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RESUMO

Spolidorio, MG. Perfil sorolégico e molecular de zoonoses trangtagi por
carrapatos em humanos e animais domésticos oriudda®is municipios do Estado
do Espirito Santdtese]. Sdo Paulo: Faculdade de Medicina, Univatsgdde Sao

Paulo: 2009.

O estudo objetivou realizar um levantamento de ¢lagtransmitidas por carrapatos
em amostras de humanos e animais domeésticos osiutidloEstado do Espirito

Santo. Foram estudadas as Riquétsioses, ErliquiBabgesiose, Borreliose, e
especificamente em cées a Hepatozoonose canirsmedpédicdes cientificas foram
realizadas, onde foram coletadas amostras de satguaimanos (n=201), cées
(n=92) e equideos (n=27). As amostras foram testatilizando-se 0s ensaios de
Imunofluorescéncia Indireta (RIFI) e ELISA Indiretdependendo do antigeno de
eleicdo. A Reacdo em Cadeia de Polimerase (PCRgdtizada utilizando primers

especificos para os géneros dos agentes pesquiskdopossivel concluir que os

municipios estudados podem ser considerados engEnpara as zoonoses

pesquisadas.

Descritores: Carrapatos, zoonoses, epidemiol&ickettsia Doenca de Lyme



SUMMARY

Spolidorio, MG.Serological and molecular profile of tick-borne eses in humans
and domestic animals from six municipalities in 8tate of Espirito Santhesis].

Sao Paulo: “Faculdade de Medicina, Universidad8atePaulo”; 2009.

This study aimed to perform a survey on tick-bodiseases in blood samples from
humans and domestic animals from the State of Esp#anto. The following

diseases were studied: Rickettsiosis, Ehrlichio8sapesiosis, Borreliosis, and
specifically in dogs, Canine Hepatozoonosis. Thse&ntific expeditions were
performed, where blood samples from humans (n=28dgs (n=92) and equids
(n=27) were collected. Samples were tested usimiydet Immunofluorescence
Assays (IFA) and Indirect ELISA, depending on thdigen. Polymerase Chain
Reactions (PCR) were performed using specific msm@ the genera of the
surveyed agents. We concluded that the studied cipatities can be considered

endemic areas to the surveyed zoonosis.

Descriptors: ticks, zoonosis, epidemiologyckettsia Lyme Disease



1. OBJETIVOS




Objetivos

Este trabalho teve como objetivo principal tragar perfil epidemioldgico das
principais zoonoses transmitidas por carrapatosC&Thos municipios estudados
pertencentes, em sua maioria, a regiao norte gal&sto Espirito Santo.

Também foi possivel, paralelamente, padronizani¢cés diagndsticas de
biologia molecular e sorologia para as diferentesndas estudadas, para amostras

de sangue de humanos.



2. ARTIGO SUBMETIDO A American Journal of Tropical Medicine
and Hygine EM PORTUGUES




American Journal of Tropical Medicine and Hygine

Pesquisa por zoonoses transmitidas por carrapatosrEstado do Espirito Santo,

sudeste do Brazil

Mariana G. Spolidorio, Marcelo B. Labruna, Rosaagél Machado, Jonas Moraes-
Filho, Augusto M. Zago, Dirlei M. Donatele, larah®ira, Késia M. Caliari,

Natalino H. Yoshinari

Laboratério de Investigacdo Meédica 17 (LIM17), Fhiade de Medicina,
Universidade de S&o Paulo, Sado Paulo, Brazil; D&maento de Medicina
Veterinaria Preventiva e Saude Animal, Faculdade Medicina Veterinaria e
Zootecnia, Universidade de S&o Paulo, Sado PaulmziBr Departamento de
Patologia Veterinaria, Faculdade de Ciéncias Agadre Veterinarias, Universidade
Estadual Paulista “Julio de Mesquita Filho”, Jabotibal, Brazil; Nucleo de
Vigilancia em Saude, Superintendéncia Regional aled& de Colatina, Colatina,
Espirito Santo, Brazil;Centro Universitario Sdo G@mEspirito Santo, Cachoeiro

de Itapemirim, Espirito Santo, Brazil.

RESUMO

Amostras de sangue coletadas de 201 humanos, 82 €827 equinos no
Estado do Espirito Santo, Brasil, foram testados feeacdo em Cadeira de
Polimerase (PCR), reacdo de imunofluorescénciaetad{RIFI), e ELISA Indireto
para doencas transmitidas por carrapatos (riqeetsioerliquiose, anaplasmose,
borreliose, babesiose). Nossos resultados indicajaenas regides estudadas sao

endémicas para as riquetsioses do grupo da febcelosa porque o soro de 70
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(34.8%) humanos, 7 (7.6%) caes, e 7 (25.9%) equio@sn reagentes para ao
menos uma das seis espécieRikettsiatestadas. Houve evidencia de erliquiose
(Ehrlichia canig e babesioseB@besia canis vogeli, Theileria edjuem animais
domeésticos, e em humanos, apenas 4 foram soratogitte positivos pata. canis

e nenhum para babesiose. Sorologia positiva Pareelia burgdorferifoi raro em
humanos e equinos, porém esteve elevada em cad®o(5lindicando possivel
participacdo destes animais e carrapatos no cipidemioldégico da doenca

Brasileira, nomeada Sindrome Baggio-Yoshinari.

INTRODUCAO

A Febre Maculosa Brasileira (FMB), uma riquetsicaesada poRickettsia
rickettsii, € a doenca transmitida por carrapato mais prealemtBrasil, onde seus
primeiros relatos datam da década dé'3@s Estados da regido sudeste brasileira
(Sado Paulo, Minas Gerais, Rio de Janeiro e EspB@nto) sdo considerados
endémicos para FMB, embora a maioria dos estuddsne sido conduzidos nos
primeiros trés Estados, com somente dois estudatdes no Estado do Espirito
Santo®®

A Sindrome da Doenca de Lyme-simile € uma entidhdea emergente que
tem sido descrita no Brasil, que mimetiza as mataf@es clinicas da Doenca de
Lyme classica encontrada no hemisfério Norte. Eanite, espiroquetas ndo foram
identificadas em pacientes brasileiros e carrapajpssar da exaustiva utilizacéo de
métodos moleculares e microbiolégicos em amosiiaEas® A nomenclatura da

doenca brasileira foi renomeada para Sindrome Baggshinari (SBY) durante o
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Encontro Paulista de Reumatologia de 2005, em @&t Ppropondo a ocorréncia
de uma nova zoonose transmitida por carrapatosarg) giferente da Doenca de
Lyme, possivelmente causada por espécies diferentesodificadas de espiroquetas
(NHY, dados néo publicados).

A erliguiose monocitica canina, causada pdwlichia canis,é a doenca
transmitida por carrapatos mais importante em céd3rasil.E. canisé atualmente a
unica espécie dehrlichia que tem sido isolada de vertebrados na Américaudt”

12 Uma investigacao preliminar de espécie&€HHichia foi desenvolvida nas regiées
Norte e Sudeste do Brasil, incluindo varias esgédecarrapatos, humanos, caes, e
capivaras, mas ndo foi encontrado DNA HEerlichia em amostras human¥s.
Diferentemente, DNA d&hrlichia compativel conkhrlichia chaffeensig Ehrlichia
ewingii foi recentemente relatado em amostras de sangon@lamd Brasif-**® Casos
humanos de erliquiose no Brasil foram relatadoseswenpor suspeitas clinicas e
testes sorolégicos, sem amplificacdo de DNA e iflea¢do do agent&’

A Babesiose é uma doenca transmitida por carrapaipgim em cdes e
equinos no BrasilBabesia canis vogel{= B. vogel) € o agente mais comum
afetando os cdes, embora tenham alguns relatBatsisia gibsomi®*! A Babesiose
em equinos é causada principalmente [@Babesia caballie Theileria equi
(anteriormenteBabesia eqyj as quais sdo endémicas nos tropicos, subtrogicos
parcialmente em zonas temperatfablo hemisfério Norte, a babesiose humana é
encontrada nos Estados Unidos da América, ondespxies diferentes ocorrem, e
também na Europa, onde as principais espéciesifidadas em humanos s&

i23-25

divergens B. microti e B. odocole A América do Sul tem poucos relatos de

babesiose humana, incluindo o primeiro caso susp##scrito no Estado de
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Pernambucagstudo sorolégico realizado na Coldombia, um casoride na Polénia
mas aparentemente contraido no Brasitorréncia de anticorpos aBabesiaem
pacientes com Doenca de Lyme simile brasil@ram caso de uma crianga com
hepatoblastoma e esfregaco sanguineo positivoupegis infeccdo poBabesia™®*°
Com o objetivo de investigar zoonoses transmitmtascarrapatos e estabelecer
a epidemiologia destas doencas na regidao Norte dlad& do Espirito Santo,
visitamos seis localidades nesta éarea, e desemwotvesorologia e biologia
molecular para as doencas transmitidas por caospaiis comuns em humanos e
animais domesticos no Brasil. Estas localidadesnioiselecionadas devido ao
recente historico de casos confirmados laboratoeate de FMB, incluindo casos
fatais (dados nado publicados da Secretaria da Sdaidestado do Espirito Santo),

e/ou grande numero de pacientes com ¥BMY, dados néo publicados).

MATERIAIS E METODOS

Este estudo amostrou humanos, caes, e equinosmeEscem 23 localidades
em areas rurais e urbanas dentro de 6 municiptadidades no Estado do Espirito
Santo, Brasil: Nova Venécia, Sdo Mateus, Santadldoya, Ecoporanga, Colatina, e
Vila Valério (Figura 1). Amostras foram coletad&sMaio de 2007 a Marco de 2008
durante trés expedicdes cientificas no Estado g@aitesSanto. Em cada expedicao,
fazendas em areas rurais e residéncias em locasidatianas foram visitadas com o
intuito de coletarmos amostras de sangue de humeaes, e equinos. Nenhum dos
individuos selecionadoapresentava sinais clinicos de doencas infecciagadas

guando o sangue foi coletado. Um total de 109 hos\a@8b caes, e 24 equinos foram
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coletados de 22 localidades (17 fazendas e 5 resadd. Adicionalmente, 92
humanos, 7 cades, e 3 equinos foram amostrados emn Hstola Agro-Técnica
localizada na area rural do municipio de Colatfkaoleta de amostras de sangue de
animais e humanos foi previamente aprovada pelais3ém de Etica para Projetos
de Pesquisa (CAPPesq), Faculdade de Medicina, tdidaele de Sao Paulo. Quatro
das localidades rurais tiveram casos humanos de @dostamente causadas por
R. rickettsi) confirmados durante 2003-2005 com ao menos 4datais (dados ndo
publicados da Secretaria de Saude do Estado doit&spanto). As 18 localidades
restantes foram consideradas de risco para a &iedmoenca de Lyme-simile (=
Sindrome Baggio-Yoshinari), pelo grande volume desras de soros positivos
paraBorrelia burgdorferi, encaminhados ao Laboratério de Referéncia na&sta
SBY, Faculdade de Medicina da Universidade de S&doP provenientes destas
areas. Amostras de sangue foram coletadas em udms:tum com anticoagulante
(EDTA), mantidas congeladas a °@0até a extracdo de DNA; e o outro sem EDTA,
do qual o soro foi separado por centrifugacéo eioh@oongelado até serem testados
por métodos sorologicos.

Extracdo de DNA e Reacdo em Cadeia de PolimeraseCR). DNA foi
extraido de cada amostra de sangue utilizandoksieiNeasy Blood & Tissue Kit
(Qiagen, Hilden, Germany), de acordo com as in8&siglo fabricante. As amostras
de DNA foram eluidas em100 mL de tamp&o TE. Agu lde DNA foi utilizada
como controle negativo das extracdes. Cinco micoslido DNA extraido foram
utilizados na amplificacdo pela reacdo em cadeipotimmerase (PCR). As amostras
foram individualmente testadas por uma bateria @& Ritilizando os protocolos

descritos abaixo.
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OsprimersGE2 (5" - GTT AGT GGC AGA CGG GTG AGT — 3’) e HE3
(5°- TAT AGG TAC CGT CAT TAT CTT CCC TAT — 3) fora utilizados para
amplificar um fragmento de 360 pb do gene 16S rRi¢Anaplasmatacead > A
PCR foi realizada em uma solucdo total deul5@ontendo 1X PCR buffer
desprovido de Mg, 1.5 mM Mgg&l0.2 mM dNTPs, 1U de Platinum TaqDNA
Polymerase (Invitrogen, Carlsbad, CA), e @M de cadgrimer. As condi¢cdes dos
ciclos de PCR consistiram em uma denaturacéo igoia5 min a 95°C, e 40 ciclos
repetitivos de 15 seg a 95°C, 30 seg a 62°C, e®@ §2°C, seguidos por 7 min de
extensao final a 72°C. Controle positivo (DNA pegwente conhecido proveniente
de céo infectado pdt. canig e controle negativo (agua) foram incluidos enosools
ensaios de PCR.

Para amplificar um fragmento de 665 pb do genelatgelina deBorrelia
(flaB), a reacao inicial de PCR utilizangwimers FLA LL (5- ACA TAT TCA
GAT GCA GAC AGA GGT - 3’) e FLARL (5"-GCA ATC ATASCC ATT GCA
GAT TGT - 3°) foram empregados, e para a nested-RG& amplifica um
fragmento de 354-plprimersFLA RS (5- CTT TGA TCA CTT ATC ATT CTA
ATA GC -3) e FLALS (5- AAC AGC TGA AGA GCT TG@BAT G — 3°) foram
utilizados, com pequenas modificacde& PCR foi realizada em uma solucao total
de 5QiL contendo 1X PCR buffer desprovido de Mg, 1.5 mMQ@R, 0.2 mM
dNTPs, 1 U de Platinum TagDNA Polymerase (Invitrggearlsbad, CA), e 0.2M
de cadgprimer. Para todas as reacfes de PCR, um controle mofdNA extraido
de cultura deBorrelia anserind e dois controles negativos (agua) foram incluidos

Os ciclos de temperatura para ambas as reacoagameluma denaturacéo inicial de
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3 min a 95°C, e 40 ciclos repetitivos de 1 min 2293 min a 65°C, e 1 min a 75°C,
seguidos por uma extensao final de 10 min a 75°C.

PCR para identificaBabesiaspp foi realizada utilizando gsimersBAB-33-

57 (5- GCC AGT AGT CAT ATG CTT GTC TTAA -3’) e BABI32-409 (5- TTC
CTT AGA TGT GGT AGC CGT TTC -3’), correspondentesegifes conservadas
do gene 18S rRNA dBabesiaspp, desenvolvidos para amplificar uma porcéo de
~370-pb deste gene. A PCR foi realizada em uma 8oltatal de 50L contendo 1X
PCR buffer desprovido de Mg, 1.5 mM Mg@.2 mM dNTPs, U de Platinum
TagDNA Polymerase (Invitrogen, Carlsbad, CA), e QM de cadaprimer. Um
controle positivo (DNA de um céo infectado frcanispreviamente conhecido) e
controles negativos (agua) foram incluidos em tadosnsaios de PCR. Os ciclos de
temperatura da PCR consistiram de uma denaturagdal ipor 3 min a 95°C, e 40
ciclos repetitivos de 15 seg a 95°C, 30 seg a 688D, seg a 72°C, seguidos de uma
extensdo final de 7 min a 72°C. As amostras pesitnas PCRs foram purificadas
utilizando ExoSap (USB) e sequenciadas em seqigerciautomatico (Applied
Biosystems/PerkinElmer, modelo ABI Prism 310 GendllA, US) de acordo com
as instrucdes dos fabricantes. As sequéncias paaidas foram submetidas a
anélise BLAST para determinar a similaridade coinasuespécies.

ELISA indireto para B. burgdorferi A preparacdo do antigeno foi
desenvolvida como previamente desciit@ ELISA indireto utilizando antigeno de
B. burgdorferiG 39/40, origem Norte-americana, foi realizadmpektodo padrao
com pequenas modificacdes para as amostras hungaegatamente como descrito
quando realizado em amostras de soro dos®tdeyG anti-cdo conjugado com

Fosfatase Alcalina produzido em coelho (Sigma-A&hdri St. Louis, MO) foi

10
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adicionado em uma diluicdo de 1:1000 em solucablogueio. O soro de 8 caes
provenientes de area urbana de Sao Paulo, semidusti@ picada por carrapatos e
sem terem feito visitas a areas rurais foram atlas como controles negativos.
Como controle positivo da reacdo, um soro positigacdo previamente conhecido
foi empregado. O mesmo método foi aplicado as aamste soros humanos, mas
neste caso tanto IgG como IgM foram testados coesarilos previament&.1gG
anti-humano e IgM anti-humano, ambos conjugados [Eosfiatase Alcalina (Sigma)
foram diluidos 1:1000 em solucdo de bloqueio. @meostras negativas de soros
humanos provenientes de pessoas que nao relatacada por carrapatos e nao
apresentavam enfermidades foram utilizados comdrales negativos. Como
controle positivo, um soro humano conhecidamentstigo para antigeno dB.
burgdorferifoi utilizado.

O ELISA indireto para soros de equinos foi realzadnforme descrito, com
pequenas modificacdéd. Placas foram sensibilizadas com antigeno Rle
burgdorferi em uma concentracdo de 1H/mL diluido em tamp&o Carbonato
(pH=9,6). Tween 80 (0.05%) foi empregado ao coittrde Tween 20. Tampao de
bloqueio foi preparado com 5% de leite desnatadiwiddi em PBS Tween 80
(pH=7.4). Todas as amostras de soro (incluindoitmscontroles negativos) foram
utilizados na diluicdo de 1:400, e o controle pwesitfoi titulado realizando-se
diluicdo seriada, iniciando em 1:400. IgG Anti-dav@onjugada com Fosfatase
Alcalina (Sigma) foi diluida 1:15000 em tampé&o PB&een 80, e as placas foram
incubadas por 60 min em camara Umida & temperaamnbiente. Depois,
procedimentos de lavagem foram empregados e oratddbi aplicado como

previamente descrito. As placas foram lidas a 485no leitor Titertek Multiscan

11
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MCC/340 (Flow Laboratories), e quando a primeirigdo do controle positivo
atingiu a densidade Optica proxima de 1.0, a reagfava pronta para a leitura. O
ponto de corte foi estabelecido com grau de cogfiamle 99.9%, obtido
considerando-se a densidade Optica somada a tzés wedesvio padrdo dos oito
controles negativos. As densidades Opticas mamwegue 0 ponto de corte foram
consideradas positivas e os titulos foram estimpdosima curva de regressao.
Reacao de Imunofluorescéncia Indireta (RIFI) paraRickettsiaspp As
laminas de RIFI foram preparadas utilizando-se naside 12 pocos contendo
antigenos brutos derivados de seis isoladdRickettsiado Brasil:R. rickettsiicepa
Taiacu,R. parkericepa At24R. bellii cepa Mogi das CruzeR. amblyommicepa
Ac37,R. rhipicephalicepa HJ5 . feliscepa Pedreira. As laminas foram preparadas
como descritas previamerifeSoros humanos, caninos e de eqiinos foram diluidos
em diluicdo seriada com PBS iniciando na diluic&41Dez microlitros do soro
diluido foram adicionados em cada poco de cadan&mAs laminas foram
incubadas a 37°C por 30 minutos em camara umiddmmas foram enxaguadas
uma vez, e entdo lavadas duas vezes por 10 mimpaiosavagem em PBS. A
incubacdo das laminas foi feita com IgG anti-humeonjugado com fluoresceina
produzido em cabra, IgG anti-cdo produzido em cabriggG anti-cavalo produzido
em cabra (IgG; Sigma Diagnostics, St. Louis, MOgwadas como descritas acima.
As laminas foram montadas com glicerina tamponatldaminula. Em cada lamina,
um soro negativo previamente conhecido (controlgatieo) e um soro reativo
conhecido (controle positivo) foram testados. Rada amostra, o ponto de corte da

reacao para cada um dos seis antigendRickettsiafoi determinado. As laminas
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foram lidas em microscopio de luz ultravioleta (@pus BX60, Japan) em um
aumento de 400X.

RIFI para Ehrlichia canis. Amostras de soros individuais foram testadas
utilizando-se como antigeno células DH82 infectadtas E. canis, realizado com
uma cepa brasileira (cepa Sdo Paulo) isolada dedmmaturalmente infectadd.
IgG anti-cdo conjugado com fluoresceina (Sigma)vipmeente titulado para a
melhor diluicdo de trabalho (1:600) foi utilizadoneo descritd®** Para os soros
humanos, 1gG anti-humano conjugado com fluoresc€igma) foi empregado na
diluicdo 1:400. O soro foi considerado como conteadticorpos reativos a E. canis
se ele demonstrasse reacao positiva na diluicd@o Wa solucdo de bloqueio (BSA
1% em PBS para soros de céo, e soro de coelhwadatdiluido 2% em PBS para
soros humanos) foi utilizada para diminuir a reagédundo. Em cada lamina, um
soro nao reativo previamente conhecido (controleggatie0o) e um  soro
conhecidamente positivo (controle positivo) foraestéados. As amostras que
reagiram na diluicdo de triagem (1:64) foram tilals utilizando diluicdo seriada
para determinar o titulo final da reacao.

RIFi para Babesia spp e Theileria equi. Antigenos deBabesia canis
Babesia bovis,e T. equi foram preparados conforme descrito (Furuta Pl e
colaboradores, Madruga CR e colaboradores, dadoputilicadosf? Brevemente,
as diluicdo dos soros testados coBadesia canisoi 1:40, e pard. bovise T. equi
foi 1:80. Apés lavagem com tampédo PBS, as lamimsant incubadas com o
conjugado fluoresceinado correspondente. IgG avlo FITC (Sigma) foi diluido
1:32; IgG anti-céo FITC (Sigma) foi diluido 1:2@9]JgG anti-humano FITC (Sigma)

foi diluido 1:400%
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RESULTADOS E DISCUSSAO

Os resultados de todos os testes sorologicos eP@&s realizadas em
amostras de sangue de humanos, cées, e equinoslestanstradas na Tabela 1. Os
dados foram separados de acordo com areas rutaisasas. Adicionalmente, os
resultados da Escola Agro-Técnica foram apresestadparadamente, pois metade
das amostras de humanos coletadas eram proveniestesocalidade.

Todas as amostras humanas foram negativas Barasia spptanto nos
testes soroldgicos, como na PCR. Raros soros darfagte equinos foram reagentes
paraB. burgdorferina sorologia. Por outro lado, aproximadamente aeetibs caes
foram sorologicamente reagentes pAraurgdorferj sugerindo que os caes, assim
como 0s carrapatos que infestam estes animaisarpogarticipar do ciclo de
transmissdo da SBY no Brasil. Ao contrario do desarnos Estados Unidos da
América, Europa e Asia, carrapatos do complewdes ricinusndo s&o encontrados
nas areas endémicas para SBY no pais.

Os maiores titulos alcancados p&aburgdorferinas amostras humanas
foram 1:800 para IgG e 1:200 para IgM. No Braslsarologias parB. burgdorferj
mesmo quando positivas apresentam baixos titutissaparecem rapidamente. Da
mesma forma, espiroquetas jamais foram isoladas atasstras bioldgicas
provenientes de humanos ou de carrapatos. Pormeta®s, a zoonose presente no
pais, que reproduz os sintomas clinicos exibidooanca de Lyme, recebeu a
denominacdo de Sindrome Baggio-Yoshindfstudos recentes realizados no
Laboratério de Referéncia para SBY sugergoe o0 agente etiologico desta

Sindrome seja uma espiroqueta modificada nos aspgenéticos e morfoldgicos, e
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essas mudancas tenham ocorrido devido a inexiat@ecicarrapatos do complexo
Ixodes ricinusnas areas endémicas para SBY, biodiversidade we fa fatores
climaticos do Brasil (NHY, dados nao publicados).

Em geral, soro de 70 (34.8%) humanos, 7 (7.6%), @&&s(25.9%) equinos
foram reagentes para ao menos uma espédiecttettsia Os titulos finais dos soros
humanos variaram entre 64 e 1024 para todas asiesmeRickettsia Os titulos
finais dos soros de céo variaram entre 64 e 32a68R0 rickettsii,256 e 16384 para
R. parkeri,64 e 4096 par&. amblyommii, R. rhipicephali, R. bellg,R. felis.Os
titulos finais dos soros de equinos variaram edre 512 par®. rickettsii,64 e 128
paraR. parkerie R. felis,128 e 1024 parR. amblyommiie entre 128 e 512 paRa
rhipicephalie R. bellii.

Considerando cada soro individualmente, em todosasss os titulos finais
para duas ou mais espéciesRiekettsiaforam menos de 4 vezes maiores do que o
menor titulo obtido, com exce¢cdo de um caso, um @d@weniente de uma
propriedade de area rural do municipio de Santadldma, o qual apresentou titulo
final de 1024 par®. felis,128 paraR. bellii, e ndo foi reagente para as demais
espécies deRickettsia Devido a essa grande diferenca entre titulosesposta
sorologica neste céo foi considerada como sendsadaupomR. felis.Na verdade,
pulgas Ctenocephalides felis feJisnfectadas poR. feliscoletadas em caes foram
observadas tanto em areas urbanas como em arassdapresente estudo (Labruna
MB e colaboradores, dados néo publicados). Estestados sugerem que parte dos
soros humanos reagentes neste estudo podem indi@ainfeccdo passada pRr

felis.
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Os resultados sorolégicos, agrupados com os ensaeculares, indicam
gue uma quantidade significativa de cées estawvectada porE. canis.Embora
nenhuma amostra de sangue humano tenha demonstrptEsenca de DNA de
Ehrlichia, ao menos 2% dos soros humanos foram reagentegigeno dé. canis
pela RIFI. Visto qude. canistem sido vista infectando humanos na Venezuelas est
respostas sorolégicasEa canisno presente estudo podem representar uma infeccao
acidental porE. canis, jA que carrapatoR. sanguineusforam comumente
encontrados em cées das localidades tanto em udnlgasas, como em areas rurais
deste estudd*°

Para a maioria dos agentes investigados, resultado®lhantes foram
encontrados em areas urbanas e rurais em amosttasnthnos e cies. E possivel
que estes resultados sejam vistos como inespe@odo ao fato de as areas
urbanas e rurais apresentarem muitas diferencdégezas, embora em todos os
municipios selecionados, a separacdo das areasasrbas rurais seja muito ténue.
Entretanto, todas as localidades urbanas do peesstido foram selecionadas pelo
recente histérico de Sindrome da Doenca de Lyméeséantre os moradores. Neste
caso, todos eles relataram ataque por carrapagmprente quando visitaram areas
rurais (dados ndo demonstrados).

Tanto as amostras humanas como as amostras defquovenientes da
Escola Agro-Técnica revelaramacdes soroldgicas positivas para as seis esecies
Rickettsia contrastando com as amostras de cées que na@rapsteatividade. Em
2005, a morte de dois humanos na escola foi asswitio sendo causadas por uma
Rickettsiado Grupo da Febre Maculosa Brasileira (GFMB) (daafo publicados da

Secretaria de Saude do Estado do Espirito Santojaidria das pessoas da escola,
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amostradas neste estudo, relatou picada por ctosapaa escola ou na sua
vizinhanca. Parte destes carrapatos foi coletadestes foram identificados como

Amblyomma cajennense Amblyomma dubitatum(dados n&o demonstrados).

Possivelmente, os poucos cdes amostrados na estolmenos expostos a estes
carrapatos, visto que eles eram mantidos proximegeédios principais da escola, e
longe dos campos infestados por carrapatos ondduo®s regularmente tinham

aulas praticas e os equinos eram utilizados emaltrab de campo.

Reunindo nossos resultados, podemos inferir qegiaa Norte do Estado do
Espirito Santo pode ser considerada uma area ecalgraraRickettsiado GFMB,
mas nenhuma outra consideracado pode ser feita eslwatros organismos levando
em consideracdo a populacdo humana. Contudo, agéicehos animais domeésticos,
concluimos quéehrlichia canise Babesiaspp. estavam circulantes nas localidades
pesquisadas, contribuindo para predizer que estas 840 endémicas para algumas
doencas transmitidas por carrapatos em anintgRatozoon canigambém foi
encontrado infectando cdes, como previamente te&tEstudos futuros utilizando
este exemplo de pesquisa em outras partes do Rmsitibuirdo para melhor

elucidar estas zoonoses transmitidas por carrapatos
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Tabela 1

Resultados dos testes sorolégicos e PCR realizad@snostras de sangue de humanos, cées, e eqgeiseis dnunicipios no Estado do Espirito

Santo, Sudeste do Brasil.

No. De individuos que demonstraram positividade (%)

] ] Humanos Caes Equinos
Agentes investigados
Rural Urbana Escola Total Rural Urbana Escola Total Rural Escola Total
(n=100) (n=9) (n=92) (n=201) (n=71) (n=14) (n=7) (n=92) (n=24) (n=3) (n=27)
Sorologia
Borrelia burgdorferi 8 (8.0) 1(11.2) 0 (0) 9 (4.5) 38(53.5) 7 (50.0R (28.6) 47 (51.1) 1(4.2) 0 (0) 0 (0)
Rickettsia rickettsii 31(31.0) 2(22.2) 16(17.4) 49(24.3) 4 (5.6) op ( 0 (0) 4 (4.3) 4 (16.7) 3(100) 7 (25.9)
R. parkeri 28 (28.0) 2(22.2) 21(22.8) 41(20.4) 2(2.8) op ( 0 (0) 2(2.2) 2(8.3) 2(66.7) 4(14.8)
R. amblyommii 33(33.3) 3(33.3) 16(17.4) 52(25.9) 3(4.2) op ( 0 (0) 3(3.3) 3(2.5) 2(66.7) 5(18.5)
R. rhipicephali 36(36.0) 4(44.4) 17(18.5) 57(28.3) 2(2.8) 71y} 0 (0) 3(3.3) 3(2.5) 2(66.7) 5(18.5)
R. felis 31(31.0) 4@44.4) 16(17.5) 51(25.3) 2(28) 128 0 (0) 4 (4.3) 1(4.2) 2(66.7) 4(14.8)
R. bellii 17 (17.0) 2(22.2) 10(10.9) 39(19.4) 3@.2) 7uy 0 (0) 4 (4.3) 2(8.3) 3(100) 5(18.5)
Ehrlichia canis 3 (3.0 0 (0) 1(1.1) 4 (2.0) 33(46.5) 4(28.6) (14.3) 38 (41.3) ND ND
Babesia canis vogeli 0 (0) 0 (0) 0 (0) 0 (0) 25 (46.5) 6 (42.9) 0(0) 1@3.7) ND ND
Babesia bovis 0 (0) 0 (0) 0 (0) 0 (0) ND ND ND ND ND
Theileria equi 0 (0) 0 (0) 0(0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 4@00) 3(100) 27 (100)
PCR
Anaplasmataceae 0 (0) 0 (0) 0 (0) 0 (0) 22 (31.0) 3(21.49) 0(0) 5@7.2) 0 (0) 0 (0) 0 (0)
Borrelia 0 (0) 0 (0) 0(0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) (@ 0 (0) 0 (0)
Babesia/Theileria 0 (0) 0 (0) 0(0) 0 (0) 14 (19.7) 6 (42.9) 0(0) 0@1.7) 6 (25.0) 0 (0) 6 (22.2)
Hepatozooh ND ND ND 46 (64.8) 8(57.1) 0 (0) 54 (58.7) DN ND

*Dados previamente relatad0s.
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Fig. 1. Localizacao dos seis municipios no Estado do Es@anto, Sudeste do Brasil, onde as amostrasfoodetadas para o presente estudo.
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RESUMO

De maio de 2007 a marco de 2008, amostras de sémgune coletadas de 92
cées sadios vivendo em 21 residéncias (17 fazesrdadreas rurais, e 4 casas em

area urbana) em 6 municipios do Estado do EspB8#oto, sudeste do Brasil.

Adicionalmente, carrapatos foram coletados desies.cUma meédia de 4.4 + 3.0
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cées (variacao 1-12) tiveram amostras coletadasepméncia; 78 e 14 caes eram de
areas rurais e urbanas, respectivamente. Reac&0a€elwia de Polimerase (PCR)
projetados para amplificar fragmentos do gene 1BNAr de Babesiaspp ou
Hepatozoorspp revelaram amplificados do tamanho esperad@@if21.7%) cées
paraBabesia e 54 (58.7%) cdes pakdepatozoon Todos 0s cdes positivos para
Babesia foram também positivos pdtigpatozoon Entre as 21 residéncias, 15
(71.4%) de 3 municipios apresentaram pelo menoscam positivo na PCR,
incluindo 13 fazendas (area rural) e 2 casas (@te@na). Um total de 40 produtos
de PCR testados pakdepatozoone 19 produtos de PCR testados pRadbesia
foram submetidos ao sequenciamento de DNA. Todase@®8éncias geradas das
PCRs parddepatozooreram idénticas entre elas, e as seqiéncias congesptes do
gene 18S rDNA deH. canisno GenBank. Caes de 10 residéncias rurais e 2
residéncias urbanas estavam infestados por caveaRaipicephalus sanguineus
Estagios imaturos de carrapatsblyomma cajennengeram encontrados em caes
de apenas 4 residéncias rurais (também infestamd?. ganguineys Todas, exceto
uma residéncia com caes infestados Rosanguineusiveram pelo menos um cao
infectado por Hepatozoon Analise estatistica demonstrou que a presenca de
carrapatos (exR. sanguineysinfestando caes nas residéncias foi significativa
0.05) associada com pelo menos um céo positivoGR. Nao houve associacao
significativa P > 0.05) entre cées positivos na PCR e residéngrassrou urbanas.
A Hepatozoonose canina causada Idocanisé uma infeccéo altamente freqiente
no Espirito Santo, Brasil, onde ela € possivelméatesmitida pomR. sanguineus
Visto que todos os cdaes infectados foram encordragmarentemente sadios, a

patogenicidade dbl. canisem caes do Espirito Santo ainda esta para sedadiac
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INTRODUCAO

A Hepatozoonose canina € uma doenca transmitidagreapatos de caes,
encontrada praticamente em todo o mundo, causaddups diferentes espécies de
protozoarios apicomplexoklepatozoon canie Hepatozoon americanuBaneth et
al., 2003; Vincent-Johnson, 2003J. canisfoi descrito pela primeira vez na india
em 1905, e foi incriminado como a causa de uma giodnanda, principalmente
caracterizada por anemia e letargia (Baneth e Wrei§jp97). Caes infectados par
canis geralmente aparecem sadios, visto que a doeneaaéngnte ndo aparente e
sub-clinica, e o0 diagnostico € ocasionalmente poaflo durante exames
laboratoriais (Mundim et al., 1994; Gondim et 41998; Paludo et al., 2005). A
imunosupressao causada por doencas concomitantestrms fatores parecem ser
fatores importantes na manifestacdo dos sinaiscein Em comparacdo, caes
infectados poH. americanumtipicamente desenvolvem doenca severa (Vincent-
Johnson, 2003). A distribuicdo d¢. americanumtem sido restrita aos Estados
Unidos, enquanto quél. canis tem sido reportado na Africa, Sudeste da Asia,
Oriente Médio, Europa, e América do Sul (Banethlet2003; Gavazza et al., 2003;
Vincent-Johnson, 2003; Oyamada et al., 2005; Rutial., 2008).

No Brasil, a hepatozoonose canina foi descritengiramente por Massard
(1979) em cédes de uma éarea rural no Rio de Jargstados moleculares recentes
revelaram a espécid. canisinfectando cées dos Estados de S&o Paulo e Rio de
Janeiro, e do Distrito Federal (Brasilia) (Paludale 2005; Forlano et al., 2007;

Rubini et al., 2005, 2008). A avaliacéo clinica efes infectados foi realizada em
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um destes estudos, o qual revelou doenca brandkrsamhepatozoonose canina
previamente descrita no Velho Mundo (Paludo efal5).

O vetor conhecido de. canisno Velho Mundo € o carrapaRhipicephalus
sanguineugBaneth et al., 2001), embokaemaphysalispp tenha sido sugerido
como possiveis vetors no Japao (Murata et al., )1986s Estados Unidos,
Amblyomma americanuné o Unico carrapato reconhecido como vetor Hle
americanum(Vincent-Johnson, 2003). No Brasimblyommaspp foram sugeridos
como vetores da hepatozoonose canina, emRorsanguineusenha sido tambéem
encontrado infestando caes infectados ¢bnsanis(O’'Dwyer et al., 2001; Forlano
et al., 2005; Rubini et al., 2008).

O presente estudo empregou analise molecular gyalear a infeccdo por
Hepatozoonspp eBabesiaspp em cdes do Estado do Espirito Santo, Sudeste d
Brasil. Adicionalmente, nés avaliamos as espéciescdrrapatos que estavam

infestando estes caes.

MATERIAIS E METODOS

Durante maio de 2007 e marco de 2008, trés expeslicientificas foram
realizadas para o Estado do Espirito Santo, re§iddeste do Brasil. Em cada
expedicdo, fazendas em areas rurais e residéntialaalidades urbanas foram
visitadas em seis municipios: Nova Venécia (188430#240W), Sdo Mateus
(188430S, 398510W), Santa Leopoldina (208060S, 2m&3, Ecoporanga
(188220S, 408500W), Colatina (198320S, 408370W)/ila Valério (188590S,

408220W). Um total de 92 caes aparentemente sddiasn amostrados de 21
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localidades (17 fazendas e 4 residéncias). Estsidéreias foram previamente
selecionadas para outro estudo com doencas trasesnpor carrapatos (N.H.Y.,
dado néo publicado), portanto ndo foram selecicablistoriamente.

Amostras de sangue dos cées foram coletadas ers taln anticoagulante
acido ethylenediaminetetraacetico (EDTA), e mamtidongeladosa -20°C até a
extracdo de DNA. DNA foi extraido de cada amostasdngue utilizando-se o kit
DNeasy Blood & Tissue (Qiagen, Hilden, Alemanhag,atordo com as instrucbes
do fabricante. As amostras de DNA foram eluidas1®®ulL de solucdo de TE.
Cinco microlitros do DNA extraido foram utilizadoa amplificacdo pela Reacdo em
Cadeira de Polimerase (PCR). Agua livre de DNA dtlizada como controle
negativo para as extracoes e para os ensaios de PCR

Os primers HEP-1 mod (50-CGC GAA ATT ACC CAA TTCGAT30) e
HEP-4 (50-TAA GGT GCT GAA GGA GTC GTT TAT-30), fara utilizados para
amplificar uma por¢cao de670-pb do gene 18S rRNA diepatozoorspp (Criado-
Fornelio et al., 2006). O primer HEP-1 mod foi nfmdido do primer HEP-1
relatado por Criado-Fornelio et al. (2006) atradsés insercdo dos trés ultimos
nucleotideos (CTA), que sao conservados entre Befse de Hepatozoon
disponiveis no GenBank. Esta insercédo foi feita amrntencdo de aumentar a
temperatura de anelamento do primer. Adicionalmemntieners BAB-33-57 (50-
GCC AGT AGT CAT ATG CTT GTC TTAA-30) e BAB-432-40&0-TTC CTT
AGA TGT GGT AGC CGT TTC-30), correspondentes a @egi conservadas do
gene 18S rRNA de Babesia spp foram desenhadosapgbficar uma porgcéo de
=370-pb do gene 18S rRNA. ReagOes em Cadeia de étaben (PCR) foram

realizadas em um total de | B0de solugéo contendo 1X PCR buffer sem Mg, 1.5
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mM MgCI2, 0.2 mMdNTPs, 1 U of Platinum TagDNA Polgrase (Invitrogen,
Carlsbad, CA), e 0.2 mM de cada primer. As condig@es ciclos de temperatura da
PCR para Hepatozoon spp consistiu em uma desnatuirgcial por 3 min a 95°C, e
40 ciclos repetitivos de 15 s a 95°C, 40 s a 58°@- s a 72°C, seguidos por uma
extensdo final de 5 min a 72°C. As condicfes domside temperatura para 0s
primers de Babesia spp consistiu em uma desnatunaicéal de 3 min a 95°C, e 35
ciclos repetitivos de 15 s a 95°C, 30 s a 63°CQ s & 72°C, seguidos por uma
extensao final de 7 min a 72°C. Ambos os cicloarfopreviamente submetidos a um
gradiente de temperatura para encontrar a melhgeetura de anelamento para as
nossas condic¢des laboratoriais. Os produtos defB@m submetidos a eletroforese
em gel de agarose 1.5%, corados com Brometo ded;tédexaminados através de
transiluminador UV. “Amplicons” do tamanho esperafdwam purificados com
ExoSap (USB) e sequenciados em sequenciador auitomatApplied
Biosystems/PerkinElmer, model ABI Prism 310 Genditmster City, CA) de acordo
com o protocolo do fabricante.As sequéncias par@atidas foram submetidas a
analise BLAST (Altschul et al., 1990) para deteraniras similaridades mais
proximas das sequéncias correspondentes.

Durante as coletas de sangue, os caes foram ea@wsipara a presenca de
carrapatos, os quais foram coletados e trazidotalaaratorio para identificacao
taxonOdmica. Para andlise estatistica, a presenga oenos um céo positivo na PCR
em cada fazenda ou casa foi analisada qualitativiemam nivel dicotémico (O:
fazenda ou casa sem cdaes positivos na PCR; 1:.d@zmncasa com ao menos um
cdo positivo na PCR) com as seguintes variaveigpeadentes por analise

univariante (Teste exato de Fisher): (i) presengaalrapatos infestando cédes na
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fazenda ou casa (0: ausente; 1: presente); e¢a) de moradia (0: area urbana; 1:
area rural). Associacdo estatistica entre varideeisonsiderada significante §e<
0.05. Todas as analises foram realizadas utilizamdwrograma Epilnfo (verséo

3.3.2).

Tabela 1.Resultados da PCR para amplificar uma porgdo de §8S rDNA deéHepatozoorspp em

amostras de sangue de caes de localidades emwsg@pios no Estado do Espirito Santo, Brasil.

Municipio No. de localidades com ao menos umNo. de caes positivos na

cao positivo na PCR / No. total de PCR/ No. total de cées

localidades (%0) (%)

Colatina 0/1(0) 0/8(0)
Ecoporanga 1/1(100) 2/ 3 (66.6)
Nova Venécia 10/ 13 (77.0) 40/54 (74.1)
Santa Leopoldina 0/1(0) 0/12(0)
Sao Mateus 4 /4 (100) 12/13(92.3)
Vila Valério 0/1(0) 0/2(0)
Total 15/ 21 (71.4) 54 /92 (58.7)

RESULTADOS

Uma média de 4.4 3.0 cées (variacdo: 1-12) foram amostrados por
localidade, totalizando 92 caes sadios; 78 caes desfazendas em areas rurais, e 14
cdes eram de residéncias em areas urbanas. UmdeotaD (21.7%) cées foram

positivos no protocolo de PCR paBabesia enquanto 54 (58.7%) foram positivos

34



Veterinary Parasitology

no protocolo de PCR patdepatozoonTodos os caes positivos para Babesia foram
também positivos par&lepatozoon Entre as 21 localidades, 15 (71.4%) em 3
municipios tiveram ao menos um cao positivo na HFGCabela 1); isto incluiu 13
fazendas (area rural) e 2 residéncias (area urbana)

Um total de 40 produtos de PCR provenientes da pa&-Hepatozoone 19
produtos provenientes da PCR pBebesiaforam submetidos ao sequenciamento de
DNA. Foi tomado o devido cuidado para que fosseqiiesgciados produtos de ao
menos 2 caes diferentes de todas as localidadesivgmam 2 ou mais amostras
positivas nha PCR. Todas as sequéncias geradas HapB@Hepatozoonforam
idénticas entre si, e as sequéncias correspondgmigsne 18S rRNA dd. canisno
GenBank. Surpreendentemente, todas as sequémcadag da PCR para Babesia
eram idénticas as sequéncias correspondentes @0l rRNA deH. canisno
GenBank. Apdés a analise BLAST, estas sequénciasomsraram 100% de
homologia aH. canisdetectado em raposas da Espanha e Eslovaquiabértaem
dois Estados do Brasil: Rio Grande do Sul (Eerdocyon thous Pseudalopex
gymnocercus e Brasilia (cdes domésticos). Os numeros de @aaessGenBank
destes isolados previamente descritos sdo AY15086/461375, AY471615,
AY864677, DQ869309, respectively (Criado-Fornelioaé, 2006; Paludo et al.,
2005; Majla’thova’” et al., 2007).

Cées de 10 localidades rurais e 2 localidadesnagbdram encontrados
infestados por carrapatoR. sanguineus Estagios imaturos de carrapatos
Amblyommasp foram encontrados em cées de apenas 4 loadid@nfestados
também pomR. sanguineys Amostras destes estagios imaturos foram cultisatb

laboratorio até o estagio adulto, e foram iderdgdies com@Amblyomma cajennense
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Todas, exceto uma residéncia com cées infestaddR.@anguineuseve ao menos
um cdéo infectado pdfepatozoonPela analise univariante, a presenca de carsapato
(ex. R. sanguineysinfestando cées na localidade foi significanke < 0.05)
associada com ao menos um cao positivo na PCR. INdwe associacao

significativa P > 0.05) entre cées positivos na PCR e localidadzsnas ou rurais.

DISCUSSAO

O presente estudo demonstrou que a infeccdo es pdreH. canis foi
comum entre os caes aparentemente sadios no EktaBepirito Santo, com uma
média absoluta de infeccdo de 58.7%. Este valardesitro das médias de infeccao
previamente reportadas entre cdes rurais sadioguttas partes do Brasil, que
variaram entre 39.2 a 67.7% nos Estados de Sao Bd&ib de Janeiro (O’Dwyer et
al., 2001; Rubini et al., 2005, 2008).

Embora nos tentemos encontrar DNA dabesia através da PCR
empregando primers supostamente especificos peragésero de protozoarios, 0
sequenciamento de DNA de todos os “amplicons” geralb tamanho esperado por
estes primers apareceram cohhocanis Esta amplificacdo “inesperada” ocorreu no
presente estudo porque nossos primers para Bdbasiam alto grau de homologia
com as sequéncias correspondentes ao gene 18Sd&Népatozoon cani§Tabela
2), ex. nossos primers nao sao especificos paémergBabesia Infelizmente, nos
nao fizemos esta analise de alinhamento antesabeltiar com estes primers para
Babesianeste estudo, procedimento que teria nos levadilizar outros primers

com maior especificidade paBabesiaspp. Semelhantes faltas de especificidade
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com primers desenhados para Babesia foram previantefatados em outros
estudos, onde sequéncias “inesperadas’Hépatozoontambém foram geradas
(Oyamada et al., 2005; Majlathova et al., 2007)ovRvelmente, estes autores
também trabalharam com primers que demonstraraongedtu de homologia com
sequéncias correspondentesi@patozoon canisBaseado nestes resultados, nédo é
possivel descartar a possibilidade da infeccamagmrBabesiasp nas amostras de
cées testados no presente estudo, especialmertengéeccdo estava com baixas
taxas, porque um cdo com uma possivel infeccacadupiH. canise Babesiasp

poderia gerar somente sequénciabldeanisnas nossas analises.

Tabela 2.Alinhamento de sequéncias de nucleotideos paggia@ordo gene 18S rRNA de

ApicomplexosBabesiaspp eHepatozoon canigorrespondentes aos primdBf\B-33-57 e BAB-

432-409.
Espécies apicomplexas Primer BAB-33-57 (forward) Primer BAH-432-409 (reverse)
(No. de acesso GenBank) 5.3 5.5
Sequéncia de primers GOCAGTAGT CATATGCT TET T TAM TTCCTTAGATGTGETAGCOGTTTC
Pabesia canis (AYOT2926) Lo e aeaaiiee e eeaaa i eeesesaaen Cc..
BPabesie gibeoni (EFO14475) . L C e i re e
Hepatorcon canis (AYA61ITE) ... ... ... ... T
Hepatozeon canis (AYTI1062) ... e e - T
Hepatozeon canis (DO439540) .. . ... . ... P

Os resultados do presente estudo indicaR eanguineusomo o possivel
vetor deH. canis no Estado do Espirito Santo. Cées no Brasil sdalrgente
encontrados infestados pdR. sanguineusem areas urbanas, e por ambos
Amblyommaspp eR. sanguineusm areas rurais (O’'Dwyer et al., 2001; Szabo.¢t al

2001; Rubini et al., 2008). A maioria dos cédes damdss neste estudo era de areas
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rurais, onde encontramos uma alta porcentagemfdecéo porH. canisem uma
significante associacdo com a infestacdoR.osanguineusNao foram encontradas
diferencas entre as proporcdes de localidades é&esiinfectados pdi. canisentre
areas urbanas e rurais. Esta falta de uma diferggdicativa pode ser relacionada
a ocorréncia frequente de. sanguineuem ambas areas urbanas e rurais, mas
também pode estar relacionada ao pequeno numeesidéncias urbanas analisadas
no presente estudo. A confirmacao do vetor da bepahose canina no Brasil tem
sido uma questdo controversa. Um estudo no EstadRia de Janeiro encontrou
uma associacao significativa entre a infestacdoApaajennens@ a presenca de
gamontes deH. canisem esfregacos de sangue de cées (O'Dwyer etG1)2
Adicionalmente Amblyomma aureolaturfioi a Unica espécie de carrapato encontrada
infestando raposas infectadas pbrcanisno Sul do Brasil (Criado-Fornelio et al.,
2006). Outro estudo confirmouAmblyomma ovaleomo sendo o possivel vetor de
H. canisno Rio de Janeiro, como demonstrado por transmisgg@erimental e o
encontro de um carrapato naturalmente infectaddaff et al., 2005, 2007). Por
outro lado, varios estudos no Brasil encontraraes adfectados sendo infestados por
ambos carrapatodSmblyommaspp eR. sanguineu$O’'Dwyer et al, 2001; Rubini et
al., 2008) R. sanguineutem sido considerado o principal vetorHiecanisno Velho
Mundo, onde a transmissao experimental deste pmrétimz porR. sanguineugoi
elegantemente demonstrada (Baneth et al., 20013sivetmente, ambosR.
sanguineuse algumas espécies denblyommaém seu papel na transmissaoHie

canisno Brasil.
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CONCLUSAO

A hepatozoonose canina causada Horcanis parece ser uma infeccdo de
ocorréncia frequente em areas omlesanguineug endémico. Visto que todos 0s
cées infectados foram encontrados aparentementessad patogenicidade dd.

canisem cées no Espirito Santo permanece desconhecida.
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Conclusobes

Foi possivel tracar um perfil epidemiolégico dasadr estudadas na regiéo
Norte do Estado do Espirito Santo, levando-se emsideracdo que estudamos uma
populacdo de pessoas aparentemente sadias, semoquditiicos de zoonoses
transmitidas por carrapatos (ZTCs), mas que estécantato frequente com estes
artropodes, vivendo em area rural e convivendo anmais domeésticos que estao
infectados por diversos agentes transmitidos poajgatos.

Este projeto de pesquisa contou com o0 apoio logisto Ministério da
Saude, o qual tornou possiveis as visitas técpiaes coleta de materiais na regiao.
Acreditamos que a importancia deste projeto com@umeiro modelo é apenas um
passo inicial em ambito nacional no estudo de ZEGsrias outras localidades no
Brasil sob as mesmas condicbfes de saneamento emgpliogia poderiam ser
estudadas e pesquisadas para as ZTCs.

E possivel concluir que os municipios do Estad&sjoirito Santo estudados
nesta pesquisa por agentes transmitidos por cavsapadem ser considerados areas
endémicas para as Riquetsioses de modo geral. Etrats@do dos animais, a
problematica € maior, pois estes estdo muito MAEOFLOS ao contato com
carrapatos e as bactérias e protozoarios por teatesnitidos. As principais doencas
em cdes da regido sdo a Erliquiose, Hepatozoonasac Babesiose e as
Riquetsioses, sendo que no caso das riquetsiosgsodamos afirmar quais espécies
de Rickettsiaestdo realmente circulantes na regido, apenasmusdénferir que
existe a possibilidade destes animais terem tichdatm prévio conR. felis talvez
atraves de pulga€{enocephalides felis felismfectadas por esRickettsia. Os cées
estudados estavam geralmente parasitados pelasasespecies de carrapatos que

infestam os humanos, e assim o0s cdes podem séd@@a®s bons sentinelas para a
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presenca de Riquétsias e Febre Maculosa Brasil€isa.equinos também séo
importantes sentinelas no estudo da FMB, pois edpédteiros de estagios imaturos
e adultos de carrapatésnblyomma cajennense

Com relacdo a SBY, os resultados soroldgicos Bataurgdorferj principalmente
em cées, sugerem que 0 agente etiologico causadba dindrome possa estar
circulante, e possa se tratar de uma espiroquetéficanla morfologicamente e/ou
geneticamente, motivo pelo qual os ensaios de RC&Bprrelia ndo séo eficientes
para identificar este organismo.

A divulgacéo dos resultados encontrados € de smnpartancia para toda a
comunidade meédica e veterinaria do Brasil e do muadrescentando dados novos e
abrindo o leque de topicos a serem pesquisadossenwdvidos no futuro,
aprimorando metodologias, formando novos lacoseemésquisadores e formando

recursos humanos qualificados para a pesquisddirasi
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Survey for tick-borne zoonoses in the State of Egjiio Santo, southeastern Brazil

Abstract

Blood samples collected from 201 humans, 92 dogd,2¥ horses in the state of Espirito
Santo, Brazil, were tested by polymerase chaintima¢PCR), indirect immunofluorescence
assays (IFA), and indirect ELISA for tick-borne ehses (rickettsiosis, ehrlichiosis,
anaplasmosis, borreliosis, babesiosis). Our resudtieated that the surveyed counties are
endemic for spotted fever group rickettsiosis beeaera from 70 (34.8%) humans, 7 (7.6%)
dogs, and 7 (25.9%) horses were reactive to at taees of the sixRickettsiaspecies tested.
While there was evidence of ehrlichiosishflichia canig and babesiosisB@besia canis
vogeli, Theileria eqQiin domestic animals, no human was positive fdyds#osis and only 4
individuals were serologically positive f&. canis Borrelia burgdorferiserologic reactive
sera were rare among humans and horses, but ensemip&1% of the canine samples,
suggesting that dogs and their ticks can be patttefpidemiological cycle of the causative

agent of the Brazilian zoonosis, nhamed Baggio-YuatiSyndrome.

INTRODUCTION

Brazilian spotted fever (BSF), a rickettsial dise@aused byrickettsia rickettsiijs
the most prevalent tick-borne zoonosis in Braziheve its first reports dated from the
1930s'? The Brazilian southeastern states (Sdo Paulo, Merais, Rio de Janeiro and
Espirito Santo) are considered endemic for BSF,evew most of the studies have been
conducted in the first three states, with only tveported studies in the state of Espirito

Santo®>®
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Lyme Disease-like syndrome is an emerging clinesglty that has been described in
Brazil, and imitates the clinical manifestations tbe classical Lyme Disease from the
northern hemisphere. However, no spirochéige been identified in Brazilian patients and
ticks, despite of exhaustive use of molecular aiztahiological assays on clinical sampfes.
The nomenclature of the Brazilian disease was redato Baggio-Yoshinari Syndrome
(BYS) during the Rheumatology meeting in Sdo Pag@)5, proposing a new tick-borne
zoonosis in the country, different from Lyme Disegsrobably caused by different species of
spirochetes or a modified ofd.H.Y., unpublished data).

Canine monocytic ehrlichiosis, causedHiyrlichia canis,is the most important tick-
borne disease of dogs in Bra#l. canisis currently the only ehrlichial species that bagn
isolated from vertebrates in South Ameri€d® A preliminary investigation oEhrlichia
species was developed in the north and southeastgions of Brazil, including various tick
species, humans, dogs, and capybaras, bEhrhia DNA was found in human sampls.

In contrast, ehrlichial DNA compatible witghrlichia chaffeensisandEhrlichia ewingiiwas
recently reported in animal blood samples in Brizif Human cases of ehrlichiosis in Brazil
were only reported by clinical suspects and serokbgests, with no DNA amplification and
further identification of the ageht’

Babesiosis is a common tick-borne disease of dodsarses in BraziBabesia canis
vogeli(= B. vogel) is the most common agent affecting dogs, althdhghe are a few reports
of Babesia gibsoni®?! Babesiosis in equids are caused mainlyBapesia caballiand
Theileria equi(formerly Babesia equj which are endemic at the tropics, subtropics and
partly in the temperate zon&sln the North Hemisphere, human babesiosis is faorithe
United States, where three different species apgvhkrto occur, and also in Europe, where the
main species identified in humans &@e divergensB. microti and B. odocolef*?* South

America has a low number of reports of human balsesiincluding the first suspect case
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from the State of Pernambua serological study in Colombia, possible positive case in
Poland that seems to have acquired in Braniipodies tBabesiain a study of co-infection
with Lyme diseasend a case of a child with hepatoblastoma withsitipe blood smear that
suggestBabesiainfection?®>°

With the aim to investigate tick-borne zoonosed mestablish epidemiological data
about these diseases in the northern region ofStage of Espirito Santo, we visited six
counties in this area, and performed serology anteecnlar biology to the most common
tick-borne diseases in humans and domestic animdsazil. These counties were selected
because of their recent history of BSF laboratamyficmed cases, including fatal cases

(unpublished data from the State of Espirito S&fgalth Secretary), and/or suspect cases of

BYS (N.H.Y., unpublished data).

MATERIAL AND METHODS

This study sampled humans, dogs, and horses linir&8 localities in the rural and
urban areas within 6 municipalities located in Bate of Espirito Santo, Brazil: Nova
Venécia, Sdo Mateus, Santa Leopoldina, Ecoporadgiatina, and Vila Valério (Figure 1).
Samples were collected from May 2007 to March 2608ng three scientific expeditions
undertaken to the State of Espirito Santo. In eagiedition, farms in rural and homes in
urban localities were visited in order to colletddd samples from humans, dogs, and horses.
None of the sampled individuals presented clinsogihs of acute infectious diseases when the
blood was collected. A total of 109 humans, 85 dagsl 24 horses were sampled from 22
households (17 farms and 5 homes). In additionh@®ans, 7 dogs, and 3 horses were
sampled in an Agro-Technical school located inrtival area of Colatina County. Collection

of animal and human blood samples were previoystyaved by Ethical Principles of Ethics
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Commission to research projects (CAPPesq), Faafiliyiedicine, University of Sdo Paulo.
Four of the rural households were considered tothee infection source of BSF cases
(presumably caused . rickettsi) confirmed in humans during 2003-2005 with at els
fatalities (unpublished data from the State of EgpSanto Health Secretary). The remaining
18 households were considered the probable infestiorce of Lyme Disease-like syndrome
[= Baggio-Yoshinari syndrome (BYS)] among humaniguas (Yoshinari NH, unpublished
data), and were selected because of a large nuoflier burgdorferiserologically positive
samples sent to the BYS Reference Laboratory dtdlealty of Medicine of the University of
Séao Paulo. Blood samples were collected in twosviahe with ethylenediaminetetraacetic
acid (EDTA) anticoagulant, and kept frozen at°@Qntil DNA extraction; and the other
without EDTA, from which sera were separated bytiiigation and kept frozen until tested
by serological methods.

DNA extraction and polymerase chain reaction (PCR)DNA was extracted from
each blood sample using the DNeasy Blood & Tisslie (Riagen, Hilden, Germany),
according to the manufacturer’s instructions. DNs#nples were eluted in 100 mL of TE
buffer. Free DNA water was used as negative comtfdhe extractions. Five-microliters of
extracted DNA were used for polymerase chain readiPCR) amplification. Samples were
individually tested by a battery of PCR using thetpcols described below.

Primers GE2 (5" - GTT AGT GGC AGA CGG GTG AGT — 8 HE3 (5'- TAT AGG
TAC CGT CAT TAT CTT CCC TAT - 3°) were used to aiifypla 360 bp fragment of the
16S rRNA gene ofAnaplasmatacea® * PCR were carried out in a total of B0solution
containing 1X PCR buffer minus Mg, 1.5 mM MgQ).2 mM dNTPs, 1U of Platinum
TagDNA Polymerase (Invitrogen, Carlsbad, CA), and @M of each primer. PCR cycle
conditions consisted of a initial denaturation $omin at 95°C, and 40 repetitive cycles of 15

sec at 95°C, 30 sec at 62°C, and 30 sec at 72t@yéd by a 7 min final extension at 72°C.
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Positive (previously known blood DNA fromE canisinfected dog) and negative (water)
controls were included in all PCR assays.

To amplify a 665-bp fragment of thRorrelia flagellin (flaB) gene, a initial PCR
reaction using primers FLA LL (5°- ACA TAT TCA GAGCA GAC AGA GGT - 3) and
FLA RL (5-GCA ATC ATA GCC ATT GCA GAT TGT - 3") we employed, and for the
nested-PCR that amplifies a 354-bp, primers FLA(RS CTT TGA TCA CTT ATC ATT
CTA ATA GC — 3’) and FLA LS (5 - AAC AGC TGA AGA GCTGG AAT G - 3’) were
used, with minor modification.PCR were carried out in a total offi0solution containing
1X PCR buffer minus Mg, 1.5 mM MgCI2, 0.2 mM dNTPk,U of Platinum TagqDNA
Polymerase (Invitrogen, Carlsbad, CA), and @\ of each primer. For all PCR reactions,
one positive control (DNA extracted fromorrelia anserinaculture) and two negative
controls (water) were included. Cycling conditiofts both reactions included a initial
denaturation for 3 min at 95°C, and 40 repetitiyees of 1 min at 95°C, 1 min at 65°C, and 1
min at 75°C, followed by a 10 min final extensidr7a°C.

PCR to identifyBabesiaspp was performed using primers BAB-33-57 (5'- GAGT
AGT CAT ATG CTT GTC TTAA -3’) and BAB-432-409 (57TC CTT AGA TGT GGT
AGC CGT TTC -3’), corresponding to conserved regiomn the 18S rRNA gene &abesia
spp, designed to amplify=870-bp portion of the 18S rRNA gene. PCR were edrdut in a
total of 5QuL solution containing 1X PCR buffer minus Mg, 1.54MgCl, 0.2 mM dNTPs,
1U of Platinum TagDNA Polymerase (Invitrogen, CaaldbCA), and 0.2M of each primer.
Positive (previously known DNA from B. canisinfected dog) and negative (water) controls
were included in all PCR assays. PCR cycle contstimonsisted of an initial denaturation for
3 min at 95°C, and 40 repetitive cycles of 15 2e858C, 30 sec at 63°C, and 30 sec at 72°C,

followed by a 7 min final extension at 72°C. The
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PCR-positive samples were purified using ExoSa®R) and sequenced in an
automatic sequencer (Applied Biosystems/PerkinElmmardel ABI Prism 310 Genetic, CA,
US) according to the manufacturer's protocol. Baggquences obtained were submitted to
BLAST analysis to determine similarities to othpesies™

Indirect ELISA to B. burgdorferi. Antigen preparation was performed as previously
described® Indirect ELISA using antigens &. burgdorferiG 39/40, North America origin,
was performed by standard method with minor madifons to human samplemd exactly
as described when performed to the canine seralesffip’ Anti-dog IgG conjugated with
alkaline phosphatase produced in rabbit (SigmaiéidrSt. Louis, MO) was added in a
1:1000 dilution in blocking solution. Sera of 8 ddgom an urban area of Sdo Paulo, without
tick-bite history and without visiting rural areag&re used as negative controls. As positive
control of the reaction, a previously known postiog serum was used. The same method
was applied to the human sera samples, but incdge both IgG and IgM were assayed as
previously describe®f Anti-human IgG and Anti-human IgM, both alkalinégsphatase
conjugated (Sigma) were diluted 1:1000 in blocksajution. Eight negative human sera
samples from people that did not report previodk-tite and no clinical signs were used as
negative controls. As positive control, a known ifpes human serum td3. burgdorferi
antigen was used.

Indirect ELISA to horse sera was performed as desdy with modifications? Plates
were coated withB. burgdorferiantigen in a concentration of 1§/ml diluted in Carbonate
buffer (pH=9,6). Tween 80 (0.05%) was applied camtito Tween 20. Blocking buffer was
made with 5% skim milk diluted in PBS Tween 80 (pH4. All serum samples (including
eight negative controls) were used in a dilutionlef00, and positive control was titrated
using a two-fold dilution, starting at 1:400. Amibrse IgG alkaline phosphatase conjugated

(Sigma) was diluted 1:15000 in the PBS Tween 80@ebuéind plates were incubated for 60
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min in a wet chamber at room temperature. Thereaftashing procedures were employed
and substrate was applied as previously descriPedies were read at 405 nm in a Titertek
Multiscan MCC/340 (Flow Laboratories), and when finst dilution of the positive control
serum reached the optical density value near heédydaction was ready to be read. Cut-off
value was established with a confidence degree9@®9%9 obtained by considering the mean
optical density plus three standard deviations h& €ight negative control sera. Optical
densities higher than cut-off values were consti@@sitive and the titers were estimated by
regression curve.

Immunofluorescence assay (IFA) tdRickettsiaspp IFA slides were prepared using
12-well slides containing crude antigens derivemnfrsix Rickettsiaisolates from BrazilR.
rickettsii strain Taiacu,R. parkeri strain At24, R. bellii strain Mogi das CruzesR.
amblyommiistrain Ac37,R. rhipicephalistrain HJ5 andrR. felisstrain Pedreira. Slides were
prepared as previously descrid8dHuman, canine and horse sera were diluted in taofo
increments with PBS starting from 1:64 dilution.nTmicroliters of the diluted sera were
added to each well of the antigen slides. Slidesevircubated at 37°C for 30 minutes in a
humid chamber. The slides were rinsed once, amdvlashed twice for 10 minutes per wash
in PBS. Incubation of the slides was performed Mlilorescein isothiocyanate-labeled goat
anti-human IgG, goat anti-dog IgG or goat anti-BdgG (IgG; Sigma Diagnostics, St. Louis,
MO), and washed as described above. The slides weuvated with buffered glycerin under
coverslips. In each slide, a serum previously shtame nonreactive (negative control) and a
known reactive serum (positive control) were testédr each sample, the endpoint titer
reaction with each of the six rickettsial antigemas determined. Slides were read in an
ultraviolet microscope (Olympus BX60, Japan) atX¥@@agnification.

IFA to Ehrlichia canis. Individual serum samples were tested udtnganisinfected

DH82 cells as antigen, performed with a Braziliéiraia (strain Sdo Paulo) isolated from a
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naturally infected dod? A fluorescein-conjugated anti-dog IgG (Sigma) jwes titrated to
the best working dilution (1:600) was used as desdt®** To the human sera, anti-human
IgG fluorescein-conjugated (Sigma) was employedthe 1:400 dilution. Serum was
considered to contain antibodies reactiveEtacanisiif it displayed a reaction at the 1:64
dilution. Blocking solution (BSA 1% in PBS for cae sera, and inactivated rabbit sera 2% in
PBS for human sera) were used to diminish backgtolmeach slide, a serum previously
shown to be nonreactive (negative control) and ewknreactive serum (positive control)
were tested. Samples that reacted at the scredilirtgpn (1:64) were titrated using serial
two-fold dilutions to determine endpoint titers.

IFA to Babesiaspp and Theileria equi. Antigens ofBabesia canisBabesia bovis,
and T. equiwere prepared as described (Furuta Pl and otiMagyuga CR and others,
unpublished datdY: Briefly, serum dilution tested agairBabesia canivas 1:40, and 8.
bovisandT. equiwas 1:80. After washing with PBS buffer, slidesrevencubated with the
corresponding fluorescein-conjugate. Anti-horse IgIGC (Sigma) was diluted 1:32; anti-
dog IgG FITC (Sigma) was diluted 1:200; and antman IgG FITC (Sigma) was diluted

1:400%

RESULTS AND DISCUSSION

Results of all serological tests and PCR performeduman, dog, and horse blood
samples are shown in Table 1. Data were separatding to rural and urban areas. In
addition, results for the Agro-Technical school vpresented separately because half of the
human samples were collected from this single site.

Human samples were all negative Babesia,both by serology and PCR. A few

human or horse sera were reactive Bor burgdorferi by serology. On the other hand,
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approximately half of the dogs were serologicaépative toB. burgdorferi,suggesting the
participation of dogs and their ticks in the epidaogical cycle of BYS in Brazil. Differing
from the US, Europe and Asia, hades ricinuscomplex ticks are present in Brazilian BYS-
endemic areagMaximum titers achieved tB. burgdorferiin human samples were 1:800 for
IgG and 1:200 for IgM. In Brazil, serology #& burgdorferiusually presents low titers that
decrease to disappearance fast. Spirochetes haee Ineen isolated from humans or ticks.
For these reasons, the disease presented in th&youhich reproduces most of the clinical
symptoms of the classical Lyme Disease, receivethannomenclature. Recent studies from
the BYS reference laboratory suggest that the agfichl agent of this disease can be a
modified spirochete at its morphological or geneigpects, and that these changes have
happened due to the lackloficinus-complex ticks in BYS-endemic areas, differencethan
biodiversity and climate of Brazil (N.H.Y., unpusiied data)

Overall, sera from 70 (34.8%) humans, 7 (7.6%) degsl 7 (25.9%) horses were
reactive to at least ornRickettsiaspecies. Endpoint titers of human sera varied féaito
1024 to all sixRickettsiaspecies. Endpoint titers of dog sera varied frontd32768 forR.
rickettsii, 256 to 16384 foiR. parkeri,64 to 4096 forR. amblyommii, R. rhipicephali, R.
bellii, andR. felis.Endpoint titers of horse sera varied from 64 to &i2R. rickettsii,64 to
128 for R. parkeriand R. felis, 128 to 1024 forR. amblyommiiand 128 to 512 tdR.
rhipicephaliandR. bellii. Considering individual sera, in all cases endpbtets for two or
more Rickettsiaspecies were less than 4-fold different, exceptoioe case, a dog from a
household in the rural area of Santa Leopoldinaiametity, which presented endpoint titer
of 1024 toR. felis,128 toR. bellii,and non-reactive for the remainifickettsiaspecies. Due
to this greater difference between titers, thelegical response in this dog was considered to
be elicited byR. felis.In fact, R. felisinfected fleas Ctenocephalides felis fe)isollected on

dogs were also observed in both urban and rurakavéthe present study (Labruna MB and
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others, unpublished data). These results suggatsp#nt of the serologically-reactive human
sera of the present study could indicate past fiiedyR. felis.

Our serological results, coupled with molecularagss indicate that a significant
amount of dogs were infected I canis.Although no human blood showed to contain
ehrlichial DNA, at least 2% of the human sera weegetive toE. canisantigen by IFA. Since
E. canishas been shown to infect humans in Venezuela, thes®ogical responses i
canis in the present study could represent accidentatctitin by E. canis, since R.
sanguineusvas a common finding on dogs of the householdtf brban and rural areas of
the present stud{/*°

For most of the agents investigated, similar reswire obtained for urban and rural
humans and dogs. One could find these results @ctadple because urban and rural areas
have lots of ecological differences, although ihsalected municipalities, separation of the
urban and rural environments is very tenuous. Hewneall urban households of the present
study were selected because of recent history aheLyDisease-like Syndrome among
residents. In this case, they all claimed abouviptes tick infestations when visiting rural
areas (data not shown).

Both human and horse samples from the Agro-TechrBmnool demonstrated
serological positive reactions to the $lickettsiaspecies, in contrast to canine samples that
showed no reaction. In 2005, the death of two huwfeom the school was assumed to be
caused by a SFQ®ickettsia(unpublished data from the State of Espirito Sargalth
Secretary). The majority of people from the scheampled for this study, reported frequent
tick bites within the school area. Part of thesksiwere collected by us and identified as
Amblyomma cajennensed Amblyomma dubitaturfdata not shown). Possibly, the few dogs

sampled in the school are less exposed to thdse fimce they were housed close to the main
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buildings, far from the tick-infested fields whetee students regularly had field classes and
horses were used during work.

Assembling our results, we can infer that the npdht of the State of Espirito Santo
can be considered an endemic area for Sickettsiabut no former considerations can be
made about the other organisms regarding humanlgtepy although in domestic animals it
was possible to conclude thghrlichia canisand Babesiaspp. were circulating while we
surveyed these places, contributing to the cormtughat these areas are endemic to some
other tick-borne diseases in animatepatozoon canisvas also found infecting dogs, as
previously describe®. Further studies using this example of surveythepparts of Brazil

would contribute for the best elucidation on tiake zoonoses.
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Table 1

Results of serological tests and PCR performedaodsamples of humans, dogs, and horses from siaipalities in the state of Espirito

Santo, southeastern Brazil.

No. individuals that showed to be positive (%)

Humans Dogs Horses
Agents investigated
Rural Urban School Total Rural Urban  School Total Rural School Total
(h=100)  (n=9)  (n=92)  (n=201) (n=71)  (n=14) (n=7)  (n=92) (n=24)  (n=3) (n=27)
Serology

Borrelia burgdorferi  8(8.0)  1(11.1)  0(0) 9 (4.5) 38 (53.5) 7 (50.0R (28.6) 47 (51.1) 1(4.2) 0(0) 0(0)
Rickettsia rickettsii 31 (31.0) 2 (22.2) 16 (17.4) 49 (24.3) 4(56) O0Op( 0(0) 4 (4.3) 4(16.7) 3(100) 7 (25.9)
R. parkeri 28(28.0) 2(22.2) 21(22.8) 41 (20.4) 2(28 O0p( 0(0) 2 (2.2) 2(8.3) 2(66.7) 4(14.8)
R. amblyommii 33(33.3) 3(33.3) 16(17.4) 52(25.9) 3(42) Oop( 0(0) 3 (3.3) 3(25) 2(66.7) 5(18.5)
R. rhipicephali 36 (36.0) 4 (44.4) 17(185) 57 (28.3) 2(28) 71 0(0) 3(33) 3(25) 2(66.7) 5 (18.5)
R. felis 31(31.0) 4(44.4) 16(17.5) 51(25.3) 2(28) 128 0(0)  4(4.3) 1(42) 2(66.7) 4(14.8)
R. bellii 17 (17.0) 2(22.2) 10(10.9) 39 (19.4) 3(42) 7] 0(0)  4(43) 2(83) 3(100) 5(18.5)
Ehrlichia canis 3(3.0) 0 (0) 1(1.1) 4 (2.0) 33(46.5) 4(28.6) (12.3) 38 (41.3) ND ND
Babesia canis vogeli 0 (0) 0(0) 0(0) 0(0) 25(46.5) 6(42.9) 0(0) 1@33.7) ND ND
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Babesia bovis 0 (0)
Theileria equi 0 (0)
PCR
Anaplasmataceae 0 (0)
Borrelia 0 (0)
Babesia/Theileria 0 (0)
Hepatozooh ND

0(0)

0(0)

0 (0)
0(0)
0 (0)

ND

0(0)

0(0)

0 (0)
0(0)
0 (0)

ND

0(0)

0(0)

0 (0)
0(0)

0 (0)

ND

0(0)

22 (31.0)
0 (0)
14 (19.7)

46 (64.8)

ND

0(0)

3 (21.4)
0 (0)
6 (42.9)

8 (57.1)

ND

0(0)

0 (0)

0(0) 5(27.2)

0(0)

0 (0)

0(0) 0@1.7)

0 (0)

54 (58.7)

ND

4 100)

0 (0)
(@
6 (25.0)

DN

ND
3(100) 27 (100)
0() 0(0)
0(0) 0(0)

00) 6(22.2)

ND

*Previously reported dafa.
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FIGURE LEGEND

Fig. 1. Location of six counties in the state optso Santo, southeastern Brazil, where

samples were collected for the present study.
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ARTICLE INFO ABSTRACT

Artide history- From May 2007 to March 2008, blood samples were collected from 92 healthy dogs living
Received 16 Deasmber 2008 . F x - g i
. ; " in 21 households (17 farms in rural area, and 4 homes in urban area) in & counties of the
Received in revised form 13 March 2009 = 2 e 3
Accepted 6 May 2009 State of Espirito Santo, southeastern Brazil. In addition, ticks were collected from these
dogs. A mean of 4.4 + 3.0 dogs (range: 1-12) were sampled per household: 78 and 14 dogs
were from rural and urban areas, respectively. Polymerase chain reaction (PCR) designed to
amplify fragments of the 185 rDN A gene of Babesia spp or Hepatozoon spp reveal ed amplicons

Keywords:

Hepatazoon conis

Dog of the expected size in 20 (21.7%) dogs for Babesia, and 54 (58.7%) dogs for Hepatozoon, All
Rhipicephalus songuines Babesia-positive dogs were also Hepatozon-positive, Among the 21 households, 15 {71.4%)
Ambiyomma cafennense from 3 counties had at least one PCR-positive dog, including 13 farms (rural area) and 2 homes
Espirito Santo {urban area). A total of 40 PCR products from the Hepatazoon-PCR, and 19 products from the
Brazil Babesia- PCR were submitted to DNA sequencing. All generated sequences from Hepatozoon-

PCR were identical to each other, and to coresponding 185 rONA sequences of H. canis in
GenBank. Surprisingly, all generated sequences from the Babesio PCR were also identical to
corresponding 185 rDNA sequences of H. canis in GenBank. Dogs from 10 rural and 2 urban
households were found infested by Rhipicephalus sanguineus ticks. Immature of Amblyomma
cajennense ticks were found in dogs from only 4 rural households (also infested by R.
sanguineus), All but one household with R. sanguineus-infested dogs had at least one
Hepatezoon-infected dog. Statistical analysis showed that the presence of ticks (ie R
sanguinews) infesting dogs in the households was significantly (P < 0,05 ) associated with at
least one PCR-positive dog. There was no significant association (P> 0.05) between PCR-
positive dogs and urban or rural households. Canine hepatozoonosis caused by H mnis is a
high frequentinfection in Espirito Santo, Brazil, where itis possibly vectored by R songuineus.
Since all infected dogs were found apparently healthy, the pathogenicity of H. canis fordogs in
Espirito Santo is vet to be elucidated.

@ 2009 Elsevier B.V. All rights reserved.

1. Intreduction

Canine hepatozoonosis is a tick-borne disease of
* Cotresponding author. Tel: +55 113061 7496; fax: +55 113061 7490, dogs found almost worldwide, caused by two different
E-mail address: mariznaspolidorio®gmailecom (M.G. Spolidorio} species of apicomplexan protozoa, Hepatozoon canis and

0304-4017/5 - see front matter & 2009 Elsevier BV, All rights reserved.
doi: 101016/ fvet par 2009.05.002
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Hepatozoon americanum (Baneth et al, 2003; Vincent-
Johnson, 2003 ). H. canis was first described in India in
1905, and was incriminated as the cause of a mild disease,
mainly characterized by anemia and lethargy (Baneth and
Weigler, 1997). Dogs infected with H. canis generally
appear healthy, since the disease is usually unapparent
and subclinical, and the diagnosis is occasionally con-
firmed during laboratory examinations (Mundim et al.,
1994; Gondim et al.,, 1998; Paludo et al., 2005). Immu-
nosuppression caused by concurrent disease or other
factors appear to play an important role in manifestation
of clinical signs. In contrast, dogs infected with H.
americanum typically develop severe disease (Vincent-
Johnson, 2003). The distribution of H. americanum has
been restricted to the United States, whereas H. canis has
been reported in Africa, Southeast Asia, Middle East,
Europe, and South America (Baneth et al, 2003; Gavazza
et al., 2003; Vincent-Johnson, 2003; Oyamada et al., 2005;
Rubini et al., 2008).

In Brazil, canine hepatozoonosis was first described by
Massard (1979) from dogs of a rural area in Rio de Janeiro.
Recent molecular studies have revealed the species H. canis
infecting dogs from the States of S3o Paulo and Rio de
Janeiro, and the Federal District (Brasilia) (Paludo et al,
2005; Forlano et al, 2007; Rubini et al, 2005, 2008)
Clinical evaluation in infected dogs was performed in one
of these studies, which revealed mild disease similar to
canine hepatozoonosis previously reported in the Old
World (Paludo et al., 2005).

The known vector of H. canis in the Old World is the tick
Rhipicephalus sanguineus (Baneth et al, 2001) although
Haemaphysalis spp have been suggested to be possible
vectors in Japan (Murata et al,, 1995). In the United States,
Amblyomma americanum is the only recognized tick vector
of H. americanum (Vincent-Johnson, 2003). In Brazil
Amblyomma spp have been suggested as vectors of canine
hepatozoonosis, although R. sanguineus has also been
found infesting H. canis-infected dogs {O'Dwyer et al,
2001; Forlano et al, 2005; Rubini et al,, 2008).

The present study employed molecular analysis to
evaluate infection by Hepatozoon spp and Babesia spp in
dogs from the State of Espirito Santo, southeastern Brazil
In addition, we evaluated the tck species that were
infesting these dogs.

2. Materials and methods

During May 2007 to March 2008, three scientific
expeditions were undertaken to the State of Espirito Santo,
southeastern Brazil. In each expedition, farms in rural and
homes in urban localities were visited in the six counties:
Nova Venécia (18°43'S, 40°24'W), S3o Mateus (18°43'S,
39°51'W), Santa Leopoldina(20°06'S, 40°32'W), Ecoporanga
(18°22'5, 40°50°'W), Colatina (19°32'S, 40°37'W), and Vila
Valério (18°59'S, 40°22'W). A total of 92 apparently healthy
dogs were sampled from 21 households (17 farms and 4
homes), These households had been previously selected for
another study with tick-borne zoonoses {M.HY., unpub-
lished data), so they were not randomly selected.

Canine blood samples were collected in ethylenedia-
minetetraacetic acid (EDTA) anticoagulant, and kept frozen

at —20°C until DNA extraction. DNA was extracted from
each blood sample using the DNeasy Blood & Tissue Kit
{QIAGEN, Hilden, Germany), according to the manufac-
turer's instructions. DNA samples were eluted in 100 pL of
TE buffer. Five-microliter of extracted DNA was used for
polymerase chain reaction (PCR)amplification. DN Ase-free
water was used as a negative control for the extractions
and PCR assays.

Primers HEP-1mod { % -CGC GAA ATT ACC CAATTC TA -
3) and HEP-4 (5'-TAA GGT GCT GAA GGA GTC GTT TAT-3'),
were used to amplify a =670-bp portion of the 185 rRNA
gene of Hepatozoon spp (Criado-Fornelio et al, 20086).
Primer HEP-1mod was modified from the HEP-1 primer
reported by Criado-Fornelio et al, {2006) through the
insertion of the last three nucleotides (CTA), which are
conserved among Hepatozoon sequences available in
GenBank. This insertion was done with the intention to
increase primer annealing temperature. In addition,
primers BAB-33-57 (5-GCC AGT AGT CAT ATG CTT GTC
TTAA-3') and BAB-432-409 (5'-TTC CTT AGA TGT GGT AGC
CGTTTC-3'), corresponding to conserved regions of the 185
rRMA gene of Babesia spp were designed to amplify a =370-
bp portion of the 18S rRNA gene. Polymerase chain
reactions (PCR) were carried out in a rotal of 50 pL
solution containing 1X PCR buffer minus Mg, 1.5mM
Mz(l; 0.2 mM dNTPs, 1 U of Platinum TagDNA Polymerase
(Invitrogen, Carlsbad, CA), and 0.2 .M of each primer. PCR
cycle conditions for Hepatozoon spp consisted of a initial
denaturation for 3 min at 95 °C, and 40 repetitive cycles of
155at95°C, 40 s at 53 °C, and 405 at 72 °C, followed by a
5 min final extension at 72°C, PCR cycle conditions for
Babesia spp primers consisted of a initial denaturation for
3 minat95°C and 35 repetitive cycles of 155 at 95 °C,30s
at 63°C, and 305 at 72°C, followed by a 7 min final
extension at 72 °C. Both cycles were previously submitted
to a gradient of temperature to find the best annealing
temperature to our laboratory conditions. PCR products
were electrophoresed through a 1.5% agarose gel, stained
with ethidium bromide, and examined by UV transillu-
mination. Amplicons of the expected size were purified
with ExoSap (USB) and sequenced in an automatic
sequencer (Applied Biosystems/PerkinElmer, model ABI
Prism 310 Genetic, Foster City, CA) according to the
manufacturer's protecol. Partial sequences obtained were
submitted to BLAST analysis {Altschul et al., 1990) to
determine the closest similarities to corresponding
SEQUENCes.

During blood collections, dogs were examined for the
presence of ticks, which were collected and brought to the
laboratory for taxonomic identification. For statistical
analysis, the presence of at least one PCR-positive dog in
each farm or home was analyzed qualitatively at a
dichotomous level {0: farm or home with no PCR-positive
dog; 1: farm or home with at least one PCR-positive dog)
with the following two independent variables by uni-
variate analysis (Fisher's Exact test): (i} presence of ticks
infesting dogs in the farm or home (0: absent; 1: present);
and (ii} living place (0: urban area; 1: rural area). Statistical
association between variables was considered significant if
P < 0.05. All analyses were performed using the program
Epilnfo {version 3.3.2).
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Table 1

Results of PCR argeting the 185 rDNA gene of Hepatozoon spp in canine
blood samples from households in six counties in the State of Espirito
Santo, Brazil.

County No. of howse holds No. of PCR-positive
with at least one dogsftotal no, of
PCR-positive dog/total dogs (%)
no. of households (%)

Colatina 0/1{0) 08 (0)

Ecoporanga 11 {100} 2/3 (666}

Nowva Venécia 10013 (77.0) A0/54 (74.1)

Santa Leopolding 0/1 (0) 0/12 (0)

Sdp Mateus 474 (100) 12/13 (923)

Vila Val ério 0f1 {0) 02 (0)

Total 15/21 {71.4) 54/92 (58.7)

3. Results

Amean of 4.4 + 3.0 dogs {range: 1-12) were sampled per
household, totalling 92 healthy dogs; 78 dogs were from
farms in the rural areas, and 14 dogs were from homes in the
urban area. A total of 20 (21.7%) dogs tested positive by the
Babesia-PCR. protocol, whereas 54 (58.7%) were positive by
the Hepatozoon-PCR protocol. All Babesia-positive dogs were
also Hepatozoon-positive, Among the 21 households, 15
(71.4%) from 3 counties had at least one PCR-positive dog
(Table 1); these included 13 farms (rural area) and 2 homes
(urban area).

A total of 40 PCR products from the Hepatozoon-PCR,
and 19 products from the Babesia-PCR were submitted to
DNA sequencing. Care was taken to sequence products
from at least 2 different dogs from all households that had
2 or more canine samples positive by PCR. All generated
sequences from Hepatozoon-PCR were identical to each
other, and to corresponding 18S rDNA sequences of H. canis
in GenBank. Surprisingly, all generated sequences from the
Babesia PCR were also identical to corresponding 185 rDNA
sequences of H. canis in GenBank. After BLAST analyses,
these sequences showed a 100% homology to H. canis

Table 2

detected in fox from Spain and Slovakia, and also from two
States in Brazil: Rio Grande do Sul (in Cerdocyon thous and
Pseudalopex gymnocercus foxes) and Brasilia (domestic
dogs). Gene Bank accession numbers of these previous
isolates are AY150067, AY461375, AY471615, AY864677,
DQ869309, respectively (Criado-Fornelio et al., 2006;
Paludo et al, 2005; Majlithovi et al,, 2007 ).

Dogs from 10 rural and 2 urban households were found
infested with R. sanguineus ticks. Immature of Amblyomma
sp ticks were found in dogs from only 4 rural households
(also infested with R sanguineus). Samples of these
immatures were reared in the laboratory until the adult
stage, and were identified as Amblyomma cajennense. All
but one household with R sanguineus-infested dogs had at
least one Hepatozoon-infected dog. By the univariate
analysis, the presence of ticks (i.e. R sanguineus) infesting
dogs in the households was significantly (P < 0.05)
associated with at least one PCR-positive dog. There was
no significant association (P > 0.05) between PCR-positive
dogs and wrban or rural households.

4. Discussion

The present study showed that canine infection by H.
canis was common among apparently healthy dogs in the
State of Espirito Santo, with an overall infection rate of
58.7% This value is within previously reported infection
rates among healthy rural dogs from other parts of Brazil,
which varied from 39.2 to 67.7% in the States of 530 Paulo
and Rio de Janeiro (O'Dwyer et al., 2001 ; Rubini etal., 2005,
2008).

Although we have tried to find Babesia DNA by PCR
employing primers supposed to be specific for this
protozoa genus, DNA sequencing of all amplicons of the
expected size generated by these primers were shown to
be H. canis. This ‘unexpected’ amplification happened in
the present study because our Babesia primers have very
high degree of homology with corresponding 185 rRNA
sequences of Hepatozoon canis (Table 2), Le, our primers

Nudeotide sequence alignment for the region of the 185 rRNA gene of the apicomplexan Babesiospp and Heparozoon conds, corresponding to primers BAB-

33-57 and BAB-432-4049.

Hepatozoon canis (AYA61378)  c.ooaeiniiaiiaa. T
Hepatozoom vants (AYTI062) L oaie e h casivnnons L
Hepatozoon canis (DQ439540) .ot T

Boabesia canis (AYH72926) e S o e

Babesia gifisoni (EFO14475) T

Apicomplexan species Primer BAB-33-57 (forward) Primer BAB-432-409 (reverse)
{Genbank accession no.) 5-3 5'-3°
Primier sequence GOCAGTACTCATATACTTETCTTAR TTCCTTAGATETGOTAGCCGTTTC
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are not Bahesia genus-specific. Unfortunately, we did not
do this alignment analysis before working with the Babesia
primers in the present study, a procedure that would have
driven us to use other primers with higher specificity for
Babesia spp. Similar lack of specificity for Babesia-designed
primers has been previously reported in other works,
where ‘unexpected’ Hepatozoon sequences were also
generated (Oyamada et al, 2005; Majlathova et al,
2007 ). Probably, these authors also worked with primers
showing high degree of homology with Hepatozoon canis
corresponding sequences. Based on these results, itis not
possible to discard the possibility of canine infection by
Babesia sp in the dogs' samples in the present study,
especially if infection was at low infection rates, because a
dog with a possible double infection by H. canis and Babesia
sp could have generated only H. canis sequences in our
analysis.

Results of the present study indicate R sanguineus as
the possible vector of H. canis in the State of Espirito Santo.
Dogs in Brazil are generally found infested by R
sanguineus in urban areas, and by both Amblyomma spp
and R sanguineus in the rural areas (0'Dwyer et al., 2001 ;
Szabé et al., 2001; Rubini et al., 2008), Most of the dogs
sampled in the present study were from rural areas, where
we found a high percentage of infection by H. canis in
significant association with R. sanguineus infestations, We
found no difference between the proportions of house-
holds with H. canis-infected dogs among rural and urban
areas, This lack of significant difference could be related to
the frequent occurrence of R. sanguineusin both the urban
and rural areas, but also could be related to the small
number of urban households analyzed in the present
study. Confirmation of the vector of canine hepatozoo-
nosis in Brazil has been a controversial issue. One study in
the Stare of Rio de Janeiro found significant association
berween A. cajennense infestations and the presence of H.
canis gamonts in canine blood smears (O'Dwyer et al,
2001). In addition, Amblyomma aureolatum was the only
tick species that was found infesting H. canis-infected
foxes in southern Brazil (Criado-Fornelio et al., 2006).
Another study confirmed Amblyomma ovale to be the
possible vector of H. canis in Rio de Janeiro, as demon-
strated by experimental transmission and the findingofa
naturally infected tick (Forlano et al,, 2005, 2007 ). On the
other hand, several studies in Brazil have found infected
dogs infested by both Amblyomma spp and R sanguineus
ticks (O'Dwyer et al, 2001; Rubini er al, 2008). R
sanguineus has been considered the main vector of H.
canis in the Old World, where experimental transmission
of the protozoa by R sanguineus has been eleganty
demonstrated (Baneth et al, 2001). Possibly, both R
sanguineus and a few Amblyomma species play a role in the
transmission of H. canis in Brazil

5. Conclusion

Canine hepatozoonosis caused by H. canis appears to be
a frequently occurring infection in areas where R.
sanguineus is endemic. Since all infected dogs were found
apparently healthy, the pathogenicity of H. canis for dogs in
Espirito Santo remains unknown.
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