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TAMEKUNI, Katia. Prevaléncia de anticorpos contra rickettsias do grupo da
Febre Maculosa em humanos, cées e equinos e identificagdo molecular de
Rickettsia spp em carrapatos naregiao Norte do Parana, Brasil. 2008. 74f.
Tese (Doutorado em Ciéncia Animal) — Universidade Estadual de Londrina,
Londrina, 2008.

RESUMO

A febre maculosa Brasileira € uma doenca transmitida por carrapatos do género
Amblyomma que acometem seres humanos e animais. O principal agente
responsavel pela doenca no Brasil € a Rickettsia rickettsii que pertencente a ordem
Rickettsiales, familia Rickettsiaceae. O objetivo deste trabalho foi estudar a
epidemiologia de rickettsias do Grupo da Febre Maculosa em dois assentamentos
de trabalhadores rurais ligados ao MST e em equinos de seis haras localizados na
mesorregiao de Londrina, estado do Parana. Os soros foram obtidos a partir de
amostras de sangue coletadas em dois assentamentos localizados no municipio de
Alvorada do Sul e Arapongas. Em Alvorada do sul foram colhidas 83 amostras de
caes, 18 de equinos e 88 de humanos e em Arapongas foram colhidos 90 amostras
de céaes, 18 de equinos e 138 de humanos. As amostras obtidas de equinos de
haras localizados nos municipios de Cambé, Guaraci, Santa Fé e Londrina
totalizaram 273 soros. Todos os locais estudados pertencem a uma regido
considerada n&do endémica para Febre Maculosa Brasileira. Para a avaliagao
soroldgica foi utilizada a Imunofluorescencia Indireta (IFl), com dois antigenos, R.
rickettsii e R. parkeri. Foram consideradas positivas apenas reagdes com titulos =
64. Todos os carrapatos coletados nos assentamentos foram submetidos a Reacgao
em Cadeia pela Polimerase (PCR). Em Alvorada do Sul, 24% e 16,1% dos
humanos, 55,6% e 22,2% dos equinos e 229% e 18,1% dos caes foram
soropositivos para R rickettsii e R. parkeri, respectivamente. Em Arapongas, 9,4% e
4,3% dos humanos, 5,6% e 5,6% dos equinos e 13,3% e 12,2% dos cées foram
reagentes para R. rickettsii e R. parkeri, respectivamente. Quatro caes
apresentaram reagdes contra R. parkeri com titulos quatro vezes maior que contra
R. rickettsii e somente uma amostra de cao foi maior para R. rickettsii. Seis equinos
e nove humanos apresentaram titulos quatro vezes maior contra R. rickettsii.
Nenhuma amostra de eqlino ou de humano foram sugestivas da presenca de R.
parkeri. Os carrapatos encontrados em nosso trabalho foram A. ovale obtidos em
caes e A. cajennense em caes e equinos. Na PCR foram encontrados sete
carrapatos positivos para o gene gltA e o sequenciamento de um fragmento deste
gene mostrou maior semelhanca com amostras de R. belli depositadas no
GenBank. Entre as amostras de equinos em haras, obtivemos soropositivos em
cinco de seis propriedades estudadas. As taxas de soropositivos variaram de 0% a
13%. Nove amostras apresentaram titulos de anticorpos quatro vezes maior para R.
rickettsii que para R. parkeri, o que indica a circulagdo de rickettsia homdloga a R.
rickettsii entre os equinos estudados. Este estudo sugere a presenga de rickettsia
genotipicamente semelhante a R. rickettsii infectando equinos e seres humanos e a
presenga de anticorpos homologos contra R. parkeri entre os caes localizados no
norte do Parana.

Palavras-chaves: Rickettsia spp. Febre Maculosa Brasileira. Amblyomma spp



TAMEKUNI, Katia. Serosurvey of antibodies against rickettisias of Spotted
Fever Group in humans, dogs and horses and molecular identification of
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ABSTRACT

Brazilian Spotted Fever is a disease transmitted to humans and animals by
Amblyomma spp ticks and the most important agent responsible for this disease is R.
rickettsii that belongs to the Rickettsiales order and Rickettsiaceae family. The
objective of this paper was to study the epidemiology of Brazilian Spotted Fever
rickettsias in two rural areas and in horse farms located in the Northern Parana state.
Serums of humans, dogs and horse were collected in two rural areas. In the first
area, located in Alvorada do Sul, were sampled 83 dogs, 18 horses and 88 humans
and, in the second area, located in Arapongas, were sampled 90 dogs, 18 horses
and 138 humans. From the six horse farms located in Cambé, Guaraci, Santa Fé and
Londrina were collected a total of 273 horse blood samples. These areas were not
considered endemic for BSF. The animal and human sera were submitted to the
Indirect Immunofluorescence assay (IFl) with R. rickettsii and R. parkeri antigens,
considering as positive titles = 64. Ticks collected from horses and dogs were
submitted to Polymerase Chain reaction (PCR). In Alvorada do Sul, 24% and 16.1%
of humans, 55.6% and 22.2% of horses and, 22.9% and 18,1% of dogs were
seropositive for R rickettsii and R. parkeri, respectively. In Arapongas, 9.4% and
4.3% of the humans, 5.6% and 5.6% of horses and, 13.3% and 12.2% of the dogs
were seropositive for R. rickettsii and, for R. parkeri antigens, respectively. Four sera
samples of dogs showed titles at least four-folds greater for R. parkeri and just one
sample of dog was greater for R. rickettsii. Six horses and nine humans showed titles
four times greater for R. rickettsii. No samples of horses and humans suggested R.
parkeri. The ticks species identified in our study were A. cajennense in horses and
dogs and A. ovale in dogs. The PCR detected seven positives ticks with gItA primer
and the gene sequencing showed similarity with R. bellii. From the total of 273 sera,
15 (5.5%) sera reacted against R. rickettsii and 5 (1.8%) to R. parkeri. It was found
seropositive animals in five of six farms studied. The rates of seropositive animals
varied from 0% to 13%, and only in one farm all the horses were seronegatives. The
titers varied from 64 to 518, with final titer being detected in four samples. Nine of all
positive animals reacted to R. rickettisii four-fold higher than R. parkeri, which
indicates the circulation of Rickettssia spp homologue to R. rickettsii in the horse
farms studied. This study suggests the presence of some rickettsia very close to R.
rickettsii infecting horses in horse farms in the Northern Parana state, Brazil.
Additionally, the presence of homologues antibodies to R. parkeri in dogs, and
homologues antibodies to R. rickettsii antigen in horses and humans shows a
potential risk for human BSF in the studied area.

Keywords: Rickettsia spp. Brazilian Spotted Fever. Amblyomma spp



LISTA DE TABELAS

TABELAS ARTIGO 1

Tabela 1 —Deteccdo de anticorpos pela Imunofluorescencia Indireta em

seres humanos, caes e equinos em duas areas rurais (Alvorada

do Sul — Area 1 e Arapongas — Area 2), utilizando os antigenos

R. rickettsii € R. Parkeri ......cooooiioiieeeee

Tabela 2 —Detecgdo de provaveis antigenos pela Imunofluorescéncia

Indireta em seres humanos, caes e equinos em Alvorada do Sul

(area 1) e Arapongas, Brazil (area 2) ........cccooeeeeeieiiiiiiiieeeeeeeen

Tabela 3 —Titulos de Imunofluorescéncia Indireta utilizando como antigenos

R. rickettsii em Alvorada do Sul (area 1) e Arapongas (area2) .........

Tabela 4 —Titulos de Imunofluorescéncia Indireta utilizando como antigenos

R. parkeri em Alvorada do Sul (area 1) e Arapongas (area2) ...........

Tabela 5 — Variavel estatisticamente significante utilizando resultados

positivos para R. rickettsii e R. parkeri, em Alvorada do Sul (Area

1), BraSil ...

Tabela 6 — Variavel estatisticamente significante utilizando resultados

positivos para R. parkeri e R. parkeri, em Alvorada do Sul (Area

1), BraSil ..o

TABELAS ARTIGO 2

Tabela 1 —Percentage of seropositive horses by Indirect

Immunofluorescence Assay (IFA) with two diferents antigens in

six horse farms from north regions of Parana state, Brazil ................

Tabela 2 —Antibody titers by Indirect Immunofluorescence Assay (IFA) for

two different Rickettsia spp in horses from six farms from north of

Parana state, Brazil ..o



LISTA DE FIGURAS

FIGURA ARTIGO 1

Figura 1 — Mapa esquematizando a localizagdo das duas areas estudadas........

Figura 2 — Eletroforese em gel de agarose a 1,5% de produtos amplificados

na Reacdo em Cadeia pela Polimerase (PCR) utilizando o gene

citrato sintase (gltA), de carrapatos A. ovale extraidos .......................

FIGURA ARTIGO 2

Figura 1 — Mapa esquematizando a localizagao os haras estudados ..................



SUMARIO

REVISAO DA LITERATURA .....oieoeeeeeeeeeee e

REFERENCIAS . ..ottt e e et e e e e e e e e e e,

OB I E T IV O S . e e
OBUETIVO GERAL . ..t eee ettt et rea e
OBUETIVOS ESPECIFICOS ...ttt e,

CAPITULO 1 — Serosurvey of antibodies against rickettisias of Spotted
Fever Group in humans, dogs and horses and molecular
identification of Rickettisia spp in ticks in North of Parané state,

2 = 74 |
ABSTRACT ..ttt e e e e e e e e e e e e e e e e e s e araaaaeaaaas
INTRODUGAO ..ottt ettt et et e e te e eee s e eeesre e
MATERIALS AND METHODS. ... e s
STUDY AREAS ..ottt a e
SAMPLES ...ttt e e e e et ettt e e e e e e et e e ea e e e e e eeeeeetana et e e eeeeeaetann e e e eaeeeeennnnnn
INDIRECT IMMUNOFLUORESCENCE ASSAY ....cceiiiiiitiiaeeeeeeeeeeetnnnnaeeeeeseeessnnnnnnaaeaaseeeennes
DNA EXTRACTION AND POLYMERASE CHAIN REACTION.....ccooiiiiiiiiiieeeeeee e
STATISTICS ANALYSIS ... iiiiiiteiteieeeeeeeeeeasssteeeeeeeaeeesaasssssaeereeaaeeessaanssssnereeaeeessannssnnes
RESULTS ..ottt e e e e e e e e e e e e e e e et e e e e e aaeeeeannsbbrneeeeeas
DISCUSSION ...t e e e e e e e et e e e e e e e e e e aab e eeaeas
REFERENGCES . ... ..ot e e e e e e e e eeeens

CAPITULO 2 — Serosurvey against Spotted Fever Group Rickettsia spp

in horse farms in North Parana state, Brazil .......c.ccooevviiiviiiiiiiieieine.
ABSTRACT Lttt et e e e e e e e e e e e e e e e e e e e eraaaaaeeaans
INTRODUGAO ...ttt ettt ettt ete et ete e eteeaeene e
MATERIALS AND METHODS ...t
STUDY AREAS ....oetittiee e e e ee ettt e e e e e e e e e e eaaaa e e e eeeeeeeeeas s e e eeeaeeeeasssnnnaeeeeeeeeesnnnnnnnnns
SAMPLES ..o
INDIRECT IMMUNOFLUORESCENCE ASSAY ...cceiiiiiiiiiieiieeeeeeeeeeeiisnteeeeeeaeeeesssnnsssneeeeeeens



STATISTICS ANALYSIS ... eeeeeieettiee e e e e e e ettt e e e e e e e e e e e e e e e e eeeeeeassaa e e eeeeeeeeesssaaaanes 56

RESULT S oo ettt e, 57
DISCUSSION .. oo ettt 58
REFERENCES ... oo e 63
CONCLUSOES ... e ettt 66

ANEXOS e 67



13

REVISAO DA LITERATURA

Os carrapatos estdo entre os maiores grupos de artrépodes vetores
de patégenos transmitidos aos animais e ao homem (HOOGSTRAAL, 1985). Das
825 espécies de carrapatos descritos no mundo, cerca de 10% assumem maior
importancia, devido ao comportamento exdéfilo e a baixa especificidade parasitaria,
com grandes possibilidades de parasitarem seres humanos (OLIVER, 1989).

Em funcdo de seus habitos alimentares, os carrapatos perdem
apenas para o0s mosquitos quanto a importancia na transmissdo de agentes
infecciosos para os humanos. Porém os carrapatos sao aqueles que transmitem a
maior variedade de organismos patogénicos tais como: fungos, virus, bactérias,
protozoarios e nematdides (VIEIRA et al.,, 2004; GUGLIELMORE et al., 2006). A
transmissao de patdogenos do carrapato para o hospedeiro se da basicamente pela
saliva, que tem importancia fundamental no sitio de inoculagdo, ao minimizar as
reagdes imunoldgicas do hospedeiro contra o patdégeno inoculado. A transmissao
ocorre de forma transestadial e trasovariana o que possibilita a maior permanéncia
de agentes infecciosos na natureza (SONENSHINE et al., 2002; LABRUNA, 2004a).

A febre maculosa € uma doenga infecciosa que geralmente
apresenta carater endémico e € transmitida por carrapatos ao homem
(BURGDORFER et al.,, 1962). A primeira manifestacdo clinica causada pela
rickettsiose foi em 1899 descrita por Maxey (1899). O primeiro relato desta
enfermidade ocorreu nos Estados Unidos quando foi isolada pela primeira vez a
Rickettsia rickettsii. A doenca foi denominada Febre Maculosa das Montanhas
Rochosas (FMMR) e estabeleceu-se que o carrapato Dermacentor variabilis estava
envolvido na transmissao da rickettsia (RICKETTS, 1909).

O agente etiologico da febre maculosa pertence a ordem
Rickettsiales, familia Rickettsiaceae (DUMLER et al., 2001). A Rickettsia rickettsii é
uma bactéria gram negativa, pequena e intracelular obrigatéria, que retem fucsina
basica quando corada pelo método de Gimenez (GIMENEZ, 1964).

O género Rickettsia € composto por trés grupos: O Grupo Ancestral
(GA), o grupo tifo (TG) e o grupo da febre maculosa (Spotted Fever Group — SFG)
com grande numero de sorotipos. O primeiro grupo compreende apenas duas

espécies a R. belli e R. canadensis e sado bactérias de patogenicidade
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desconhecida. O grupo tifo é constituido por apenas duas rickettsias: R. prowazekii e
R. typhi transmitidos por piolhos e pulgas, respectivamente. Ja o grupo da febre
maculosa € constituido por 40 espécies, apenas 15 consideradas patogénicas para
os seres humanos (R. aeschlimannii, R. rickettsii, R. conorii, R. africae, R. parkeri, R.
australis, R. honei, R. sibirica, R. japonica, R. massiliae, R. helvetica, R.
mongolotimonae, R. slovaca, R. akari e R. felis) (RAOULT; ROUX, 1979;
HOOGSTRAAL, 1985).

Estas Rickettsias ja foram diagnosticadas em vaérias regides do
mundo, apresentando distribuicdo nas regides tropicais e subtropicais (ZHANG et
al., 1995). No Brasil o primeiro caso de Febre Maculosa Brasileira (FMB) foi descrito
no estado de S&o Paulo, no ano de 1929, e a R. rickettisii foi a bactéria responsavel
pela doenca (DIAS; MARTINS, 1939). Nos periodos de 1957 a 1974 de 1976 a 1982
foram registrados casos de febre maculosa no estado de de Sao Paulo (DEL
GUERCIO, 1997). Nos ultimos anos, varios casos de febre maculosa em humanos
foram relatados no Brasil, principalmente nos estados de Minas Gerais, Sdo Paulo,
Rio de Janeiro, Espirito Santo, Bahia e Rio Grande do Sul (PLANK et al., 1979;
GALVAO et al., 2001). De 2003 a 2006 foram relatados diversos casos da doenca
no estado de Santa Catarina (MADEIRA; WIEBRICH, 2004; SILVA, 2006) e no ano
de 2005 foi descrito um caso no estado do Parana na cidade de S&o José dos
Pinhais (MINISTERIO DA SAUDE, 2007)

No estado do Parana foi realizado um trabalho na cidade de Sé&o
José dos Pinhais onde foi realizada sorologia em equinos, caes no local em que
ocorreu o caso humano de FMB. Entre os equinos a prevaléncia encontrada foi de
25% e em caes 12,5%. Neste mesmo trabalho foram testados amostras de equinos
pertencentes a carroceiros na zona urbana da cidade de Sao José dos Pinhais onde
encontrou 9,33% de soropositivos (FREITAS, 2007). De acordo com trabalho de
Toledo (2008) a soroprevaléncia entre seres humanos que trabalham em um Parque
municipal localizado na cidade de Londrina foi de 20,6% para R. rickettsii. J& ao
realizar sorologia com amostras de um bairro da cidade de Londrina a prevaléncia
foi de 4,67%, 2,74% e 38,50% em humanos, caes e em equinos respectivamente
(TOLEDO, 2008).

O principal agente etiologico causador da FMB é a R. rickettsii
(LEMOS et al., 2001; GALVAO et al., 2005), embora nos ultimos anos diversos

estudos tém mostrado a presenga de outras rikettsias no Brasil tais como a R.
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parkeri, R. belli e a R. felis, sendo esta dultima transmitida pela pulga
Ctenocephalides felis felis. A FMB causada pela R. rickettsii manifesta-se no homem
com febre continua, calafrios, prostracdo, mal estar, mialgia, apdés o periodo de
incubacdo de 2 a 14 dias. Erupgdes cutdneas maculopapulares aparecem nas
extremidades e podem se estender pelo resto do corpo. Disturbios hemostaticos
também tém sido relacionados com efeitos citopaticos e atividades de endotoxinas
da R. rickettsi, que é caracterizada pela alta letalidade (DIAS; MARTINS, 1939;
GALVAO, 2001).

A R. parkeri foi isolada pela primeira vez no Estados Unidos a partir
carrapatos pertencentes a espécie A. maculatum no estado do Texas. As
manifestacbes clinicas descritas sdo semelhantes aquelas causadas pela R.
rickettsii, porém de forma mais branda e sem letalidade (PARKER et al., 1939). No
sul da América Latina a R. parkeri foi detectada pela primeira vez no Uruguai, por
meio de técnica de Reacdo em cadeia pela polimerase (PCR) em carrapatos da
espécie A. triste (VENZAL, 2004). No Brasil a R. parkeri foi isolada de A. triste
encontrados na cidade de Paulicéia, estado de s&o Paulo, e € possivel que estejam
ocorrendo casos de FMB em humanos pela R. parkeri de forma silenciosa
(SILVEIRA et al., 2007). Alguns estudos sorolégicos em caes mostraram reacdes
positivas para R. parkeri de diferentes regides do Brasil, tais como, no Estado do
Amazénas (LABRUNA et al., 2007), Rio Grande do sul (SAITO et al, 2008) e Sao
Paulo (HORTA et al., 2007).

No Brasil a R. bellii ja foi descrita infectando diferentes espécies de
carrapatos tais como: A. dubitatum, A. ovale, A. oblongoguttatum, A. humerale, A.
scalpturatum, A. rotundatum, A. aureolatum, Ixodes loricatus e Haemiphisalis
juxtakochi estes carrapatos que normalmente estdo relacionados com seres
humanos e cades (LABRUNA et al.,, 2004ab; 2005; 2007b; PINTER et al., 2006;
HORTA, 2006), entretanto ainda ndo ha relatos de infec¢ao por estas rickettsias em
seres humanos, cédes e equinos (HORTA et al.,, 2004; LABRUNA et al., 2007).
Alguns estudos mostraram que ao se realizar testes soroldgicos em caes, nao foram
detectados animais positivos ao utilizar R. bellii como antigeno, apesar desses
animais estarem parasitados por um grande numero de carrapatos infectados por R.
bellii (LABRUNA et al., 2007; PINTER et al., 2008). Em um recente estudo descrito
por Pacheco et al, (2007) existe uma possivel infeccdo em capivaras, de acordo com

evidencias sorologicas.
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Nos Estados Unidos os principais vetores para Rickettsia sp sao os
carrapatos do género Dermacentor, que sao encontrados em caes e,
consequentemente, acabam veiculando o agente infeccioso para o ambiente de
convivéncia de seres humano (MCDADE; NEWHOUSE, 1986). De acordo com
Demma et al. (2005), os carrapatos Rhipicephalus sanguineus foram incriminados
como vetores da FMMR em 16 pacientes que relataram contato com caes que
estavam infestados com R. sanguineus.

No Brasil os carrapatos do género Amblyomma spp s&o os principais
vetores que transmitem a FMB ao homem e a outros mamiferos (TRAVASSOS;
VALLEJO-FREIRE, 1942).

O A. cajennense e A. aureolatum sao as principais espécies de
carrapatos responsaveis pela transmissédo da FMB ao homem (LEMOS et al., 1997;
PINTER; LABRUNA, 2006). A transmissao transovariana € o0 mecanismo que
mantém as rickettsias na natureza, as quais se multiplicam em diversos 6rgaos do
carrapato, inclusive nos ovarios (RAOULT; ROUX, 1979).

Apesar de existir a forma de transmisséo transovariana que mantém
estas rickettsias entre a populagdo de carrapatos, estudos mostram que a R.
rickettsii sdo patogénicas ao carrapato e assim ha necessidade da existéncia de
outra forma que mantém as bactérias na natureza. Os hospedeiros amplificadores
matem os niveis altos de bactérias na corrente sanguinea e assim garante que
novos carrapatos nao infectados se infectem, amplificando a infecgéao por Rickettsia
spp na populagao de carrapatos. (McDADE; NEWHOUSE, 1986; BURGDORFER,
1988). No Brasil diversos trabalhos mostram as capivaras (Hydrochoerus
hydrochoerus) e os gambas (Didelphis SP) como hospedeiros amplificadores de R.
rickettsii para A. cajennense (TRAVASSOS; VALLEJO-FREIRE, 1942; HORTA et al,
2008).

As capivaras sao hospedeiras de varias espécies de carrapatos,
entre elas o A. dubitatum, especifico deste cavideo, e também o A. cajennense
(TRAVASSOS; VALLEJO, 1942). Souza et al. (2008) realizou uma infecgao
experimental em capivaras, através de infestacdo de carrapatos A. cajennense
previamente infectados, para a avaliacdo clinica da doenca e a transmissao da
bactéria para os carrapatos. Com este estudo pode se observar que estes animais
permaneceram infectados por um periodo de 27 dias sem apresentarem sinais

clinicos da doenga e aproximadamente 20 a 25% dos carrapatos foram infectadas
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durante o periodo da infecgdo. Outro estudo realizado no Municipio de Campinas
mostrou que 36% dos carrapatos A. dubitatum coletados de capivaras foram
positivos no teste de hemolinfa, confirmando a suscetibilidade das capivaras a
infeccao pelo agente (SOUZA et al., 2004).

Os gambas sao animais muito comuns encontrados em diversos
locais e sao parasitados por larvas e ninfas de A. cajennense e A. dubitatum
(HORTA et al.,, 2007). Isolados de R. rickettsii ja foram obtidos de gambas
naturalmente infectados, nos Estados de Minas Gerais e Sdo Paulo, na década de
1930 (MOREIRA; MAGALHAES, 1935). Horta et al. (2004) capturou 94 gambas e
testou individualmente pela IFI utilizando quatro antigenos diferentes e encontrou
68,1% reagentes para pelo menos um antigeno. Em outro experimento realizado por
Horta et al (2008), com o objetivo de comprovar o papel de hospedeiros
amplificadores para A. cajennense, mostrou que ao realizar uma infecgéo
experimental em gambas inoculando R. rickettsii de duas formas diferentes, estes
animais mantiveram uma rickettsemia que variou de 14 a 28 dias e que a R. rickettsii
foi capaz de infectar os gambas sem causar doenga.

Em regides endémicas a soropositividade de equinos, utilizando a R.
rickettsii como antigeno, foi de 57 % a 90%, indicando que esses animais sao
importantes como sentinelas da Febre Maculosa no Brasil (LEMOS et al., 1997,
HORTA et al.,, 2004; SANGIONI et al., 2005). Os equinos sdo os hospedeiros
primarios dos carrapatos A. cajennense, portanto em locais em que ha elevada
infestacdo por estes carrapatos, seres humanos e caes poderdo ser hospedeiros
secundarios destes carrapatos. Ja os cades tém uma grande importancia por serem
responsaveis por carrear carrapatos para area domiciliar e, consequentemente, para
seres humanos (LEMOS et al., 1997; LABRUNA et al., 2001).

Em estudo realizado com céaes infectados experimentalmente por R.
rickettsii, o periodo de rickettsemia nestes animais variou de 3 a 13 dias, esses caes
apresentaram sinais clinicos da doenga durante o periodo de infecgao (PIRANDA et
al., 2008).

Em populagdes com altas taxas de renovacao populacional, a
entrada de animais suscetiveis a doenca € maior. No entanto, os cdes apresentam
baixas taxas de renovacao populacional, diferentemente com o que acontece com

as capivaras e os gambas (HORTA et al., 2008)
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O diagndstico em seres humanos baseia-se em exames clinicos
especificos, porém, necessita de diagndstico laboratorial, por meio de pesquisas de
anticorpos especificos. O isolamento do agente em cultivo celular pode ser um
diagndstico precoce, ja que na fase inicial da rickettsemia o hospedeiro pode né&o
apresentar anticorpos detectaveis no soro sanguineo (GALVAO, 2001). A utilizagéo
de recursos da biologia molecular tem auxiliado na identificacdo de novas espécies
de rickettsias, pelo sequenciamento do DNA amplificado (EREMEEVA et al., 1994).

A técnica de imunofluorescéncia indireta (IFl) é o teste de eleigéo
para o diagnéstico de FMB, porém reagdes cruzadas entre as espécies de rickettsias
tém sido muito comum, o que dificulta a diferenciacdo entre as espécies,
impossibilitando a identificacdo de determinada espécie na regido estudada. A
localizagdo geografica de onde originou a infecgdo € um importante dado para a
diferenciagcado da espécie de rickettsia. Ao se realizar testes sorologicos € possivel
detectar qual a provavel espécie acometida, comparando titulos soroldgicos de
diferentes antigenos, uma vez que titulos de anticorpos homdélogos sdo maiores que
titulos de anticorpos heterélogos (LASCOLA; RAOULT, 1997; FENG; WALKER,
2003; HORTA et al., 2004).

No Norte do estado do Parana, poucos estudos foram realizados
sobre a FMB, porém, devido a presenca de carrapatos considerados importantes
vetores na transmissao da rickettsia, bem como, as condicbes ambientais favoraveis
que propiciam a manutencgao das rickettsias na natureza, mostram a importancia de

estudo nessa regido.
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OBJETIVOS

OBJETIVO GERAL

Estudar a epidemiologia de rickettsias do grupo da febre maculosa
em dois assentamentos ligados ao MST (Movimento sem Terra) e em haras

localizados na regidao Norte do estado do Parana.

OBJETIVOS ESPECIFICOS

« ldentificar as espécies de carrapatos de caes e equinos na area do
estudo;

« Determinar a ocorréncia de anticorpos contra rickettsias do grupo
da febre maculosa em caes, equinos e seres humanos que vivem na area de estudo,
por meio da técnica de Imunofluorescéncia Indireta (IF1);

. ldentificar as espécies de rickettsias circulantes, por meio da
realizacdo de reacdo em cadeia pela polimerase (PCR) em carrapatos encontrados
na regiao;

« Associar as variaveis estudadas com a soropositividade dos

animais e seres humanos.
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CAPITULO 1

Serosurvey of antibodies against rickettsias of Spotted Fever Group in
humans, dogs and horses and molecular identification of Rickettsia spp in
ticks in Northern Parana, Brazil

Brazilian Spotted Fever (BSF) is a disease caused by Rickettsia rickettsii, which
belongs to the Rickettsiales order, Rickettsiaceae family and Rickettsia genus,
transmitted to humans and animals by ticks Amblyomma spp. The objective of this
work was to study the serum occurrence of BSF rickettsias in rural areas from
Northern Parana state. Serum samples of humans, dogs, and horse were collected in
two rural areas. In the first one, located in Alvorada do Sul municipality, 88 humans,
83 dogs, and 18 horses were sampled and, in the second one, located in Arapongas
municipality, 138 humans, 90 dogs and 18 horses were studied. The animal and
human sera were submitted to the Indirect Immunofluorescence assay (IFl) using R.
rickettsii and R. parkeri as antigens, considering positive titers = 64. Ticks collected
from dogs and horses were submitted to polymerase chain reaction (PCR). In
Alvorada do Sul, 24% and 16.1% of humans, 55.6% and 22.2% of horses and,
22.9% and 18,1% of dogs were seropositive for R rickettsii and R. parkeri,
respectively. In Arapongas, 9.4% and 4.3% of the humans, 5.6% and 5.6% of horses
and, 13.3% and 12.2% of the dogs were seropositive for R. rickettsii and, for R.
parkeri antigens, respectively. Four serum samples of dogs showed titer at least four-
folds greater for R. parkeri and just one sample of dog was greater for R. rickettsii.
Six horses and nine humans showed titer four-folds greater for R. rickettsii. No
samples of horses and humans suggested R. parkeri. The ticks species identified in
our study were A. cajennense in horses and dogs and A. ovale in dogs. The PCR
detected seven positives ticks with gItA gene and the amplicon sequencing showed
similarity with R. bellii. In conclusion, the presence of homologues antibodies to R.
parkeri in dogs, and homologues antibodies to R. rickettsii antigen in horses and
humans shows a potential risk for human BSF in the studied area.

Keywords: Rickettsia spp. Brazilian Spotted Fever. Amblyomma spp.
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INTRODUCAO

Brazilian Spotted Fever (BSF) is an acute febrile tick born disease caused
by rickettsias that belongs to Rickettsiales order and Rickettsiaceae family
(DUMLER, 2001). The rickettsias are intracellular obligatory, gram negative and are
classified in two groups: the typhus group (TG) and the Spotted Fever Group (SFG).
The typhus group is composed by three rickettsias: R. canadensis, R. prowazekii and
R. typhi, while the Spotted Fever group is composed by 60 species, however few of
them are considered pathogenic for humans (HOOGSTRAAL, 1985; RAOULT;
ROUX, 1997).

In Brazil the tick Amblyomma spp are the main vector responsible for
transmition of BSF for humans and animals (GALVAO et al., 2003; MCDADE;
NEWHOUSE, 1986). A. cajennense is considered the most important vector to
transmit BSF to humans (LEMOS et al., 1997; GUEDES et al., 2001), although
recently a study showed that A. aureolatum is an important vector (PINTER et al,
2006). The transovarian transmission is the mechanism that these rickettsias are
maintained in the nature (RAOULT; ROUX, 1997). Although this transmission
maintain rickettsia among ticks population, some studies showed that R. rickettsii are
pathogenic for ticks and it is necessary another alternative to maintain these bacteria
in nature. The presence of amplifier host is important in horizontal transmission due
to the high level of rickettsia maintained in blood of these animals and consequently
new no infected ticks can be infected with Rickettsia spp (McDADE; NEWHOUSE,
1986; BURGDORFER, 1988). Some studies showed capybaras (Hydrochoerus
hydrochoerus) and opossum (Didelphis SP) as amplifiers host of R. rickettsii to A.

cajennense ticks (TRAVASSOS; VALLEJO-FREIRE, 1942).
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The major etiologic agent of BSF is R. rickettsii (LEMOS 2001; GALVAO
2006), although in the last years some studies revealed the importance of other
rikettsias in Brazil such as R. parkeri, that was found in different areas of Brazil
(LABRUNA et al., 2007c; HORTA et al., 2007; SAITO et al., 2008). In Brazil this
agent was isolated in A. triste (SILVEIRA et al., 2007), and it was previously related
to be detected by polymerase chain reaction (PCR) in A. triste tick from Uruguai
(VENZAL, 2004).

The R. bellii have been another important rickettsia in Brazil, this rickettsia
is the most common rickettsia found infecting ticks in our country, including those tick
species more frequently associated with canine and humans infestation: A. ovale, A.
oblonguttatum and A. scapturatum (LABRUNA et al., 2005). Although this rickettsia
species are not currently recognized as human or animal pathogen (LABRUNA et al.,
2004a; 2007ab).

Some studs showed that the domestic animals such as dogs and horses
are important to the BSF epidemiology. The importance of dogs is duo to be the
responsible to carry important ticks to the human’s home and the horse to be the
major host for A. cajennense and consequently the humans and dogs are the second
host for these (LEMOS et al., 1997; LABRUNA et al., 2001).

In state of Parana was described just two studies, one was realized in an
urban area of Sdo José dos Pinhais , and the prevalence of positives found in this
study was 9.33% in horses against R. rickettsii (FREITAS, 2007). The other study
realized at Parana state was performed in a urban area of Londrina northern of
Parana state, and showed seropositivity of 4,67% in humans, 2,74% in dogs and

38,50% in horses using R. rickettsii as antigen (TOLEDO, 2008).
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The BSF is obligatory notification disease since 2001 and it is responsible for
high lethality in humans. The importance of this epidemiological study, which was
conducted in Parana State, is due to the need to monitor possible cases that can be
occurring in rural area. The present study evaluate the rickettsial infection among
humans, dogs and horse in two rural communities in North of Parana state and the
evaluation of molecular identification of the Rickettsia spp that are infecting the ticks

found in this study.
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MATERIALS AND METHODS
Study Areas
The samples were obtained from two rural areas in North of Parana State
that are divided in many land lots such as a rural village. The area 1 was located in
Alvorada do Sul municipality (22°51'S/51°14’'W) and the area 2 in Arapongas
municipality (23°30’S/51°18’W) (Figure 1). These localities are considered silent
areas for BSF and the main activity carried out in such places are family agriculture,
where the human being are living close to the animals, such as dogs and horses.
Area 1 situated in Alvorada do Sul occupies 1068.62 hectare of total area
where 60 families reside. Area 2 localized in Arapongas has 765.10 hectare of area
and there were 94 families living in there. These two areas have ciliary forest near

margins of streams, where there is the presence of wild animals.

Samples

This Project was approved by Ethic Committees of the Universidade
Estadual de Londrina for Animal Experimentation (n° 82/2006) and for Human Being
(n° 124/07).

In area 1 blood samples were obtained from humans, dogs and horses,
from November 2006 to January, 2007 and in area 2, the blood samples were
obtained from January to March, 2007.

All blood samples were collected using sterile materials and identified
before transported to the laboratory, where the serums were separated by

centrifugation, aliquoted and stored at -20°C until be used.



32

The ticks were collected from dogs and horses and maintained in absolute
alcohol. The identification of tick species followed Aragado & Fonseca, (1961) and

Guimaraes et al. (2001).

Indirect Immunofluorescence Assay (IFA)

The IFA was performed according to Horta et al. (2004). This test is
considered the gold standard test by WHO (World Health Organization). The serum
samples were submitted to IFA using two different antigens, R. Rickettsii and R.
parkeri, which were cultivated in Vero cells until 100% of infected cells. The antigen-
antibody reaction was revealed by fluorescein isothiocyanate labed goat anti-human
IgG, anti-horse IgG and anti-dog IgG (Sigma-Aldrich). The slides were read using
microscope epifluorescent (Olympus, Japan) at 400x magnification and only titers

264 were considered positive.

Tick DNA Extraction and Polymerase Chain Reaction

The DNA extraction was performed according to Chomkzynski (1993)
modified by Sangioni et al., 2005. Each tick was dried in sterilized paper and than
longitudinally sectioned using sterilized bistouries and then one portion of the tick
was triturated for DNA extraction and the other was stored at -20°C.

The PCR assay was performed individually in 101 ticks from dogs and
horses located in area 1 and 31 ticks from area 2.

For rickettsial DNA amplification was used oligonucleotide: RpCS.877p —
GGGGGCCTGCTCACGGCGG and RpCS.1258n -
ATTGCAAAAAGTACAGTGAACA which amplifies 381bp fragment of the citrate

sinthase gene (glItA), present in all Rickettsia genus (REGNERY et al., 1991). The
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samples that were positives to gItA gene were submitted to PCR using out
membrane protein gene (ompA) oligonucleotide for detection of Spotted Fever group
Rickettsias: Rr190.70p — ATGGCGAATATTTCTCCAAAA and Rr190.602n -
AGTGCAGCATTCGCTCCCCCT which amplifies 512bp fragment (REGNERY et al.,
1991).

For each PCR reaction 5 ul were used for PCR buffer (10X), 5 uM for
deoxynucleotide triphosphates (ANTP 1,25 mM), 1.5 mM MgCl, (50 mM), 25 pmol of
each primer, 1,5U de Taq DNA polimerase (5000 U/ml) and 5 pl of extracted DNA
sample, and distilled water to a final volume of 50 pl. The conditions of amplification
was described by Horta et al., 2002. As positive control was used DNA from
Rickettsiia spp (NOD), isolated from A. nodosum, and for the negative control
sterilized distilled water was used.

The amplified products were visualized in 1.5% agarosis gel stained with
ethidium bromide (SAMBROOK et al., 1989).

The DNA amplifications products with expected size were submitted to
sequencer analyzer (ABI Prism 3100 Genetic - Applied Biosystems/Perking Elmer,
California, USA) and the sequences were submitted to BLAST (Basic Local

Alignment SearchTool) to determine similarity to other Rickettsia.

Statistics analysis

In this study an epidemiological questionnaire was applied and the relevant
variables analysed were: the age and sex of the people and animals, how long they
are living in this area, the presence of ciliary forest, and the presence of ticks and the

controlling of the ticks on the animals. To analyse the variables, Qui-square test or
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Fisher exact and Odds Ratio with 95% of confidence and 5% for significance were

used. These calculations were realized with Epi6 program (CDC/Atlanta).
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RESULTS

In area 1 blood samples were obtained from 88 humans, 83 dogs and 18
horses and n area 2, 138 humans, 90 dogs and 18 horses were sampled.

The IFA detected antibodies against R. rickettsii and R. parkeri antigens in
both studied areas. In area 1 the seropositivity to R. rickettsii was 24.1% for humans,
55.6% for horses and 22.9% for dogs and for R. parkeri antigen was 16.1% in
humans, 22.2% in horses and 18.1% in dogs (Table1). The titers in humans, for both
antigens, ranged from 64 to 1024 and just one of them reached 1024. In horses the
titers ranged from 64 to 256 for R. rickettsii, while for R. parkeri was found just 64.
Among the dogs, the titers for both antigens ranged from 64 to 2048, three of them
reached 1024 for both antigens and one for R. parkeri with titer of 2048 (Table 3 and
4).

Among the positive samples it is possible to observe that three serums
were at least four-fold higher for R. parkeri than R. rickettsii and just one was four-
fold higher for R. rickettsii than R. parkeri. Differently from dogs, in horses the titers
were at least four-fold higher for R. rickettsii than R. parkeri in six tested samples. In
humans the sera reactivity was similar to the horses when nine positive sera were at
least four-fold higher for R. rickettsii (Table 2).

In the area 2 the rates of seropositivity against R. rickettsii antigen in
humans, horses and dogs were 9.4%, 5.6% and 13.3%, respectively. The antibody
reactivity against R. parkerii antigen in humans was 4.3%, 5.6% in horses and 12.2%
in dogs (Table 1).

The titers against R. rickettsii and R. parkeri in humans in the area 2 were

64 and 256, in horses the titer was just 128 and in dogs most of the titers ranged
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from 64 to 512 and just two samples reached higher titers, such as 1024 and 2048
(Tables 3 and 4).

Using these two antigens, among human samples, five sera reached at
least four-fold higher for R. rickettsii than R. parkeri. Using the same method we
observed that just one dog sample was considered homologue for R. parkeri,
differently from the human reactions. There were no differences against titers of the
horse sera samples (Table 2).

From a total of 101 ticks collected in Area 1, 21 were identified as A.
ovale, one as A. cajennense and 45 as Rhipicephalus sanguineus found in dogs and
34 A. cajennense in horses. In area 2 there were 19 A. ovale, one A. cajennense and
10 R. sanguineus in dogs, and just A. cajennense in a horse, totalizing 30 ticks.

All ticks that were collected in this study were submitted individually to
PCR, and only ticks from A. ovale species were positives for gltA gene. Among the
seven positive ticks, three were from area 1 and four from area 2. However, when
these samples were submitted to ompA gene all of them were negatives. The tick
DNA samples positives for gltA gene, with size of 332bp were submitted to the
sequencing and the products were similar to Rickettsia bellii species (GenBank
number FJ789813).

In this study we analyzed some variables obtained with an individual
questionnaire applied in these two areas. When the variables were crossed with
positive samples reacted against R. rickettsii antigen it was possible to observe that
in the area 1 there was no variable statistically significant among positive samples of
dogs. However, among horses, the control of ticks was considered significant, out of

eight animals not treated, seven were positive (p=0.022). In humans the significant
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variable was the presence of positive horse (p=0.016), where in 16 samples of
humans that acquired a horse, eight were positive to R. rickettsii antibodies (Table 5).

In dogs from area 2 the presence of ciliary forests near the place was
considered statistically significant (p=0.025), four out of ten dogs that were living near
ciliary forest areas were positive. No significant variable was found for humans and
horses (Table 7).

The variables analyzed in area 1, when crossed with the variables of the
positive samples and R. parkeri, were statistically significant in dogs when they were
in contact with ticks with (p=0.017). Of a total of 65 animals that had contact with
ticks 15 were positive for R. parkeri. Among horses the significant variable was the
realization of treatment for ticks, when no horses were positive in 10 treated horses
(p=0.022). There was no significant variable when analyzing humans results (Table
6).

The variable found in the area 2, when R. parkeri was used, was the
presence of ciliary forests near the place where the dogs were living (p=0.012), out of
10 dogs that lived near ciliary forest area, four were positive. No significant variable

was found for humans and horses (Table 8).
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DISCUSSION

The serology in this study showed that the frequency of seropositivity to R.
rickettsii in dogs living in area 1 was 22.9%, which is similar to Pirassununga region,
in S&o Paulo state. This area is nonendemic for BSF and there was never a case of
BSF before (HORTA et al., 2007). The frequency found in area 2 was 13.3%, almost
half found in the area 1. Such difference might be due to the lower presence of ticks
in area 2 (41%) than in area 1 (78%), almost two times higher. Furthermore, the other
reason could be the fact that the dogs from area 1 had more contact with forest area,
where they probably acquired A. ovale.

A. ovale usually parasitize wild animals and it is possible to find these ticks
in dogs in rural areas (ARAGAO; FONSECA, 1961). The occurrence of A. ovale
parasiting humans was already described in an Atlantic rainforest reserve in
Southeastern Brazil (MATIAS et al, 2006; SANGIONI, 2008). In Brazil the presence
of R. parkeri has already been described infecting A. triste (SILVEIRA et al., 2007)
found in state of Sdo Paulo. In our study was observed the presence of A. ovale in
dogs in the two studied areas, for this reason there is the possibility that these ticks
have maintained R. parkeri at the studied localities.

Dog sera samples reacted at least four-fold higher for R. parkeri than R.
rickettisii, indicating the presence of antibodies very close to R. parkeri. R. parkeri
was already isolated from A. maculatum at United States (PADDOCK et al., 2004).
Recently in Brazil, as described before, it was isolated from A. triste collected in
Paulicéia municipality, Sdo Paulo state (SILVEIRA et al., 2007).

R. parkeri sintomatology in humans has been described to be less

aggressive than the infection caused by R. rickettsii and it is likely that it is
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responsible for the occurrence of no diagnosed cases of BSF in some cities of Sao
Paulo, including nonendemic areas (HORTA et al., 2007c, SILVEIRA et al., 2007).

Saito (2008) has been described serological evidence in dogs in South of
Rio Grande do Sul where serological evidence indicated the presence of antibodies
homologues to R. parkeri, detected in 23 of 33 areas studied. Similar result was
found in Monte Negro located in the State of Ronddnia (LABRUNA et al., 2007c).
Consequently, it is possible to be occurring the presence of rickettsia homologue to
R. parkeri in Parana State and potentially the A. ovale has been maintaining this
rickettsia in these two areas.

In horses of area 1 the reactivity against R. rickettsii was 55.6%, although
the variable, contact with ticks, was considered not statistically significant the
percentage of contact with ticks was 88.8%. This prevalence of positivity is high,
considering that the study is silent area for BSF. Other studies showed that the
seropositive percentage in horses in an endemic region was around 77.3% (HORTA
et al., 2004), 57.1% to 80% (SANGIONI et al., 2005) and in nonendemic region is
approximately 19% (HORTA et al., 2007). This prevalence of seropositive in
nonendemic was similar to the one found in area 2 in our study.

The result found in the area 1 is important because the surveys of horse
sera is a useful method for BSF surveillance in areas where humans are exposed to
A. cajennense, as proposed by Sangione et al. (2005). This method was applied
because the horses are the primary host for this tick and in places with a massive
presence of these ticks the humans and animals consequently might become the
secondary host for the A. cajennense (LABRUNA et al., 2001, HORTA et al., 2007;
PINTER et al., 2008). In our study the horses demonstrated to be good sentinels for

BSF in the area 1.
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IFA is the gold standard test for serological diagnosis of rickettsial infection
in humans and animals, but cross-reactivity of rickettsial antigens has been very
common and this problem interferes with the identification of rickettsial species
involved in the studied region. In some of the cases, differences in titers when testing
different species of rickettsias may be great enough to differentiate the species,
because homologous antibody titers are higher than heterologous antibody titers
(FENG; WALKER, 2003; HORTA et al., 2004).

The seroprevalence against R. rickettsii found in humans in area 1 was
24.1%. This result is considered high because there are no cases of FMB in this
area. In an endemic area some studies demonstrated seroprevalence of 7.14% in a
endemic area of Minas Gerais state (LEMOS et al, 1994), 2.8 % in Mogi das Cruzes,
state of Sdo Paulo (PINTER et al, 2008) and according to Horta et al (2007) in four
endemics area located in Sdo Paulo municipally the prevalence ranges of 10% to
19% and in an nonendemic area was 17,8% of seropositivity.

This high result can be explained to the contact of the humans with the
same ticks that are parasiting positives horses, and were therefore bitten by the
same tick species. In this studied area it might be occurring silent cases of BSF,
because the high seroprevalence found and that these human and horse always
lived in north of Parana, according to the questionnaire applied.

The rickettsia species found in humans and horses was very close to R.
rickettsii that is explained by the presence of A. cajennense parasiting horses and
are probably attacking humans.

Differently of the result obtained in dogs, in humans and horses the
serological evidence showed the occurrence of an infection caused by R. rickettsii or

very close-related species. Although there are no BSF cases described in those
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places and not even any symptoms were related in the epidemiological
questionnaire, therefore it is necessary to conduct further studies with a bigger
sample of rickettsial species.

In the present study we observed the presence of R. bellii infecting A.
ovale collected in dogs from the two areas studied. R. bellii has been frequently
found in different species of ticks in Brazil (HORTA et al., 2004). This result is in
agreement with the other study performed in Rondonia where it was found A. ovale
ticks infected with R. bellii. Although it is very common to find R. bellii infecting ticks,
there is no description of this Rickettsia infecting humans, horses or dogs (HORTA et
al., 2004; LABRUNA et al., 2007c).

Some studies showed that dogs parasitized with ticks infected with R. bellii
were negative to R. bellii by IFA (PINTER et al.,, 2008). In contrast to the study
described by Pacheco et al. (2007), there is a possible infection of R. belli in
capybaras shown by serological test.

This study showed the importance of epidemiological studies in the State
of Parana, and the infection with rickettsia species is frequent in humans and animals
studied.

In conclusion, the presence of homologues antibodies to R. parkeri in
dogs, and homologues antibodies to R. rickettsii antigen in horses and humans

shows a potential risk for human BSF in the studied area.
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Table 1 — Antibodies detected by Indirect Immunofluorescence Assay, using R. rickettsii and

R. parkeri as antigen, in human, horse and dog, at two rural localities (Alvorada do Sul —
Area 1 and Arapongas — Area 2), North Parana state, Brazil.

Area 1 Area 2
Sera R. rickettsii R. parkeri R. rickettsii R. parkeri
n positives/n total n positives /n total n positives/n total  n positives/n total
(%) (%) (%) (%)
Human  21/88 (24.1%) 14/88 (16.1%)  13/138 (9.4%)  6/138 (4.3%)
Horse 10/18 (55.6%) 4/18 (22.2%) 1/18 (5.6%) 1/18 (5.6%)
Dog 19/83 (22.9%) 15/83 (18.1%)  12/90 (13.3%)  11/90 (12.2%)
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Table 2 — Homologous antigens by Indirect Immunefluorescence Assay in human, horse and

dog at Alvorada do Sul (area 1) and Arapongas (area 2), North Parana state, Brazil.

Study Area Sera IFA Thters PAIHR
R. rickettsii R. parkeri
Area 1 Dog 20 256 2048 R. parkeri
Area 1 Dog 71 NR 128 R. parkeri
Area 1 Dog 73 NR 128 R. parkeri
Area 1 Dog 75 512 NR R. rickettsii
Area 1 Horse 6 128 NR R. rickettsii
Area 1 Horse 10 256 64 R. rickettsii
Area 1 Horse 11 128 NR R. rickettsii
Area 1 Horse 13 512 NR R. rickettsii
Area 1 Horse 14 128 NR R. rickettsii
Area 1 Horse 18 512 NR R. rickettsii
Area 1 Human 4 128 NR R. rickettsii
Area 1 Human 10 128 NR R. rickettsii
Area 1 Human 57 256 NR R. rickettsii
Area 1 Human 87 128 NR R. rickettsii
Area 2 Dog 124 NR 128 R. parkeri
Area 2 Human 110 128 NR R. rickettsii
Area 2 Human 111 128 NR R. rickettsii
Area 2 Human 115 128 NR R. rickettsii
Area 2 Human 129 128 NR R. rickettsii
Area 2 Human 151 128 NR R. rickettsii

PAIHR: Possible antigen involved in a homologous reaction nonreactive at titer 64 or higher for IFA

NR: nonreactive



Table 3 — Indirect Immunofluorescence Assay (IFA) titers using R. rickettsii antigen

in Alvorada do Sul (area 1) and Arapongas (area 2), North of Parana state, Brazil.

n° samples/ IFA Titers against R. rickettsii

Study Areas

Animals 64 128 256 512 1024 2048

Dog 6 4 4 2 3 0

Area 1 Horse 6 3 0 0 0

Human 10 7 3 0 1 0

Dog 1 3 3 1 1

Area 2 Horse 1 0 0 0 0

Human 5 7 1 0 0 0

Table 4 — Indirect Immunofluorescence Assay (IFA) titers using R. parkeri antigen

in Alvorada do Sul (area 1) and Arapongas (area 2), North of Parana state, Brazil.

n° samples/ IFA Titers against R. parkeri

Study Areas

Animals 64 128 256 512 1024 2048

Dog 1 4 0 6 3 1

Area 1 Horse 4 0 0 0 0 0

Human 8 3 2 0 1 0

Dog 0 4 1 3 0 2

Area 2 Horse 0 1 0 0 0 0

Human 2 3 1 0 0 0




Table 5 — Variables statistically significant using R. rickettsii and R. parkeri as antigen, in

Alvorada do Sul (Area 1), North Parana state, Brazil.

Positives/
Antigen samples Variables Option p value OR (IC95%)
Total (%)
Dog - - - - -
Tick trol Sim 310 0,022 0,06 (0,00-1,02)
. . ick contro ,022* , ,00-1,
R. rickettsii  yorge No 7/8
Sim 8/16
Human Positive horse 0,011* 4,54 (1,24-16,92)
Nao 13/72
Sim 15/65 -
Dog Presence of tick 0,017
_ Nao 0/18
R. parkeri
Sim 0/10 -
Horse Tick control 0,022*
Nao 4/8
Human - - - - -

* Fisher exact
* Fisher Exact
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Table 6 — Variable statistically significant using R. rickettsii and R. parkeri as antigen, in

Arapongas (Area 2), North Parana state, Brazil.

_ _ _ Positives/
Antigen samples Variables Option p value OR (IC95%)
Total (%)
Dog Ciliary Forest Sim 8/41
0,025 6,0 (1,10 -32,81)
contact Nao 4/49
R. rickettsii Horse - - - - -
Human - - - - -
Ciliary forest <100 m 4/10
Dog o 0,012* 8,11 (1,40 — 48,30)
localization >100 m 6/80
R. parkeri
Horse - - - - -
Human - - - - -

*Fisher Exact
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Figure 1 — map of the localization of the two studied areas.
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Figure 2 — Detection of PCR product amplified with gItA gene showed in 1.5% agarosis gel
realized in Ambltomma ovale extracted. Lane 1 (1) 123-bp DNA size marker ladder; (2)
Positive control; (3, 4, 5, 6) positive samples extracted from A. ovale; (7) negative sample;
(8) nucleic acid extraction negative control and (9) PCR negative control.
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CAPITULO 2

Serosurvey of antibodies against Spotted Fever Group Rickettsia spp in horse
farms in North Parana state, Brazil

Brazilian Spotted Fever (BSF) is an emergent disease caused by Rickettsia spp of
Spotted Fever Group and the most important species involved is Rickettsia rickettsii.
It is transmitted by Amblyomma ticks and A. cajennense is an important vector
because humans are frequently bitten by this species. The objective of this study was
to evaluate the prevalence of antibodies against BSF rickettsias in equines from six
horses farms located in Londrina County. The study was attended by six owners of
horse farms situated in Cambé, Santa Fé, Guaraci and Londrina municipalities. All
the farms are located in areas considered silent area for BSF and a total of 273
horses were sampled. The sera were submitted to the Indirect Immunofluorescence
Assay (IFA) with R. Rickettsii and R. parkeri as antigen, considering as positive,
reaction with titers = 64. From a total of 273 sera, 15 (5.5%) sera reacted against R.
rickettsii and 5 (1.8%) to R. parkeri. It was found seropositive animals in five of six
farms studied and the rate of seropositivity varied from 0% to 13%, except for one
farm where all horses were negative. The titers varied from 64 to 518, with final titer
being detected in four samples. Nine of all positive animals reacted to R. rickettisii
four-fold higher than R. parkeri which indicates the circulation of Rickettsia spp
homologue to R. rickettsii in these horse farms studied. This study suggests the
presence of some rickettsia very close to R. rickettsii infecting horses in Northern
Parana state, Brazil.

Keywords: Brazilian Spotted fever. Amblyomma spp. Rickettsia spp. Horse farms.
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INTRODUCTION

The genus Rickettsia is an obligatory intracellular bacterium, responsible
for causing zoonotic diseases in many parts of the world. This genus is classified in
three groups: the Ancestral Group, Typhus Group (TG) and the Spotted Fever group
(SFG). The last group is composed of several rickettsia species, but just few of them
are considered pathogenic for humans, and most of these Rickettsia are transmitted
by ticks (RAOULT; ROUX, 1997; RAOULT et al., 2002).

In Brazil this disease is named Brazilian Spotted Fever (BSF) and the
most important species responsible to cause this disease in human beings is R.
rickettsii. Recently R. parkeri has been reported infecting A. triste in Brazil and there
are many studies showing serological evidence of this Rickettsia species in dogs
(HORTA et al., 2004; SILVEIRA et al., 2007; LABRUNA et al., 2007). The R. bellii is
frequently reported in Brazil, but the pathogenicity is still unknown (LABRUNA et al.,
2007b).

The first case of BSF occurred in 1929 in Sao Paulo State (DIAS;
MARTINS, 1939) and nowadays this BSF has been reported in many other states
such as Minas Gerais, Rio de Janeiro, Santa Catarina, Rio Grande do Sul and in
Parana (MADEIRA; WIEBRICH, 2004, Ministerio da Saude, 2007). BSF is an acute
tick-borne disease and the clinical signs caused by R. rickettsii are fever, headache,
myalgia, nausea and rash.

Indirect Immunofluorescence Assay (IFA) is the currently test choice for
diagnosing rickettsiosis in human and animals. The problem of this serological
diagnosis is the cross-reactivity among different rickettisias species. The geographic
origin of the infection is important to identify the species of rickettsia. It is possible to
know the probable species of rickettsia by IFI comparing titers among different

antigens, because homologous antibodies titers are higher than heterologous
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antibodies titers (LASCOLA; RAOULT, 1997; HORTA et al., 2004; PACHECO et al.,
2007).

These Rickettsia spp are transmitted by ticks of Amblyomma genus and
the most important specie responsible to transmit BSF is A. cajennense, which is
frequently related to have bitten humans (MOREIRA; MAGALHAES, 1935). However,
nowadays there is the A. aureolatum that has been studied, another important tick
responsible to transmit BSF in Sdo Paulo and Rio de Janeiro states of Brazil
(PINTER; LABRUNA, 2006). Horses are primary hosts for all parasitic stages of A.
cajennense and in many studies it is shown that horses are excellent sentinels for
BSF (SANGIONI et al., 2005; HORTA et al., 2007; PINTER et al., 2008).

The objective of this study was to obtain epidemiological information about
rickettsias of the SFG in horse farms located in the northern of Parana state by

sampling horses by IFA using as antigens R. rickettsii and R. parkeri.
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MATERIAL AND METHODS
Study Areas

This study was carried out in six horse farms, located in Londrina County,
a region considered silent area for BSF. The number of samples collected in each
farm was: 50 in Cambé (23° 16’ 35” S 51° 36’ 20" W), 44 in Santa Fé (23° 01' 58" S
51° 49’ 51” W), 25 in Guaraci (22° 58’ 12" S 51° 39’ 20” W), 35 in Londrina 1 (23° 18’
39” S 51° 09’ 53" W), 34 in Londrina 2 (23° 18 39" S 51° 09’ 53" W), and 85 in
Londrina 3 (23° 27’ 26” S 50° 59’ 58” W). Only Londrina 1 is located in an urban area
of the city. This area is an equitation school where the horses were kept on stables
and without contact with pastures. All of the others farms were located in a rural area
and the animals were kept in pastures and some of the horses had contact with

forest area.

Samples

A total of 273 horse blood samples were collected and the sera samples
were separated by spinning and then stored at -20°C, until be used. This project was
previously approved by Ethic Committee of Animal Experimental of Universidade
Estadual de Londrina (N° 82/2006). The ticks were collected from horses and
maintained in absolute alcohol. The identification of tick species followed Aragao &

Fonseca, (1961) and Guimaraes et al. (2001).

Indirect Immunofluorescence Assay (IFA)

The IFA was performed according to Horta et al. (2004). The sera samples
were submitted to IFA twice using R. Rickettsii and R. parkeri antigens. To prepare
the IFA glass, each Rickettsia strain was cultivated in Vero cells until they reached a

total of 100% of infected cells.
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The horse sera was diluted with PBS starting from 1:64 dilution and
afterwards it was added to the glass and incubated at 37C° for 30 min in a humid
chamber. The glasses were washed twice in PBS for 15 min and reacted with
fluorescein isothiocyanate labeled goat anti-horse IgG (Sigma-Aldrich) for 30 min and
washed two times. The slides were read using microscope epifluorescent (Olympus,

Japan) at 400x magnification and only titers 264 were considered positive.

Statistic analysis

In this study, an epidemiological questionnaire was conducted to know
relevant information like as age of the animals, sex, race, presence of ticks and the
presence of forest in the propriety. To analyze the significance of the variables it was
used Qui-Square Test or Exact the Fisher. These calculations were done with

Epinfo6 program (CDC/Atlanta).
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RESULTS

The Table 1 summarizes the serological results of the IFA for the six
studied horse farms. From a total of 273 sera, 15 (5.5%) reacted against R. rickettsii
and 5 (1.8%) to R. parkeri. The samples that reacted against R. rickettsii antigen
were: 6 (12%) in Cambé, 1 (2.3%) in Santa Fé, 1 (1.4%) in Guaraci, 0% in Londrina
1, 4 (11.8%) in Londrina 2, and 3 (3.5%) in Londrina 3. When the samples were
submitted to R. parkeri antigen, 2 (5.9 %) in Londrina 2 and 3 (3.5%) in Londrina 3
were positives.

The titers found among the seropositives varied from 64 to 512 and
among 15 positive sera, 11 presented titers to R. rickettisii at least four-fold higher
than to R. parkeri antigen. These sera were considered homologue with R. rickettsii
or very closely related genotype (Table 2).

In this study were detected two different ticks on the horses during the
sampling, which were identified as A. cajennense and Anocentor nitens.

From variables studied the presence of ciliary forest (p=0.029) and wild
animals (p=0.029) in these horse farms were considerate statistically significant. Only
animals more than one year of age were positive for R. rickettsii. There were no
differences of seropositivity between sexes and race, of the animals. The presence of

ticks was found in only 2.9% of the horses studied.
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DICUSSION

Among six horse farms studied, five showed seropositive horses, with rates of
seropositivity varying from 2.3% to 12.0%, except in the propriety Londrina 1, where
there were no positive animals. This situation could be explained because this
propriety is situated in an urban area in the Londrina city, where the horses are kept
all the time stabled and used for practicing of sports or for hobby and having no
chances for tick infestations. Even though in the other horse farms located in rural
areas with seropositive animals, where the horses were living in contact with grass,
only in 2,9% of these animals were found A. cajennense.

The percentage of positives found in this work is in agreement with others
papers described in nonendemic regions, like as described by Horta et al 2007, that
the seropositivity was 19%, and according to Lemos et al., (1996) of 27.3% of
seropositivity in horses. Other study in nonendemic area was negatives to IFA
(SANGIONI et al., 2005). According to Freitas (2007), the seropositivity of horses, in
an urban area of Sdo José dos Pinhais — PR, was 9.33%. Another study with labor
horses in an urban area of Londrina city, Parana state, the seroprevalence was
38.50% (TOLEDO, 2008).

Horses are primary hosts for all parasitic stages of A. cajennense, but in
situations in which there is presence of a massive number of A. cajennense infesting
horses, these ticks will consequently parasite secondary hosts such as dogs or
humans (LABRUNA et al., 2001, 2002; HORTA et al., 2007).

In our study was found only a few number of A. cajennense on the horses
and it was detected low percentage of seropositivity in these animals. Consequently
the probability of rickettsia infection in humans transmitted by A. cajennense in these

studied areas is remote, because of the lowest exposure of humans to these ticks,
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and due to the fact that until the moment there were no cases of humans infected in
the studied area.

Sangioni et al. (2005) recommended surveys of horse sera as a useful
method of BSF surveillance in areas where humans are exposed to A. cajennense
ticks. However, the low percentage of seropositivity, these horses can not be used as
sentinel animals, because of the low exposure of the horses with Amblyomma ssp
ticks and consequently lower risk to humans and other animals that are living in
these areas.

The titers found in this study varied from 64 to 518 and the titer 518
reacted in only four samples. Nine of all positive animals reacted to R. rickettisii four-
folds higher than R. parkeri antigen that indicates circulation of Rickettsia spp
homologue to R. rickettsii in these studied populations.

A. cajennense is the main responsible for the serologic reactivity of horses
and humans to R. rickettsii antigen (HORTA et al.,, 2004). Our results are in
agreement with this affirmative, indicating the presence of Rickettsia spp homologue
to R. rickettsii.

IFl is the gold standard test to diagnose infection in humans and animals
(LASCOLA; RAOULT, 1997). However, cross-reactive antibodies among Rickettsia
species are common and the identification of Rickettsia species that is affecting the
infection of BSF is difficult (HORTA et al., 2004; LABRUNA et al., 2004; PACHECCO,
2007).

This study showed important evidences of Rickettsia spp circulation in
Northern of Parana state, by the fact that it can prevent BSF future infection in
humans that are exposed to ticks and it is important to continue these

epidemiological studies in Parana state.
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Table 1 — Percentage of seropositive horses by Indirect Immunofluorescence Assay (IFA)

with two diferents antigens in six horse farms from north regions of Parana state, Brazil.

Farms studied

IFA positive reaction/total collected (%) in two different

Antigens
R. rickettsii R. parkeri
Cambeé 6/50 (12) 0/50 (0)
Santa Fé 1/44 (2.3) 0/44 (0)
Guaraci 1/25 (4) 0/25 (0)
Londrina 1 0/35 (0) 0/35 (0)
Londrina 2 4/34 (11.8) 2/34 (5.9)
Londrina 3 3/85 (3.5) 3/85 (3.5)
Total 15/273 (5.5) 5/273 (1.8)
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Table 2 — Antibody titers by Indirect Immunofluorescence Assay (IFA) for two different

Rickettsia spp in horses from six farms from north of Parana state, Brazil.

Sera Area IFA titers Probably reaction of
homologue antigen
R. rickettsii R. parkeri
H2 Cambé 518 NR R. rickettsii
H7 Cambé 64 NR -
H16 Cambé 518 NR R. rickettsii
H25 Cambé 256 NR R. rickettsii
H37 Cambé 256 NR R. rickettsii
H42 Cambé 256 NR R. rickettsii
H109 Guaraci 64 NR -
H112 Londrina 2 128 64 -
H117 Londrina 2 128 NR R. rickettsii
H138 Londrina 2 512 256 -
H144 Londrina 2 128 NR R. rickettsii
H191 Londrina 3 64 64 -
H207 Londrina 3 64 64 -
H226 Londrina 3 256 64 R. rickettsii

H184 Santa Fé 128 NR R. rickettsii




Bl Cambé

Bl SantaFé
Guaraci

Bl Londrina1

Londrina 2
Londrina 3

Figure 1 — Map showing the localization of the horse farms studied.
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CONCLUSOES

Ha evidéncias soroldgicas da presenca de R. rickettsii e de R. parkeri nas
regides estudadas, embora tenha sido detectado apenas R. bellii infectando

carrapatos da espécie A. ovale;

A presenga de anticorpos homologos a R. rickettsii encontrado em soros
de humanos sugerem uma possivel ocorréncia de casos silenciosos FMB na

regiao de Londrina;

O maior numero de animais, bem como, o contato mais direto dos animais
e seres humanos com carrapatos no assentamento de Alvorada do Sul deve
ser a explicagdo para a soroprevaléncia de anticorpos mais elevada

encontrada neste local em relagdo aos demais locais estudados;

Os resultados da sorologia dos equinos em Alvorada do Sul reforcam a

hipétese destes animais serem utilizados como sentinelas para FMB;

As espécies de carrapatos encontrados nos dois estudos foram: A.
cajennense, A. ovale e R. sanguineus parasitando cées e A. cajennense e

Anocentor nitens em equinos.
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ANEXO 1 —

UNlVERS'dAdE . ﬂi()\’liR.\()E)[)
== Esiadual de Londrina ARANA

COMITE DE ETICA EM EXPERIMENTACAO ANIMAL

OF. CIRC. CEEA N° 82/2006 Londrina, 14 de novembro de 2006.

Prezado Pesquisador

O CEEA/UEL, reunido aos 14 de novembro do ano cormrente, avaliou o
projeto de pesquisa intitulado “Epidemiologia de patégenos das familias Rickettsiaceae,
Anaplasmataceae e Babesidae em carrapatos da familia Ixodidae e avaliacio
soroepidemiolégica em animais no Estado do Parani”, registrado no CEEA sob o n°
49/06, projeto de Tese junto ao Programa de Pos-graduagio em Ciéncia Animal do CCA,
desenvolvido sob sua responsabilidade e orientagio, julgando-o aprovado para execucio
por entender que os principios éticos postulados pelo Colégio Brasileiro de Experimentagio
Animal estio respeitados.

Sem mais para 0 momento, subscrevo-me.

Cordialmente,

1) bk )g L
Prof. Dr. Julio Aypusto Naylor Lisbda
Coordenador do CEEA/UEL

Ilmo. Sr.

Prof. Dr. Odilon Vodotte

Coordenador e Orientador do Projeto
Departamento de Medicina Veterinaria Preventiva
Centro de Ciéncias Agrarias
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P Y I'ﬁ'?“i o = Pl F o E ST Rl s il il A aiimes
COMITE DE ETICA EN PESQUISA ENVOLVERNDO SERES HUMARGS

Universidade Estadual de Londrina/ Hospital Universitano Regional Morte do Parana
Registro CONEP 268

i Paracer N° 80124/07 '[ Londrina. U6 de juinio os 20G7.
CAAE N° 0085.G.Z68.0006-07 |
FOLHA DE ROSTO N° 12889 |

|[ PESQUISADOR: ODILO VIDOTTC

e
timo Sr,

ando
Estadus arie d
iacsrds Con
| complem Gza
{ maio de 200
! nERIREL =
B B § B Ea [WF :
ANAFPLASNA FATO
AVALIACAQ SOR M ANIMAIS NOES
Segue em anexo o parecer consubstanciado e analise das respostas. i
i

Informamos gue ¢ S, devers apresantay ao CEP/UE! relatdrio final da pesquiss, bem como comunicar, |

por escrito, qualguer modificagie que ccoma ne desenvolvimento da mesma.

Situacao do Projeto: APROVADO i
!
|

Atencigsamente,
. i/
| Profe. Dra. Niléa aria Diniz
Coordenzdora
Comité de Etica em Pesguisa-CEP/UEL
Cirauus Unisorsilriv Rakats Orbas Gauvs Chl (FR 4455 him 350 - Fuie (0433 371060 PABX - Fax 305 £ . Cabus Posest £01 - CEP 38031070 - Inloim !dlyr-nr-n.u—l.lfr

Fospital Universitérinienten de Ciéncias da Soddde: Av. Robert Kocl, 60 - VT2 Ogeraria - Fome (0433 38020080 PARY - Fax 357 4041 ¢ 3377303 . Calva Peual 781 - FP BARR. 440
LONDRENA = FARANA a BIRRASIE

Form Codizn 11761 — Fomata A4 (21039 5mm
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ANEXO 3 -
PROJETO ASSENTAMENTO
Laboratério de Protozoologia — DMVP/CCA — UEL
QUESTIONARIO EPIDEMIOLOGICO
Propriedade n°: Data: [/ /
Entrevistado Nome:
Funcéo:
Proprietério: Fone:
1. Ha quanto tempo mora no assentamento atual?
2. Ja morou fora do Assentamento?( )sim, ( )ndo. Onde?
3. Qual o tipo de trabalho realizado no assentamento? ( ) doméstico, ( )com

lavoura,( ) com animais ( ) outros:
Visita area de mata/mata ciliar?( )sim, ( ) ndo.

Frequéncia: () todos os dias, () 1x semana, () 1x més, () 1x ano
Presenca de carrapato? ( )sim, ( )nao.

Epoca do ano que aparecem:

() primavera () Verao () Outono () Inverno ( ) Ano todo

8. Onde pegou carrapato? ( ) Mata ( ) Pasto ( ) Outros

No oA

Pre
senga de bosques/reserva/mata ciliar préximo a residéncia? ( ) até 100m, ( )>100 a
500m.



PROJETO ASSENTAMENTO

Laboratério de Protozoologia — DMVP/CCA — UEL

Propriedade n°:

QUESTIONARIO EPIDEMIOLOGICO

Data:

Entrevistado Nome:

/

/

71

Funcéo:

Proprietario:

Fone:

Questionario individual de Caes

1. Nome e n° do canino

2. ldade e sexo do animal

3. Ha quanto tempo o c&do mora no

local?

4. O céo tem pelo longo ou curto?

5. O cao visita area de mata/mata

ciliar?

6. O cédo tem o habito de cagar?

7. O cao acompanha nas atividades

diarias como lida com o
ou pescaria?

gado, lavoura

12. Presenca de carrapato?

13. Epoca que observa
nos animais

os carrapatos

14. Controle de carrapa
produto?

tos? Qual

15. Frequéncia do controle de

carrapatos

Questionério individual de Equinos

1. Nome e n° do equino

2. |dade e Sexo do Animal

3. Ha quanto tempo o equino mora no

local?

4. O Equino vai area de
ciliar?

mata/mata

12. Presenca de Carrapato?

13. Epoca em que observa os

carrapatos nos animais

14. Controle de carrapa
produto?

tos? Qual

15. Frequéncia do controle de

carrapatos
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INVESTIGACAO DE DOENCAS TRANSMITIDAS PELO CARRAPATO

LABORATORIO DE PROTOZOOLOGIA - DMVP/UEL
QUESTIONARIO EPIDEMIOLOGICO

Propriedade n°: Data: [/ /
Entrevistado Nome:

Funcéo:

Proprietério: Fone:

1. Atividades desenvolvidas:

(1) Agricultura (2) Pecuaria (3) outros:

2. Populacao nas proximidades: (1) Sim (2) Nao

3. Local de criagcéo do animal:
(1) Pasto (2) Estabulo (3) Outro:

4. Presenca de outros animais:
(1) Cao (2) Gato (3) Bovinos (4) Roedores (5) Animais silvestres

Quais animais silvestres observados:

Presenca de pasto: (1) Sim (2) Nao
Presenca de mata préxima: (1) Sim (2) Nao

Presenca de carrapatos: (1) Sim (2) Nao

© ©o N o o0

Epoca que aparecem:

(1) primavera (2) veréo (3) Outono (4) Inverno (5) Ano todo
10. Carrapatos fixos a pele humana: (1) Sim (2) Nao

11. Controle de carrapatos: (1) Sim (2) Nao

Questionério individual de Equinos

1. Nome:
2. ldade:
(1) menos 1 ano (2) 1-5 anos (3) 6-10 anos (4) acima de 10 anos
3. Sexo: (1) Macho (2) Fémea
4., Raca:

5. Presenca de carrapato: (1) Sim (2) Nao
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ANEXO 5 -

Protocolo de Extracdo de DNA segundo Chomkzynski (1993) com
modificacdes de Sangioni (2002)

e Triturar o carrapato;

e Adicionar a amostra, 150 pl de TE (Tris HCI 10mM, EDTA 1mM, pH 7,4);

¢ Homogeneizar em agitador;

e Adicionar 450 ul de GT (5mol/L);

e Deixar 10 minutos para agir, homogeneizar a cada 2 minutos;

e Centrifugar a 12000 x g, durante 5 minutos para separar a fase aquosa da
organica;

e Transferir 400 pyl da fase aquosa para outro microtubo e desprezar a fase
organica;

e Adicionar 600 ul de isopropanol (para insolubilizar);

e Homogeneizar;

e Levar ao freezer e deixar por 2 a 18 horas;

e Centrifugar a 12000 x g durante 15 minutos;

e Desprezar o sobrenadante;

e Acrescentar 800 pl de etanol 70%;

e Centrifugar a 12000 x g durante 5 min;

e Desprezar o sobrenadante;

e Secar o sedimento a temperatura ambiente;

e Ressuspender o sedimento com 30 ul de TE;

e Homogeneizar;

e Levar ao banho-maria, a 56°C, durante 15 minutos;

e Congelar.
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ANEXO 6 -

Reacdo de Imunofluorescéncia Indireta (RIFI), segundo Horta et al. (2004)

¢ Diluir as amostras de soro em PBS (solu¢ao fosfato tamponada) nas diluicoes de
1:64, 1:128, 1:256, 1:512 e 1:1024;

e Adicionar 10-20 pl das diluigdes em cada poco das laminas;

¢ Incubar as laminas em camara umida por 30 minutos em estufa a 37°C;

e Lavar as laminas duas vezes com tampéao de lavagem, em cuba de lavagem, 10
minutos cada lavagem,;

e Deixar as laminas secarem a temperatura ambiente;

e Diluir o conjugado, na proporgao obtida com a prévia titulagdo do mesmo, em
PBS;

¢ Adicionar 15 pl da diluicdo do conjugado em todos os pogos das laminas;

¢ Incubar as laminas em camara umida por 30 minutos em estufa a 37°C, ao abrigo
de qualquer fonte de luz;

e Lavar as laminas duas vezes com tampao de lavagem acrescido de azul de
Evans (0,3 ml de Azul de Evans para cada 100 ml de tamp&o de lavagem), em
cuba de lavagem, 10 minutis cada lavagem. Manter as cubas cobertas com papel
aluminio para proteger de qualquer fonte de luz;

e Adicionar de trés a quatro gotas de glicerina tamponada sobre cada lamina,
cobrindo-a com laminula. Manter sobre o abrigo da luz até o momento da leitura;

e Realizar leitura das laminas em microscépio de imunofluorescéncia em objetiva
de 40X.



