22ANTIGENIC TYPING

The dlides preparared from the CNS of the mouse that died were submitted to antigenic
typing using a panel of eight monoclonal antibodies provided by CDC Atlanta, USA, to
characterize the variants isolated on the American continent, as previously described by

Favoretto et a. (2002).

2.3 RT-PCR

Total RNA was extracted by the Invisorb Spin Tissue RNA Mini Kit (Invitek™,
Germany) following the manufacturer's instructions. Before starting the extraction, all organs
and tissues, except the brain, were washed with ethanol 70% one time and then with DEPEC

treated ultra pure water for three times to reduce the external contamination.

Reverse transcription (RT) and polymerase chain reaction (PCR) were carried out with a
510 sense primer (ATAGAGCAGATTTTCGAGACAGC) and the 942 anti sense primer
(CCCATATAACATCCAACAAAGTG), as previously described by Soares et a. (2002). The
primers were designed to amplify a fragment of 442 bp corresponding to the middle of
nucleoprotein gene (N) located between nucleotides 576 and 1031 of the PV virus (Genbank
number M13215.1). The samples that resulted negative on this primary amplification were
submitted to a hemi nested polymerase chain reaction (hnRT-PCR), in order to improve
sengitivity.  The hnRT-PCR  was peformed with 784  antisense  primer
(CCTCAAAGTTCTTGTGGAAGA) and 510 sense primer. Primer sets P510/P942 and

P510/P784 defined 455 and 295 base pairs, respectively.

The positive control used for all reactions was the challenge virus standard fixed strain (CVS).



3.RESULTS

The final result of the viral distribution obtained by RT-PCR and hemi nested RT-PCR
for al samples studied were grouped into frugivorous and insectivorous bats. Positivity in
stomach of 50% and 29%; in interscapular fat of 38% and 42%; in urinary bladder of 42% and
37%; in intestine 38% and 19%; in kidney 38% and 19%; in lung 31% and 38%; in heart 20%
and 40%; in liver 20% and 32% in frugivorous and insectivorous were obtained, respectively .
Same percentage of positivity in feces (20%) and spleen (17%) were observed for frugivorous

and insectivorous bats. All the brains and salivary gland resulted positive (Figure 1).
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Figure 1 - Rabies virus positivity in tissues and organs obtained by RT-PCR and hnRT-PCR.

The antigenic typing of the samples resulted in different variants related to the bat specie:
from the 13 Artibeus lituratus studied here, 11 were classified as variant 3 (AgV 3: vampire bat
variant — Desmodus rotundus), 1 were classified as variant 4 (AgV4: insectivorous bat —
Tadarida brasiliensis) and 1 unrealized. Related to the insectivorous bats from the genus

Lasiurus spp. all species studied had the antigenic variant classified as AgV3, related to
7



Desmodus rotundus, from 6 Eptesicus spp studied one had the antigenic profile classified as
AgV3, 3 had antigenic profile not compatible with the antibodies panel and 2 were unrealized,
and finaly all samples from Myotis nigricans were not compatible with the monoclonal

antibodies panel.

4. DISCUSSION

Factors related to the environmental changes, destruction of bat’s natural ecosystems, as
well as the fact that these animals are extremely versatile and can adapt to new environments,

has meant that they have become synanthopic and can frequently be found in urban areas.

As aresult of the increasing number of different species of bats in Brazil infected with
the RABV, these mammals have become potentially important transmitters of rabies to humans
and domestic animals. Thus, together with the fact that these animals have multiple endemic
cycles, more detailed studies of their role in the epidemiologic chain of rabies are necessary

(Castilho et . 2008).

In the present study, the evidence showing rabies virus in the lungs reinforces the theory
of rabies virus transmission between bats by means of aerosol, especially in caves that are highly
populated with infected bats (Constantine 1962). The presence of RABV in sdivary gland
reinforce the transmission of RABV through biting, as previously suggested by Scheffer et al.
(2007). Since RABV genome was detected in urinary bladder and kidneys of naturally infected
bats, we cannot exclude the possibility of virus release from urine. The evidence showing rabies
virus in the stomach, intestine and feces suggests that there may be a source for rabies virus

elimination by means of these animal’s feces. The detection of virus in the interscapular fat



supports the theory suggested by other authors that this tissue may be an important site for virus
replication and persistence, during hibernation (Sulkin 1962, Da Silva & De Souza 1968,

Scheffer et a. 2007).

The use of monoclonal antibodies has contributed to an understanding of the
epidemiology of the rabies virus and has allowed different species to be indentified within the
same genotype, as well as reservoir species to be indentified and vira distribution and

transmission in the wild to be determined (Favoretto et al. 2002).

The antigenic variant from some insectivorous species studied here (Myotis nigricans and
Eptesicus spp.) could not be determinated using the panel of monoclona antibodies, as it had a
profile that was not compatible with the patterns defined by the monoclonal antibody panel from
CDC. Other studies have found similar results that support the findings of this work (Albas 2009,
Favoretto, 2002, Castilho, 2008). It was not possible to correlate the viral distribution in the bat

organs and tissues with the antigenic typing.

Related to the fruit bats of the genus Artibeus, researches with monoclonal antibodies
have already reported that rabies virus samples isolated from this specie presented the same
antigenic profile that those found in Desmodus rotundus (AgV3) (Delpietro et a. 1997, Albas

2009). There are some conjectures that may explain why this fact has been observed.

Vampire bats may feed upon free-tailed bats, as observed in captivity, which represents a
good opportunity for disease transmission (Greenhal 1988). In addition, interspecies
transmission events of rabies from vampire to fruit bats (Artibeus lituratus) have been reported

rather frequently in Brazil (Ito et a. 2003). Other species of bats may be feed upon by vampire



bats that share the same roosts, especially during inclement weather, a time when bats may be

confined (Grenhall 1988).

5. CONCLUSION

Antigenic analysis using panels of monoclonal antibodies is not sufficiently effective in
distinguishing between the various RABV genotypes that circulate in different host, making the
use of genetic typing necessary to determine the genetic variability (Nadin-Davis 2007).
According to David et al. (2007), genetic typing is better able to distinguish between circulating
viruses than antigenic typing, because there are some variants that are not compatible with the
panel of monoclonal antibodies, resulting atypical reaction patterns, as observed in this study

with insectivorous bat samples from genus Myotis spp. and Eptesicus spp.

The dissemination of the RABV in different tissues and bat organs, especialy in salivary
gland, lungs, kidney, urine bladder, intestine and feces, suggests other forms of rabies virus
elimination and the possibility of transmission among these animals. It also confirms the risk of
infection among humans and domestic animals when they are in contact with dead or aive bats

of any species, or even with their urine and feces.

The results obtained from the present study emphasize the importance of maintaining
post-exposure prophylactic treatment for humans (serum and vaccine) following contact with

bats.

10



6. REFERENCES

Albas A, Souza EAN, Lourenco RA, Favoretto SR, Sodré M 2009. Perfil antigénico do virus da
raiva isolado de diferentes espécies de morcegos ndo hematofagos da Regido de Presidente

Prudente, Estado de S&o Paulo. Rev Soc Bras Med Trop 42(1): 15-17.

Amatuzzi E, Martorelli LFA, Trezza-Netto J, Oliveira ML, Almeida MF 2005. Circulagdo do
Virus da Raiva em morcegos do Municipio de Sao Paulo. In 9° Congresso Paulista de Saude

Publica, Sao Paulo, p. 5.

Beldk S, Ballagi-Pordany A 1993. Application of the polymerase chain reaction (PCR) in

veterinary diagnostic virology. Vet Res Comun 17: 55-72

Black EM, McElhinney LM, Lowings JP, Smith J, Johnstone P, Heatonn PR 2000. Molecular
methods to distinguish between classical rabies and rabies-related European bat lyssaviruses. J

Virol Methods 87: 123-131.

Blanton JD, Hanlon CA, Rupprecht CE. Rabies surveillance in the United States during 2006. J

Am Vet Med Ass 231:540-556.

Castilho JG, Canello, FM, Scheffer KC, Achkar, SM, Carrieri , ML, Kotait, | 2008. Antigenic
and genetic characterization of the first rabies virus isolated from the bat Eumops perotis in

Brazil. Rev Inst Med Trop Sao Paulo 50 (2): 95-99.

Constantine DG 1962. Rabies transmission by non bite route. Public Health Service 77: 287-289.

Da Silva RA, De Souza AM 1968. A pesquisa do virus da raiva na glandula inter-escapular de
morcegos do Brasil em condi¢des naturais de infeccdo. Pesq Agrop Bras 3:313-315.

11



David D, Yakobson B, Rotanberg D, Dveres N, Davidson I, Stram Y 2002. Rabies virus

detection by RT-PCR in decomposed naturally infected brains. Vet Microbiol 87: 111-118.

David D, Hughes GJ, Y akobson BA, Davidson I, Un H, Aylan O, Kuzmin IV, Rupprecht CE
2007. ldentification of novel canine rabies virus cladesin the Middle East and North Africa. J.

Gen Virol 88 (3): 967-980.

De Mattos CA, De Mattos CC, Smith JS, Miller ET, Papo S, Utrera A, Osburn Bl 1996.

Genetic characterization of rabiesfield isolates from Venezuela. J Clin Microbiol 34: 1555-1558.

Dean DJ, Abelseth MK, Atanasiu P 1996. The fluorescent antibody test. In: Meslin FX, Kaplan

NM, Koprowsky H (Eds). Laboratory techniquesin rabies 40" Edition. Geneva: WHO: 80-87.

Dietzschold B, Li J, Faber M, Schnell M 2008. Concepts in the pathogenisis of rabies. Future

Virol 3: 481-490.

Favi CM, Rodriguez AL, Espinosa, MC, Yung PV 2008. Rabies in Chile: 1989-2005. Ver

Chilena Infect 25 (2): 8-13.

Favoretto SR, Carrieri ML, Cunha SEM, Aguiar AC, Silva LHQ, Sodré, MM, Souza MCAM,
Kotait | 2002. Antigenic typing of brazilian rabies virus samples isolated from animas and

humans, 1989-2000. Rev Inst Med Trop de SAo Paulo 44( 2): 91-95.

Gregorin R & Taddei VA 2002. Chave artificial para a identificacdo de molossideos brasileros

(Mammalia, Chiroptera). J Neotrop Mammal 9: 13-32.

Greenhall AM 1988. Feeding behavior, in: AM Greenhall and U Schmidt (ed.) Natural history of
vampire bats. CRC Press, Boston,111-131.

12



Heaton PR, McElhinney LM, Lowings JP 1999. Detection and identification of rabies and rabies

related viruses using rapid-cycle PCR. J Virol Methods 81: 63-69.

Johnson N, Wakeley PR, Brookes SM, Fooks AR 2006. European bat lyssavirus type 2 RNA in

Myotis daubentonii. Emerg Infect Dis 12 (7): 1142-1144.

Ito M, Itou T, Shoji Y, Sakai T, Ito FH, Arai YT, Takasaki T, Kurane | 2003. Discrimination
between dog-related and vampire bat-related rabies viruses in Brazil by strain-specific reverse
transcriptase-polymerase chain reaction and restriction fragment length polymorphism analysis. J

Clin Virol 26:317-330.

Koprowski H 1996. Routine laboratory procedures. The mouse inoculation test. In: Medlin FX,
Kaplan MM, Koprowski H. (Eds). Laboratory techniques in rabies 40" edition. Geneva: WHO:

88-97.

Krebs JW, Wheeling JT, Childs JE 2003. Rabies surveillance in the United States during 2002. J

Am Vet Med Assoc 223: 1136-1748.

Messenger SL, Smith JS, Rupprecht CE 2002. Emerging epidemiology of bat-associated cryptic

cases of rabiesin humansin the United States. Clin Infect Dis 35: 738-747.

Mondul AM, Krebs JW, Childs JE 2003. Trends in national surveillance for rabies among batsin

tha Unites States (1993-2000). J Am Vet Med Assoc 222: 633-639.

Nadin-Davis SA 2007. Molecular Epidemiology. In: Jackson AC, Wunner WH (Eds). Rabies.

Academic Press, San Diego: 69-122.

13



Nilsson MR, Nagata CA 1975. Isolamento do virus rébico do cérebro, glandulas salivares e
interescapular, coracdo, pulmdes e testiculos de morcegos Desmodus rotundus, no Estado de Séo

Paulo. Arqg Instit Biol (Sdo Paulo) 42 (23): 183-188.

OPS/OMS 2009 [homepage on the internet]. Mexico: SRVERA-Rabies [cited2009Dec19].

Available from: http://sirvera.panaftosa.org.br.

Paez A, Nunes C, Garcia C, Bashdll J 2003. Molecular epidemiology of rabies epizootics in

Colombia: evidence for human and dog rabies associated with bats. J Gen Virol 84:795-802.

Péez A, Velasco-Villa A, Rey G, Rupprecht CE 2007. Molecular epidemiology of rabies in
Colombia 1994-2005 based on partial nucleoprotein gene sequences. Virus Res 130 (1-2): 172-

181.

Rupprecht CE, Hanlon CA, Hemachudha T 2002. Rabies re-examined. Lanc Infect Dis 2: 327-

343

Scheffer KC, Carrieri ML, Albas A, Santos HCP, Kotait |, 1to FH 2007. Rabies virus in

naturally infected bats in the State of Sdo Paulo, Southeastern Brazil. Rev Saude Publica 41: 3.

Soares RM, Bernardi F, Sakamoto SM, Heinemann MB, Cortez A, Alves LM, Meyer AD, Ito

FH, Richtzenhain LJ 2002. Mem Inst Oswaldo Cruz 97: 109-111.

Sodré MM, Gama AR, Almeida MF 2010. Updated list of bat species positive for rabies in

Brazil. Rev Inst Med Trop Sdo Paulo 52 (2): 75-81.

Sulkin SE 1962. Bat rabies. experimental demonstration of the “Reservoiring Mechanism”.
American Journal of Public Health 52(3): 489-498.

14



Whitby JE, Johnstone P, Sillero-Zubiri C 1997. Rabies virus in the decomposed brain of an
Ethiopian wolf detected by nested reverse transcription-polymerase chain reaction. J Wildl Dis

33: 912-915.

WHO 2004. Expert Consultation on Rabies First Report. Technical Report Series 931: 1-12.

WHO 2007. Rabies vaccines, WHO position paper. WKly Epidemiol Rec 82: 425-435.

15



The manuscript should be prepared using standard word processing software and should
be printed (font size 12) double-spaced throughout the text, figure captions, and
references, with margins of at least 3 cm. The figures should come in the extension tiff,
with a minimum resolution of 300 dpi. Tables and legends to figures must be submitted
all together in a single file. Figures, must be uploaded separately as supplementary file.

The manuscript should be arranged in the following order:

Running title: with up to 40 characters (letters and spaces)

Title: with up to 250 characters

Author's names: without titles or graduations

Intitutional affiliations: full address of the corresponding author only

Summary: up to 200 words (100 words in case of short communications). It should
emphasize new and important aspects of the study or observations.

Key words: 3-6 items must be provided. Terms from the Medical Subject Headings
(Mesh) list of Index Medicus should be used.

Sponsorships: indicating the sources of financial support and change of address

Introduction: should set the purpose of the study, give a brief summary (not a review)
of previous relevant works, and state what new advance has been made in the
investigation. It should not include data or conclusions from the work being reported.

Materials and Methods: should briefly give clear and sufficient information to permit
the study to be repeated by others. Standard techniques need only be referenced.

Ethics: when reporting experiments on human subjects, indicate whether the procedures
followed were in accordance with the ethical standards of the responsible committee on
human experimentation (institutional or regional) and with the Helsinki Declaration of
1975, as revised in 1983. When reporting experiments on animals, indicate whether the
institution’s or a national research council's guide for, or any national law on the care
and use of laboratory animals was followed.



Results: should be a concise account of the new information discovered, with the least
personal judgement. Do not repeat in text all the data in the tables and illustrations. See
an example of result format at: http://memorias.ioc.fiocruz.br/results.pdf

Discussion: should be limited to the significance of the new information and relate the
new findings to existing knowledge. Only unavoidable citations should be included.

Acknowledgements: should be short and concise, and restricted to those absolutely
necessary.

References: must be accurate. Only citations that appear in the text should be
referenced. Unpublished papers, unless accepted for publication, should not be cited.
Work accepted for publication should be referred to as "in press" and a letter of
acceptance of the journal must be provided. Unpublished data should only be cited in
the text as "unpublished observations”, and a letter of permission from the author must
be provided. The references at the end of the paper should be arranged in alphabetic
order according to the surname of the first author.

In the text use authors' surname and date:
Lutz (1910) or (Lutz 1910)

With two authors it is:
(Lutz & Neiva 1912) or Lutz and Neiva (1912)

When there are more than two authors, only the first is mentioned:
Lutz et al. (1910) or (Lutz et al. 1910).

The titles of journals should be abbreviated according to the style used in the Index
Medicus. Consult:
http://www.ncbi.nlm.nih.gov/sites/entrez?db=journals&TabCmd=Limits

At the end of the paper use the following styles:

Journal article
Chagas C, Villela E 1922. Forma cardiaca da tripanosomiase americana. Mem Inst
Oswaldo Cruz 14: 15-61.

Book and Thesis
Forattini OP 1973. Entomologia Médica. Psychodidae, Phlebotominae, Leishmaniose,
Bartonelose, Vol. IV, Edgard Blucher, S&o Paulo, 658 pp.

Morel CM 1983. Genes and Antigens of Parasites. A Laboratory Manual, 2nd ed.,
Fundacdo Oswaldo Cruz, Rio de Janeiro, xxii + 580 pp.

Mello-Silva CC 2005. Controle alternativo e alteragdes fisiologicas em Biomphalaria
glabrata (Say, 1818), hospedeiro intermediario de Schistosoma mansoni Sambom, 1907
pela acéo do latex de Euphorbia splendens var. hislopii N.E.B (Euphorbiaceae), PhD
Thesis, Universidade Federal Rural do Rio de Janeiro, Seropédica, 85 pp.



Chapter in book
Cruz OG 1911. The prophylaxis of malaria in central and southern Brasil. In R Ross,
The Prevention of Malaria, John Murray, London, p. 390-398.

Journal article on the Internet

Abood S. Quality improvement initiative in nursing homes: the ANA acts in an
advisory role. Am J Nurs [serial on the Internet]. 2002 Jun [cited 2002 Aug
12];102(6):[about 3 p.]. Available from:
http://www.nursingworld.org/AJN/2002/june/Wawatch.htm

Monograph on the Internet

Foley KM, Gelband H, editors. Improving palliative care for cancer [monograph on the
Internet]. Washington: National Academy Press; 2001 [cited 2002 Jul 9]. Available
from: http://www.nap.edu/books/0309074029/html/.

Homepage/Web site

Cancer-Pain.org [homepage on the Internet]. New York: Association of Cancer Online
Resources, Inc.; c2000-01 [updated 2002 May 16; cited 2002 Jul 9]. Available from:
http://www.cancer-pain.org/.

Part of a homepage/Web site

American Medical Association [homepage on the Internet]. Chicago: The Association;
€1995-2002 [updated 2001 Aug 23; cited 2002 Aug 12]. AMA Office of Group Practice
Liaison; [about 2 screens]. Available from:
http://www.ama-assn.org/ama/pub/category/1736.html

DATABASE ON THE INTERNET

Open database:

Who's Certified [database on the Internet]. Evanston (IL): The American Board of
Medical Specialists. c2000 - [cited 2001 Mar 8]. Available from:
http://www.abms.org/newsearch.asp

Closed database:

Jablonski S. Online Multiple Congenital Anomaly/Mental Retardation (MCA/MR)
Syndromes [database on the Internet]. Bethesda (MD): National Library of Medicine
(US). ¢1999 [updated 2001 Nov 20; cited 2002 Aug 12]. Available from:
http://www.nlm.nih.gov/mesh/jablonski/syndrome_title.html

Part of a database on the Internet

MeSH Browser [database on the Internet]. Bethesda (MD): National Library of
Medicine (US); 2002 - [cited 2003 Jun 10]. Meta-analysis; unique ID: D015201; [about
3 p.]. Available from:

http://www.nlm.nih.gov/mesh/MBrowser.html Files updated weekly. Updated June 15,
2005

Illustrations: figures and tables must be understandable without reference to the text.



Figures: presented in tiff format with a minimum of 300 dpi and photographs must be
sharply focused, well contrasted, and if mounted onto a plate, the figures should be
numbered consecutively with Arabic numbers. Magnification must be indicated by a
line or bar in the figure, and referenced, if necessary in the caption (e.g., bar = 1 mm).
Plates and line figures should either fit one column (8 cm) or the full width (16.5 cm) of
the page and should be shorter than the page length to allow inclusion of the legend.
Letters and numbers on figures should be of a legible size upon reduction or printing. A
colour photograph illustrates the cover of each issue of the Journal and authors are
invited to submit illustrations with legends from their manuscript for consideration for
the cover

Tables should supplement, not duplicate, the text and should be numbered with Roman
numerals. A short descriptive title should appear above each table, with any
explanations or footnotes (identified with a, b, c, etc.) below.

Short communications: should communicate rapidly single results or techniques. The
text should be continuous and never arranged in sections or items. Therefore, results
must be presented and discussed at a one time. Short Communications should occupy
no more than three printed pages including figures and/or tables. They should not
contain excessive references. References should be cited at the end of the paper using
the same format as in full papers. A brief summary and up to five key words must be
provided. See an example at http://memorias.ioc.fiocruz.br/104 8 1666.pdf

Alternative format: manuscripts may be submitted following the "Uniform
Requirements for Manuscripts Submitted to Biomedical Journals" produced by the
International Committee of Medical Journal Editors also known as the VVancouver Style.
In this case, authors should follow the guidelines in the fifth edition (Annals of Internal
Medicine 1997; 126: 36-47, or at the website
http://www.acponline.org/journals/resource/unifregr/htm) and will be responsible for
modifying the manuscript where it differs from the instructions given here, if the
manuscript is accepted for publication.

Authors should also follow the Uniform Requirements for any guidelines that are
omitted in these Instructions.

Once a paper is accepted for publication, the authors must provide:

« an affidavit, provided by the Editorial Office, signed by all authors. Authors from
different countries or institutions may sign in different sheets containing the same basic
statement;

* acopyright assignment form, provided by the Editorial Office, signed by the
corresponding author.

*Page charges: there will be no page charges.

*Proofs: one set of page proofs will be supplied for the author to check for typesetting
accuracy, to be returned by the stipulated date. No changes to the original manuscript
will be allowed at this stage.



30

VIRUS RABICO EM MORCEGOS NATURALMENTE INFECTADOS DO OESTE
ESTADO DE SAO PAULO

Resumo

Os morcegos sao 0s principais reservatoérios do lyssavirus em todo o mundo. O virus
da raiva (RABV) ja foi isolado de 42 espécies de morcegos presentes no Brasil. O
objetivo do presente estudo foi investigar a distribuicdo do virus da raiva em érgaos e
tecidos de morcegos naturalmente infectados e avaliar os resultados frente as
variantes antigénicas caracterizadas nestes animais por meio de um painel de
anticorpos monoclonais (CDC / Atlanta / EUA). Foram estudados 13 morcegos
frugivoros (Artibeus lituratus), e 13 insetivoros (3 Lasiurus spp., 4 Myotis nigricans, 6
Eptesicus spp.). O cérebro, glandulas salivares, coracdo, pulméo, estdmago, figado,
baco, rins, bexiga, intestino, fezes e gordura interescapular, foram coletados
assepticamente e submetidos a deteccdo viral por meio da reacdo de PCR e
heminested-PCR direcionados para a deteccdo parcial do gene da nucleoproteina.
Todos os cérebros e glandulas salivares resultaram positivos. A positividade
encontrada foi de 20% e 40% no coracao, de 31% e 38% no pulméo, de 20% e 32% no
figado, de 38% e 19% nos rins, de 42% e 37% na bexiga urinaria, de 38% e 19% nos
intestinos, de 50% e 29% no estbmago e de 38% e 42% na gordura marrom em
frugivoros e insetivoros, respectivamente. O mesmo percentual de positividade foi
observado no baco (17%) e fezes (20%) dos morcegos frugivoros e insetivoros. A
disseminacdo do RABV em diferentes 6rgdos e tecidos, especialmente em glandula
salivar, pulmdes, estbmago, intestino, fezes, bexiga urinaria e rins sugerem outras
formas de eliminac&do do virus rabico e a possibilidade da transmissédo da raiva entre

estes animais.

Palavras chave: Morcegos; Virus rabico; Patogenia, Distribuicdo
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RABIES VIRUS IN NATURALLY INFECTED BATS IN THE WESTERN OF SAO
PAULO STATE

Abstract

Bats are the main reservoirs for lyssaviruses in the world. Rabies virus (RABV) has
been isolated from 42 species of bats present in Brazil. The objective of the present
study was to investigate the distribution of the rabies virus in bat tissues and organs
associated to virus variant characterized to antigenic typing using a panel of monoclonal
antibodies (CDC/Atlanta/USA). Were studied 13 frugivorous (Artibeus lituratus), and 13
insectivorous (3 Lasiurus spp., 4 Myotis nigricans and 6 Eptesicus spp.) bats.
Fragments of brain tissue, salivary gland, heart, lung, stomach, liver, spleen, kidneys,
urinary bladder, intestine, feces and interscapular fat were aseptically collected. The
heminested-PCR using primers to the nucleoprotein-coding gene was performed. All the
brains and salivary glands resulted positive. Positivity in heart of 20% and 40%; in lung
of 31% and 38%; in liver of 20% and 32%; in kidney 38% and 19%; in urinary bladder
42% and 37%; in intestine 38% and 19%; in stomach 50% and 29%; in intescapular fat
38% and 42% in frugivorous and insectivorous were obtained, respectively . Same
percentage of positivity in spleen (17%) and feces (20%) were observed for frugivorous
and insectivorous bats. The results showed a dissemination of the RABV in different
tissues and organs, especially in salivary gland, lungs, kidney, urine bladder, intestine
and feces, suggesting other possible forms of rabies virus elimination and the possibility

of transmission among these animals.

Key words: Bats; Rabies virus; Pathogeny; Distribution
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Abstract

With the control of rabiesin dogs from S&o Paulo State in recent years, rabiesin wild animals,
especially in bats, assumes increasing importance. Currently the rabies virus has been detected in
42 species of batsin Brazil, and epidemiological studies have shown that there are several
reservoirs for rabies virus. Variants of this genotype circulate in independent cyclesin nature
and, within each cycle; a different reservoir plays afundamental role in maintaining each of the
variants, such as those related to hematophagous, frugivorous and insectivorous bats. To improve
knowledge on these epidemiological trends, 20 rabies virus isolates from non hematophagous
bats have been characterized. The phylogenetic analysis resulted in clusters for each species of
bat. Phylogenetic analysis showed that the isolates of Artibeus lituratus form a cluster with the
sequences of Desmodus rotundus. Along with samples from T. brasiliensis they constitute a
large group with bootstrap values greater than 90%. The strains of rabies virusisolated from
Lasiurus spp., Eptesicus spp. and Myotis nigricans form an independent clade from Desmodus-
Artibeus group. These results reinforce the presence of genus/species-specific lineages of RABV
in Myotis nigricans and Eptesicus spp, and the strict relation between Desmodus rotundus and
Artibeus spp.

K ey words: bats, rabies virus, epidemiology, RT-PCR
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1. Introduction

Rabiesis an acute and fatal zoonosis present in America, Europe, Africa, Asiaand
Australia. The etiologic agent of rabiesis the rabies virus (RABV), a neurotropic RNA virus
belonging to the order Mononegavirales, family Rhabdoviridae, genus Lyssavirus, species
Rabies virus (Fauquet et al, 2005).

Lyssaviruses are envel oped bullet-shaped viruses with a nonsegmented single-stranded
negative sense RNA genome. In the fixed Pasteur virus (PV) strain the complete genome has
11.932 nucleotides (nt), which encode the structural proteinsN, P, M, G and L (Wunner, 2007).
Various mammals act as reservoirs for RABV in different parts of the world, particularly those

from orders Carnivora and Chiroptera (Rupprecht et a., 2002).

Asaresult of ecological, social and economic factors, rabiesis epidemic in
certain geographic regions, and the disease continues to be a public and animal health problemin
Latin America, whereit is responsible for human deaths as well as alarge number of animal
deaths (OPS/OMS, 2009). To understand the dynamics by which rabies is maintained in nature
and to determine the identity relationships of the virus, molecular typing of RABV isolates must
be carried out (WHO, 2004).

A variety of molecular epidemiological studies of RABV have been undertaken, largely
with the aim of dissecting its phylogeographic structure (Bourhy et al. 1999, Heinemann et al.,
2002; Holmes et a., 2002; Kissi et a., 1995; Kuzmin et a., 2004; Nadin-Davis et a., 1999; Real
et a., 2005; Smith et a., 1992). Most have focused on partial or complete sequences of the
nucleoprotein (N) or glycoprotein (G) genes, with alimited number considering the
phosphoprotein (P) gene. In general, these studies reveal that RABV can be divided into two
major clades, one comprising those viruses isolated from terrestrial mammals and the other
containing viruses sampled directly from bats or spillover infections from bats. Additionally,
thereisaviral lineage that is closely related to bat RABV but which circulates independently in
raccoons and skunks, suggesting that it might represent a secondary transmission from bats
(Nadin-Davis et al., 2002).
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Using genetic typing, 1to et a. (2001) indentified the two main genetic lineages of
circulating RABV in Brazil (from dogs and D. rotundus). Carnieli et al. (2008, 2009) established
that one RABV lineage circul ates among crab-eating foxes (Cerdocyon thous), and Kobayashi et
al. (2004) identified a genetic lineage associated with insectivorous bats from genus Lasiurus.
Recently the genealogic analysis of N and G from 57 RABV strains resulted in seven genus
specific clusters related to the insectivorous bats Myotis, Eptesicus, Nyctinomops, Mol ossus,
Tadarida, Histiotus and Lasiurus. Molecular markersin the amino acid sequences were
identified which were specific to the seven clusters; these results showed that there are at least
seven independent epidemiological rabies cycles maintained by seven genera of insectivorous
batsin Brazil (Oliveiraet a., 2010).

The aim of this study was to sequence and analyze 20 RABYV isolates from four species
of bats and to determine the genetic identities and phylogenetic relationships between these
RABYV lineages based on the results of this analysis. Although the number of samples on which
this observation is based is small in this study, this division has already been observed in other
studies (Nadin-Davis and Loza-Rubio, 2006; Velasco-Villaet al., 2006).

2. Material and Methods
2.1 RABYV isolates

A total of 20 central nervous system (CNS) isolates from the non hematophagous bats (9
Artibeus lituratus, 3 Myotis nigricans, 5 Epitesicus furinalis, 1 Epitesicus diminutus, 1 Lasiurus
blossevillii, 1 Lasiurus ega) collected between 2004 and 2009 from 7 cities in the state of S&o
Paulo were used (figure 1) Caption:

0 Alvares Machado: 1 Lasiurus ega

¢ Dracena: 5 Artibeus lituratus, 1 Myotis nigricans, 2
Eptesicus funiralis, 1 Eptesicus diminutus, 1 Lasiurus

ega
Dracem ¥
P AT s 0 Osvaldo Cruz: 1 Artibeus lituratus, 1 Myotis
o A A ke = Sane Frpedin } nigricans, 1Eptesicus funiralis
& Fromdlams Fradoss - e -
e 0 Panorama: 1 Lasiurus ega
_— e

o Parapua: 1 Eptesicusfuniralis

0 Presidente Prudente: 7 Artibeus lituratus, 1 Myotis
nigricans, 1 Eptesicusfuniralis, Lasiurus blossevilli, 1
Lasiurus ega

= Santo Expedito: 1 Eptesicus funiralis
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Figure 1- Geographic localizations that 22 bat rabies virus were isolated in Sdo Paulo State.

The positive control used for all reactions was the challenge virus standard fixed strain
(CVYS). All theisolates had been previously diagnosed positive for rabies by direct
immunofluorescence and mouse intra-cerebral inoculation, as previous described by Dean et al.
(1996) and Koprowski (1996), respectively.

The identification of the bat was made by its morphological and morphometrical
characteristics according to Gregorin & Tadei (2002).

2.2RT-PCR

Total RNA was extracted by the Invisorb Spin Tissue RNA Mini Kit (Invitek™,

Germany) following the manufacturer's instructions.

Reverse transcription (RT) and polymerase chain reaction (PCR) were carried out with a
510 sense primer (ATAGAGCAGATTTTCGAGACAGC) and the 942 anti sense primer
(CCCATATAACATCCAACAAAGTG), as previously described by Soares et a. (2002). The
primers were designed to amplify afragment of 442 bp corresponding to the middle of
nucleoprotein gene (N) located between nucleotides 576 and 1031 of the PV virus (Genbank
number M13215.1). The amplified DNA fragment was purified using acommercial kit (Illustra
GFXTM PCR DNA and Gel Band Purification Kit (GE Healthcare, USA), visually quantified
with the Low DNA Mass Ladder (Invitrogen, USA), and sequenced using the BigDyeTM
Terminator Kit (Applied Biosystems,USA) on an automated sequencer (ABI model 377, Applied
Biosystems).

2.3 Phylogenetic Analisys

First, the raw sequencing data were edited using Chomas software version 2.24. The
complete sequence assemblies were created with the PHRED/PHRAP (Ewing and Green, 1998)
and CAP3 (Huang and Madan, 1999) programs using nucleotide data with quality higher than
20. The derived rabies sequences were aligned using BIOEDIT v. 7.0.5 (Hall, 1999).
Phylogenetic analysis was performed at nucleotide level on the aligned data set, using sequences

from the N gene and was carried out by the neighbor-joining algorithm and maximum composite
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likelihood (MCL) evolutionary model implemented in Mega 4.1° (Takamuraet al., 2007). With
1000 bootstrap replicates. The bootstrap value cut off was 65%.

Nucleotide sequence data reported are available in the GenBank data bases under the

following accession numbers (table 1).

Table 1- RABYV isolates from Brazilian bats and the respective year of isolation, bat specie,

geographic origin and GenBank accession number.

I dentification/ Y ear Specie Municipality Gen Bank
397/04 Artibeus lituratus Presidente Prudente 14-15: 3
419/04 Artibeus lituratus Osvaldo Cruz 1-2:1
436/04 Artibeus lituratus Presidente Prudente 1-2:3
438/04 Artibeus lituratus Dracena 1-2:2
474/04 Artibeus lituratus Presidente Prudente 5-6: 2
496/04 Artibeus lituratus Dracena 34:1
537/04 Artibeus lituratus Dracena 9-10: 4
819/04 Myotis nigricans Presidente Prudente 7-8: 2
153/05 Epitesicus furinalis Osvaldo Cruz 34:3
241/05 Artibeus lituratus Presidente Prudente 23-24: 3
256/05 Artibeus lituratus Dracena 5-6:3
032/06 Lasiurus blossevillii Presidente Prudente 7-8:3
056/06 Lasiurus ega Alvares Machado 7-8:1
111/07 Eptesicus furinalis Dracena 9-10: 2
305/07 Artibeus lituratus Presidente Prudente 11-12: 4
161/08 Myotis nigicans Santo Expedito 11-12: 2
370/08 Eptesicus diminutus Dracena 13-14: 2
466/08 Myotis nigricans Dracena 3-4:2
147/09 Eptesicus furinalis Presidente Prudente 17-18: 3
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199/09 Eptesicus furinalis Dracena 9-10: 1

224/09 Eptesicus furinalis Parapua 11-12: 1

374/09 Artibeus lituratus N&o informado 15-16: 2
3. Results

The sequences for the 22 isolates were analyzed and yielded genus specific lineages, with

high similarity from others sequences from Gen Bank, some with 99% of homology.

In brief, group | (figure 1) contain strains were mostly collected from colonial, non-
migratory bats (Myotis spp. and Eptesicus spp.), group Il specimens Artibeus lituratus clustering
together with Desmodus rotundus (GenBank: BRDR18, BRDR21, BRDR14) and Tadarida
brasiliensis (GenBank: 1P2136 06 — 1P185 05), implying that spillover of vampire bat rabies
variant to frugivorous bats occurred. Group 11 contains strains related with migratory and

solitary bats (Lasiurus ega).
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397 04 Artibeus lituratus
411474 04 Artibeus lituratus

436 04 Artibeus lituratus

241 05 Artibeus lituratus

496 04 artibeus lituratus
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256 05 Artibeus lituratus
419 04 Artibeus lituratus
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91 i 374 09 Artibeus lituratus
9 438 04 Artibeus lituratus
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L 1P1709 06
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056 06 Lasiurus ega
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370 08 Eptesicus diminutus

224 09 Eptesicus furinalis
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0|  [BRo3
86 L BRdg15

0.02

Figure 2 — Phylogenetic tree based on the sequence of 442 bp corresponding to the
middle of nucleoprotein gene (N) located between nucleotides 589 and 1031 of the PV virus
(Genbank number M13215.1). Phylogenetic analysis was performed using the neighbor-joining
method. The numbers shown at the nodes of the genetic clusters represent the bootstrap values

for 1,000 replicates, and the RABV fixed strain was used as an outgroup.
4. Discussion

Asaresult of the increasing number of different species of batsin Brazil infected with
the RABV, these mammals have become potentially important transmitters of rabies to humans

and domestic animals. Thus, together with the fact that these animals have multiple endemic
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cycles, more detailed studies of their role in the epidemiologic chain of rabies are necessary
(Castilho et al., 2008).

Viruses associated with rabiesin D. rotundus throughout the Americas seem to share a
common ancestor, according to the Oliveiraet a. (2010). The occurrence of several lineages
associated with AgV 3 throughout the Americas and the closer genetic distances of lineages from
South Americato lineages from Mexico more than that observed from lineages associated with
different antigenic variants is most likely responsible for vampire bat rabies dissemination and
the most likely ancestor for vampire bat rabies in the Americas. The earlier occurrence of
lineages associated with AgV 3 in the Americas may be supported by the lower diversity
observed in lineages associated with AgV 11, AgV5, and Ag/ARP, which in turn also have
limited distribution in Mexico and some other countries of the Americas.

Vampire bat rabiesin the Americas shares arelatively recent common ancestry with free-
tailed bat rabiesin North America, as suggested previously (Hughes et al., 2005). The latter
might be evidence of a cross-species adaptation event of rabies virus from vampire bat origins, as
previously suggested (Smith, 2002). Vampire bats may feed upon free-tailed bats, as observed in
captivity, which represents a good opportunity for disease transmission (Greenhall, 1988). In
addition, interspecies transmission events of rabies from vampire to fruit bats (Artibeus lituratus)
have been reported rather frequently in Brazil (Ito et al., 2003). Other species of bats may be feed
upon by vampire bats that share the same roosts, especially during inclement weather, atime
when bats may be confined (Grenhall, 1988).

According to phylogenetic data, rabiesin solitary bats may be arelatively recent event
and one that subsequently may have undergone spillover events with further cross-species
divergence (Vellasco-Villaet al., 2006). The two samples studied from this specie segregated in
an independent lineage within such clade. Rabies virus clades associated with colonial but
nonmigratory bats were highly heterogeneous, with conserved amino acid differences. Thereisa
tendency of having subgroups within these lineages and in some instances with other species
(Kobayashi et al., 2005).
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The difference results segregation patterns for the N gene may be the result of the
different selection process associated with the different functions of each of the encoded proteins
that these genes have been subjected to during the evolutionary history of these lineages resulting
in a host-dependent virus adaptation (Holmes et al., 2002; Hughes et a., 2005). Considering the
high degree of functional restrictions to which the N protein is subjected, amino acid
substitutions that prevent its functioning result in viral progenies that are unable to propagate,
which isin turn reflected in alower mutation rate for the gene that encodes the protein (Holmes
et a., 2002; Kiss et al., 1999; Wunner, 2007). As aresult selective pressures on the genein
different hosts probably show greater agreement with the actual phylogeny of the host species
(Oliveiraet al., 2010).

The selection process by which viruses adapt to their reservoirsisintimately associated
with the repertoire of transport RNAs available in the cytoplasm of the host cellsin question and
their affinity with the codons present in the virus genomes, which allows them to be recognized
by the host tRNA and therefore trandated into proteins (Jenkings and Holmes, 2003; Shackelton
and Holmes, 2008).

The heterogeneity of RABV isolates, which is expressed genealogically as groups that
can be associated with specific types of mammals, has already been reported for a variety of
reservoirs, such as canids, raccoons, North American striped skunks, nonhuman primates and
chiropterans (Carnieli et a., 2008; Diaz et al., 1994; DeMattos et a., 1996; Favoretto et al .,
2002; Ito et al., 2001; Kobayashi et al., 2005; Rupprecht et al., 2002).

Factors that may be associated with the genesis of the heterogeneity of RABV lineages
include the duration of infection, transmission route, viral load, host immune response and
interactions between the viral and host proteins (Kissi et a., 1999).

Another important factor isinherent to the lack of a proofreading and repair mechanism
in some RNA viruses, which results in the generation of quasi species on which selective
pressures are exerted. This same lack of 3"-5" proofreading activity is associated with the DNA

polymerase used in the PCRs described here to generate DNA fragments for sequencing and can
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result in methodological artifacts caused by incorrect nucleotide insertion and consequent
inaccurate genealogical interpretation (Kissi et a., 1999).

The lack of a proofreading and post-replication error conection mechanism in the L
polymerase of negative-sense RNA viruses such as RABV, together with the evolutionary
mechanisms that produce genetic variability (genetic drift, bottleneck and environmental
selection), makes the emergence of new genetic lineages of the virus (Domingo and Holland,
1997).

Analysis of the sequences of N gene for the genus-specific lineages of Brazilian bat
rabies indentified in this study showed that the mean intragroup identities for both nucleotides
and amino acids were always higher than the mean intergroup identities. However, the maximum
intergroup identities of various groups were equal to or greater than the minimum intracluster
identities, both for nucleotides and amino acids, making the use of minimum intracluster

identities for classification within the lineages shown in this article.
5. Conclusion

The limited number of RABV isolates studied here only provides aview of the genetic
variability of the virus within certain small geographic areas over alimited period. A larger
number of isolates obtained from a more extensive area over alonger period would probably

allow the circulation of RABV populationsin Brazil to be determined more accurately.

These findings showed that rabies virus variants exhibit epidemiological characteristics
that are reflected in aspects on the ecology of the reservoir bats, such as migratory patterns and

range.

Considering the large number of bat speciesin Brazil, the territorial extension of rabies
virus circulation in the country and the low number of isolates analyzed, it is currently difficult
to establish the intraspecies and interspecies relations of the virus. Thus, more extensive
epidemiological studies are required to clarify the complexity of the epidemiological cycles

involving rabies infection and bats.
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The co-existence of adiversified population of bats, humans and domestic animalsin
urban centers makes necessary the understanding of the epidemiology of rabiesin the area and

the risk and consequences to exposed humans.
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GUIDE FOR AUTHORS

INTRODUCTION
Virus Research Is an International Journal of Molecular and Cellular Virology.

Types of Papers

Research articles should generally be divided into Summary, Introduction, Materials and Methods,
Results, Discussion and Acknowledgements and References.

Short communications, approximately 8 typewritten pages in total, including a summary, illustrations
and keywords but written without section headings.

Review articles on topics of current interest in Virology will be published. While some authors will be
invited to write reviews, others wishing to contribute a review article are invited to contact Dr. B.W.J.
Mahy at virology@bellsouth.net.

Book Reviews or Meeting Reports.

This journal has no page charges.

BEFORE YOU BEGIN

For information on Ethics in Publishing and Ethical guidelines for journal publication see
http://www.elsevier.com/publishingethics and http://www.elsevier.com/ethicalguidelines.

All authors are requested to disclose any actual or potential conflict of interest including any financial,
personal or other relationships with other people or organizations within three years of beginning the
submitted work that could inappropriately influence, or be perceived to influence, their work. See
also http://www.elsevier.com/conflictsofinterest.

Submission of an article implies that the work described has not been published previously (except
in the form of an abstract or as part of a published lecture or academic thesis), that it is not under
consideration for publication elsewhere, that its publication is approved by all authors and tacitly or
explicitly by the responsible authorities where the work was carried out, and that, if accepted, it
will not be published elsewhere including electronically in the same form, in English or in any other
language, without the written consent of the copyright-holder.

No article can be publicised as in the press, or under revision, until the author has received an
acceptance letter from the Editor. No prior acceptance pdf should be put online under circumstance.

This policy concerns the addition, deletion, or rearrangement of author names in the authorship of
accepted manuscripts:

Before the accepted manuscript is published in an online issue: Requests to add or remove an author,
or to rearrange the author names, must be sent to the Journal Manager from the corresponding author
of the accepted manuscript and must include: (a) the reason the name should be added or removed,
or the author names rearranged and (b) written confirmation (e-mail, fax, letter) from all authors that
they agree with the addition, removal or rearrangement. In the case of addition or removal of authors,
this includes confirmation from the author being added or removed. Requests that are not sent by
the corresponding author will be forwarded by the Journal Manager to the corresponding author, who
must follow the procedure as described above. Note that: (1) Journal Managers will inform the Journal
Editors of any such requests and (2) publication of the accepted manuscript in an online issue is
suspended until authorship has been agreed.

After the accepted manuscript is published in an online issue: Any requests to add, delete, or rearrange
author names in an article published in an online issue will follow the same policies as noted above
and result in a corrigendum.
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Upon acceptance of an article, authors will be asked to complete a 'Journal Publishing Agreement' (for
more information on this and copyright see http://www.elsevier.com/copyright). Acceptance of the
agreement will ensure the widest possible dissemination of information. An e-mail will be sent to
the corresponding author confirming receipt of the manuscript together with a 'Journal Publishing
Agreement' form or a link to the online version of this agreement.

Subscribers may reproduce tables of contents or prepare lists of articles including abstracts for internal
circulation within their institutions. Permission of the Publisher is required for resale or distribution
outside the institution and for all other derivative works, including compilations and translations
(please consult http://www.elsevier.com/permissions). If excerpts from other copyrighted works are
included, the author(s) must obtain written permission from the copyright owners and credit the
source(s) in the article. Elsevier has preprinted forms for use by authors in these cases: please consult
http://www.elsevier.com/permissions.

As an author you (or your employer or institution) retain certain rights; for details you are referred
to: http://www.elsevier.com/authorsrights.

You are requested to identify who provided financial support for the conduct of the research and/or
preparation of the article and to briefly describe the role of the sponsor(s), if any, in study design; in
the collection, analysis and interpretation of data; in the writing of the report; and in the decision to
submit the paper for publication. If the funding source(s) had no such involvement then this should
be stated. Please see http://www.elsevier.com/funding.

Elsevier has established agreements and developed policies to allow authors whose articles appear in
journals published by Elsevier, to comply with potential manuscript archiving requirements as specified
as conditions of their grant awards. To learn more about existing agreements and policies please visit
http://www.elsevier.com/fundingbodies.

This journal offers you the option of making your article freely available to all via the ScienceDirect
platform. To prevent any conflict of interest, you can only make this choice after receiving notification
that your article has been accepted for publication. The fee of $3,000 excludes taxes and other
potential author fees such as color charges. In some cases, institutions and funding bodies have
entered into agreement with Elsevier to meet these fees on behalf of their authors. Details of these
agreements are available at http://www.elsevier.com/fundingbodies. Authors of accepted articles,
who wish to take advantage of this option, should complete and submit the order form (available at
http://www.elsevier.com/locate/openaccessform.pdf). Whatever access option you choose, you retain
many rights as an author, including the right to post a revised personal version of your article on your
own website. More information can be found here: http://www.elsevier.com/authorsrights .

Please write your text in good English (American or British usage is accepted, but not a mixture of
these). Authors who require information about language editing and copyediting services pre- and
post-submission please visit http://webshop.elsevier.com/languageediting or our customer support
site at http://support.elsevier.com for more information.

Submission to this journal proceeds totally online and you will be guided stepwise through the creation
and uploading of your files. The system automatically converts source files to a single PDF file of the
article, which is used in the peer-review process. Please note that even though manuscript source
files are converted to PDF files at submission for the review process, these source files are needed for
further processing after acceptance. All correspondence, including notification of the Editor's decision
and requests for revision, takes place by e-mail removing the need for a paper trail.

PREPARATION

It is important that the file be saved in the native format of the wordprocessor used. The text should
be in single-column format. Keep the layout of the text as simple as possible. Most formatting codes
will be removed and replaced on processing the article. In particular, do not use the wordprocessor's
options to justify text or to hyphenate words. However, do use bold face, italics, subscripts,
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superscripts etc. When preparing tables, if you are using a table grid, use only one grid for each
individual table and not a grid for each row. If no grid is used, use tabs, not spaces, to align columns.
The electronic text should be prepared in a way very similar to that of conventional manuscripts
(see also the Guide to Publishing with Elsevier: http://www.elsevier.com/guidepublication). Note that
source files of figures, tables and text graphics will be required whether or not you embed your figures
in the text. See also the section on Electronic illustrations.

To avoid unnecessary errors you are strongly advised to use the "spell-check" and "grammar-check"
functions of your wordprocessor.

Characters not available on your wordprocessor should not be left open but indicated by a unique code
(e.g., alpha, @, #, etc. for the Greek letter a). Such codes should be used consistently throughout
the entire text. Please make a list of such codes and provide a key. Do not allow your word processor
to introduce word splits.

Subdivision - numbered sections

Divide your article into clearly defined and numbered sections. Subsections should be numbered
1.1 (then 1.1.1, 1.1.2, ...), 1.2, etc. (the abstract is not included in section numbering). Use this
numbering also for internal cross-referencing: do not just refer to "the text". Any subsection may be
given a brief heading. Each heading should appear on its own separate line.

Please ensure that all manuscript pages are numbered and that the lines on each page are also
numbered. This will greatly assist the review process for your paper.

Introduction
State the objectives of the work and provide an adequate background, avoiding a detailed literature
survey or a summary of the results.

Material and methods
Provide sufficient detail to allow the work to be reproduced. Methods already published should be
indicated by a reference: only relevant modifications should be described.

Results
Results should be clear and concise.

Discussion
This should explore the significance of the results of the work, not repeat them. A combined Results
and Discussion section is often appropriate. Avoid extensive citations and discussion of published
literature.

Conclusions
The main conclusions of the study may be presented in a short Conclusions section, which may stand
alone or form a subsection of a Discussion or Results and Discussion section.

e Title. Concise and informative. Titles are often used in information-retrieval systems. Avoid
abbreviations and formulae where possible.

e Author names and affiliations. Where the family name may be ambiguous (e.g., a double
name), please indicate this clearly. Present the authors' affiliation addresses (where the actual work
was done) below the names. Indicate all affiliations with a lower-case superscript letter immediately
after the author's name and in front of the appropriate address. Provide the full postal address of
each affiliation, including the country name, and, if available, the e-mail address of each author.

e Corresponding author. Clearly indicate who will handle correspondence at all stages of refereeing
and publication, also post-publication. Ensure that telephone and fax numbers (with country
and area code) are provided in addition to the e-mail address and the complete postal
address. Contact details must be kept up to date by the corresponding author.

e Present/permanent address. If an author has moved since the work described in the article
was done, or was visiting at the time, a "Present address" (or "Permanent address") may be indicated
as a footnote to that author's name. The address at which the author actually did the work must be
retained as the main, affiliation address. Superscript Arabic numerals are used for such footnotes.
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A concise and factual abstract is required. The abstract should state briefly the purpose of the
research, the principal results and major conclusions. An abstract is often presented separately from
the article, so it must be able to stand alone. For this reason, References should be avoided, but if
essential, then cite the author(s) and year(s). Also, non-standard or uncommon abbreviations should
be avoided, but if essential they must be defined at their first mention in the abstract itself.

A Graphical abstract is optional and should summarize the contents of the article in a concise, pictorial
form designed to capture the attention of a wide readership online. Authors must provide images
that clearly represent the work described in the article. Graphical abstracts should be submitted as a
separate file in the online submission system. Image size: Please provide an image with a minimum
of 531 x 1328 pixels (h x w) or proportionally more. Preferred file types: TIFF, EPS, PDF or MS Office
files. See http://www.elsevier.com/graphicalabstracts for examples.

Highlights are a short collection of bullet points that convey the core findings of the article. Highlights
are optional and should be submitted in a separate file in the online submission system. Please use
'Highlights' in the file name and include 3 to 5 bullet points (maximum 85 characters per bullet point
including spaces). See http://www.elsevier.com/highlights for examples.

Immediately after the abstract, provide a maximum of 6 keywords, using American spelling and
avoiding general and plural terms and multiple concepts (avoid, for example, "and", "of"). Be sparing
with abbreviations: only abbreviations firmly established in the field may be eligible. These keywords
will be used for indexing purposes.

Define abbreviations that are not standard in this field in a footnote to be placed on the first page
of the article. Such abbreviations that are unavoidable in the abstract must be defined at their first
mention there, as well as in the footnote. Ensure consistency of abbreviations throughout the article.

Collate acknowledgements in a separate section at the end of the article before the references and do
not, therefore, include them on the title page, as a footnote to the title or otherwise. List here those
individuals who provided help during the research (e.g., providing language help, writing assistance
or proof reading the article, etc.).

Nomenclature and units
Follow internationally accepted rules and conventions: use the international system of units (SI). If
other quantities are mentioned, give their equivalent in SI.

Virus nomenclature

Each virus should be identified at least once, preferably in the 'Introduction’ or 'Materials and Methods'
section, using formal family, genus, and species terms and where possible by using a precise strain
designation term as developed by an internationally recognized specialty group or culture collection.
Please note that the word type is not used before species designations that include a number. Formal
terms used for virus families, genera, and species should be those approved by the International
Committee on Taxonomy of Viruses (ICTV):Fauquet, C.M., Mayo, M.A.,Maniloff, J., Desselberger, U.,
and Ball, L.A.(2005) Virus Taxonomy, Classification and Nomenclature of Viruses. Eighth ICTV Report,
Academic Press, an imprint of Elsevier. This volume also includes standard abbreviations for species.
Once formal taxonomic names have been given in a paper, vernacular terms may be used.

Formal taxonomic nomenclature

In formal taxonomic usage, the first letters of virus order, family, subfamily, genus and species
names are capitalized and the terms are printed in italics. Other words in the species names are not
capitalized unless they are proper nouns or parts of nouns, for example West Nile virus. In formal
usage, the name of the taxon should precede the term for the taxonomic unit; for example; "the
family Paramyxoviridae," "the genus Morbillivirus." The following represent examples of full formal
taxonomic terminology:

1. Order Mononegavirales, family Rhabdoviridae, genus Lyssavirus, species Rabies virus.
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2. Family Poxviridae, subfamily Chordopoxvirinae, genus Orthopoxvirus, species Vaccinia virus.
3. Family Picornaviridae, genus Enterovirus, species Poliovirus.

4. Family Bunyaviridae, genus Tospovirus, species Tomato spotted wilt virus.

Vernacular Taxonomic Nomenclature

In formal vernacular usage, virus order, family, subfamily, genus and species names are written in
lower case Roman script: they are not capitalized, nor are they printed in italics or underlined. In
informal usage, the name of the taxon should not include the formal suffix, and the name of the taxon
should follow the term for the taxonomic unit; for example "the picornavirus family, the enterovirus
genus." One particular source of ambiguity in vernacular nomenclature lies in the common use of
the same root terms in formal family, genus or species names. Imprecision stems from not being
able to easily identify in vernacular usage which hierarchical level is being cited. For example, the
vernacular name "paramyxovirus" might refer to the family Paramyxoviridae, or one species in the
genus Respirovirus, such as Human parainfluenza virus 1. The solution in vernacular usage is to avoid
"jumping" hierarchical levels and to add taxon identification wherever needed. For example, when
citing the taxonomic placement of Human parainfluenza virus 1, taxon identification should always be
added: Human Parainfluenza virus 1 is a species in the genus Respirovirus, family Paramyxoviridae.
In this example, as is usually the case, adding the information that this virus is also a member of the
subfamily Paramyxovirinae and the order Mononegavirales is unnecessary.

It should be stressed that italics and capital initial letters need be used only if the species name
refers to the taxonomic category. When the name refers to viral objects such as virions present in
a preparation or seen in an electron micrograph, italics and capital initial letters are not needed and
the names are written in lower case Roman script. This also applies when the names are used in
adjectival form, for instance tobacco mosaic virus polymerase. The use of italics when referring to
the name of a species as a taxonomic entity signals that it has the status of an officially recognized
species. The 8th ICTV Report (Fauquet, C.M. et al., 2005, Academic Press, an imprint of Elsevier)
should be consulted to ascertain which names have been approved as official species names. When
the taxonomic status of a new putative species is uncertain or its position within an established genus
has not been clarified, it is considered a tentative species and its name is not written in italics although
its initial letter is capitalized.

Origins of bioreagents - The origins of bioreagents should be described adequately, including citation
of culture collections, companies, or colleagues from whom the bioreagents were obtained. If viruses
were collected from nature, the collecting site and procedure should also be properly described.
Bioreagents include but are not necessarily limited to virus strains and species, antibodies, and cell
lines.

Elsevier aims at connecting online articles with external databases which are useful in their respective
research communities. If your article contains relevant unique identifiers or accession numbers
(bioinformatics) linking to information on entities (genes, proteins, diseases, etc.) or structures
deposited in public databases, then please indicate those entities according to the standard explained
below.

Authors should explicitly mention the database abbreviation (as mentioned below) together with the
actual database number, bearing in mind that an error in a letter or number can result in a dead link
in the online version of the article.

Please use the following format: Database ID: xxxx

Links can be provided in your online article to the following databases (examples of citations are
given in parentheses):

e GenBank: Genetic sequence database at the National Center for Biotechnical Information (NCBI)
(GenBank ID: BA123456)

e PDB: Worldwide Protein Data Bank (PDB ID: 1TUP)

e CCDC: Cambridge Crystallographic Data Centre (CCDC ID: AI631510)

e TAIR: The Arabidopsis Information Resource database (TAIR ID: AT1G01020)

e NCT: ClinicalTrials.gov (NCT ID: NCT00222573)

e OMIM: Online Mendelian Inheritance in Man (OMIM ID: 601240)

e MINT: Molecular INTeractions database (MINT ID: 6166710)
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e MI: EMBL-EBI IntAct database for Molecular Interactions (MI ID: 0218)
e UniProt: Universal Protein Resource Knowledgebase (UniProt ID: Q9HOHS5)

Footnotes should be used sparingly. Number them consecutively throughout the article, using
superscript Arabic numbers. Many wordprocessors build footnotes into the text, and this feature may
be used. Should this not be the case, indicate the position of footnotes in the text and present the
footnotes themselves separately at the end of the article. Do not include footnotes in the Reference
list.

Table footnotes

Indicate each footnote in a table with a superscript lowercase letter.

Electronic artwork

General points

e Make sure you use uniform lettering and sizing of your original artwork.

e Save text in illustrations as "graphics" or enclose the font.

e Only use the following fonts in your illustrations: Arial, Courier, Times, Symbol.
e Number the illustrations according to their sequence in the text.

e Use a logical naming convention for your artwork files.

e Provide captions to illustrations separately.

e Produce images near to the desired size of the printed version.

e Submit each figure as a separate file.

A detailed guide on electronic artwork is available on our website:
http://www.elsevier.com/artworkinstructions

You are urged to visit this site; some excerpts from the detailed information are given here.
Formats

Regardless of the application used, when your electronic artwork is finalised, please "save as" or
convert the images to one of the following formats (note the resolution requirements for line drawings,
halftones, and line/halftone combinations given below):

EPS: Vector drawings. Embed the font or save the text as "graphics".

TIFF: color or grayscale photographs (halftones): always use a minimum of 300 dpi.

TIFF: Bitmapped line drawings: use a minimum of 1000 dpi.

TIFF: Combinations bitmapped line/half-tone (color or grayscale): a minimum of 500 dpi is required.
DOC, XLS or PPT: If your electronic artwork is created in any of these Microsoft Office applications
please supply "as is".

Please do not:

e Supply files that are optimised for screen use (like GIF, BMP, PICT, WPG); the resolution is too low;
e Supply files that are too low in resolution;

e Submit graphics that are disproportionately large for the content.

Color artwork

Please make sure that artwork files are in an acceptable format (TIFF, EPS or MS Office files) and with
the correct resolution. If, together with your accepted article, you submit usable color figures then
Elsevier will ensure, at no additional charge, that these figures will appear in color on the Web (e.g.,
ScienceDirect and other sites) regardless of whether or not these illustrations are reproduced in color
in the printed version. For color reproduction in print, you will receive information regarding
the costs from Elsevier after receipt of your accepted article. Please indicate your preference
for color in print or on the Web only. For further information on the preparation of electronic artwork,
please see http://www.elsevier.com/artworkinstructions.

Please note: Because of technical complications which can arise by converting color figures to "gray
scale" (for the printed version should you not opt for color in print) please submit in addition usable
black and white versions of all the color illustrations.

Figure captions

Ensure that each illustration has a caption. Supply captions separately, not attached to the figure. A
caption should comprise a brief title (not on the figure itself) and a description of the illustration. Keep
text in the illustrations themselves to a minimum but explain all symbols and abbreviations used.
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Number tables consecutively in accordance with their appearance in the text. Place footnotes to tables
below the table body and indicate them with superscript lowercase letters. Avoid vertical rules. Be
sparing in the use of tables and ensure that the data presented in tables do not duplicate results
described elsewhere in the article.

Citation in text

Please ensure that every reference cited in the text is also present in the reference list (and vice
versa). Any references cited in the abstract must be given in full. Unpublished results and personal
communications are not recommended in the reference list, but may be mentioned in the text. If
these references are included in the reference list they should follow the standard reference style of
the journal and should include a substitution of the publication date with either "Unpublished results"
or "Personal communication" Citation of a reference as "in press" implies that the item has been
accepted for publication.

Web references

As a minimum, the full URL should be given and the date when the reference was last accessed. Any
further information, if known (DOI, author names, dates, reference to a source publication, etc.),
should also be given. Web references can be listed separately (e.g., after the reference list) under a
different heading if desired, or can be included in the reference list.

References in a special issue
Please ensure that the words 'this issue' are added to any references in the list (and any citations in
the text) to other articles in the same Special Issue.

Reference management software

This  journal has standard templates available in key reference management
packages EndNote (http://www.endnote.com/support/enstyles.asp) and Reference Manager
(http://refman.com/support/rmstyles.asp). Using plug-ins to wordprocessing packages, authors only
need to select the appropriate journal template when preparing their article and the list of references
and citations to these will be formatted according to the journal style which is described below.

Reference style

Text: All citations in the text should refer to:

1. Single author: the author's name (without initials, unless there is ambiguity) and the year of
publication;

2. Two authors: both authors' names and the year of publication;

3. Three or more authors: first author's name followed by "et al." and the year of publication.
Citations may be made directly (or parenthetically). Groups of references should be listed first
alphabetically, then chronologically.

Examples: "as demonstrated (Allan, 1996a, 1996b, 1999; Allan and Jones, 1995). Kramer et al.
(2000) have recently shown ...."

List: References should be arranged first alphabetically and then further sorted chronologically if
necessary. More than one reference from the same author(s) in the same year must be identified by
the letters "a", "b", "c", etc., placed after the year of publication.

Examples:

Reference to a journal publication:

Van der Geer, J., Hanraads, J.A.]., Lupton, R.A., 2000. The art of writing a scientific article. J. Sci.
Commun. 163, 51-59.

Reference to a book:

Strunk Jr.,, W., White, E.B., 1979. The Elements of Style, third ed. Macmillan, New York.

Reference to a chapter in an edited book:

Mettam, G.R., Adams, L.B., 1999. How to prepare an electronic version of your article, in: Jones, B.S.,
Smith , R.Z. (Eds.), Introduction to the Electronic Age. E-Publishing Inc., New York, pp. 281-304.

Journal abbreviations source

Journal names should be abbreviated according to

Index Medicus journal abbreviations: http://www.nlm.nih.gov/tsd/serials/lji.html;
List of serial title word abbreviations: http://www.issn.org/2-22661-LTWA-online.php;
CAS (Chemical Abstracts Service): http://www.cas.org/sent.html.

AUTHOR INFORMATION PACK 31 Jan 2011 www.elsevier.com/locate/virusres 10



Elsevier accepts video material and animation sequences to support and enhance your scientific
research. Authors who have video or animation files that they wish to submit with their article are
strongly encouraged to include these within the body of the article. This can be done in the same way
as a figure or table by referring to the video or animation content and noting in the body text where it
should be placed. All submitted files should be properly labeled so that they directly relate to the video
file's content. In order to ensure that your video or animation material is directly usable, please provide
the files in one of our recommended file formats with a preferred maximum size of 50 MB. Video and
animation files supplied will be published online in the electronic version of your article in Elsevier
Web products, including ScienceDirect: http://www.sciencedirect.com. Please supply 'stills' with your
files: you can choose any frame from the video or animation or make a separate image. These will
be used instead of standard icons and will personalize the link to your video data. For more detailed
instructions please visit our video instruction pages at http://www.elsevier.com/artworkinstructions.
Note: since video and animation cannot be embedded in the print version of the journal, please
provide text for both the electronic and the print version for the portions of the article that refer to
this content.

Elsevier accepts electronic supplementary material to support and enhance your scientific research.
Supplementary files offer the author additional possibilities to publish supporting applications, high-
resolution images, background datasets, sound clips and more. Supplementary files supplied will be
published online alongside the electronic version of your article in Elsevier Web products, including
ScienceDirect: http://www.sciencedirect.com. In order to ensure that your submitted material is
directly usable, please provide the data in one of our recommended file formats. Authors should
submit the material in electronic format together with the article and supply a concise and descriptive
caption for each file. For more detailed instructions please visit our artwork instruction pages at
http://www.elsevier.com/artworkinstructions.

The following list will be useful during the final checking of an article prior to sending it to the journal
for review. Please consult this Guide for Authors for further details of any item.

Ensure that the following items are present:

One Author designated as corresponding Author:

e E-mail address

e Full postal address

e Telephone and fax numbers

All necessary files have been uploaded

e Keywords

e All figure captions

¢ All tables (including title, description, footnotes)

Further considerations

e Manuscript has been "spellchecked" and "grammar-checked"

e References are in the correct format for this journal

¢ All references mentioned in the Reference list are cited in the text, and vice versa

e Permission has been obtained for use of copyrighted material from other sources (including the Web)
e Color figures are clearly marked as being intended for color reproduction on the Web (free of charge)
and in print or to be reproduced in color on the Web (free of charge) and in black-and-white in print
e If only color on the Web is required, black and white versions of the figures are also supplied for
printing purposes

For any further information please visit our customer support site at http://support.elsevier.com.

AFTER ACCEPTANCE

The Digital Object Identifier (DOI) may be used to cite and link to electronic documents. The DOI
consists of a unique alpha-numeric character string which is assigned to a document by the publisher
upon the initial electronic publication. The assigned DOI never changes. Therefore, it is an ideal
medium for citing a document, particularly 'Articles in press' because they have not yet received their
full bibliographic information. The correct format for citing a DOI is shown as follows (example taken
from a document in the journal Physics Letters B):

doi:10.1016/j.physletb.2010.09.059

AUTHOR INFORMATION PACK 31 Jan 2011 www.elsevier.com/locate/virusres 11



When you use the DOI to create URL hyperlinks to documents on the web, they are guaranteed never
to change.

One set of page proofs (as PDF files) will be sent by e-mail to the corresponding author (if we do
not have an e-mail address then paper proofs will be sent by post) or, a link will be provided in
the e-mail so that authors can download the files themselves. Elsevier now provides authors with
PDF proofs which can be annotated; for this you will need to download Adobe Reader version 7 (or
higher) available free from http://get.adobe.com/reader. Instructions on how to annotate PDF files
will accompany the proofs (also given online). The exact system requirements are given at the Adobe
site: http://www.adobe.com/products/reader/systemreqgs.

If you do not wish to use the PDF annotations function, you may list the corrections (including replies
to the Query Form) and return them to Elsevier in an e-mail. Please list your corrections quoting line
number. If, for any reason, this is not possible, then mark the corrections and any other comments
(including replies to the Query Form) on a printout of your proof and return by fax, or scan the pages
and e-mail, or by post. Please use this proof only for checking the typesetting, editing, completeness
and correctness of the text, tables and figures. Significant changes to the article as accepted for
publication will only be considered at this stage with permission from the Editor. We will do everything
possible to get your article published quickly and accurately. Therefore, it is important to ensure
that all of your corrections are sent back to us in one communication: please check carefully before
replying, as inclusion of any subsequent corrections cannot be guaranteed. Proofreading is solely your
responsibility. Note that Elsevier may proceed with the publication of your article if no response is
received.

The corresponding author, at no cost, will be provided with a PDF file of the article via e-mail. For an
extra charge, paper offprints can be ordered via the offprint order form which is sent once the article
is accepted for publication. The PDF file is a watermarked version of the published article and includes
a cover sheet with the journal cover image and a disclaimer outlining the terms and conditions of use.

AUTHOR INQUIRIES

For inquiries relating to the submission of articles (including electronic submission where
available) please visit this journal's homepage. You can track accepted articles at
http://www.elsevier.com/trackarticle and set up e-mail alerts to inform you of when an article's status
has changed. Also accessible from here is information on copyright, frequently asked questions and
more. Contact details for questions arising after acceptance of an article, especially those relating to
proofs, will be provided by the publisher.

© Copyright 2010 Elsevier | http://www.elsevier.com

AUTHOR INFORMATION PACK 31 Jan 2011 www.elsevier.com/locate/virusres 12



47

CARACTERIZACAO MOLECULAR DO VIRUS DA RAIVA ISOLADOS DE
MORCEGOS NAO HEMATOFAGOS NO BRASIL

Resumo

Com o controle da raiva urbana no Estado de S&o Paulo nos ultimos anos, a
raiva em animais silvestres, especialmente em morcegos, assume uma
crescente importancia, visto que atualmente, estes sdo 0s principais
reservatorios para raiva neste Estado. Atualmente, o virus da raiva ja foi
detectado em 42 espécies de morcegos no Brasil, estudos genéticos tém sido
realizados e foi demonstrado que existem diversas linhagens virais associadas
a morcegos frugivoros, insetivoros e hematéfagos. Com o objetivo de ampliar o
conhecimento sobre a epidemiologia da raiva nestas espécies, 20 amostras de
virus da raiva isoladas de morcegos ndo hematofagos foram caracterizadas. A
analise filogenética resultou em agrupamentos especificos para cada espécie
de morcego, relacionado a seu habito. Os resultados demonstraram que o0s
isolados de Artibeus lituratus formam um cluster com as seqUéncias de
Desmodus rotundus e juntamente com as amostras de T. brasiliensis,
constituem um grande grupo com valores de bootstrap superiores a 90%. As
cepas do virus da raiva isoladas de Lasiurus spp, Eptesicus spp. e Myotis
nigricans formam um clado independente do grupo Desmodus-Artibeus. Estes
resultados reforcam a presenca do género / linhagens espécie-especifica de
RABV em Mpyotis nigricans e Eptesicus spp., e a estreita relagcdo entre

Desmodus rotundus e Artibeus spp.

Palavras chave: Morcegos; Virus da raiva; Epidemiologia, Filogenia
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MOLECULAR CHARACTERIZATION OF RABIES VIRUS FROM NON
HEMATOPHAGOUS BATS IN BRAZIL

Abstract

With the control of rabies in dogs from S&o Paulo State in recent years, rabies
in wild animals, especially in bats, assumes increasing importance. Currently
the rabies virus has been detected in 42 species of bats in Brazil, genetic
studies have been made and demonstrated the existence of several viral
lineages associated to frugivorous, insetivorous and hematophagous bats. To
improve knowledge on these epidemiological trends, 20 rabies virus isolates
from non hematophagous bats have been characterized. The phylogenetic
analysis resulted in clusters for each species of bat, related to their habit.
Phylogenetic analysis showed that the isolates of Artibeus lituratus form a
cluster with the sequences of Desmodus rotundus that along with samples from
T. brasiliensis they constitute a large group with bootstrap values greater than
90%. The strains of rabies virus isolated from Lasiurus spp., Eptesicus spp. and
Myotis nigricans form an independent clade from Desmodus-Artibeus group.
These results reinforce the presence of genus/species-specific lineages of
RABV in Myotis nigricans and Eptesicus spp, and the strict relation between

Desmodus rotundus and Artibeus spp.

Key words: Bats; Rabies virus; Epidemiology, Philogeny
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CAPITULO 4

DISCUSSAO GERAL

O cérebro e a glandula salivar foram os tecidos que apresentaram a maior
concentracdo viral, ndo sendo necesséario e realizacdo de uma segunda

amplificacdo (Hemi-nested) para deteccdo do RNA viral.

A presenca do virus nas glandulas salivares sugere que uma das formas
de transmissao mais importantes entre morcegos seja por mordedura, devido a
eliminacdo viral pela da saliva. Sendo possivelmente uma das formas mais
importantes de eliminag&o viral, visto que como no presente estudo as maiores
concentracbes de virus rabico se encontra neste tecido, assim como no
cérebro. Esta observacao € condizente a pesquisas previamente realizadas. Da
Silva et al. (2007) isolaram o virus rdbico de morcegos pela inoculagcéo
experimental em camundongos, titulando o virus em cérebro, glandula salivar,
pulmdes e rins, e constatou que o tecido com maior concentracéo viral foi o
cérebro seguido da glandula salivar, que apresentou valores muito proximos ao
SNC. Scheffer (2005) também relata que os tecidos mais indicados para
isolamento viral, tanto pela prova de inoculagdo intracerebral em
camundongos, como também para cultivo celular sdo o cérebro e a glandula
salivar devido a alta carga viral presente nestes tecidos em morcegos positivos

para raiva.

A disseminacado do virus rabico em diferentes tecidos e 6rgaos, além do
sistema nervoso central e glandula salivar sugerem outras formas de
eliminacao viral e possivelmente outras formas de transmissao do virus rabico
entre morcegos na natureza. A presenca do virus nos pulmdes reforca a teoria
da transmissdo viral por aerossois, especialmente em cavernas com alta
densidade populacional de morcegos infectados, como previamente descrito
por Constantine (1962). O virus rabico presente em bexiga, rins, estbmago,
intestinos e fezes sugerem um risco de eliminagao viral pela urina e fezes por
morcegos naturalmente infectados. A presenca do virus em estdbmago, rins e
bexiga urinaria foi também relatada por Scheffer et al. (2007) em 3% no

estbmago, 11,2% em rins e 29,1% em bexiga urinaria obtida pela inoculacao
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intracerebral em camundongos, e em 11,1%, 16,7% e 11,1%
respectivamente pelo cultivo celular (NA2), sugerindo uma possivel forma de

transmissao pela urina e fezes.

A alta predominancia do virus na gordura marrom observada em
morcegos frugivoros (38%) e insetivoros (42%) confirma a suspeita de que este
tecido pode estar de alguma forma envolvido com a patogenia do virus em
morcegos, como sugerido por Sulkin (1959). Schaffer et al. (2007) também
obtiveram resultados similares aos aqui relatados detectando a presenca do
virus rabico em 24,2% pela técnica de inoculacdo intracerebral em
camundongos, e em 24,5% pelo isolamento viral em cultivo celular. Os
resultados aqui encontrados condizem com a hip6tese sugerida por outros
pesquisadores quanto a importancia deste tecido na manutencéao e replicacao
viral (SULKIN, 1962; DA SILVA e DE SOUZA ,1968).

Estes dados confirmam que o contato com morcegos pode oferecer
grande risco as populacbes humana e animal. A presenca do virus em
glandulas salivares, pulmdes, rins, bexiga urinaria e fezes sdo fatores
importantes, que jamais devem ser negligenciados durante a manipulagdo de

tecidos ou secrecdes destes animais em atividades educativas ou cientificas.

Os estudos sobre a antigenicidade do virus da raiva tém contribuido muito
na vigilancia epidemiolégica e que possibilitou a determinar a distribuicdo
geografica e reservatérios especificos de diferentes variantes do RABV
(FAVORETTO et al.,, 2002). A aplicacdo da técnica de AcM apresenta
limitacbes, como por exemplo, na analise de variantes intimamente
relacionadas antigenicamente e variantes nao classificadas com determinados
painéis de AcM, como as observadas no presente estudo com relacdo as
amostras de morcegos insetivoros das espécies Myotis nigricans e Eptesicus
spp. Com o desenvolvimento da técnica de sequenciamento genético para
estudo do virus rabico, varias limitagdes inerentes a técnica foram superadas, o
que permitiu melhor estabelecer uma relagédo definitiva entre linhagens virais
intimamente relacionadas (BRASS, 1994).
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Assim sendo, a caracterizacdo molecular é fundamental para determinar
a presenca dos multiplos ciclos epidemioldgicos e potencial de transmisséo
entre espécies. A coexisténcia de uma variada populacdo de morcegos com
humanos e animais domésticos nos centros urbanos torna imprescindivel a

compreensao da epidemiologia da raiva nestas areas.

Existe uma variedade de linhagens de RABYV, que apresentam diferentes
gendtipos de acordo com a espécie e principalmente regido estudada. Estas
variantes exibem caracteristicas epidemioldgicas que sao refletidas na ecologia
de seus reservatérios (abrangéncia, migracdo) e na resposta imune do
hospedeiro (NADIN-DAVIS et al., 2001; VELLASCO-VILA et al., 2002). Na
andlise filogenética do presente estudo pode-se observar o agrupamento de
amostras de morcegos frugivoros, Artibeus lituratus juntamente com amostras
de Desmodus rotundus, recuperadas do GenBank. Apesar de 0os morcegos
frugivoros e hematéfagos ndo serem frequentemente encontrados
compartilhando abrigos e apresentarem habitos distintos, uma possivel
explicacdo para essa proximidade da linhagem viral encontrada nestas
espécies seria que a transmissao do virus entre as espécies tenha ocorrido em
abrigos compartilhados, ou até mesmo em fungdo da capacidade de voo, por
percorrerem grandes distancias, compartilhando territérios, que favorece a
transmissdo do RABV entre eles (WILKINSON, 1988; UIEDA, 1995).

Em se tratando de morcegos frugivoros do género Artibeus, estudos
filogenéticos baseados no gene N demonstraram que os RABV encontrados
em morcegos deste género sao proximos (97,6- 94,4%) aqueles associados ao
morcego hematoéfago Desmodus rotundus sendo todos pertencentes a uma
mesma linhagem genética do RABV (KOBAYASHI et al., 2005), indicando
existir uma relagdo complexa entre estes morcegos a ser esclarecida (SHOJI et
al., 2004).

As amostras de Myotis nigricans e Eptesicus spp. analisadas segregaram
em clados independentes, confirmando a existéncia de linhagens género
especificas, como ja relatado anteriormente (NADIN-DAVIS et al., 2001;
KOBAYASHI et al., 2007). A existéncia de grupos género especifico e as

diferencas topoldgicas em relacdo a raiz da arvore, podem se associar aos
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diferentes caminhos evolutivos de uma mesma quase espécie ancestral do
virus da raiva, quando em interacdo com diferentes géneros de morcegos,
resultando as linhagens atuais representadas por terminais em cada arvore
filogenética (OLIVEIRA, 2009).

Pode-se sugerir que estes diferentes padrées de segregacédo para 0S
genes N, observados nas amostras virais aqui estudadas e similar ao relatado
por outros autores (NADIN-DAVIS et al., 2001; KOBAYASHI et al., 2005;
KOBAYASHI et al., 2007; OLIVEIRA et al., 2009) sejam devido aos diferentes
processos de selecdo exercidos nestes genes durante a histéria evolutiva
destas linhagens, relacionados as diferentes fungcbes exercidas por cada uma
das proteinas codificadas (HOLMES et al., 2002). Dentre os fatores que podem
ser apontados para a génese da heterogeneidade das linhagens do RABYV,
inclui-se a duracdo da infec¢éo, a rota de transmisséo, a carga viral, a resposta
imune do hospedeiro e interagbes entre proteinas virais e dos hospedeiros
(KISSI et al., 1995).

A heterogeneidade de isolados de RABV expressa genealogicamente sob
a forma de agrupamentos associaveis a especificos tipos de mamiferos € um
fato ja relatado para uma série diversa de hospedeiros, como canideos,
guaxinins, cangambas norte-americanos, primatas ndo humanos e quiropteros
(DIAZ et al., 1994; DE MATTOS et al., 1996; DE MATTOS et al., 2000; ITO et
al., 2001; FAVORETTO et al., 2002; RUPPRECHT et al., 2002; KOBAYASHI et
al.,, 2005; KOBAYASHI et al., 2007) corroborando os resultados aqui

observados.

Considerando o grande numero de espécies de morcegos, a extensao
territorial da circulacdo viral e pequeno numero de amostras estudadas, fica
dificil estabelecer relacdes intra/interespécies do virus. Sao necessarios mais
estudos experimentais com inoculacéo de diferentes doses infectantes, forma
de infeccdo, variantes existentes e espécie estudada para um maior
compreensao da rota e dose de infeccdo durante a transmissao natural do

RABV entre morcegos susceptiveis.
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A epidemiologia da raiva em morcegos deve merecer atencao crescente
das instituicdes governamentais e pesquisadores, visando introduzir estratégias
que permitem limitar a difusdo da raiva entre as espécies, e se possivel
eliminar a raiva nestes importantes reservatérios, com o estabelecimento de
uma vigilancia epidemiologica coordenada e, cada vez mais, com
procedimentos diagndsticos laboratoriais (antigénicos e genéticos) que
permitam a realizacdo de estudos integrados de genética e ecologia, para o

conhecimento da dinamica da raiva no meio silvestre.

E de fundamental importancia que no programa de profilaxia da raiva,
além da vacinacdo de cées e gatos, a populacdo seja orientada em relagédo as
formas de prevencado, transmissado e, principalmente, quanto ao risco da

manipulacdo de morcegos.
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CONCLUSOES GERAIS

Os resultados obtidos na presente pesquisa e embasados pela literatura

consultada permitiram chegar as conclusfes que se seguem:

A disseminagéo do virus rabico foi constatada em diferentes 6rgdos e
tecidos de morcegos, sendo que o cérebro e a glandula salivar
apresentaram 0s maiores percentuais de positividade.

N&o houve concordancia entre a classificacdo antigénica com anticorpos
monoclonais e a classificagcdo obtida com base no sequenciamento
parcial do gene N.

Com base em sequéncia parciais de aminoacidos para nucleoproteina,
pode-se observar que os isolados de virus da raiva relacionados a
morcegos frugivoros do género Artibeus lituratus se agrupam juntamente
com amostras de Desmodus rotundus.

As amostras provenientes de morcegos insetivoros se agruparam em
clados de acordo com as espécies, confirmando a existéncia de

linhagens género especificas.
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