


INSTITUTO DE PESQUISAS ,ENERGETICAS E NUCLEARES

Autarquia Associada a Universidade de Sao Paulo

AVALIACAO DA RESPOSTA IMUNE HUMORAL E CELULAR,
EM CAMUNDONGOS INOCULADOS COM TAQUIZOITOS
IRRADIADOS DE Toxoplasma gondii

P E As

,’ [LIVRO

) Lo N222628
Roberto Mitsuyoshi Hiramoto \", “

NUO

Tese apresentada como parte dos
requisitos para obtengdo do Grau de
Doutor em Ciéncias na Area de

Tecnologia Nuclear - Aplicagdes

Orientador:
Prof. Dr. Heitor Franco de Andrade Jr.

Sao Paulo

2002

: SRG TN VA ;
SDMISSAC NACIONAL UF ENERGIA NUCLERR/SP  WEs




Dedicoeste trabalho- o minha esposa
Erika Hellena Esther Hoffmann,
companheira insepardvel que sempre
me incentivow e auridiow, ew todos
oy momentoy de nossa marovilhosa
corwivenci, com nmuwilor amor e

corinho-

RRSSAD NAGCNAL UE ENERGIA NUCLEAR/SP  WEP




AGRADECIMENTOS

» Ao Prof. Dr. Heitor Franco de Andrade Jr pelo apoio constante,
ensinamentos e amizade durante toda a minha vida cientifica. Agradeco pela
confianca e por sempre ter acreditado no meu trabalho, desde o momento que

me aceitou como aluno de iniciagao cientifica.

» Ao Andrés Jimenez Galisteo Jr. pela amizade, sugestdes, apoio e
participagao em todas as fases deste trabalho.

» A Raoselaine Pereira Alvim Cardoso pela amizade, convivéncia e auxilio
técnico constante, durante varios anos, que permitiram o bom desenvolvimento

deste projeto.

» A Dona Francisca Lucio de Oliveira pela amizade e por manter os materiais

e o laboratério sempre organizados para a boa realizagdo deste projeto.

» Ao Luciano Monteiro da Silva pelo auxilio e esforco em obter todos os

recursos e materiais necessarios para a realizacéo deste projeto.

» Ao amigo Daniel Perez Vieira pelo auxilio em varios ensaios e na corregéo
final da tese.

» A Isabel C. Alves pela amizade e apoio durantes as fases iniciais deste
trabalho.

» A Dra. Eufrosina S. Umesawa pelos muitos empréstimos de aparelhos e

materiais utilizados neste projeto.

» A Solange Fernandes Ferreira dos Santos pela amizade e pelo auxilio

principalmente no fornecimento de materiais.

TOMISSAD NACIONAL DE FRNERGIA NUCLEAR/SP  Wr»



> A Marilda S. Nascimento grande amizade e pelo ajuda nas culturas

celulares.

> Ao Henrique César K. Terentowicz pelo auxilio durante os ensaios de

proliferagao celular e citocinas.

> Aos amigos do Laboratério de Protozoologia do Instituto de Medicina

Tropical de S&o Paulo pela convivéncia durante todos os periodos do projeto.

> A todos os amigos do Instituto de Medicina Tropical de S3o Paulo que

conviveram comigo durante todas as fases do projeto.

» A Dra. Kayo Okazaki pelas sugestdes apresentadas durante o Seminario de
Area.

> A Dra. Ligia Ely Morganti Ferreira Dias pelas sugestdes apresentadas
durante o Seminario de Area.

» A Dra. Monamaris M. Borges pelas sugestfes apresentadas durante a
Qualificagao.

» Ao Dr. Luiz Guilherme Stark Aroeira pelas sugestées apresentadas durante
a Qualificagao.

> Ao Carlos G. da Silveira e Elizabeth S. R. Somessari por possibilitarem e
acompanharem por inumeras vezes a irradiagdo dos taquizoitos de 7. gondii
utilizados neste projeto.

Aos amigos do IPEN pela convivéncia e apoio durante o decorrer do projeto.

» Ao Cleiton Alves pelas preparacgdes histoldgicas.
> A Dra Telma S. Okay (Instituto da Crianca) pelos ensaios de “PCR”.

> Ao CNPq pelo apoio financeiro.




» A FAPESP por financiar este projeto.

» Ao LIMFMUSP49 e a Supervisdo de Radiobiologia/IPEN pelo suporte ao
projeto.

> A todos que direta ou indiretamente auxiliaram na realizac&o deste projeto.



ABSTRACT

Evaluation of the cellular and humoral response in mice inoculated with
irradiated tachyzoites of Toxoplasma gondii

Roberto Mitsuyoshi Hiramoto

Objectives: Evaluate the cellular, humoral immune response and the protection
against oral challenge in mice, induced by 255 Gy T. gondii irradiated
tachyzoites in a source of ®Co y-rays.

Material and Methods: 7. gondii tachyzoites were irradiated with 255 Gy,
maintained in nitrogen and freezer. C57BI/6] mice were immunized with
irradiated tachyzoites (3 doses). The humoral and cellular response in
immunized mice was analyzed. The immunized mice with 255 Gy irradiated
tachyzoites (3 doses) were challenged, by oral route, with ME-49 T. gondii
strain, mortality and quantification of cysts number was analyzed.

Results: The mice immunized with irradiated tachyzoites presents right levels
of IgG antibody specifics, which recognized T. gondii proteins. The mice spleen
cells presents lymphoproliferative response and cytokine profiles similar to
those produced by chronic infection. The mice immunized with irradiated
tachyzoites displayed minimal cerebral pathology and low cysts numbers after
oral challenged with ME-49 strain. »

Conclusions: The 255 Gy y-rays irradiated T. gondii tachyzoites induce
immune response in mice, similar chronic infection, with partial protection after
challenge with ME-49 strain, presenting decrease of the cerebral pathology and

cysts numbers.

SOMISIAD KATIONAL DE ERERGIA NUCLEAR/SP  PEB



RESUMO

Avaliacéo da resposta imune humoral e celular, em camundongos
inoculados com taquizoitos irradiados de Toxoplasma gondii

Roberto Mitsuyoshi Hiramoto

Objetivos: Avaliar a resposta imune celular, humoral e a protecdo contra
desafios orais, em camundongos, induzida por taquizoitos de T. gondii
irradiados a 255 Gy com raios y de uma fonte de ®Co.

Material e Métodos: Taquizoitos de T. gondii foram irradiados a 255 Gy,
preservados em nitrogénio liquido ou freezer. Camundongos C57BI/6j foram
imunizados com taquizoitos irradiados (3 doses). A resposta imune humoral e
celular nos animais imunizados com taquizoitos irradiados foram analisadas.
Os camundongos imunizados com taquizoitos irradiados 255 Gy (3 doses)
foram desafiados, via oral, com a cepa ME-49, sendo a mortalidade e
quantificagdo do numero de cistos foi analisada.

Resultados: Os animais imunizados com taquizoitos irradiados apresentam
niveis elevados de IgG especificos, que reconhecem diversas proteinas do T.
gondii. Os esplendcitos dos animais apresentam resposta linfo-proliferativa e
produgdo de citocinas similares aos animais com infecgdo cronica.
Camundongos imunizados com taquizoitos irradiados manifestam pouca
patologia cerebral e reduzido numero de cistos apds desafio com via oral com a
cepa ME-49. _

Conclusdes: Os taquizoitos de 7. gondii irradiados a 255 Gy com raios vy
induzem resposta imune em camundongos, semelhante a infecgdo cronica,
com protecao parcial, quando os animais sdo desafiados com a cepa ME-49,

apresentando diminuigdo da patologia cerebral e do numero de cistos.
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1 - INTRODUCAO

Toxoplasma gondii € um protozoério parasita intracelular obrigatério e
pertencente ao filo Apicomplexa, classe Sporozoa, subclasse Coccidia e ordem
Eucoccidia (Ravdin, 1995) que pode infectar o homem e uma ampla variedade
de animais domésticos e selvagens (Dubey, 1993). Os protozodrios deste filo

caracterizam-se por apresentar o Complexo Apical, estrutura responsavel pelos

processos de invasdo celular. Outros representantes do filo s&o Plasmodium

spp, Cryptosporidum spp, Isospora spp, Sarcocystis spp e Babesia spp
(Ravdin, 1995). O T. gondii foi descoberto por Nicolle and Manceaux em 1908
em um roedor Ctenodactylus gundi e, ao mesmo tempo, por Splendore em um

coelho de laboratério em Sao Paulo, Brasil.

Toxoplasmose

Toxoplasmose em imunocompetentes

O Toxoplasma gondii, apesar de infectar com frequéncia o homem,
causa geralmente doenca benigna, pois raramente provoca disturbios no seu
hospedeiro e, quando isto ocorre, as perturbagcdes sdo em geral, leves e
temporérias (Remington et a/, 1995). O T. gondii € uma importante causa de
doenca ocular no mundo em individuos imunocompetentes e
imunocomprometidos. A retinocoroidite toxoplasmica é uma das maiores
causas de danos visuais nos EUA, sendo responsavel por 30-50% de todos os

casos de uveite posterior (McCannel et al, 1996). Em uma epidemia de

1
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toxoplasmose adquirida que ocorreu em Atlanta (EUA), 3,6% dos individuos
infectados e examinados ap6s 4 anos da infecgdo inicial tiveram lesGes
oculares pelo T. gondii (Akstein ef al, 1982), enquanto em outro surto de
toxoplasmose que ocorreu no Canada, 20,6% de todos nos individuos
apresentaram doenca ocular (Burnett et al, 1998). Na cidade de Erechin, sul do
Brasil, a retinocoroidite tem ocorrido freqientemente, de 1042 individuos
examinados, 184 (17,7%) apresentavam a doenga, sendo que a prevaléncia
desta foi baixa em criancas e aumentou com a idade, sugerindo que nesta
populagdo, a toxoplasmose ocular é uma seqlela da infecgdo aguda adquirida
(Glasner et al, 1992). Estudos recentes na mesma populagéo demonstraram
que de 109 individuos soronegativos em 1990, 21 (19,5%) foram encontrados
soropositivos em 1997, e destes, 2 individuos (9,5%) apresentaram lesdes
oculares tipicas de toxoplasmose, dos 131 individuos soropositivos que ndo
apresentaram lesGes oculares em 1990, 11 (8,3%) tiveram lesbGes por
toxoplasma em 1997 (Silveira et al, 2001). Na cidade de Jaguapitd estado do
Parana, 82,9% dos individuos examinados foram positivos para toxoplasmose
e 26,8% relataram algum tipo de leséo ocular (Garcia ef al, 1999). Em Campos
dos Goytacazes, estado do Rio de Janeiro, a prevaléncia de toxoplasmose
ocular foi 14% na area rural e 8% na area urbana (Petersen et al, 2001).

Utilizando modelos experimentais cdm roedores (hamsteres e Calomys
callosus) com ingestdo oral de cistos, demonstrou-se que a toxoplasmose
aguda € uma das importantes causas de lesSes oculares (Pereira et al, 1999;
Gormley et al, 1999). A incidéncia de retinocoroidite toxoplasmica aguda
sintomatica foi realizada na Gra Bretanha sendo estimada em 0,4/100000/ano

para pessoas nascidas na Inglaterra e 57/100000/ano para negros nascidos no
2
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oeste da Africa (Gilbert et al, 1995). Outro problema grave causado pela
toxoplasmose ocular € o descolamento da retina, em estudo recente com 150
pacientes que apresentavam toxoplasmose ocular, 9 (6%) tiveram
descolamento da retina (Bosh-Driessen et a/, 2000).

Embora a toxoplasmose seja considerada uma infeccdo assintomatica,
estudos tém demonstrado que o T. gondii pode modificar o comportamento de
seus hospedeiros intermedidrios para aumentar a chance destes serem
predados por felinos e assim completar o seu ciclo de vida (Berdoy et al, 1995;
Webster, 2001). Mudangas de comportamento tém sido demonstrados em
ratos, camundongos infectados com T. gondii (Berdoy et al, 2000; Hrda et al,
2000; Webster et al, 1994) e inclusive em humanos (Flerg et al, 1996; Haviicek

et al, 2001).

Toxoplasmose congénita

Mulheres infectadas com T. gondii antes da concepg¢do raramente
transmitem a infecgéo para seus fetos, no entanto, quando a infec¢do aguda
ocorre durante a gravidez, os parasitas podem infectar o feto através da
placenta, causando sérios problemas de salde. O risco de doenga congénita é
baixo quando a infec¢ao é adquirida durante o primeiro semestre e alto quando
ocorre durante o terceiro trimestre, entretanto a gravidade da doenga é pior se
a infeccdo € adquirida no primeiro semestre (Jones et al, 2001). Os sinais
classicos da toxoplasmose congénita s&o: hidrocefalia; coriorretinite;
calcificagbes cranianas e retardamento mental (Sabin, 1941).

Muitos dos recém-nascidos infectados pelo 7. gondii ndo apresentam

3
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sintomas no nascimento, mas podem ter sérios problemas durante a infancia
ou adolescéncia. Cerca de 80% dos individuos infectados congenitamente e
nao tratados desenvolvem lesdes oculares na adolescéncia ou na fase adulta,
alguns com perda da visdo (Carter & Frank, 1986; Wilson et al/, 1980). No ano
de 1992 nos Estados Unidos, 100 de 635.000 recém nascidos examinados
tiveram resultado positivo e a infecgdo congénita foi confirmada em 52 destes,
no qual 19 apresentaram anormalidades no sistema nervoso central ou retina
(Guerrina et al, 1994). Na Noruega, 47 de 35.940 mulheres analisadas
demonstraram evidéncias de infec¢ao primaria durante a gravidez (Jenum ef al,
1998).

No Estado do Rio Grande do Sul, Brasil, um total de 140.914 recém
nascidos, com média de idade em torno de 18 dias, foram testados para
anticorpos IgM, sendo detectados 47 casos de toxoplasmose e calculada uma
prevaléncia de 1 para 3000 nascidos vivos (Neto et al, 2000). Estes autores
acompanharam os individuos infectados num periodo que varia de 6 meses a 3
anos e 7 meses, observando que 39 (83%) dos pacientes foram assintomaticos
durante o periodo e que 8 (17%) apresentaram manifestagbes clinicas da
doenca. Em Campos de Goytacazes, estado do Rio de Janeiro, um estudo
realizado entre 1999 e 2000, detectou 5 de 2550 recém nascidos com
toxoplasmose congénita (Petersen et a/, 2001).

Na regido metropolitana de S&o Paulo, Brasil, estima-se que devam
nascer cerca de 230 a 300 criangas infectadas por ano (Guimaraes et al, 1993).
Nos E.U.A ocorrem cerca 400 a 4.000 casos ano, com gastos em torno de 0,4

e 8,8 bilhbes de dblares anualmente com servicos médicos e queda de

produtividade atribuiveis a toxoplasmose (Roberts & Frenkel, 1990; Hsu et al,
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1992). Na Franga e Austria, a incidéncia de toxoplasmose congénita é de 3-4

casos por cada 1000 nascimentos (Smyth, 1994).

Toxoplasmose em imunodeprimidos

Em aidéticos, o parasita é responsavel pelo desenvolvimento de uma
variedade de sintomas, mas o mais freqUente & a encefalite, onde a rapida
multiplicacdo dos taquizoitos resulta na destrui¢do dos tecidos neurais. Cerca
de 95% da encefalite por toxoplasma é devido a reativagéo da infeccdo latente,
como um resultado da perda progressiva da imunidade celular (Luft &
Remington, 1992). Cerca de 10 a 40% dos adultos com AIDS nos EUA tem
infecc&o latente pelo T. gondii e um ter¢o destes pacientes devem desenvolver
encefalite por toxoplasma (Luft & Remington, 1992). Na Africa, onde a infecgéo
latente & maior, o nimero de individuos com AIDS que desenvolvem encefalite
por toxoplasma é cerca de .25-50% dos infectados (Clumeck et al, 1984).
Estudos realizados em S&o Paulo demonstraram que 21% no ano de 1988 e
46% no ano de 1991 dos pacientes analisados com AIDS apresentaram
encefalite por toxoplasma (Passos et al, 2000). Os custos do tratamento de
encefalite toxoplasmica em aidéticos sdo estimados em US$ 10.379/por caso,
causando um gasto total anual de 23 a 106 milhdes de ddlares por ano
(Roberts et al, 1994).

Estima-se que nos EUA entre 18 a 25% dos pacientes com AIDS
possam sofrer toxoplasmose sintomética durante o curso de sua doenga
(Kasper & Buzoni-Gatel, 1998), na primeira década da epidemia 20.000 a

40.000 pacientes infectados apresentaram as formas clinicas da toxoplasmose
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(Gellin & Soave, 1992) e cerca de 3-20% de todos os pacientes mortos com
AIDS foram devido ao T. gondii (Luft et al, 1994). Levantamento realizado no
Estado de Sao Paulo, Brasil, sobre as principais causas associadas em mortes
por AIDS demonstraram que a toxoplasmose foi responsavel por 12,2% das
mortes (Santo ef al, 2000).

Em transplante de o4rgaos sélidos, a toxoplasmose ocorre mais.
frequentemente em receptor soro negativo de um érgao transplantado de um
doador soro positivo (Michaels et al, 1992). Quando se trata de transplantes de
figado, coragdo e medula éssea o T. gondii pode causar sérios problemas,
inclusive levando a 6bito (Mayes et a/, 1995; Derouin et al, 1986; Michaels et al,
1992). Sem profilaxia, cerca de 50% dos receptores de transplante cardiaco
soronegativos, 20% dos receptores de figado e <1% dos receptores de rim
adquirem toxoplasmose através do 6rgdo de um doador soropositivo
(Schaffner, 2001).

Em S&o Paulo, no periodo de 1996 a 1998, 97 transplantados cardiacos
que sobreviveram por periodo superior a uma semana apds o transplante
foram analisados, destes ocorreram quatro casos de infecgdo pelo Toxoplasma
gondii, levando a morte um dos pacientes (Couto et al/, 2001). Estudos
experimentais utilizando gatos e cdes em transplantes renais demonstraram
que a toxoplasmose pode ser uma complicagdo fatal para quem recebe o
transplante (Bernsteen et al, 1999).

Na Europa, varios casos de toxoplasmose foram relatados em pacientes
que foram submetidos a transplantes de células maes hematopoiéticas, com
lesGes severas e ébito (Martino ef a/, 2000). Em autdpsia de 180 pacientes que

se submeteram a transplante de medula, 8 apresentaram neuro-toxoplasmose
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(Bleggi-Torres et al, 2000) e em estudo retrospectivo em 655 pacientes
transplantados de medula dssea, 4% desenvolveram infecgdes no sistema
nervoso central, sendo a encefalite por toxoplasma responsavel por 74% dos

casos (Maschke ef al, 1999).

Toxoplasmose em pacientes com céncer

A toxoplasmose também tem sido freqentemente descrita em pacientes
com cancer, como linfoma e leucemia, e pacientes com tumores sélidos que
estdo em processo de quimioterapia, podendo estes, muitas vezes, apresentar
coriorretinite associada com encefalite, além de problemas em outros érgaos
como figado, bago, pancreas, rins, medula éssea, musculos, adrenal e

linfonodos (Dagher & Lucas, 1996; Israelski & Remington, 1993).

Prevaléncia da toxoplasmose humana

A infeccédo pelo T. gondii € comum entre os seres humanos e a sua
prevaléncia varia amplamente de pais para pais (Dubey & Beattie, 1988).
Varios fatores influenciam na epidemiologia da toxoplasmose, como clima,
habito alimentar, o consumo de carnes cruas ou mal cozidas e condigbes de
higiene (Amato Neto, 1995). Nos Estados Unidos e Reino Unido estima-se que
cerca de 16 a 40% das pessoas séo infectadas, enguanto que, na América
Central, do Sul e continente europeu, estas estimativas de infecgdo variam
entre 50 a 80% (Dubey, 1993). Em estudos recentes nos EUA demonstraram

que a soro-prevaléncia da toxoplasmose varia de acordo com as regides,
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sendo de no nordeste de 29.2%, no sul 22,8%, no meio-oeste 20,5% e no
oeste 17,5% (Jones et al, 2001). No Brasil estima-se que cerca de 60% da
populacgdo ja tenha sido infectada até a idade adulta (Guimaraes et al, 1993). A
soro-prevaléncia detectada no Cear4, Brasil, variou com a idade: de 2 a 9 anos:
40.0%; 10-19 anos: 60.4%; 20-29 anos: 73,4%; e 30-39 anos: 70,3% (Rey &
Ramalho, 1999).

Toxoplasmose em animais

A maioria dos mamiferos pode ser infectada pelo T. gondii, existindo até
relatos de mamiferos marinhos, como golfinhos e baleias, parasitados, sendo
encontradas formas do parasita através de histologia (Inskeep et al, 1990;
Mikaelian et a/, 2000). Em cavalos a taxa de infecgéo foi 13,1% na Argentina
(Dubey et al, 1999), em camelos foi 17,4% e em jumentos 65,5% no Egito
(Hilali et al, 1998; EI-Ghaysh, 1998).

Os animais utilizados para consumo humano também sdo atingidos pelo
parasita, podendo ser fontes de infec¢do ou causar prejuizos econdémicos nas
criagdes. As ovelhas sdo susceptiveis a infecgdo pelo T.gondii, sendo que
estes animais podem sofrer abortos ou mortes neonatal (Buxton, 1998),
tornando a toxoplasmose um importante problema econdmico na criag&o
destes animais, devido aos prejuizos causados nos criadouros, principalmente
na Nova Zelandia e Inglaterra (Dubey & Sharma, 1980). No Uruguai, a perda
durante a gestacdo dos animais é de 1,4-3,9% com um prejuizo financeiro em
torno de US$ 1,4-4,7 milhdes de ddlares para o pais (Freyre et al, 1999). No

Brasil, inquéritos realizados no Estado da Bahia demonstraram que de um total
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de 240 amostras, 18,75% foram positivas (Gondim et a/, 1999), em animais de
Uruguaiana (RS) e Braganga Paulista (SP) destinados ao consumo no
municipio de S&o Paulo houve 39% de animais soropositivos (Larsson et al,
1980). Nas cabras a doenca é mais severa do que em ovelhas (Dubey &
Beattie, 1988) e os animais podem morrer de enterite e encefalite causada pelo
T.gondii, cistos podem permanece durante toda a vida dos caprinos, sendo
que, nos animais naturalmente ou experimentalmente infectados, foram
localizados em musculo esquelético, coragao, diafragma, figado, rins e cérebro
(Dubey, 1987). Nos EUA em estudos realizados de 1982 a 1984 demonstraram
que 22,1% das cabras sao infectadas (Dubey & Adams, 1990), em Uganda
(Africa) a soro-prevaléncia é de 31% (Bisson et al, 2000). No Brasil, Estado da
Bahia, 28,93% das amostras de soro analisadas apresentavam anticorpos
especificos para T. gondii (Gondin et al, 1999). A toxoplasmose em suinos foi
descrita em diversos paises, a mortalidade ocorre principalmente em animais
jovens e as manifestagdes clinicas mais freqUentes sdo pneumonia, miocardite,
encefalite e necrose da placenta (Dubey, 1993) podendo provocar também
abortos ou natimortos (Chang et al, 1991). A carne suina representa uma fonte
de risco significativa de contaminagdo humana no Brasil (Camargo et al, 1995).
Em trabalho recente realizado por nosso grupo, com amostras de animais do
Brasil e Peru, foram encontrados respectivamente 9,6 e 32,3% dos animais
analisados apresentando anticorpos anti-T. gondii (Suaréz-Aranda et al, 2000).
No gado o T.gondii invade as células e forma cistos, mas estes ndo persistem
por muito tempo nos tecidos, pois estes animais séo relativamente resistentes

a toxoplasmose em relagdo a outros animais (Dubey, 1986). Inquérito

sorolégico recente, realizado no estado da Bahia, demonstrou que 1,03% do
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gado e 3,85% dos bufalos apresentavam anticorpos anti-T. gondii (Gondin et al,
1999).

O T. gondii & capaz de infectar inimeras espécies de aves, inquéritos
soroldgicos realizados em frangos na india, mostraram que 39,5% dos animais
apresentavam anticorpos contra 7. gondii (Devada et al, 1998) e infec¢bes
experimentais nestes animais mostraram o parasita em diversos 6rgaos, como
cérebro, pancreas, bago, retina, figado e coragdo (Kaneto et al, 1997).
Toxoplasmose foi diagnosticada em perus selvagens de diversas regides dos
Estados Unidos, mostrando que a prevaléncia de anticorpos é de 10% (Quist et
al, 1995). Outros grupos de aves como pombos (Biancifiori et al, 1986),
codornas do Japéo (Dubey et al, 1994a) e faisdes (Dubey et al, 1994b) também
demonstraram ser susceptiveis a infecgdo, quando experimentalmente
inoculados. A prevaléncia de T. gondii em aves de rapina (falcdes, gavides e
corujas) foi de 26,7%, utilizando a técnica de digestao acida em porgdes do
musculo e coragdo destes animais para a procura de cistos (Lindsay et al,

1999).

Ciclo de vida

Esse agente apresenta um ciclo vital complexo com multiplos
hospedeiros (Figura 1). Os felinos, em geral, s&o os hospedeiros definitivos de
T. gondii (Frenkel et al, 1970). Os parasitas reproduzem-se sexuadamente nas

células epiteliais do intestino desses animais liberando oocistos em suas fezes,

0s quais apresentam estrutura muito resistente, podendo sobreviver meses ou
10
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que se multiplicam nas células do intestino formando os taquizoitos, estruturas
que sdo muito similares entre si, exceto pela abundancia de micronemas,
roptrias e grénulos de amilopectina presentes nos esporozoitos (Dubey et al,
1988b). Os taquizoitos (Figuras 2 e 3) apresentam diversas organelas
caracteristicas do filo, os anéis polares, condide, roptrias, micronemas, além
das estruturas comuns as demais células animais, como mitocondrias, reticulo
endoplasmatico e complexo de Golgi. Essas formas de multiplicagdo rapida
atingem o restante do corpo por meio do sangue e da linfa, multiplicando-se
assexuadamente no interior das células (Figura 4) por repetidas endodiogenias,
processo pelo qual ocorre formagdo de dois individuos — filhos dentro do
citoplasma da célula da mée, a divisdo celular. Apés a duplicagdo do DNA no
nucleo, inicia-se a construgdo das células filhas pela regido do condide que
duplica, segue para as roptrias, aparelho de Golgi, nucleo e finalmente séo
geradas duas células filhas (Dubey, 1991). A multiplicagdo continua até a
ruptura da célula hospedeira, quando os organismos sé&o liberados para invadir
outras células. Este processo continua até o desenvolvimento de imunidade

contra o parasita.
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Conéide ———-| :
S Anel polar anterior
Microtibulos 2
—— Micronemas
Roptria

Corpo denso
Complexo de Golgi
Micrépila ——— Reticulo endoplasmiético
Nuicleo
Corpo denso
Corpo denso
Mitocondria
Membrana \
Membrana interna N0, -
Anel polar posterior

Figura 2 — Morfologia esquemadtica de taquizoito de T. gondii. Condides e roptrias

estao envolvidos nos processos de invasao celular (Beaman et al, 1995).
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Com o desenvolvimento de uma resposta imune humoral ocorre a lise
de taquizoitos extracelulares, por meio de uma combinagdo de anticorpos e
complemento (Beaman et al, 1995), porém alguns parasitas intracelulares
podem persistir por algum tempo na medula espinal ou no cérebro, pois a
imunidade &€ menos efetiva nos 6rgaos neurais que nos tecidos viscerais
(Dubey, 1993). Embora a resposta imune seja eficiente no controle da infecgéo
aguda, alguns taquizoitos, apds a invaséo da célula hospedeira, desenvolvem-
se mais lentamente formando os bradizoitos (formas de multiplicaco lenta) e
geram um vacuolo contendo um cisto tecidual (Dubey, 1993). O parasita é
isolado do resto da célula, pois ndo ocorre fusdo com qualquer outra vesicula
celular, protegendo assim o 7. gondii dos sistemas de destruigdo (Janeway &
Travers, 1997).

Os cistos (Figura 5) podem desenvolver-se em 6rgéo viscerais, incluindo
pulmdes, bago e figado, mas estes sd0 mais prevalentes nos tecidos neurais e
musculares, incluindo o cérebro, olhos, musculo esquelético e cardiaco (Dubey
& Beattie, 1988). Os cistos intactos provavelmente ndo causam nenhum dano e
podem persistir por longos periodos ou por toda a vida do hospedeiro sem
causar a este nenhuma resposta inflamatéria ou despertar resposta tecidual
significante (Duarte & Andrade Jr., 1994). O destino dos cistos teciduais n&o é
totalmente conhecido, mas se propde que as vezes estes possam se romper
durante a vida, liberando os bradizoitos que podem ser destruidos pelo sistema
imune ou formar novos cistos (Dubey, 1993).

A ingestdo de carne crua ou mal cozida, contendo cistos de T. gondii
infecta os hospedeiros carnivoros, incluindo o homem. O ciclo se completa

L3

quando os felinos ingerem carnes destes hospedeiros intermediarios contefido
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Fontes de infec¢cdo humana

O parasita pode ser transmitido ao homem principalmente por trés vias,
pela ingestdo de alimento e agua contaminada com oocistos provenientes de
fezes de felinos infectados, pela ingestdo de carne e derivados mal cozidos
contendo cistos teciduais e ingestéo de leite e derivados (Dubey & Bettie, 1988;
Hiramoto ef al, 2001; Warnekulasuriya et al, 1998). Outra fonte de infecgéo
humana pode ser através de acidentes de laboratério, pessoas que trabalham
com cistos teciduais, fezes de felinos, organismos em cultura, ou inoculando
animais podem se infectar pelo T. gondii e apresentar doenga grave (Herwald &
Juranek, 1993).

Estudos recentes para se detectar as fontes de infec¢do pelo 7. gondii
em gravidas na Europa demonstraram que entre 30 e 63% das infecgGes em
diferentes locais foram atribuidos ao consumo de carne crua, mal cozida,
defumada ou seca e 6 a 17% ao contato com o solo contaminado (Cook et al,
2000). A soro-prevaléncia também foi avaliada em Adventistas do Sétimo Dia,
pois se trata de um grupo que nao consome carnes € como controle foram
utilizados voluntarios da mesma regido que ndo pertencem a religido, nos
adventistas foram encontrados 24% de infectados e no grupo controle 50%,
mostrando o papel significante da carne e derivados na infecgéo pelo 7. gondii

(Roghmann et al, 1999).
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Os surtos de toxoplasmose aguda ndo sdo comuns, mas existem relatos
de infecgdes em grande numero de pessoas no Panama, Carolina do Norte
(EUA) e Columbia Britanica (Canadd), que foram associados a ingestao de
oocistos presentes na agua (Benenson et al, 1982; Bowie et al, 1997).
Pequenos surtos de toxoplasmose aguda foram associados com a ingestao de
carne crua de gado ovino e carne de suinos (Bonametti et a/, 1997; Choi et al,

1997).

Tratamento

O tratamento para a toxoplasmose é baseado em inibidores da sintese
de acidos nucléicos, como a sulfa e pirimetamina, apesar destas drogas
apresentarem alto grau de mielotoxicidade (Koskiniemi et al, 1989). Embora o
tratamento consiga controlar as formas de rapida proliferagdo, nao existe
nenhuma droga que consiga eliminar os cistos teciduais latentes em humanos
e animais, e estes se mantém viaveis por longos periodos podendo reativar a
infecgdo (Beaman et al, 1992; Winstanley, 1995). A administragdo de drogas é
necessaria para o tratamento de toxoplasmose sintomatica, prevencédo da

transmissao fetal ou quando ocorre a reativagdo do parasita (Derouin, 2001).
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Aspectos gerais da imunidade

A resposta imune desencadeada pelo T. gondii envolve mecanismos
celulares e humorais, sendo a imunidade mediada por células um dos maiores
mecanismos para controlar a infecgdo pelo 7. gondii. Diversas citocinas foram
encontradas em enterécitos infectados, mas IFN-y parece ser o maior mediador
de resisténcia contra o parasita, ativando os enterécitos e inibindo a replicagéo
do parasita (Liesenfeld, 1999). A infeccdo induz a produgdo de altas
quantidades de anticorpos contra o parasita, no sangue e intestino. Anticorpos
IgA contra o T. gondii podem ser detectados em secre¢des do intestino e leite.
Foi demonstrado que os anticorpos IgA humanos sao capazes de reduzir a
infeccdo em enterdcitos in vivo (Boult et al, 1999).

Nos hospedeiros intermediarios, apos a infecgdo das células epiteliais do
intestino, aparecem os taquizoitos, que se multiplicam rapidamente por
seguidas endodiogenias, inclusive no interior dos macrofagos, impedindo a
fusdo dos fagolisossomos (Jones & Hirsch, 1972). Se ndo controlados os
taquizoitos podem causar toxoplasmose generalizada, que pode ser fatal. Foi
demonstrado que cepas avirulentas tornam-se altamente virulentas em animais
deficientes de linfécitos T, e que a imunidade mediada por estas células é
importante no controle dos taquizoitos e na sobrevivéncia dos hospedeiros

intermediarios (Gazzinelli et al, 1993a).
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Interferon gama (IFN-y): produzido por linfocitos T (Th1) e células NK
(“Natural killers”) € um importante mediador da resisténcia para a infecgao
contra T. gondii, tendo inclusive papel na prevencao da ruptura de cistos e
encefalite, pois a neutralizagdo desta citocina usando anticorpos monoclonais
durante a infeccdo cronica leva a reativacdo de cistos e morte dos
camundongos, mesmo a infeccdos com cepas avirulentas (Suzuki et a/, 1989).
Sem IFN-y camundongos ndo sdo capazes de sobreviver da infecgdo aguda
com as cepas ME-49 e ts-4 (Scharton-Kersten et al, 1996). A administracéo de
IFN-y recombinante pode proteger camundongos contra desafios com cepas
virulentas de T. gondii (McCabe et al, 1984) e diminuir a gravidade da
encefalite em camundongos susceptiveis (Suzuki & Remington, 1990). Estudos
demonstraram que IFN~y recombinante de ovinos pode inibir a muitiplicacdo em
fibroblastos e macréfagos alveolares de ovinos (Oura et al, 1993). Astrécitos de
camundongos foram tratados antes da infecgdo com IFN-y resultando em 65%
de inibigdo no crescimento do 7. gondii, e quando esta citocina foi combinada
com TNF-a, IL-1 ou IL-6 levou a inibicdo de 75 a 80% no crescimento do
parasita (Halonen et al, 1998).

Interleucina-12 (IL-12). essencial para estimular as células NK a
sintetizarem IFN-y e os macréfagos sao sua principal fonte. Em camundongos
SCID (deficientes em células T), esta interleucina induziu a produgéo de IFN-y,
o que conferiu imunidade nao especifica contra o T. gondii (Gazzinelli et al,
1993b). Quando IFN-y endbgeno estd ausente, camundongos mantém a
producédo de IL-12, mas ndo conseguem controlar a infeccdo aguda pelo T.

gondii (Scharton-Kersten et al, 1996). IL-12 estimula células a produzirem
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baixos niveis de IFN-y, mas para que haja produgdo de altos niveis existe a
dependéncia adicional de outros co-fatores.

Fator de Necrose Tumoral alfa (TNF-a): a infecgéo pelo T. gondii induz
os macréfagos a produzirem TNF-o. e IL-12, estes dois fatores em sinergia
induzem as células NK a produzirem IFN-y (Gazzinelli et al, 1993b). Em
populagbes de células NK purificadas, TNF-a. isolado no é suficiente para
iniciar a producdo de IFN-y (Sher et al, 1993); e em esplendcitos de
camundongos SCID a inducdo desta citocina é dependente de IL-12 e IL-1
(Alexander & Hunter, 1998). Outros estudos in vitro demonstraram que o TNF-o
aumenta a atividade dos macréfagos contra o Trypanosoma cruzi, mas nao
contra o 7. gondii (De Titto et al, 1986). Chang e colaboradores (1990)
demonstraram que o TNF-a tem papel significante na protecdo de
camundongos Swiss, pois animais desafiados com dose letal da cepa C56 de
T. gondii sdo protegidos quando tratados com TNF-«. e IL-1 recombinantes e
camundongos inoculados com taquizoitos da cepa RH liberam TNF-a no soro.

Interleucina-10 (IL-10). produzida por linfécitos CD4" (Th2), responsavel
pela inibicdo da sintese de IFN-y das células NK e células T, sendo um
importante modulador das fungdes efetoras dos macréfagos contra diferentes
patoégenos, inclusive o T. gondii (Fiorentino et al, 1991;.Gazzinelli et al, 1992).
IL-10 inibe a sintese de IFN-y pelas células NK e linfécitos Th1, inibindo a
sintese de IL-12 dos macréfagos (D’Andrea et al, 1993). A inducédo de IL-10
pode ser uma importante estratégia pela qual o parasita se evade da resposta
imune celular dependente de IFN-y (Gazzinelli et al, 1992).

Além das citocinas descritas acima, outras podem participar da resposta
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imune contra o T. gondii, como: IL-1, IL-2, GM-CSF (Fator estimulador de
colbnias de granulécios e mondcitos), IL-4 e 1L.-5 (Beaman ef al, 1992).

A imunidade mediada por células (CMI) fornece uma maior defesa
contra doengas infecciosas e o T. gondii induz uma potente resposta CMI, que
leva a resisténcia do hospedeiro (Gazzinelli et al, 1993a). A capacidade para
resistir a desafios com taquizoitos virulentos apds vacinagdo depende de
linfécitos T (principalmente CD8") e IFN-y. No entanto, as células B e
anticorpos s&o componentes importantes da resisténcia adquirida e podendo
bloquear a infeccdo das células hospedeiras pelos taquizoitos (Sayle et al,
2000). Anticorpos especificos na presenca de complemento podem lisar os
taquizoitos extracelulares (Schreiber & Feldman, 1980) e a transferéncia
passiva de soro imune (Pavia, 1986) ou anticorpo monoclonal (Johnson et al,
1983) conferem protecéo parcial contra a infecgo.

Na instalagdo de uma imunidade protetora contra a fase aguda e na
manutencdo da fase crbnica, o papel dos anticorpos foi avaliado usando
camundongos deficientes de células B, infectados com cepa virulenta e
tratados com sulfadiazina. Quando o tratamento foi suspenso, todos os animais
morreram com miocardite, pneumonia e encefalite, sugerindo a importancia dos
anticorpos produzidos pelas células B no controle da infecgéo latente (Frenkel
& Taylor, 1982). Recentemente, camundongos deficientes de células B foram
inoculados com cistos da cepa ME-49 e todos os animais morreram entre a 3°
e 4° semanas apo6s a infecgdo, mas quando receberam anticorpos policlonais
anti-T. gondii produzidos em coelho, havia reduc&o da mortalidade, diminuigéo

da patologia no cérebro e aumento da sobrevida, demonstrando o papel

importante das células B (Kang ef a/, 2000).
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Vacinas

Até o momento ndo existe nenhuma vacina comercial para a
toxoplasmose humana, que previna a infecgdo congénita, ou a formagao e
reativagéo de cistos (Gottstein, 1995). Foram testados diversos esquemas de
imunizagdo contra o T.gondii em animais, utilizando DNA, proteinas
recombinantes e cepas mutantes (Araujo, 1994). Existe uma UGnica vacina
comercial (Toxovax) para uso em ovelhas, que foi desenvolvida na Nova
Zelandia, sendo utilizada também no Reino Unido e Eire. A vacina utiliza
taquizoitos vivos da cepa S-48, que n&o persistem nos tecidos dos animais.
Desafios experimentais com oocistos em ovelhas prenhes demonstraram que
18% das crias nascem vivas e vidveis, no entanto quando os animais sdo
vacinados esta taxa aumenta para 75% (Buxton, 1993).

Escajadillo e Frenkel (1991) utilizaram a cepa néo persistente (que ndo
formam cistos) de T.gondii ts-4 como vacina em macacos (Aotus lemurinus) e
nos testes de seguranga da imunizagdo os animais apresentaram febre e
inflamacgao local e um deles morreu de infecgdo disseminada. O indice de
sobrevivéncia nos animais vacinados e desafiados com outras cepas (T265 e
T163) foi de apenas 19% e quando a imunizagdo foi realizada em fémeas
gestantes houve casos de abortos e lesbes oculares. Apesar de cepas nao
persistentes ndo produzirem cistos, elas séo taquizoitos patogénicos vivos e
podem causar danos ou até mesmo levar a morte 0s organismos susceptiveis,
como foi demonstrado em marsupiais Australianos (Lynch ef a/, 1993).

Outros modelos de imunizagdes utilizando parasitas vivos, de baixa

patogenicidade, foram testados experimentalmente, mas pelo fato dos
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individuos permanecerem infectados durante muito tempo, possivelmente até o
fim da vida, ndo se pode descartar a possibilidade do hospedeiro ter uma perda
da imunidade, causando reativagdo da infeccdo e consequentemente lesdes
graves. A imunizagdo com parasitas mortos também foi testada em ovelhas,
mas a imunidade apresentada foi de curta durag&o, demonstrada pelo desafio
com cepas patogénicas (Wandeland & Frenkel, 1983), mesmo utilizando
adjuvante incompleto de Freund, sem protegdo dos animais contra novos
desafios (Buxton, 1993).

Varias tentativas de definir uma fragdo antigénica estével e imunizante
foram tentadas, com antigenos particulados (Krahenbuh! et al, 1972) ou
proteinas purificadas de membrana, como a p30 ou SAG-1 (Grimwood & Smith,
1996), mas com resultados erraticos e por vezes com piora do sistema de
defesa ao agente.

As dificuldades de obtengdo de massa de antigeno levaram a modelos
de producgdo de proteinas recombinantes, na busca de antigenos majoritarios
detectados no soro de pacientes. Inicialmente, a proteina p30 majoritaria da
membrana foi escolhida como alvo, com alguns bons resultados iniciais (Darcy
et al, 1992), mas a produgdo de anticorpos monoclonais contra esta proteina
mostrou que apenas alguns destes anticorpos eram eficientes na producao de
bloqueio da infecgdo, sugerindo que epitopos conformacionais ou especificos
eram de importancia capital na indugao da protec;éo(Velge-Roussei etal 1994).
Outros modelos de construgdo de proteinas hibridas, para melhorar a
imunogenicidade apresentaram resultados contraditérios (Lunden, et al, 1997),

provavelmente pela necessidade de uma resposta conformacional especifica

tanto celular como humoral (Khan et al, 1988). Estes fendmenos imunologicos
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sugerem que a melhor imunizagdo é aquela que possa oferecer os antigenos
mais semelhantes ao agente original. O T.gondii penetra nas células
ativamente pelo uso de suas organelas do complexo apical e liberando a
membrana externa de seu invélucro trilamelar (Kasper & Mineo, 1994). Sua
penetragéo se da em células de diferentes tecidos, com diferentes capacidades
de processamento e apresentacdo de antigenos (Abbas, 1995). A mera
inoculagdo de antigenos ou agentes mortos suscita a resposta local de células
inflamatdrias no sitio, com consequente resposta imune local, reagindo a todos
os antigenos do agente, de forma inespecifica ou com resposta alterada a
antigenos purificados. Ja a liberagdo de antigenos durante o processo de
penetragdo leva a uma resposta muito mais especifica, levando em
consideracdo todos os epitopos conformacionais dos produtos e com uma

resposta quantitativa muito diferente, com maior eficiéncia.

Radiagdo lonizante

A radiacdo ionizante foi utilizada para verificar a infectividade de cistos
de T. gondii, cérebros de camundongos previamente infectados as cepas NT,
TS-2 ou ME-49 foram homogeneizados em solugéo salina, irradiados a doses
de 0.10, 0.25, 0.50, 0.75 ou 1.60 kGy em uma fonte de Cobalto-60 e inoculados
(i.p.) em camundongos e gatos jovens, e os resultados demonstraram que a
dose minima efetiva de raios y que controla a infectividade de cistos de T.
gondii cepa NT foi 0.55 kGy, enquanto para as cepas ME-49 e TS-2 foi de 0.60

kGy (Song et al, 1991; Song et al, 1993). Dubey e Thayer (1994) irradiaram
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cortes de cérebro de camundongos infectados com cistos de 7. gondii (ME-49,
GT-1, CT-1 e TG-3) com radiagdo y de uma fonte de '¥'Cs e verificaram que
todas as cepas perdem a viabilidade a doses de 0.4 kGy. Musculos da lingua,
coragdo € membros de porcos previamente inoculados com oocistos de T.
gondii foram irradiados com doses de 100, 200, 250 ou 300 Gy em fontes de
®co e ®¥'Cs e inoculados em gatos, os animais que foram inoculados com
musculos irradiados a 250 e 300 Gy nao liberaram oocistos em suas fezes
(Dubey et al, 1996). Estes autores ndo encontraram nenhuma diferencga entre
®Co e "¥'Cs na capacidade de tornar os cistos de T, gondii inviaveis.

Os efeitos da radiagdo y de fonte de '*'Cs em oocistos de 7. gondii
também foram analisados, grupos de camundongos foram inoculados com
oocistos da cepa VEG irradiados a 200, 400, 500, 600 ou 800 Gy,
demonstrando que doses de 500 Gy s&o efetivas para tornar inviaveis oocistos
de 7. gondii em vegetais e frutas e muito provavelmente de outros coccideos
como, Cryptosporidium sp e Ciclospora sp (Dubey et al, 1998a).

Além da esterilizacdo de alimentos, uma solugdo para a produgio de
vacinas seria através da utilizacdo da radiagdo ionizante (Dubey & Thayer,
1994), a qual pode causar danos diretos ou indiretos sobre as moléculas dos
seres vivos. Nos danos diretos, ocorre transferéncia da energia para a
molécula alvo, provocando ionizagéo, alteragdo da estrutura quimica e
consequentemente efeito na fungdo bioldgica. Nos danos indiretos, ocorre
interagdo da radiagdo gama com moléculas do meio, principalmente agua,
molécula mais encontrada nos sistemas bioldgicos, formando hidrogénio

molecular (Hy), peroxido de hidrogénio(H202), e varios radicais livres, como

hidroxila (OH®), elétron aquoso (eg), atomo de hidrogénio (H") e peroxila
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(HO2"). Os mesmos podem interagir com moléculas biolégicas, afetando
estruturas celulares e ampliando os efeitos deletérios da radiagdo. Os 4cidos
nucléicos (DNA) e as proteinas sdo as principais moléculas afetadas, no
entanto, a atividade enzimatica e fungdo da membrana celular podem ser
alteradas (Wales & Kusel, 1992). A radiossensibilidade depende da linhagem
celular, fatores fisicos, quimicos e biolégicos, podendo a morte ser por necrose
ou apoptose (Szumiel, 1994).

Linfocitos humanos apresentam apoptose radio-induzida e dose
dependente (Lemes et al, 1997). Além destes fendmenos sobre os processo
reprodutivos dos agentes ou indugdo de morte fisiolégica, alguns fenémenos
relacionados a altera¢des de proteinas induzidas pela radiacdo diretamente ou
através de radicais de correntes da radidlise da agua s&o sugestivos de uma
melhor resposta imunoldgica (Pinho et al, 1995). Tal fato provavelmente
decorre da oxidagéo das proteinas, levando a uma fagocitose preferencial por
células imunes, através de receptores especificos (Cardi et al, 1998).

A bioquimica de diversos parasitas irradiados foi estudada com o
objetivo da produgdo de vacinas (Wales & Kusel, 1992). Ovos e miracidios de
Schistosoma mansoni isolados de fezes humanas foram irradiadas com
Cobalto-60 a doses de 5 a 2.000 Gy, os ovos irradiados a doses de 100 a
2.000 Gy ou os miracidios a doses de 10 a 500 Gy, penetravam nos caramujos
(Biomphalaria glabrata) e ndo conseguiam se desenvolver, entretanto quando a
dose utilizada foi de 5 Gy, 3,2% dos caramujos desenvolveram a infecgéo, mas
a maioria de B. glabrata imunizados com miracidios irradiados e desafiados
com miracidos normais apresentavam infecgdo (Antunes et al, 1971). Quando

camundongos sdo imunizados com cercarias irradiadas (150 a 200 Gy) a carga
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de vermes de uma infecgdo desafio tem sido reduzida em até 90%, quando
comparado com camundongos n3o vacinados (Richter et al, 1995). 0]
envolvimento dos anticorpos na resposta imune foi demonstrado quando
anticorpos foram transferidos de animais vacinados para normais, aumentando
a resisténcia dos camundongos a desafios, a resposta imune celular também
auxilia na resisténcia, pois animais sem o timo ndo conseguem desenvolver
protecéo quando séo vacinados com cercarias irradiadas (Richter et al, 1995).
Cercarias de Schistosoma japonicum irradiadas com doses de 100, 200, 300,
400 e 500 Gy induziram protecdo de 34-46% nos animais contra desafios com
parasitas viaveis (Zhang et al, 1999).

Utilizando  Trypanosoma cruzi irradiados como inéculo em
camundongos, foi observado que a inibi¢do da infectividade era dependente da
dose de radiagdo, do poder infectante da cepa, da via de inoculagdo e do
namero de organismos inoculados (Martinez-Silva et al, 1969). Entretanto,
outros autores observaram que n&o houve prote¢do quando camundongos, que
receberam parasitas irradiados, eram inoculados com formas sanguineas
virulentas nao irradiadas (Salata et al, 1973). Camundongos foram imunizados
com 3 doses de (1 x 10°® parasitas/animal) Trypanosoma cruzi irradiadé
(epimastigota, metaciclicos ou formas sanguineas) a 3.0 kGy em uma fonte de
®Co e desafiados com 1 x 10 metaciclicos de Triatoma infestans, todos os
animais apresentaram diminuicdo e redugdo da parasitemia (Okanla et al,
1982). Em estudos realizados com Trypanosoma brucei, bovinos foram
imunizados com parasitas irradiados a 600 Gy em uma fonte de ™'Cs,

demonstrou-se que 10’ ou mais parasitas irradiados conferem protegdo

completa contra desafios com 10° parasitas normais (Morrison ef a/, 1982).
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Nos plasmddios, parasitas causadores da maléria, também pertencentes
ao filo Apicomplexa, a imunizagao de individuos com esporozoitos irradiados
foram capazes de induzir prote¢&o parcial contra esporozoitos normais, mas
falhou em proteger os individuos quando formas merozoiticas ou eritrociticas
foram utilizadas como desafio (Nussezweig et al/, 1969). O soro de simios
imunizados com esporozoitos irradiados apresentou atividade inibitéria contra o
Plasmodium vivax (Millet et al, 1991). Esporozoitos de Plasmodium berghei
foram irradiados, criopreservados e posteriormente inoculados em
camundongos, que apresentaram altos indices de prote¢do quando desafiados
com esporozoitos normais (Orjih & Nussenzweig, 1980). Em relato recente, os
esporozoitos irradiados foram capazes de invadir as células hepéticas e
transformar-se em trofozoitos, mas com degeneracgéo apos esta fase, gerando
uma imunidade no hospedeiro semelhante & doenga natural (Scheller ef al,
1995). Chatterjee e colaboradores (1996) imunizaram camundongos com 3 x
10* esporozoitos de Plasmodium berghei irradiados a 120 ou 200 Gy a cada
duas semanas (3 doses no total) e posteriormente desafiaram os animais com
100 esporozoitos viaveis, todos os camundongos imunizados com esporozoitos
irradiados a 120 Gy mostraram completa prote¢do, enquanto no grupo
imunizado com parasitas irradiados a 200 Gy houve o aparecimento de formas
sanguineas. Quando voluntarios humanos foram imunizados com esporozoitos
de Plasmodium falciparum irradiados a 150 Gy em uma fonte de ®Co, estes
desenvolveram anticorpos e foram protegidos contra malaria transmitida
através de mosquitos (Egan ef a/, 1993). Gilbert e colaboradores (1998),

expuseram Eimeria tenella (Protozoa; Coccidia) a 0, 50 100, 150 ou 200 Gy de

radiagdo-gama de uma fonte de ®¥Co e demonstraram que a radiag&o provocou
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danos nos mecanismos nuclear e celular de reprodugao.

Dubey e colaboradores (1996) irradiaram oocistos esporulados da cepa
VEG de T. gondii a diversas doses (100, 200, 250, 300, 400 ou 500 Gy) com
radiagdo-y de uma fonte de ''Cs e demonstraram que camundongos
inoculados oralmente n&o apresentavam parasitas no cérebro apés dois
meses, quando o indculo era realizado com T.gondii irradiado com doses > 250
Gy, embora estes animais desenvolvessem anticorpos anti-7. gondii.
Camundongos oralmente inoculados com oocistos irradiados foram
parcialmente protegidos quando desafiados com doses letais de oocistos ndo
irradiados, sendo que a quantidade de cistos localizados no cérebro dos
animais vacinados foi menor que nos animais controle.

Seah e Hucal (1975) irradiaram taquizoitos de T. gondii, cepa RH a
doses de 50, 100, 150 a 200 Gy e realizaram in6culo intraperitoneal em
camundongos Swiss (cepa Charles River CD-1), somente nos animais
inoculados com 50 Gy houve mortalidade devido & toxoplasmose, nas doses
superiores todos o0s animais sobreviveram e ndo foram encontrados cistos
teciduais. Quando os autores realizaram ensaios de imunizagdo, demonstraram
que somente uma dose de parasitas irradiados oferece protecdo a um
subsequiente desafio com parasitas virulentos, e a protegéo foi de 100% nas
trés primeiras semanas ap6s o desafio.

Formas proliferativas (taquizoitos) da cepa RH foram irradiadas a doses
de 50, 100, 150 e 200 Gy em uma fonte de ®Co e posteriormente inoculadas
em camundongos SPF Swiss, mostrando que inculo de 10* e 10° parasitas
irradiados a 50 e 100 Gy resultam em morte dos animais apés 10 dias,

enquanto que parasitas irradiados a 150 e 200 Gy ndo foram capazes de
30
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induzir a morte de nenhum animal. Quando os sobreviventes inoculados com
parasitas irradiados foram desafiados com parasitas normais, a sobrevivéncia
foi dependente da quantidade do indculo e das doses administradas (Bakal &
Veld, 1979).

Chhabra e colaboradores (1979) realizaram estudos semelhantes
irradiando taquizoitos da cepa RH a doses de 0, 50, 100, 150 e 200 Gy em
uma fonte de ®Co com posterior in6culo (10° ou 10° parasitas/animal) em
camundongos Swiss (CDRI). Nenhum dos animais inoculados com parasitas
nao irradiados ou irradiados a doses de 50 Gy sobreviveram. Nos animais
inoculados com T.gondii irradiado a 100 Gy, a maioria sobreviveu ao desafio.
Quando o indculo foi de parasitas irradiados com doses superiores a 150 Gy
todos os camundongos desafiados sobreviveram. Quando os animais eram
inoculados com 10° parasitas irradiados a 150 e 200 Gy e desafiados apés
duas semanas com 10* parasitas ndo irradiados, a sobrevivéncia dos grupos
de camundongos que recebeu T.gondii irradiado 200 Gy foi de 100%, enquanto
que no grupo que recebeu T.gondii irradiado 150 Gy foi de 80%. Apos trés
semanas, os resultados foram semelhantes, no entanto apdés 4 semanas o
grupo que recebeu parasitas irradiados 200 Gy apresentou queda na
sobrevivéncia dos animais (80%), apds 6 semanas passou a 20% e apés 8
semanas todos os animais morreram, sugerindo que a resposta imune induzida
por estes agentes era de curta duragéo e necessita de aprimoramento.

E interessante notar que em todos os estudos de irradiagdo de
parasitas, quer especificamente com T.gondii, quer com outros protozoarios ou
helmintos, pouco se fez sobre a agdo da radiagdo sobre a morfologia,

metabolismo ou fisiologia do agente. Essa lacuna é comentada brevemente em
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alguns trabalhos, mas seu conhecimento é essencial para uma imunizagéo
adequada.

Apesar destes estudos promissores, a otimizacdo do processo de
irradiagdo nao foi efetuada, com pouco interesse sobre o estudo deste
processo no agente, sendo que nao foi encontrado nenhum trabalho sobre as
alteragBes e a viabilidade dos taquizoitos de T.gondii apés a irradiagdo, nem
estudos sobre o mecanismo de acdo da radiagdo sobre estes parasitas. A
compreens&o destes mecanismos pode oferecer novas abordagens para a
producdo de imundgenos eficientes, por apresentarem o mesmo tipo de
processamento que o agente intacto, mas sem capacidade reprodutiva e

consequente infecgdo.
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2 - OBJETIVOS

Geral

A proposta do presente estudo foi avaliar a resposta imune celular,
humoral e a protecdo contra desafios orais, em camundongos, induzida por

taquizoitos de T. gondii irradiados a 255 Gy de uma fonte de Cobalto-60.

Especificos

Analisar a resposta imune humoral, ao nivel de anticorpos IgG
especificos, nos camundongos imunizados com taquizoitos irradiados, bem
com verificar a especificidades destes no reconhecimento de fracbes

antigénicas do parasita.

Verificar se o soro de camundongos imunizados com parasitas

irradiados inibe a invaséo de taquizoitos em células LLC-MK2.

Investigar se os taquizoitos irradiados causam infecgdo ou persistem no

cérebro dos camundongos imunizados.

Estudar a protecéo induzida por taquizoitos irradiados em camundongos
desafiados com a cepa cistogénica ME-49, analisando patologias nos 6rgaos e

avaliando o nimero de cistos cerebrais.

33



Hiramoto, R.M.

Analisar a resposta proliferativa de esplendcitos de camundongos

imunizados com taquizoitos irradiados.
Estudar a produgéo de citocinas (IL-10, IL-12, IFN-y e TNF-a) por

esplenécitos de camundongos imunizados com taquizoitos irradiados,

comparando com camundongos infectados.
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3 - MATERIAL E METODOS

Todos os sais e demais reagentes usados foram de qualidade pro-
analise sendo a &agua utilizada purificada em sistema Milli-Q®, apresentando
resistividade de 18 megaQ. Reagentes especificos tém sua fonte citada ao

longo do texto.

3.1. ’Parasitas

Os parasitas utilizados foram taquizoitos de T. gondii cepa RH, que s&o
mantidos rotineiramente no Laboratério de Protozoologia do Instituto de
Medicina Tropical de S&o Paulo, por meio de passagens sucessivas em
camundongos Swiss (ndo isogénicos) ou C57BI/6] (isogénicos). Os animais
previamente infectados s&do sacrificados por asfixia em camara de CO, e o
peritdnio lavado com solugéo salina ou salina tamponada com fosfato — NaCl
0,15M/tampéo fosfato de sddio 0,01M pH 7,2 (PBS), contendo gentamicina (40
mg/ml), apos contagem em camara de Neubauer, os taquizoitos s&o diluidos
apropriadamente, cada animal recebe 107 taquizoitos, por indculo
intraperitoneal (i.p). Os parasitas sdo mantidos também em estabilato de
nitrogénio liquido no Laboratério de Protozoologia do Instituto de Medicina
Tropical de Sao Paulo.

T. gondii cepa ME-49 (cistogénica), fornecida gentilmente pelo Prof. Dr.
R.T. Gazzinelli (UFMG) e mantida no Laboratério de Protozoologia do Instituto

de Medicina Tropical de Sao Paulo. Os cistos s&o obtidos de camundongos
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C57BI/6j ou Swiss cronicamente infectados, sacrificados por narcose em
cadmara de CO. e os cérebros macerados em solugdo salina ou PBS. Uma
aliquota da suspensao cerebral foi examinada para contagem do numero de
cistos em microscopia 6ptica convencional e diluida apropriadamente em PBS

ou solucao salina, e cada camundongo recebe 10 cistos por sonda oral.

3.2. Animais experimentais

Camundongos machos isogénicos C57BI/6J e nado isogénicos Swiss,
com peso entre 20 e 22g, fornecidos pelo Biotério Central da Faculdade de
Medicina/USP, sendo mantidos em gaiolas de plastico com maravalha de pinho
autoclavada, recebendo ragdo comercial Nuvital e agua ad libitum. Previamente
a inoculagdo, alguns animais eram avaliados quanto a sua resposta a
antigenos de T. gondii pelo método de Imunofluorescéncia Indireta (IFl), sendo
utilizados lotes apenas de animais que apresentavam resposta negativa. A
manipulagédo dos animais, antes e durante os ensaios, foi conduzida de acordo
com as regras de cuidados de animais de laboratério (Clark, 1996) e com os
“Principios de Etica em Experimentagdo Animal” (COBEA — Colégio Brasileiro

de Experimentagdo Animal).

3.3. Purificacdo dos parasit.is

Os parasitas da cepa RH utilizados foram retirados por lavagem

peritoneal de animais previamente infectados, com salina ou PBS de maneira
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estéril, os quais posteriormente foram passados em coluna com SEPHADEX®
G 50-80 (Hudson & Hay, 1989), hidratada 4 horas do momento de uso em PBS
estéril e montada sobre coluna de cromatografia com filtro de teflon poroso
como meio de retencdo. Apds lavagem da coluna com dois volumes de PBS
estéril, 2 volumes de exsudato peritonial foram aplicados, seguidos de lavagem
com PBS estéril. As fragdes recolhidas eram reunidas e centrifugadas a 800 g
por 10 min a 4° C e posteriormente ressuspendidas em meio de cultura RPMI
1640 (Gibco®). A preparagéo era observada por microscopia de contraste de
fase para contagem dos parasitas e de eventuais células contaminantes.
Preparag¢des com contaminagbes maiores que 1 célula do hospedeiro para 100

taquizoitos foram desprezadas.

3.4. Imunofluorescéncia indireta (IFl)

3.4.1. Antigenos

Os parasitas coletados do peritbnio dos camundongos foram
centrifugados a 800 g durante 10 minutos, o sobrenadante desprezado e o
precipitado suspenso em formol 2% tamponado com fosfato de sédio 0,02M
pH 7,2, permanecendo em estufa a 37°C por 12 horas. A seguir, o material foi
novamente centrifugado a 800 g, o sobrenadante desprezado e o precipitado
suspenso em PBS contendo 1% de gelatina para uma concentragéo de 10°

parasitas/ml. Em laminas limpas, era adicionado 10ul (10000 parasitas) do

preparado em cada orificio da lamina de imunofluorescéncia. Apos secagem
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cuidadosa, as laminas eram envoltas isoladamente em papel aluminio,

colocadas em caixas seladas e mantidas a —20°C até o momento do uso.

3.4.2. Descricdo da reacao

A reacao foi realizada segundo Camargo & Leser (1976), com antigeno
de T. gondii para pesquisa de anticorpos da classe IgG. Em todos os testes
utilizamos controles positivos (soro de camundongo inoculado com T. gondii e
tratado com pirimetamina e sulfadiazina) e negativos (soro normal de
camundongo); o eluato do papel foi considerado uma diluigéol1/100.

A diluicdo do soro foi depositada em cada orificio da lamina de fluorescéncia,
aquecida e reidratada previamente em PBS, contendo taquizoitos formolizados
e aderidos; seguiu-se incubagdo em cdmara Umida por 30 minutos a 37°C.
Apéds a primeira incubagéo, as laminas foram lavadas 2 vezes em PBS por 10
minutos. Em seguida, cada orificio foi recoberto com soro anti-lgG de
camundongo produzido em coelho conjugado ao Isotiocianato de Fluoresceina-
FITC, 1/500, diluido em solu¢cdo de Azul de Evans 0,01% em PBS; com
incubagdo a 37°C, ao abrigo da luz, por 30 minutos. As mesmas foram
novamente lavadas 2 vezes em PBS por 10 minutos, para remog¢&o do excesso
de conjugado, secas e montadas com preservativo (Glicerol-PBS 9:1 contendo
1 mg/ml de p-fenilenodiamina) sob laminula para observagdo. A observagéo
era feita em microscépio de epifluorescéncia com lampada de mercurio de 100

V, com sistema de filtros para fluoresceina, sendo considerada positiva a

diluicdo em que os taquizoitos apresentassem uma clara fluorescéncia verde
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na membrana celular, contra o fundo vermelho das formas coradas pelo Azul

de Evans. O titulo foi considerado a maior diluicdo de soro com reagéo positiva.

3.5. Irradiacdo

Os taquizoitos de T. gondii cepa RH, depois de retirados do peritonio
dos camundongos e purificados, foram mantidos em banho-de-gelo, e entdo
submetidos a irradiacdo, a doses de 255 Gy com blindagem de 90%, pela
exposicdo a raios y de uma ©Co (GAMMACELL, Atomic Energy of Canada,
Ltd.) de forma homogénea, em presenga de oxigénio, a uma taxa de dose de
7,91 kGy/h. O grupo controle permaneceu na parte externa da bomba durante
todo o tempo de irradiagéo, para avaliagdo das condigdes ambientais. Apés a
irradiag@o a viabilidade de todas as amostras foi determinada utilizando Azul de

Tripano.

3.6. Estabilato de nitrogénio liquido

Apbs a irradiagdo foi acrescentado ao meio de cultura contendo os
parasitas, soro fetal bovino inativado (volume final 50%) e Dimethyl Sulfoxide
(DMSO, Fisher Scientific) (volume final 5%) em seguida aliquotados no volume
de 1 ml (éoncentragéé final 1 x 10® taquizoitos/ml) em tubos plasticos e
mantidos a temperatura de —70° C durante 24 horas e transferidas para
recipientes contendo nitrogénio liquido (-196°C) onde permaneceram até o

momento do uso. Os mesmo procedimentos foram utilizados no grupo controle.
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3.7. Resfriamento -17°C com Glicerol

Ap6s irradiagao os taquizoitos foram mantidos em meio de cultura RPMI
1640 suplementado com 10% de soro fetal bovino inativado, sendo
acrescentados glicerol (Sigma®), volume final 15%. A suspenséo de parasitas
foi colocada em tubos plasticos no volume de 1 mi (concentragéo final 1 x 108

taquizoitos/ml) e mantidos a temperatura de —20°C (Lin et a/, 1995).

3.8. Testes de viabilidade dos parasitas

O teste de viabilidade dos parasitas foi realizado por meio de contagem
de parasitas corados com Azul de Tripano (0,4%) diluidos em HBSS (Hanks’

Balanced Salt Solution) pH 7,2 (Hudson & Hay, 1989).

3.9. Imuniza¢gdes dos camundongos

Grupos de 05 camundongos C57BI/6j foram imunizados com 3 doses (1
x 107 parasitas/animal) de taquizoitos de T. gondii irradiados a 255 Gy a
intervalos de duas semanas cada dose. Antes do indculo, os parasitas eram
retirados do recipiente de nitrogénio liquido, aquecidos por cerca de 1 minuto
em banho-maria 37°C. Camundongos C57BI/6j (n=5) foram inoculados com
uma dose (1 x 10’ parasitas/animal) de taquizoitos do grupo controle. O

desenvolvimento da infecg&o foi observado pela mortalidade dos animais.
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3.10. Coleta de sangue e soro

As amostras de sangue dos camundongos foram obtidas por secgao
leve da extremidade da cauda e coletadas em papéis de filtro, com diametro de
0,5cm (=5ul), antes da inoculagdo com parasitas irradiados, e a periodos

posteriores ao processo. Todas as amostras foram estocadas secas a —20°C.

3.11. Obtencido de antigeno de T. gondii (Camargo et al, 1978)

Para o preparo do extrato salino (antigeno), as suspensées de parasitas
foram submetidas a sonicagdo (Thornton — INPEC Eletrénica S/A), a 40 ciclos
por 5 - 10 periodos de 30 segundos, em banho de gelo, até a lise completa
dosagentes, comprovada por microscopia éptica de contraste de fase. Apés a
lise, acrescentou-se 1 volume de NaCl 0,3M para isotonizar a suspenséo. Esta
suspenséao foi mantida por 4 horas a 4°C e a seguir centrifugada a 10.000g por
30 minutos a 4°C, em centrifuga refrigerada Eppendorf 5403. A proteina total
do extrato salino foi determinada pelo método de Bradford, utilizando gama-

globulina humana como padréo (Bradford, 1976).

3.12. Ensaio imunoenzimatico- ELISA (Venkatesan & \Wakelin, 1993)

As placas de 96 pocos (Multiwell Plate/polystyrene - Sigma®) foram
sensibilizadas com 100 ul de antigeno na concentragao de 10ug/ml em tampéo

carbonato 0,1 M pH 9,0 durante 12 - 18hs a 4°C. A seguir, foram lavadas com
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PBS + 0,02% Tween 20 (Sigma®) (PBST) + leite desnatado 0,3% (PBSTL) e
incubadas com PBSTL por 1 hora em camara Umida & temperatura de 37°C,
para blogueio de eventuais sitios inespecificos de ligagdo. Apés novo ciclo de
lavagens com PBSTL, as amostras de soro, 100 pl/cavidade, diluidos a 1:100
em PBST foram depositadas nas placas e incubadas a 37°C em camara umida
por 1 hora. Apds novo ciclo de lavagens com PBSTL, acrescentou-se
conjugado de coelho anti-IgG de camundongo (Sigma®), conjugado a
peroxidase (100 pl/cavidade), na diluigdo 1/10.000 em PBSTL. As placas foram
incubadas por 1 hora a 37°C em camara umida, seguida de novo ciclo de
lavagens com PBSTL. A reacgao foi revelada pela adicdo 100 pl/cavidade de
solugdo cromogénica OPD (o — phenylenediamine 1mg/ml, H>O, 0,03% em
Tampéo fosfato - citrato 0,2 M pH 5.0). Apés 30 minutos, as reacdes foram
interrompidas pela adigdo de HCI 4N (50 pl/cavidade). A densidade Optica
(D.0O.) foi obtida por leitura a 492 nm em leitor de microplacas (Labsystems

Multiskan MS).

3.13. Eletroforese em gel de poliacrilamida em presenca de SDS

(EGPA-SDS)

As amostras de antigenos de T.gondii foram submetidas a analise da
mobilidade eletroforética e dos constituintes protéicos por meio de EGPA-SDS,

num sistema descontinuo e denaturante, segundo Laemnli, 1970, utilizando o

sistema Mini-Protean Il (BIO-RAD®).
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O gel de empilhamento era composto por Acrilamida-Metileno

Bisacrilamida (30/0,8) 5% em tampao Tris-HCi 0.125M pH 6.8, SDS 0,1% e gel
de resolucdo contendo Acrilamida/Bisacrilamida 10,0%, tampao Tris/HCI
0.375M pH 8.8, SDS 0,1%. O gel foi polimerizado quimicamente pela adicdo de
Temed (Sigma®) e Persulfato de Aménio (Sigma®).
Todas as amostras, bem como o padrdo de peso molecular (Quadro 1) foram
denaturadas e reduzidas, apOs a dissolucdo em tamp&o de amostra (Tris-HCI
0.0625, pH 6.8, SDS 2%, Glicerol 10%, B-Mercaptoetanol 5%, Uréia 1M, Azul
de Bromofenol 0.001% 50%-v/v), e aguecimento em banho-maria a 100°C por
3 minutos.

Em seguidas as amostras foram aplicadas, sendo que a corrida
eletroforética ocorreu na presenga de Tris 0.025M-Glicina 0.192M pH 8.3, a
120V por cerca de uma hora.

Apos a corrida, cada gel foi corado com Coomassie® Brilliant Blue G-250
(Sigma®) 0,25%; metanol 45% e acido acético 10% por 4 horas a temperatura
ambiente, e descorados com uma solugdo de metanol 10%; acido acético
glacial 5%. A estocagem dos géis se processou apds a colocagédo dos mesmos
em solugdo de Metanol 10%,; glicerol 1% por 1 hora e secagem em estufa a
42°C por 12 horas, entre folhas de papel celofane comercial sobre piaca de

vidro. O gel foi entdo digitalizado em Scanner HP de alta resolugéao.
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Quadro 1 - Proteinas usadas como referéncia para EGPA-SDS

PROTEINAS PESO MOLECULAR
(Daltons)

Fosfolipase b 84.000
Albumina Bovina 67.000
Ovoalbumina 43.000
Anidrase carbonica 30.000
Inibidor de tripsina de soja 20.100
o-lactalbumina 14.200

3.14. Preparacdo de membranas transferidas com antigenos de

T.gondii, apés Eletroforese (Western-Blot)

Amostras do antigeno de T.gondii foram separadas por EGPA-SDS
(10%) como descrito acima e transferidas para membranas de nitrocelulose
(Immobilon-nc Transfer Membrane Millipore®) para posterior ensaio, em
sistema de transferéncia semi-seco Trans-Blot RD (BIO-RAD®). Brevemente,
apds a eletroforese, o gel era retirado e colocado sobre membrana de
nitrocelulose, ladeados por folhas de papel filtro embebido em tampéo de
transferéncia de Towbin (25mM Tris, 192 mM glicina, 20% metanol, pH 8,1-

8,5). A transferéncia foi conduzida a uma voltagem constante de 20 V por 30
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minutos. Apés isso, o gel residual foi corado, como descrito para EGPA-SDS,
com a finalidade de verificar a eficiéncia da transferéncia.

Eventuais sitios de ligagédo livres foram blogueados por imersdo da
membrana de nitrocelulose em solugao blogueadora (PBS Tween 0,05% +
Leite 5%) por 1 hora sob agitacéo a 4°C.

A seguir, a membrana contendo antigeno foi incubada com anticorpo primario
(soro de camundongo), em diluicdo adequada "overnight”, seguido de varias
lavagens em PBS contendo Tween 20 0,02% (PBST). Anticorpos ligados foram
revelados por incubagédo com anti-lgG de camundongo produzido em cabra,
conjugado a peroxidase (Sigma®), durante 1 hora. Apos lavagens em PBST foi
realizada a revelagdo do conjugado, utilizando solugdo de 4-cloro-1-naftol (4-
cloro-1-naftol 6mg; metanol 2ml; PBS 10ml e H,0, 30% 10ul) (Towbin &

Gordon, 1984).

3.15. Invasividade dos taquizoitos de T. gondii cultivados com soro

de camundongos imunizados com taquizoitos Irradiados 255 Gy

Grupos de camundongos imunizados com 3 doses (1 x 107
parasitas/animal) de taquizoitos de T. gondii irradiados a 255 Gy, em intervalos
de duas semanas cada dose, foram sacrificados apdés 15 dias do ultimo
inéculo, sendo o sangue dos animais retirado por pung¢édo cardiaca e o soro
separado por centrifugagcdo (1500 rpm) e filtrado (0.22 um/Millipore®). Os

grupos controles foram incubados com Soro Fetal Bovino (SFB).
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Taquizoitos de T. gondii foram incubados nas concentracdes de 108 10°,
10* e 10® com soro de camundongos imunizados, durante 2 horas, em seguida
adicionados a monocada de células LLC-Mk2 previamente cultivas em placas
de 24 pogos (Corning™) contendo laminulas (GlassTécnica), com RPMI 1640
(Gibco®). Apds 24 horas, as culturas foram lavadas com PBS, fixadas com
metanol e coradas pelo método de Giemsa.

As laminulas foram entdo adicionadas a laminas utilizando “Permout”
(Fischer Scientific®) e o nimero de taquizoitos no interior das células avaliado
através de microscopia optica convencional. Foram contadas pelo menos 500

células.

3.16. Criopreservacdo com DMSO x Resfriamento com Glicerol

Grupos de 05 camundongos C57BI/6j foram inoculados com 3 doses (a
cada 14 dias) taquizoitos irradiados de 7. gondii irradiados mantidos com
DMSOQ 5%, a —196° C em nitrogénio liquido ou glicerol 15% a temperatura de
—-20° C. Os grupos controles foram inoculados com taquizoitos ndo irradiados e
mantidos nas mesmas condigbes das amostras irradiadas. O desenvolvimento
da infecgdo foi observado pela mortalidade dos animais. Coletas de sangue
foram realizadas a cada duas semanas e os anticorpos IgG especificos anti-T.

gondii produzidos foram detectados por ELISA.
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3.17. Desafio dos camundongos

Grupos de 05 camundongos foram imunizados com 03 doses de
taquizoitos de 7. gondii irradiados a 255 Gy e apés 15 dias da ultima dose
foram inoculados com 1, 5, 10, 10 e 25 cistos da cepa ME-49, por sonda oral.
Os cistos foram obtidos de camundongos C57BI/6j cronicamente infectados. Os
cérebros dos animais foram homogeneizados em Hank’s (HBSS) com 30% de
dextran, centrifugados a 3000 g a 4° C por 10 minutos e o “pellet”
ressuspendido em HBSS, a quantidade de cistos foi verificada por microscopia
Optica convencional (Booth et al., 1996). Camundongos C57BI/6j normais foram
inoculados com as mesmas quantidades de cistos. A mortalidade dos animais

foi acompanhada diariamente.

3.18. Quantifica¢cdo do namero de cistos

Apds 4 semanas do desafio oral com a cepa de 7. gondii ME-48, todos
os camundongos foram sacrificados, por narcose com CO,. Fragmentos do
cérebro fresco foram homogeneizados em cinco volumes de PBS (mg/ml),
sendo uma aliquota colocada entre 1amina e laminula. O namero de cistos foi
determinado em microscépio de fase e o resultado expresso em cistos/mi de

homogenato.
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3.19. Exame histo-patolégico

Grupos de 05 camundongos foram imunizados com 03 doses de
taquizoitos de T. gondii irradiados a 255 Gy e apds 15 dias da ultima dose
foram inoculados com 25 cistos da cepa ME-49, por gavagem. Apds 60 dias
todos os animais foram sacrificados por asfixia com CO,, colhendo-se
fragmentos de cérebro, coragdo, bago, pulmio e figado. Os 6rgédos foram
lavados em solucéo fisioldgica, fixados em formaldeido a 10%, tamponado com
tamp&o de Sorensen pH 7,2. Ap6s os 6rgdos eram incluidos em parafina
confeccionando-se cortes histolégicos de 7um, que foram corados por
hematoxilina-eosina (H.E.). Os cortes foram examinados para se verificar a
presenca de cistos e lesdes teciduais decorrentes da infecgdo pelo T. gondii

em um foto-microscdpio Axiophot.

3.20. Reacdo de Polimerase em Cadeia (PCR)

Foi realizada uma PCR especifica para a detecgcdo de um segmento
repetitivo do gene B1 do parasita. Apds 60 dias do desafio com a cepa de T.
gondii ME-49, todos os camundongos dos 3 grupos foram sacrificados,
colhendo-se fragmentos do cérebro com tamanho em torno de V4 do 6rgéo, de
maneira asséptica em fluxo laminar. O DNA total foi conservado usando 1 ml

de TRIizol (Gibco®) em tubo pléstico de congelamento, e mantidos em freezer —

70° C até o momento da extragéo.
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Para extragdo do DNA seguindo as especificagdes do fabricante, as amostras
foram homogeneizadas em vértex por 1 minuto a temperatura ambiente, em
seguida centrifugada a 10.000 rpm por 10 minutos a 4° C, ao peliet obtido foi
acrescentado 200ul de cloroférmio, sendo novamente centrifugados a 10.000
rpm por 15 minutos a temperatura de 4° C. O DNA extraido foi ressuspendido
em 50 uyl de &gua deionizada estéril e quantificado por espectofotometria
(Uitrospec 3000 — Pharmacia Biotec®), padronizando-se as reacdes para a
utilizacdo de 5 ng de DNA por tubo. Os “primers” usados foram: TOXO B22
(sense) 5-AAC GGG CGA GCA CCT GAG GAG A-3' (Localizagéo 1793-1817),
TOXO B23 (anti-sense)5'-TGG GTC TAC GTC GAT GGC ATG ACA ACT-3'
(Localizag&o 1881-1907). A reagao foi efetuada utilizando os seguintes ciclos:
denaturagdo a 94°C (3 min.), anelamento dos primers a 62°C por 1 minuto e
extensdo a 72°C por 10 minutos, repetidos por 35 ciclos. Ao final da reacéo,
obteve-se um fragmento de 114 pares de bases, detectado por eletroforese em
gel de agarose 2% com coloragéo por brometo de etidio (10 pg/mL) apds a

visualizagéo em transluminador (LKB-MacroVue - Pharmacia®).

3.21. Inducdo da producdao de anticorpos in vitro - IVIAP (Caterino-

de-Araujo, 1992)

3.21.1. Sensibilizacdo das placas de 96 pocos

As placas de cultura 96 pogos estéreis (Corning) foram sensibilizadas

com 50 pl de antigeno na concentragdo de 10ug/ml em tampéo carbonato 0,1
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M (esterilizado em filtro de 0.22 um/Millipore®) pH 9,0 durante 12 - 18hs a 4°C.
A seguir, foram lavadas com PBS e incubadas com albumina bovina (BSA) 2%
(Sigma®) 1 hora em camara Umida a temperatura de 37°C, para bloqueio de
eventuais sitios inespecificos de ligacédo, apds a placa foi novamente lavada

com PBS.

3.21.2. Obtencdo de células esplénicas e cultura

Foram utilizados grupos de camundongos C57BI/6J imunizados com 3 doses
de taquizoitos de T. gondii irradiados a 255Gy, e grupos de camundongos
cronicamente infectados com a cepa ME-49 (25 dias de infecgdo).
Camundongos C57BI/6J normais foram utilizados como controles. Os bagos
dos animais foram retirados de maneira estérii em fluxo laminar, sendo
macerados em peneira de aco inoxidavel (mesh 50) (Sigma®) em meio de
cultura RPMI 1640 (Gibco®) suplementado com soro fetal bovino 10%, 100
U/ml Penicilina, 100 pg/ml Estreptomicina, 0,25 ug/ml Anfotericina B e 50uM
beta-mercatoethano em seguida homogeneizado varias vezes. As células
foram entdo colocadas cuidadosamente em tubos contendo 5ml de Ficoll-
Hypaque (90ml Ficoll/Sigma® + 20ml Hypaque 50%/Sanofi Winthrop
Farmacéutica Ltda), entdo centrifugados a 5000 rpm por 30 minutos a 20° C.
Os esplendcitos foram entdo retirados cuidadosamente com pipeta Pasteur,
adicionado-se em seguida igual volume de meio RPMI 1640 (Sigma®), sendo
novamente centrifugados a 1000 rpm por 10 minutos a temperatura ambiente.
O sobrenadante foi desprezado e as células no precipitado resuspensas

em 1ml de meio de cultura, contadas em cadmara de Neubauer e ajustadas para
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concentragédo de 2 x 10° células/ml em RPMI 1640 com 10% de soro fetal
bovino e antibiéticos, sendo 100 ul/pogo desta suspensao distribuidos em placa
de 96 pogos (Nunclon Nunc). Adicionaram-se 100 pl de meio, contendo
antigeno de T. gondii (5 ug/pogo) ou Concanavalina A (Con A; Sigma®) (5 ug).
As culturas foram mantidas em estufa 5% de CO, a 37° C por 48 horas, para a
adsorc¢&o ao anticorpo produzido.

Assim, ap6s cicio de lavagens com PBSTL, acrescentou-se conjugado de
coelho anti-lgG de camundongo, conjugado a peroxidase (100 pl/cavidade), na
diluigdo 1/10.000 em PBSTL. As placas foram incubadas por 1 hora a 37°C em
camara umida, seguida de novo ciclo de lavagens com PBSTL. A reacgéo foi
revelada pela adigdo 30 pl/cavidade de solugdo cromogénica OPD (o -
phenylenediamine 1mg/ml, H>0, 0,03% em Tamp&o fosfato - citrato 0,2 M pH
5.0). Apds 30 minutos, as reacdes foram interrompidas pela adicdo de HCI 4N
(25 pl/cavidade). A absorbancia foi obtida por leitura a 492 nm em leitor de

microplacas (Labsystems Muitiskan MS).

3.22. Proliferagdao de células esplénicas (Candolfi et al, 1994) e

detecc¢do de citocinas

3.22.1. Obtencao de células esplénicas

Foram utilizados grupos de camundongos C57BI/6J imunizados com 3 doses
de taquizoitos de T. gondii irradiados a 255Gy (apés 15 dias da uitima

imunizacdo) e grupos de camundongos agudamente e cronicamente
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infectados, via oral com a cepa cistogénica ME-49 de T. gondii. Camundongos
C57BI/6j normais foram utilizados como controle. Os esplendcitos dos
camundongos dos 04 grupos de camundongos foram retirados de maneiré
estéril em fluxo laminar, como descrito no item anterior. Depois de contadas em
camara de Neubauer, as células esplénicas foram colocadas em placas de 96
pogos (Corning™), a concentragéo de 2 x 10° células/pogo em meio RPMI 1640
com soro fetal bovino e antibidticos. As células foram estimuladas com extratos
de taquizoitos (5 pg/ml) ou Con A (5 ug/ml). Esta preparacéo foi utilizada nos

experimentos subsequentes.

3.22.2. Proliferacdo das células esplénicas

As culturas foram mantidas em estufa 5% de CO, a 37° C por 48 horas.
No fim desse periodo adicionou-se timidina triciada (Amershan Pharmacia
Biotech) (1mCi/pogo em 20 pl de meio). Decorridas 72 horas de incubagéo,
50u! por pogo foram recolhidos de maneira estéril para detecgdo de citocinas.
As células entdo foram colhidas em aparelho Cell Harvester (Skatron),
utilizando papel FilterMAT 11731(Skatron). As areas correspondentes a cada
pogo foram coletadas e colocadas em tubos préprios contendo 3 mi de liquido
de cintilaggo (PPO 2,5 Diphenyloxazole [5,0g] + POPOP (1,4-Bis[2-
(5Phenyl)Oxazolyl]Benzene [0,5g9] + 1 litro de Tolueno p.a) por tubo. A
radioatividade incorporada foi determinada em Beta-Cintilador € a contagem

apresentada em c.p.m (cintilagées por minuto).
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3.22.3. Deteccdo de citocinas (IL-10, IL-12, IFN-y e TNF-q) no sobrenadante de

cultura

Para detecgdo de citocinas foram utilizados kits especificos OptEIA ™Set
(Pharmingen) de acordo com o protocolo do fabricante. Placas de 96 pogos
(Corning™) foram sensibilizadas com 100 ul de anticorpo de captura (diluigdo
1:250) por pogo e incubadas “overnight” a 4° C. A seguir, lavadas com PBS
com 0,05% Tween-20 (Sigma®) por 3 vezes (300 pl/poco) e bloqueadas
utilizando PBS com 2% de albumina bovina (Sigma®) (200 ul/pogo) e
incubadas por 1 hora a temperatura ambiente. Apos 5 lavagens, 100 pl de cada
“standard” ou amostras (sobrenadante das culturas esplénicas utilizadas na
proliferagdo) foram acrescentadas por pogo e incubadas por 2 horas a
temperatura ambiente. Em seguida foi realizado um ciclo, com 5 lavagens e
adicionado 100 pl do conjugado (“Working Detector” - “Detection Antibody +
Enzyme Reagent Av-HRP”, diluicao 1:250) em cada pog¢o e incubado por 1
horas a temperatura ambiente. Apds novo ciclo com 7 lavagens as placas
foram reveladas com adigdo de 100 ul da Solugdo substrato TMB
(Tetramethylbenzidine) em acetato de sédio 0,1M por pogo. Apds 30 minutos a
reacao foi interrompida pela adi¢do de 50 pl/pogo de acido fosférico 1 M. A
absorbancia foi obtida por leitura a 450 nm em leitor de microplacas
(Labsystems Muitiskan MS) e a concentracdo de citocinas estimada por

regresséo linear, a partir de controles conhecidos fornecidos pelo fabricante.
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3.22.4. Andlise estatistica

Para analise comparativa da produgdo de citocinas entre os animais
imunizados com taquizoitos irradiados 255 Gy, infectados e controles, foi

utilizado ANOVA apds verificago da variancia.
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4 - RESULTADOS

4.1. Viabilidade dos taquizoitos controle e irradiados apés
criopreservagao

A viabilidade dos taquizoitos foi acompanhada apds o processo de
irradiag&o, por meio da afinidade tintorial pelo Azul de Tripano, dos taquizoitos
mortos. Nos taquizoitos irradiados a 255 Gy com blindagem de 90% a
propor¢do corada (morta) foi sempre inferior a 5% imediatamente apos a
irradiagdo. Em cada preparagéo pelo menos 1000 taquizoitos eram analisados.
Os taquizoitos de T. gondii irradiados ou ndo, foram criopreservados em meio
de cultura RPMI 1640, com 50% de soro fetal bovino e 5% de DMSO, por pelo
menos duas semanas em nitrogénio liquido, depois de descongelados. Em
todos os grupos a propor¢céo de taquizoitos corada (mortos) foi inferior a 5%,

demonstrando que a criopreservacao ndo afetou a viabilidade dos parasitas.

4.2. Viabilidade dos taquizoitos irradiados e mantidos no freezer

com Glicerol

Os taquizoitos de T. gondii irradiados foram preservados em meio de
cultura RPMI 1640, com 10% de soro fetal bovino e 15% de glicerol, por pelo
menos duas semanas no freezer convencional (-17°C), depois de
descongelados. Em todos os grupos a proporgdo de taquizoitos corada

(mortos) foi inferior a 5%, demonstrando que o resfriamento a -17°C em

glicerol ndo afetou a viabilidade dos parasitas.
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4.3. Sobrevida dos camundongos ap6s a imunizacao

A sobrevida dos camundongos ap0ds o inéculo com taquizoitos normais
ou irradiados, preservados no nitrogénio liquido ou glicerol, foi acompanhada
diariamente. Nos grupos inoculados com taquizoitos nao irradiados (nitrogénio
liquido e glicerol), houve mortalidade de 100% apds 7 dias, nos camundongos
inoculados com 107 parasitas/ml n&o irradiados. Nos animais inoculados com
taquizoitos irradiados 255 Gy com blindagem 30% ndo houve mortalidade de
nenhum camundongo, mesmo com inéculo de 3 doses de 107 parasitas/animal

a cada quinze dias.
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4.4. Imunogenicidade em camundongos C57BI/6j inoculados com
taquizoitos irradiados com dose de 255 Gy

Para avaliar a resposta imune humoral obtida por trés imunizagbes de
camundongos C57BI/6j (N=5), com i.p. de 10’ taquizoitos irradiados a 255 Gy
com blindagem 90%, foram coletadas amostras de sangue semanalmente,
sendo a presenga de anticorpos especificos determinados por ELISA, conforme
descrito em métodos. Como podemos observar na Figura 6, nos camundongos
inoculados com taquizoitos irradiados a 255 Gy com blindagem de 90%, houve
resposta imune mostrada pelo aumento significativo nos niveis de 1IgG com o
passar do tempo apds uma imunizagdo primaria, seguida por uma secundaria e
uma tercidria. A mortalidade dos animais que receberam parasitas irradiados
foi 0%, ao contrario dos camundongos que receberam parasitas normais, cuja
mortalidade foi de 100%.

Para analisar o reconhecimento das proteinas de taquizoitos de 7. gondii
por soros de camundongos inoculados com parasitas irradiados, realizamos a
técnica de Western Blot como descrito em Métodos, utilizando extratos salinos
de taquizoitos da cepa RH como antigenos. Na Figura 6 I, mostramos que os
anticorpos presentes no soro de camundongos inoculados com parasitas
irradiados 255 Gy reconhecem os antigenos de taquizoitos de T.gondii. Mas
quando comparamos 0 reconhecimento dos antigenos com camundongos
infectados com a cepa cistogénica ME-49 (Figura 6 M), notamos que

reconhecem um grande numero de fragdes além das reconhecidas por animais

imunizados com parasitas irradiados. A banda correspondente a SAG1 é
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4.5. Invasividade dos taquizoitos incubados com soro de camundongo
imunizados com taquizoitos irradiados 255 Gy

Taquizoitos de T. gondii cepa RH forma cuitivados com soro de
camundongos imunizados com taquizoitos irradiados 255 Gy em seguida
adicionadas a cultura de células LLC-MK2 e a porcentagem de parasitas no
interior das células analisados. Com verificamos na Tabela 1 e Figura 7,
quando 10° taquizoitos foram cultivados, notamos que nos parasitas incubados
previamente com soro de animais imunizados, 22,61% das células estavam
parasitadas, enquanto 77,14% das células crescidas com parasitas
previamente incubados no SFB apresentavam parasitas no seu interior.
Quando foram utilizados 10° taquizoitos incubados com soro de animais
imunizados foram encontradas poucas céluias infectas e quando foram
utilizados 10 e 10° taquizoitos n3o foram encontradas células parasitadas. Nos
grupos controles infectados com 10° parasitas houve ainda grande nimero de
células infectadas (22,08%), e quando a infecgdo foi de 10* e 10> ainda foram

detectados taquizoitos no interior das células.
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Tabela 1 — Porcentagem de células LLC-MK2 infectadas com taquizoitos
previamnte incubados com soro de camundongo imunizado com taquizoitos

irradiados 255 Gy ou soro fetal bovino

CONCENTRACAO DE TAQUIZOITOS

SORO 10° 10° 10 10°

Camundongo imunizado com 22,61% 2% 0 0

taquizoitos irradiados 255 Gy

Soro Fetal Bovino 7714% 23,08% 4% 2%
100

0 [1255 Gy

o] I SFB

S 75

/7]

o

S

o 50

K

=

O

© 25

32

0 10 1 0. 10 I 1 0!-—J
No. taquizoitos/poco

Figura 7 - Porcentagem de células LLC-MK2 infectadas com taquizoitos
previamente incubados com soro. 255 Gy, soro de camundongo imunizado com
taquizoitos irradiados 255 Gy e SFB, soro fetal bovino.
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4.6. Anticorpos IgG especificos em camundongos inoculados com

taquizoitos irradiados mantidos em DMSO ou Glicerol

Para comparar as técnicas de preservacdo dos taquizoitos irradiados,
estes foram mantidos em DMSO (-196°C) ou glicerol (-20°C) e inoculados em
camundongos C57BI/6j, sendo a produgdo de anticorpos especificos IgG
acompanhada. Os taquizoitos irradiados mantidos no glicerol induziram
resposta imune em nivel de IgG nos camundongos imunizados, com resultados
melhores no 35° dia, quando comparados aos animais imunizados com

taquizoitos mantidos com DMSO no nitrogénio liquido (Figura 8).
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Figura 8 - Acompanhamento da produgéo de anticorpos IgG especificos no soro de
camundongos C57BI/6j inoculados 1 x 107 taquizoitos T. gondii cepa RH irradiados a
255 Gy i.p., 3 doses (dia 0/14/28), detectada por ELISA.. (—-) Taquizoitos
criopreservados em DMSO no nitrogénio liquido —196°C; (—) Taquizoitos mantidos
em Glicerol no freezer —20°C.
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4.7. Desafiados com a cepa cistogénica de T.gondii ME-49

4.7.1. Mortalidade

A mortalidade dos grupos de camundongos imunizados com taquizoitos
irradiados 255 Gy e controles, desafiados com cistos da cepa ME-49, foi
acompanhada. Nos grupos controles a mortalidade em todos os ensaios foi de
20%, exceto no grupo inoculado com 1 cisto (Tabela 2). A analise do macerado
cerebral em PBS de animais extremamente debilitados, por microscopia optica
demonstrou sempre grandes quantidades de cistos teciduais (> 1000), o que foi
confirmado através da analise histolégica.

Nos grupos imunizados com taquizoitos irradiados a 255 Gy todos os
animais sobreviveram ao desafio com cistos de T. gondii cepa ME-49. Apés 4
semanas do desafio todos os animais (controle e imunizados 255 Gy) foram
sacrificados, o numero de cistos cerebrais contados e realizados cortes
histoldgicos corados com Hematoxilina-Eosina nos grupos desafiados com 25

cistos.
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Tabela 2 — Mortalidade em camundongos C57BI/6j inoculados via oral com
cistos de T. gondii cepa ME-49. Controle: camundongos normais; imunizado:

trés imunizagbes (i.p.) de 10’ taquizoitos irradiados a 255 Gy a cada duas

semanas.
Numero de cistos inoculados (ME-49)
1 5 10 20 25
Controle 0 20% 20% 20% 20%
Imunizado 0 0 0 0 0

4.7.2. Exame histo-patologico

Apds 60 dias do desafio com 25 cistos da cepa ME-49 todos animais
(controle e imunizados 255 Gy) que sobreviveram a infecgdo (80%), foram
sacrificados, sendo realizados cortes histoldgicos corados com Hematoxilina-
Eosina. Nos camundongos ndo imunizados e infectados com 25 cistos v.o. da
cepa ME-49 de T. gondii, detectou-se intiimeros cistos no cérebro de todos os
animais, bem como focos de inflamagdo e necrose (Figura 9A e 9B). Cistos na
regido perimeningial, com infiltrado na meninge também foram localizados
(Figura 9C) bem como infiltrado na regido do ventriculo e cisto (Figura 9D). Nos
animais imunizados com taquizoitos irradiados 255 Gy e infectados com 25
cistos v.o. de T. gondii detectarm-se raros cistos em alguns animais, com

poucos ou raros focos de necrose (Figura 10).
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No figado de animais n&o imunizados verificamos infiltrado portal,
ativagdo e focos parenquimatosos (Figura 11A), enquanto nos animais
previamente imunizados o figado apresentava aspecto normal com pouca
degenera§éo (Figura 11B). Os pulmdes dos animais do grupo n&o imunizados
apresentavam ativa¢do do tecido linféide associado ao brénquio (Figura 12A),
enquanto no grupo imunizado o 6rgdo apresentava aspecto normal (Figura
12B). Nos animais ndo imunizados verificamos que o bago apresenta aspecto
normal, com a polpa branca circundada por polpa vermelha (Figura 13A),
enquanto nos animais imunizados ocorre uma maior ativagao da polpa branca
(Figura 13B). Em animais n&o imunizados, o coragdo apresentou focos de
miosite local e infiltrado inflamatério (Figura 14A), enquanto dos animais

imunizados este 6rgéao apresentou aspecto normal (Figura 14B).
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4.7.3. Quantificacdo do numero de cistos

Os cérebros dos camundongos normais e imunizados com taquizoitos
irradiados 255 Gy, infectados via oral com diferentes quantidades de cistos da
cepa ME-49 de T. gondii, foram macerados em PBS e o numero de cistos
quantificados através de microscopia. No grupo de camundongos previamente
imunizados com 3 doses de taquizoitos irradiados 255 Gy notamos poucos
cistos, mesmo nos camundongos que receberam indculos maiores (25 cistos),
enquanto no grupo de camundongos nao imunizados o numero de cistos
encontrados foi elevado e aumentou de acordo com o numero de cistos

utilizado no inoculo (Figura 15).
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Figura 15 - Numero de cistos no cérebro de camundongos ap6s 30 dias do desafio
via oral com cistos da cepa ME-49. Barras sélidas, camundongo imunizado com trés
doses i.p., de 1 x 107 taquizoitos irradiados 255 Gy. Barras abertas, camundongos
normais.

4.7.4. PCR

A PCR foi realizada utilizando fragmentos do cérebro de camundongos
imunizados com taquizoitos irradiados e em animais imunizados desafiados
com cistos da cepa ME-48. Nos animais infectados a PCR demonstrou a
presenga do paraéita em todos os animais, enquanto que no cérebro de
camundongos imunizados, mas n&o desafiados, os resultados foram negativos.

No grupo imunizado e desafiados a técnica foi utilizada a fim de se confirmar a
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4.8.IVIAP

Para detectar a produgé&o de anticorpos in vitro anti-T. gondii por células
esplénicas de camundongos imunizados e infectados utilizamos a técnica do
IVIAP. Como controle utilizamos células esplénicas de animais normais. Nas
células esplénicas provenientes de animais imunizados com taquizoitos
irradiados 255 Gy a produgéo de anticorpos IgG anti-T. gondii foi maior que nas
células esplénicas dos animais ndo imunizados, e semelhante a produgao

apresentada pelas células esplénicas de animais infectados com a cepa ME-49

(Figura 17).
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Figura 17 — Resposta imune (IgG) in vitro de células esplénicas de camundongos
C57BI/6j normais, imunizados com trés doses i.p., de 1 x 10" taquizoitos irradiados 255
Gy e infectados com cistos da cepa ME-49.
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4.9. Respostas proliferativas das células do baco

Os bacos obtidos de camundongos C57BI/6) apds imunizagdo com
taquizoitos de T. gondii irradiados ou infectados i.p. com cistos da cepa ME-49,
foram estimulados com antigeno de T. gondii ou Con A in vivo para comparar
sua capacidade proliferativa. Células esplénicas de animais normais foram
utilizadas como controle. A proliferacdo nas células esplénicas dos
camundongos infectados foi menor do que nos demais grupos, nos animais
imunizados com taquizoitos irradiados i.p. a proliferagdo foi maior quando

estimulados com antigeno de T. gondii ou Con A (Figura 18).
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Figura 18 - Resposta proliferativa de células esplénicas em camundongos
C57Bl/6j, estimuladas com antigenos de 7. gondii (barras abertas) ou Con A
(barras fechadas). Controle, bago de camundongo normal; Imunizado, bago de
camundongo imunizado com trés doses i.p., de 1 x 107 taquizoitos irradiados 255
Gy; Infectado, bago de camundongo cronicamente infectado, por 25 dias, com
cistos da cepa ME-49 As celulas esplénicas foram cultivadas por 48 horas, em
seguida foi adicionado 1 uCi [°H] TdR e apés 18 horas foi realizado o “harvest”.
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4.10. Citocinas

Na figura 19A, mostramos a producdo de IFN-y por esplendcitos de
animais obtidos 15 dias épc’;s a ultima das 03 doses quinzenais da imunizagéo,
comparados com a producdo de IFN-y de esplendcitos de animais controles
infectados por via oral com a cepa ME-49, na fase aguda e cronica da infec¢ao.
Todas as reagbes foram feitas com estimulagéo in vitro com antigeno de T.
gondii. Podemos notar que os esplendcitos de camundongos agudamente
infectados produzem niveis maiores de IFN-y, que diminuem com a infecgdo
crénica a niveis semelhantes ao produzido pela imunizagdo com taquizoitos
irradiados a 255 Gy e todos os valores acima da produg&o basal dos animais
do grupo controle.

Na figura 19B, verificamos a producdo de TNF-o. por esplendcitos de
camundongos obtidos 15 dias apdés a Ultima dose da imunizagdo com
taquizoitos irradiados a 255 Gy, comparados com a producdo de TNF-a de
esplendcitos de animais agudamente e cronicamente infectados, todos apos
estimulacdo in vitro com antigeno de T. gondii. As células esplénicas de
camundongos agudamente infectados produzem maior quantidade de TNF-a,
que diminui com a infecgdo cronica a niveis semelhantes ao produzido por
esplendcitos de camundongos imunizados com taquizoitos irradiados a 255 Gy,

sempre acima da produ¢ao basal dos animais do grupo controle.
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Na figura 19C, observamos a produgéo de IL-10 por células espiénicas
de camundongos obtidas 15 dias apds a terceira imunizagéo com taquizoitos
irradiados 255 Gy, comparados com a produgdo em esplendcitos de animais
agudamente e cronicamente infectados, todos apds estimulag&o in vifro com
antigenos de T. gondii. N&o houve diferenga significativa na produgéo de IL-10
entre esplendcitos de camundongos imunizados, agudamente e cronicamente
infectados ou do grupo controle.

A figura 19D mostra a produgdo de IL-12 por esplendcitos de
camundongos obtidos 15 dias apdés a ultima dose da imunizagdo com
taquizoitos irradiados a 255 Gy, comparados com a produgao de IL-12 de
esplendcitos de animais agudamente e cronicamente infectados, todos apds
estimulagdo in vitro com antigeno de T. gondii. Os esplendcitos de animais
agudamente infectados produzem niveis maiores de 1L-12, que diminuem com
a infecgdo crbnica, a niveis semelhantes aos produzidos por camundongos
imunizados com taquizoitos irradiados 255 Gy e todos acima dos valores da

producdo basal dos animais do grupo controle.
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Figura 19 — Producdc de citocinas por células esplénicas de camundongos
C57BI/6j em resposta a antigenos de T. gondii. Controle: camundongo normal;
Imunizado: camundongos imunizados com taquizoitos irradiados 255 Gy; Infect
13: camundongos no 13° dia de infecgdo com cistos de T. gondii cepa ME-49;
Infect 25. camundongos no 25° dia de infecgdo com cistos de T. gondii cepa
ME-49. A: IFN-y, B: TNF-a, C: IL-10 e IL-12.
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5 - DISCUSSAO

A radiagéo ionizante ndo afetou a viabilidade dos taquizoitos, pois
menos de 5% dos parasitas irradiados com 200 Gy ou 255 Gy com blindagem
90% foram encontrados corados, quando avaliados por meio de afinidade
tintorial, pela incorporagdo do corante Azul de Tripano, método ideal para o
diagnéstico rapido da viabilidade do T. gondii e de outros protozoarios (Shaio et
al, 1987). Os taquizoitos mantidos no nitrogénio liquido apresentaram
viabilidade semelhante aos grupos n&o irradiados, demonstrando que a
criopreservagdo com DMSO (-196°C) ndo afetou a viabilidade dos parasitas.
Esses resultados corroboram com os encontrados por Lin e colaboradores
(1995), os quais demonstraram que taquizoitos da cepa RH mantidos em
nitrogénio liquido com 7,5% DMSO durante 8 anos e inoculados em
camundongos mantém a capacidade de matar os animais apds 2 semanas.
Esses autores demonstraram que, dos parasitas mantidos em nitrogénio liquido
por aproximadamente 500 semanas, 20% permanecem viaveis e que a
viabilidade é tempo dependente; como em nosso experimento utilizamos
taquizoitos congelados por no maximo 8 semanas com 5% de DMSO, a
viabilidade foi quase proxima de 100%, semelhante ao demonstrado
previamente por esses autores utilizando taquizoitos ndo irradiados. O fato de
poder-se preservar os taquizoitos de T. gondii irradiados por longos periodos
facilita o processo de imunizagéo, uma vez que, em se obtendo grandes
quantidades de parasitas por meio do inéculo em camundongos ou cultura de

tecidos, pode-se irradiar € manté-los criopreservados podendo descongelar as
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amostras no momento do uso, sem precisar irradiar a cada processo de
imunizagao.

Os taquizoitos de T. gondii irradiados a 255 Gy foram preservados em
nitrogénio liquido (-196°C) e glicerol (-20°C) e comparados quanto a sua
viabilidade por Azul de Tripano e antigenicidade pela detecgdo de anticorpos
especificos IgG em camundongos C57Bl/6j imunizados. Os taquizoitos
irradiados armazenados em glicerol (-20°C) durante 30 dias apresentaram
viabilidade e induzem niveis IgG em camundongos C57BI/6j semelhantes aos
mantidos no nitrogénio liquido (DMSO). Estes dados também s&o semelhantes
aos obtidos por Lin e colaboradores (1995), que verificaram a viabilidade e
viruléncia dos taquizoitos de T. gondii em glicerol e nitrogénio liquido. Apesar
de taquizoitos de T. gondii persistirem durante 8 anos no nitrogénio liquido e
apenas 16 — 25 semanas no glicerol (Lin et al, 1995), o fato de que durante 30
dias os taquizoitos irradiados mantém sua viabilidade e capacidade de induzir
resposta imune IgG especifica, demonstra que estes podem ser mantidos em
freezer —20° C, ndo havendo necessidade de nitrogénio liquido e viabilizando
Seu uso.

Em nossos ensaios utilizando inoculo de 107 parasitas irradiados a 255
Gy e blindagem de 90% ndo encontramos mortalidade de nenhum animal
imunizado e foi possivel detectar a producao de anticorpos (IgG) no soro, por
ELISA. Quando comparamos as descrigbes da literatura em relacdo a
imunizagéo e aumento nos niveis de anticorpos IgG (Janeway & Travers, 1996)
notamos que a curva obtida com 3 imunizagdes mostra um aumento nos niveis

de IgG, com resposta primaria e secundaria.
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Quanto a especificidade dos anticorpos produzidos por camundongos
imunizados com taquizoitos irradiados 255 Gy, podemos notar que estes
reconhecem os antigenos de T. gondii pelo Western blot. No entanto, quando
utilizamos sangue de animais inoculados com a cepa ME-49 verificamos que a
reatividade € muito maior, pois ocorre um reconhecimento de um nimero maior
de proteinas do protozoario, mas esta cepa permanece infectando os
camundongos por longos periodos, com formacg&o de cistos cerebrais.

Quando os animais foram desafiados com cistos da cepa ME-49, houve
mortalidade somente nos grupos controles, enquanto todos os animais
imunizados sobreviveram. Suzuki e colaborados (1989b) utilizando
camundongos CBA/J inoculados com 10 cistos v.0. da cepa ME-49,
demonstraram que a mortalidade dos animais teve inicio por volta da 5°
semana e atingiram 64% decorridas 30 semanas. No grupo imunizado com
taquizoitos irradiados 255 Gy, diferente do que ocorreu no grupo controle ndo
houve mortalidade de nenhum animal, mesmo nos animais inoculados com
maior quantidade de cistos (20 e 25 cistos).

Suzuki e colaboradores (1989b) analisaram as mudangas histoldgicas
em 6rgdos de camundongos infectados com a cepa ME-49, decorrida 8
semanas apds o desafio com 10 cistos, encontrando diversas alteragdes no
cérebro dos animais, como lesdes inflamatérias, semelhantes aos encontrados
no grupo controle inoculados com 25 cistos/animal. Os autores também
analisaram histologicamente o cora¢ao, pulméo, bago e figado e encontraram
diferencas significantes somente no miocardio dos camundongos infectados
com a cepa ME-49, dado semelhante ao encontrado em nossos ensaios nos

animais do grupo controle. No grupo imunizado com taquizoitos irradiados 255
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Gy, além de encontrarmos raros cistos cerebrais, o grau de lesdo nos 6rgéos
(cérebro) avaliado por histologia foi muito menor ao grupo
controle.demonstrando que os processos de imunizagdo com taquizoitos
irradiados podem conferir prote¢&o parcial aos camundongos.

A PCR tem sido utilizada para confirmar a infecgdo pelo 7. gondii em
individuos transplantados (Bretagne et al, 1995), em fluido cérebro espinal de
pacientes com AIDS (Schoondermark-van de Vem et al, 1993) e em
camundongos (Owen & Tress, 1998). Em nosso trabalho utilizamos PCR com a
finalidade de detectar a presenga do parasita no cérebro dos animais
imunizados e infectados com a cepa ME-49, pois em alguns animais, diferente
do grupo controle, ndo localizamos cistos na amostragem de contagem e
houve a necessidade de se usar a técnica para confirmar a infecgdo menos
intensa.

O IVIAP é um método alternativo para deteccdo da secre¢do de
anticorpos, utilizado primeiramente para detecgdo de anticorpos secretados
contra o virus da imunodeficiéncia adquirida (HIV), pela cultura de linfocitos
sanguineos de criangas infectadas (Pahwa ef al, 1989; Amadori ef al, 1990). A
técnica tem sido utilizada também para confirmagéo de diagnéstico da infecgéo
primaria aguda pelo HIV (Casseb & Caterino-de-Araujo, 1994). Em nosso
trabalho, utilizamos extrato salino de T. gondii como antigeno, e em vez de
células sanguineas, células esplénicas, seguindo 0s mesmos principios
utilizados para deteccdo de anticorpos anti-HIV. Nossos resultados
demonstraram que o IVIAP pode ser empregado para detecgéo de anticorpos
produzidos contra o 7. gondii, tendo a vantagem de podermos utilizar o

sobrenadante da cultura para detec¢éo das citocinas.
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Para estudo de proliferagédo celular e citocinas na toxoplasmose aguda
tem se utilizado a técnica de proliferacdo de células esplénicas de
camundongos infectados, estimuladas com antigeno de T. gondii ou Con A,
com incorporagdo de timidina triciada (Candolfi et al, 1995). As células
esplénicas de camundongos infectados com a cepa ME-49 de T. gondii
apresentaram supressdo na resposta proliferativa para Con A, quando
comparados com esplendcitos de animais normais, dados semelhantes foram
encontrados por outros autores (Strickland et al, 1975; Khan et al, 1995). A
resposta proliferativa das células esplénicas estimuladas por antigeno de T.
gondii, nos animais infectados foi menor do que a apresentada nos
camundongos normais e imunizados, dados semelhantes aos encontrados por
outros autores, que demonstraram que a supresséo da resposta proliferativa
nas ceélulas esplénicas em resposta ao antigeno de T. gondii ocorre
principalmente entre os dias 7 e 14 apds a infecgdo (Candolfi et al, 1994).
Nossos dados demonstram que a imunizagdo ndo induz a supressao da
resposta proliferativa nas células esplénicas para Con A ou antigenos de T.
gondii, como ocorrem nos animais infectados com a cepa ME-49.

Nao se sabe o papel exato dos anticorpos na resisténcia contra o 7.
gondii, mas estudos comprovam que a administra¢do de anticorpos em
camundongos diminuem a mortalidade e aumentam a sobrevida dos animais
(Sharma et al, 1984) apesar de alguns autores terem demonstrado que
taquizoitos opsonizados (imunoglobulina G) mantém a habilidade de penetrar
em mondcitos humanos ndo aderentes e com pouco efeito na replicagéo
intracelular do parasita, na auséncia de complemento (Fadul ef al, 1995). No

entanto, diversos autores tém demonstrado a importancia dos anticorpos e da
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resposta humoral na resposta imune do hospedeiro e também o seu uso no
diagnostico. O papel protetor dos anticorpos em colaboragdo com macréfagos
foi demonstrado in vitro (Anderson et al, 1976). Na presen¢a de anticorpos os
taquizoitos s8o rapidamente lisados pela via classica de fixagdo do
complemento e na auséncia destes anticorpos os parasitas sdo resistentes
(Fuhrman & Joiner, 1989). Quando os taquizoitos de 7. gondii penetram
ativamente nos macréfagos, nao ocorre a fusdo do vacuolo parasitéforo com os
lisossomos (Jones & Hirsch, 1972), mas, quando os taquizoitos séo
opsonizados com anticorpos especificos ou sistema complemento, estes sdo
mortos pelos mecanismos normais dos macréfagos apoés fagocitose (Joiner et
al, 1990). Sibley e colaboradores (1985) demonstraram que o 7. gondii
bloqueia a acidificagdo do vacuolo pelo lisossomo em macréfagos normais e
quando o parasita esta recoberto por anticorpos especificos desencadeia o
processo de acidificagdo, de maneira similar a fagocitose de parasitas mortos.
Camundongos deficientes de células B, mesmo apresentando niveis normais
ou maiores de interleucinas (IFN-y e TNF-a) tiveram diminuicdo da resisténcia
a infeccdo e quando foi administrado anticorpo policlonal de coelho anti-T.
gondii, houve diminuigdo da mortalidade precoce e das patologias associadas
aos taquizoitos no cérebro destes animais (Kang et al, 2000). Taquizoitos da
cepa RH foram incubados com anticorpos monoclonais (1B8), o crescimento do
parasita teve inibigdo > 90%, determinado pela incorporagao de radioisiotopos
(Mineo et al, 1993).

A importancia dos anticorpos e ceélulas B foi demonstrada in vivo,
utilizando camundongos (uMT) deficientes de células B. Quando os animais

eram inoculados com 10 cistos da cepa ME-49 ocorria a mortalidade de todos
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os animais até 4 semanas ap0s a infecgdo e quando foi administrado anticorpo
anti-T. gondii 1gG policlonal produzido em coelho todos os animais sobrevivem
até o final dos ensaios (42 dias) com pouco numero de cistos e areas
inflamatérias (Kang et al/, 2000). Sayles e colaboradores (2000) imunizaram
camundongos uMT (deficientes de células B) com a cepa ts-4 e desafiaram
com taquizoitos normais i.p., demonstrando que ocorre a mortalidade de todos
0s animais, mas quando era administrado soro de animais normais imunizados
nos camundongos uMT ocorre aumento da sobrevivéncia apds desafio com
taquizoitos virulentos.

Quando os taquizoitos de T. gondii cepa RH foram incubados com soro
de camundongos imunizados com taquizoitos irradiados e adicionados a
cultura de células LLC-MK2, notamos que houve uma reducéo significativa no
numero de células infectadas, quando comparado com o grupo controle.
Taquizoitos de T. gondii foram incubados com soro de camundongos
imunizados com taquizoitos da cepa ts-4 e em seguida os parasitas foram
adicionadas a culturas de fibroblastos humanos e observou-se uma diminui¢ao
drastica nas células infectadas, no entanto, quando foi utilizado soro de
camundongos deficientes em células B (uMT) o crescimento dos taquizoitos foi
semelhante ao grupo controle, apesar dos animais apresentarem 0s mesmos
niveis de citocinas com o IFN-y, demonstrando a importancia de anticorpos e
células B na resisténcia contra o parasita (Sayles et al, 2000). Nossos
resultados mostraram que os camundongos imunizados i.p. apresentaram

niveis de anticorpos semelhantes a animais infectados com a cepa ME-49, o
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que pode ser de extrema importancia no auxilio ao combate a infecgéo por T.
gondii.

O estudo da producgdo de citocinas € essencial para compreender a
resposta imune induzida por vacinas de Toxoplasma. Em nossos ensaios a
producdo de citocinas foi similar, embora em niveis menores, quando
comparamos a imunizacdo com taquizoitos irradiados com a infecgéo crénica
pela cepa cistogénica ME-49. Citocinas como IFN-y e TNF-a sdo importantes
para o controle da replicag&o dos taquizoitos durante a fase cronica e aguda da
infecgdo pelo 7. gondii (Denkers & Gazzinelli, 1998). Estas duas citocinas tém
sido descritas previamente como necessarias para ativar os macroéfagos e inibir
a proliferagcdo dos taquizoitos in vitro (Sibley et al, 1991; Langermans et al,
1992). A producéo de citocinas foi similar, embora em menores niveis, quando
comparamos O0s animais imunizados com taquizoitos irradiados com
camundongos agudamente infectados com a cepa cistogénica ME-49. A
indugdo da produgéo de IFN-y foi um dos mais promissores achados, pois a
eliminacdo de células infectadas parece estar relacionada com a capacidade
de producgdo desta citocina em modelos experimentais (Denkers, 1999). A
importancia desta citocina tem sido diretamente demonstrada em varios
modelos murinos. A administracdo de IFN-y recombinante pode proteger
camundongos contra desafios com cepas virulentas de T. gondii (McCabe et al,
1984). Camundongos foram inoculados i.p. com anticorpos monoclonais contra
IFN-y e desafiados com a cepa ME-49 para verificar a importancia da produgéo
enddgena desta citocinas na resisténcia contra o 7. gondii, e os animais que

nao receberam o anticorpo sobreviveram e desenvolveram infecgdo crénica,
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enquanto os infectados que receberam o anticorpo morreram de toxoplasmose
(Suzuki et al, 1988). Quando camundongos cronicamente infectados com a
cepa ME-49 foram tratados com anticorpos monoclonais contra IFN-y,
apresentaram cinco vezes mais cistos no cérebro do que os animais que nao
receberam o anticorpo indicando que esta citocina tem um papel direto na
prevencdo da ruptura de cisto e encefalite (Suzuki et al, 1989).

Estudos demonstraram a importancia do IFN-y para inibicdo da
replicacdo do 7. gondii in vitro. Utilizando IFN-y recombinante de ovinos
(ov.rlFN-y), incubando macroéfagos alveolares e fibroblastos 24 horas antes ou
2 horas apds a infeccdo com T. gondii, foi demonstrado uma significante
diminuicdo da replicacdo do parasita (Oura et al/, 1993). Células do cordao
umbilical de ovelhas foram tratadas com IFN-y recombinante de bovinos e foi
observado blogueio no crescimento do 7. gondii (Dimier & Bolt, 1997). Células
de corddo umbilical humano foram pré-incubaram com IFN-y recombinante
(rIFN-y) e em seguida infectadas com taquizoitos da cepa RH, demonstrando
que ocorre uma drastica inibicdo do 7. gondii, sendo este efeito dose-
dependente (Woodman et al, 1991). Foi provado que a replicacdo do 7. gondii
em células de enterocitos de ratos e células epiteliais do intestino humano pode
ser inibidas pelo tratamento das células com IFN-y, isto pode ser relevante pois
sd0 as primeiras linhas de defesa contra a infec¢do pelo Toxoplasma (Dimier &
Bolt, 1993; Dimier & Bolt, 1997).

A produgao de TNF-a nos animais imunizados com taquizoitos irradiados foi
similar aos camundongos cronicamente infectados, e menor do que nas fases

agudas da infecgdo. Esta citocina foi descrita como sendo importante o controle
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da replicagdo dos taquizoitos durante a fase crénica e aguda da infecgdo. Em
camundongos altamente resistentes a infecgéo aguda com a cepa ME-49 de T.
gondii, apds o inéculo de anticorpos anti-TNF-a ocorre um aumento significante
do numero de taquizoitos na cavidade peritoneal e em camundongos
susceptiveis ocorre mortalidade dos animais (Johnson, 1992).

Quando camundongos cronicamente infectados com T. gondii cepa ME-
49 e tratados com anticorpos anti-TNF-o o0 resultado é uma rapida e letal
reativagdo da toxoplasmose crénica, com severas lesdes cerebrais (Gazzinelli
et al, 1993c). Camundongos protegidos da infeccéo letal através do inoculo
com cepa nao virulenta, demonstraram que a ativagcdo imune na infecgéo esta
associada a produgéo de altos niveis de IFN-y, TNF-a e NO (Haque et a/,
1999). Camundongos foram inoculados com TNF-a recombinante e infectados
com a cepa letal C56 de T. gondii, demonstrando que o tratamento com a
citocina diminuiu a mortalidade dos animais durante o inicio da infecgdo (Chang
et al, 1990). Células microgliais humanas e de camundongos s&o ativadas por
IFN-y e TNF-a, inibindo a replicagéo de taquizoitos e o TNF-o tém se mostrado
importante na prevengdo da proliferagdo dos taquizoitos no cérebro de
camundongos (Gazzinelli et al, 1993a). A neutralizagdo do TNF-o com
anticorpos monoclonais induz eliminagdo da resposta de células do bagco em
camundongos “SCID” expostos ao parasita, demonstrando também que células
esplénicas aderentes produzem baixos niveis de TNF-o em resposta ao T.
gondii e que esta citocina sozinha ndo é suficiente para desencadear a

producao de IFN-y (Sher et al, 1993).
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As interleucinas-10 (IL-10) e IL-12 est&o relacionadas a fase inicial de infecgdo
e tém pouca importancia durante a fase cronica, sendo as duas maiores
antagonistas na regulacéo da sintese de IFN-y (Denkers & Gazzinelli, 1998). A
'IL-12 é citocina que mais promove a sintese de IFN-y pelas células NK e
linfocitos T (Biron & Gazzinelli, 1995). A producdo de IL-12 pelas células
esplénicas dos camundongos imunizados foi menor que nos camundongos
agudamente infectados, mas semelhante ao produzido pelo animal em fase
cronica. O tratamento de camundongos (SCID) com anti-IL-12 ou anti-IFN-y,
demonstrou que houve mortalidade precoce dos animais, e quando
camundongos B6 agudamente infectados foram tratados com anti-IL-12 houve
100% de mortalidade apds 15 dias do desafio, enquanto todos os animais do
grupo controle sobreviveram (Gazzinelli et al, 1994). A administragio de IL-12
em camundongos (SCID) infectados com a cepa ME-49, prolonga a sobrevida
dos animais, mas isto n&o ocorre quando s&o tratados com anti-IFN-y ou as
células NK s&o depletadas (Gazzinelli et al/, 1993b). Camundongos “gko”
(deficientes na producdo de IFN-y) ndo conseguem sobreviver a infecgdo
aguda pelo T. gondii cepa ME-49, apesar de manterem a produ¢éo de IL-12,
sugerindo que esta citocina funciona induzindo a produgdo de IFN-y pelas
células NK (Scharton-Kersten et al, 1996). A administracdo de IL-12 em
camundongos BALB/C infectados com a cepa virulenta C56 demonstrou que
ocorre um aumento na sobrevida, mas quando os animais sdo inoculados com
anti-IFN-y, anti-TNF-a. ou as células NK s&o depletadas o tratamento nao
funciona, e quando camundongos BALB/c foram infectados com a cepa ME-49,

todos os animais sobrevivem a infecgdo, no entanto quando & administrada
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anti-IL-12, resulta em mortalidade de 100%, com diminuigdo dos niveis de IFN-
v, demonstrando a importancia da IL-12 na fase aguda da infecgdo em
camundongos imunocompetentes (Hunter et al, 1995). Em trabalho recente,
camundongos deficientes de IL-12 foram desafiados com a cepa ME-49, sendo
administrado IL-12 recombinante nos animais durante as duas primeiras
semanas de infeccdo, e como esperado o0s animais sobreviveram da fase
aguda e foi estabelecida a fase cronica, no entanto, 45-50 dias apés a infecgdo
houve um aumento do numero de cistos cerebrais e todos os animais
morreram de encefalite, sugerindo que a IL-12 enddgena é necessaria também
para manter em longo prazo a resisténcia dependente de IFN-y contra o T.
gondii (Yap et al, 2000).

A citocina IL-10 foi identificada por inibir a sintese de IFN-y pelos linfocitos Th1
sendo produzida por células Th2 (Fiorentino ef al, 1989) e inibe a produgéo de
varias citocinas por macrofagos ativados (Fiorentino ef a/, 1991). Em nossos
ensaios ndo houve diferengas significantes na produgio de IL-10 por células
esplénicas de camundongos imunizados com taquizoitos irradiados e
infectados com a cepa ME-49. Camundongos infectados com a cepa ME-49 de
T. gondii apresentam encefalite e ocorre 100% de mortalidade apoés 12 a 15
semanas, sendo localizados nos cérebros dos animais niveis elevados de
mRNA do parasita (Gazzinelli et al, 1993c). Analise imuno-histoquimica no
cérebro de camundongos suscetiveis para o desenvolvimento de encefalite
apresentam niveis elevados de IL-10, o que n&o ocorre com camundongos
infectados e resistentes a encefalite (Hunter et al, 1994). Estes resultados tém
demonstrado que esta citocina € uma das maiores candidatas a favorecer a

susceptibilidade para encefalite pela capacidade de inibir a atividade protetora
92



Hiramoto, R.M.

do IFN-y (Hunter & Remington, 1994). Camundongos KO (“knockout”) para IL-
10 foram inoculados com cistos da cepa ME-49 de T. gondii e todos os animais
morreram nas duas primeiras semanas de infecgdo, com niveis elevados de IL-
12 e IFN-y no soro. Quando os linfécitos CD4" (fonte de IFN-y) dos
camundongos KO infectados eram neutralizados ocorria um aumento na
sobrevida dos animais, indicando o papel destas células na mortalidade
precoce dos animais (Gazzinelli et al, 1996). Estes dados corroboram com os
obtidos por outros autores, que utilizaram animais deficientes em IL-10
(éamundongos IL-107), demonstrando que a IL-10 estd associada com a
protecdo e o aumento da suceptibilidade a infecgdo pelo T. gondii, sendo
dependente do animal possuir linfécitos e que ambos, IL-12 e IFN-y s&o
importantes na mortalidade precoce dos animais (Neyer et al, 1997).

O desenvolvimento de vacinas contra a infecgdo pelo T. gondii € baseada no
fato de que uma exposicdo primaria resulta na maioria dos casos em uma
completa resisténcia para um segundo desafio, mas a resisténcia durante a
infecdo ocorre pela presenga de cisto (bradizoitos) em muitos tecidos do
hospedeiro. Estudos de imunizagdo tém sido realizados utilizando taquizoitos
de T. gondii inativados sozinhos ou em adjuvante incompleto de Freund, sendo
demonstrado que estes n&o protegem ovelhas prenhes de novos desafios
(Buxton & Innes, 1995). Varios estudos tém sido realizados utilizando
camundvongos e ratos imunizados com extratos ou antigenos especificos do
parasita, como SAG1 (p30), GRA2 (gp28.5) e GRAS (p21), conferindo protegédo
parcial contra o desafio com cistos teciduais ou taquizoitos. Foi utilizado um
peptideo antigénico derivado do antigeno P30 de T. gondii para imunizar

camundongos, mas este n&o conferiu  protecdo aos animais quando
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desafiados com a cepa 76K (Darci et al, 1992). Camundongos foram
imunizados com os antigenos P30 e P22 de T. gondii incorporados em
complexos imuno-estimulantes e desafiados com taquizoitos ou oocisto,
conseguindo aumento de sobrevida, no entanto o numero de cistos
encontrados foi semelhante ao grupo controle (Lunden et al, 1993). A proteina
SAG1 de T. gondii em associagdo com toxina da cblera, induziu diminuigao do
numero de cistos cerebrais apds desafio com a cepa 76K de T. gondii (Debard
et al, 1996; Velge-Roussel et al, 2000).

Recentemente, tém sido utilizados antigenos recombinantes de
taquizoitos ou plasmideos que codificam antigenos de taquizoitos para
imunizar animais contra o T. gondii. A proteina recombinante rSAG1 (expressa
em E. coli) associada a IL-12 foi utilizada para imunizar camundongos e
demonstrou-se que ocorre uma redugéo de 40% nos cistos cerebrais (Letscher-
Bru et al/, 1998). Quando camundongos foram imunizados com a proteina
rSAG1 com AI(OH)s como adjuvante houve protecdo parcial dos animais
quando desafiados com taquizoitos e o nimero de cistos foi semelhante ao
grupo controle nos desafiados com cepas cistogénicas (Petersen et al, 1998).
O Micobacterium bovis (BCG) foi manipulado para que produzisse e secretasse
GRA1, antigeno de T. gondii e utilizado para imunizar camundongos, no
entanto, houve mortalidade de 100% dos animais quando desafiados com a
cepa 76K (Supply et al, 1999). Camundongos imunizados com cDNA
codificando o antigeno de superficie de T. gondii SAG1 (p30) foram desafiados
com a cepa cistogénica ME-49 e houve uma diminuigdo do numero de cistos
cerebrais, mas quando os animais foram desafiados com taquizoitos da cepa

RH n&o houve protegdo significante (Angus et al, 2000). A capacidade da
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proteina de superficie SAG2 de T. gondii para proteger camundongos foi
estudada utilizando SAG2 recombinante ou associada a “ISCOMS”, e nenhum
efeito foi observado, ou houve mortalidade precoce quando dos animais em
relacdo ao grupo controle (Lunden et al, 1997). Desolme e colaboradores
(2000) imunizaram camundongos com pGRA4 (DNA com plasmidio que
codifica o gene GRA4 de T. gondii) e desafiaram os animais com uma dose
letal da cepa 76K, demonstrando que houve sobrevivéncia de 62% dos
animais, mas com cistos cerebrais em todos os animais. Outro ensaio de
imunizagéo utilizando vacinas de DNA com genes que codificam antigenos de
T. gondii (GRA1, GRA7 e ROP2) foram realizados, demonstrando que ocorre
pouca protecdo em camundongos desafiados com a cepa 76K e quando os
animais foram desafiados com doses nao letais da cepa IPB-G houve pouca
diminuicdo do numero de cistos (Vercammen ef al, 2000). ImunizagGes
utilizando extratos, antigenos nativos, antigenos recombinantes ou sequéncias
de DNA que codificam proteinas de taquizoitos induziram pouca protecéo, seja
para prevenir a mortalidade ou na diminuigdo do numero de cistos, embora a
comparagdo com nossos dados seja dificil, pois foram utilizados camundongos
de varias cepas, parasitas de diferentes estagios (taquizoitos, cistos e oocistos)
e cepas. As vias de indculo e medidas de protegdo também ndo foram
semelhantes.

A imunizagdo com parasitas vivos tém sido utilizada para proteger
animais da infec¢do pelo 7. gondii, principalmente cepas mutantes que nao
produzem cistos, como a vacina comercial para ovelhas (Toxovax) que faz uso
de taquizoitos da cepa S48 (Buxton, 1993). Camundongos imunizados com a

cepa nao virulenta PTN de T. gondii s&o protegidos de desafio i.p. com a cepa
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PLK, com producao de niveis elevados de IFN-y e TNF-a (Haque et al, 1999).
Outra cepa de T. gondii ts-4 foi testada na imunizagdo de diversos grupos de
animais. Camundongos foram imunizados com taquizoitos da cepa ts-4 e
desafiados com oocistos da cepa M-7741, demonstrando que 88% sobrevivem
a infecgdo, mas a contagem de cistos e o grau de lesdo no cérebro e outros
6rgdos nao foi realizada (Waldeland & Frenkel, 1983). Quando suinos foram
imunizados com taquizoitos de ts-4 e desafiados com oocistos da cepa GT-1,
houve formacado de cistos teciduais em todos os animais, demonstrando que
nao houve protecdo significante (Lindsay ef al, 1993; Pinckney et al, 1994).
Macacos (Aotus lemurinus) foram utilizados como modelo experimental da
vacina com ts-4, demonstrando que n&o ocorre prote¢dao dos animais quando
desafiados com cistos da cepa T265 ou T163 (Escajadillo & Frenkel, 1991).
Apesar de imunizagbes com parasitas vivos nao persistentes e nao virulentos
terem apresentado resultados razoaveis na imunizagéo de animais contrao 7.
gondii, ha necessidade do hospedeiro possuir o sistema imune intacto para
resistir a imunizacdo com estes parasitas, como foi demonstrado em modelos
utilizando camundongos (Sayles & Johnson, 1996).

Recentemente taquizoitos de T. gondii cepa RH foram modificados
geneticamente, necessitando de suplementa¢éo de uracil para se replicar em
cultura. Camundongos BALB/c e gko (deficientes de IFN-y) inoculados com
estes parasitas nado apresentam mortalidade e quando os camundongos
BALB/c sdo desafiados i.p. com taquizoitos de T. gondii cepa RH todos os
animais sobrevivem (Fox & Bzik, 2002). Apesar dos resultados obtidos existe a
necessidade de se testar a protecdo dos animais contra desafios orais, pois

sdo estes as fontes de infeccdo para a toxoplasmose. Embora esta cepa
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geneticamente modificada ndo tenha causado dano em camundongos
deficientes de IFN-y, trata-se de organismos viaveis, podendo ndo ser eficiente
qguando o hospedeiro apresenta outro problema imune, deficiéncia em células B
por exemplo, como demonstrado em camundongos por serem essenciais para
induzir resisténcia a animais vacinados contra cepas virulentas (Sayles et al,
2000).

A irradiagao de taquizoitos de T. gondii foi realizada por alguns autores
demonstrando que camundongos imunizados com taquizoitos irradiados nao
morrem quando s&o desafiados com taquizoitos da cepa RH, esta protecao foi
de 100% em alguns ensaios (Seah & Hucal, 1975; Bakal & Veld, 1979:
Chhabra et al, 1979). Camundongos imunizados com taquizoitos irradiados da
cepas RH e Beverley foram desafiados com taquizoitos da cepa RH,
demonstrando que a sobrevivéncia foi respectivamente de 100% e 80%, sendo
que todos os animais nao imunizados morreram, no entanto, quando gatos
foram imunizados com as cepas RH e Beverley houve prote¢do parcial dos
animais, pois alguns gatos imunizados com a cepa Beverley nao liberaram
oocistos em suas fezes (Omata et al, 1996). Na dissertacdo de mestrado
realizamos ensaios para estabelecer a menor dose de radia¢do para esterilizar
os taquizoitos de 7. gondii, analisando o poder de invasao in vitro e in vivo,
bem com ensaios metabdlicos dos parasitas irradiados (Hiramoto, 1998).
Atualmente verificamos a reposta imune celular e humoral em camundongos
imunizados, comparando com animais agudamente e cronicamente infectados,
bem como o grau de protegdo induzida por taquizoitos irradiados no animais

contra desafios orais com cepa cistogénica.
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Como descrito por outros autores, demonstramos que a imunizagéo com
taquizoitos vidveis e funcionais, mas sem a capacidade reprodutiva,
proporciona resposta imune semelhante a infecgdo natural, evitando os
problemas associados com a imunizagao antigenos isolados (Reina-San-Martin
et al, 2000).

A imunidade induzida pela infecgdo por 7. gondii € complexa, com
producdo de anticorpos e imunidade celular, mas os tecidos permanecem
viaveis durante a maioria da vida do hospedeiro. Existem duvidas se a infecgéo
aguda promove imunidade ou se somente elimina os sinais clinicos de uma
nova infecgdo, com anticorpos especificos opsonizando taquizoitos para
fagocitose com subsequente morte, mas com circulagdo de parasitas viaveis
(Asensi et al, 1993).

A irradiacdo de taquizoitos de T. gondii pode ser uma alternativa

extremamente promissora no desenvolvimento de vacinas.
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6 - CONCLUSOES

Geral

Os taquizoitos de T. gondii irradiados com raios y induzem resposta
imune em camundongos imunizados, semelhante a infecgdo cronica, com
protecdo parcial, quando os animais s&o desafiados com a cepa ME-49,

apresentando diminuigao das patologias cerebrais € do numero de cistos.

Especificas

Ocorre producédo de anticorpos IgG especificos em camundongos
imunizados com taquizoitos irradiados, sendo que estes reconhecem fragbes

antigénicas do parasita.

O soro de camundongos imunizados com taquizoitos irradiados inibe a

invasao dos taquizoitos em cultura de células LLC-MK2.

Os camundongos imunizados com taquizoitos irradiados nao
apresentam infeccdo e os parasitas n&o s&o encontrados nos cérebros dos

animais.

Camundongos imunizados com taquizoitos irradiados e desafiados com
cepa cistogénica apresentam poucas patologias e pequeno numero de cistos

no cérebro, quando comparados com animais cronicamente infectados.
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Esplenocitos de camundongos imunizados com taquizoitos irradiados
apresentam resposta linfo-proliferativa semelhante a da infecgéo natural,
quando estimulados com antigeno de T. gondii, havendo cooperacao celular in

vitro para a produgao de anticorpos especificos.

Os niveis de citocinas (IL-10, IL-12, IFN-y e TNF-a) produzidas por
células esplénicas, estimuladas com antigenos de 7. gondii, em camundongos
imunizados com taquizoitos irradiados com 255 Gy séo similares a de animais

com infecgao cronica.
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Abstract
L 200 Gy vy-irmadiated Toxoplasma gondii RH tachyzoites failed to reproduce in vitro and in vivo. In short-term cultures, these parasites
‘maintained a respiratory response, the ability to invade cells and preserved protein and sucleic acid synthesis. ELISA and Western blotting
techniques demonistrated the similarity in humoral response between mice infected with y-irradiated tachyzoites and animals infected with
. ‘dive parasites and treated with sulfadoxine, higher than mice immunised with formaldehyde-killed tachyzoites. Splenocyte stimulation by
T. gondii antigen produced lymphoproliferative response and cytokine profile (1L.-10, IL- 12, IFN-y and TNF-a) similar to those produced

by chrenic natural infection. Mice immunised with irradiated tachyzoites had extended survival times after subsequent tachyzoite challenge,

and displayed minimal cerebral pathology afler cyst challenge. Irradiated tachyzoites lose their reproductive ability whilst maiotaining
. ftigtabolic function and may provide a novel tool for the study of toxoplasmosis and vaccine development. © 2002 Elsevier Science Ltd

" Al sights reserved.
kzywordr: Tnxnphmngg; 1—R.duhon, Imeounity

1. Introduction

Toxoplasmosis is a significant, life-threatening discase,
infecting a large fraction of the population {1] as well as pos-
ing an economic problem with the loss of livestock, mainly
sheep and goats [2]. This intracellular parasite, Toxoplasma
gondii, has a complex life-cycle involving cats, both wild
g6d damestic, as the definitive bost, and other warm-blooded
’ spemes such as binds and mammals, including man, as in-

termediate hosts {3]. Transmission occurs via ingestion of
raw or undercooked meat of the intermediate host, which
Cotains cysts, or via ingestion of water contaminated with
" oocysts from cat faeces [4). In humans, infection is gener-
_ ally benign with few symptoms, occasionally causing cye
disease [5). However, an acute infection can cause devastat-
g disease in the foetus [1], AIDS patients [6), recipients of
“Emi hmlsplants [7] and patients receiving cancer therapy

b
Cmrespondmg author. Tel.: 455-11-30667010;
fax‘ +55-11-30885237. -
" Eomail address: hfandrad@usp.br (HF. de Andrade Jr.).

[8]. To date, there is no commercial vaccine for use in hu-
mans., One developed for veterinary use has low efficiency
[2]. Several murine models were developed, using different
antigens and routes, looking at specific antibody production
and mouse challenge with conflicting results [9,10]. The im-
mune response against I gondii is complex, with quick and
cffective antibody production and cellular immunity. The
latter is responsible for the climination of infected cells via
cytokine production and action on CD8 lymphocytes [11]
or natural killer (NK) cclis [12}]. Specific responses of these
cells, especially the production of IFN-+y, appears to be acru-
cial step in mounting an effective immune response [13]. A
disrupted induced immunity could result in absent response
or exacerbation of disease at challenge, and it has been sug-
gested that the interaction of multiple antigens is necessary
for an effective immune response [14].

Tonising radiation was used to sterilise 7. gondii cysts in
meat and oocysts on fruit and vegetables [15]. ®Co irradia-
tion on living cells is associated with mitotic death, by dou-
ble DNA breakage and chromosomal disruption in daughter
cells, and also to induction of apoptosis in lymphocytes,

0264-4103/02/% ~ see front matter © 2002 Elsevier Science Ltd. All rights reserved.
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through ceramide production. Higher doses of radiation can
. have a direct effect on cell membranes by the prod_uchon
" of free radicals [16). Previous studies examined the immu-
" nity ifiduced in cxperimental animals by irradiated forms of
. T, genidii but did not look at parasite viability, metabolism or
past ¢ell invasion [17,18). As purified isolated tachyzoites
: an: natdnvolved in cell division, the main target of radiation,
" namely chromosomal structures, may be affected without
" interfering with -other biological or metabolic processes.
Allowing that imradiated parasites offer the same immuno-
_logiéal:hiallenge. as intact organisms, this study presents
% ¢ dataibn the morphology, metabolism and cell invasion of
- €9Cqsirradiated tachyzoites, and their ability to induce an im-
- mugné response in mice, comparing antibody production, cell
prdliferation and cytokine production with native parasites,
#fid“etamining subsequent challenge of immunised mice
withevirulent tachyzoites or oral administration of cysts.

Materials and methods

Bk S 3G

ts used were of analytical grade, from commer-
¢sivAll:solutions were prepared with double dis-

R

'was maintained as frozen stabilates or
onéal (i.p.) passage in outbreed mice
£ {8tituto’ de Medicina Tropical de Sdo
7; ilidii ME49 strain was kindly donated
%?WMG)M was also kept as stabilates
asgdpe’in C5TBY6j mice-oral gavage.

¢d from a colony at the Faculdade de Medicina da Uni-
ade de.Sdo Paulo, and maintained in sterilised cages
ent media and food and water ad libitum. All
: conducted according to the “Guide of Lab-

Care”, [19] and “The Principles of Ethics in

: ification of tachyzoites

i2:were harvested from passage animals by sterile
| lavage with phosphate buffered saline (PBS), pH
aragite/cell suspension was centrifuged at 2000x g
5,4 °C, and the pellet re-suspended in PBS. The
61 was passed through a 0.1 mm gauge needle prior
dded.on to a.Sephadex G 50-80 (1 cm x 10 cm)
The' column was previously washed with sterile
bound parasites were collected and recovered by

centrifugation. To ascertain cell numbers and parasite vi-
ability and aliquot was diluted with one volume of Try-
pan Blue (0.4% in HBSS) and the total cell and stained
cell (dead) count was performed using phase-contrast mi- |
croscopy. Preparations with more than 1% mammalian cell
contamination or viability less than 95% were discarded. The
final concentration of parasites was adjusted to 10% tachy-
zoites/ml

2.4. Irradiation

Tachyzoite suspensions, maintained in ice-cold baths,
were irradiated at 20, 50, 100 and 200Gy, in a uniform
source of 0Co y-rays in a GammaCell™ (Atomic Energy
of Canada Ltd.) at a dose rate of 370Gy/h, in the pres-
ence of oxygen. Adequate controls were maintained outside
the source. After irradiation viability of all samples was
determined via Trypan Blue staining.

2.5. Electron microscopy

A suspension of iradiated and untreated control para-
sites were fixed in 1.5% glutaraldehyde solution buffered
with 0.08 M cacodylate buffer (pH 7.4). After 1h on ice
the suspension was centrifuged (1000 x 2, 5 min) and the
pellet re-suspended in 1% osmium tetroxide. After 1 h on
ice, with occasional mixing, the suspension was centrifuged
(10,000 x g, 1 min) and the pellet processed for embedding
in Araldite®. Ultra-thin sections were contrasted stained
with uranyl acetate, observed and micrographed in a Zeiss™
EM109 ¢lectron microscope.

2.6. Cell invasion assays

LLC-MK cells were cultured in RPMI 1640 medium
(Sigma) with 10% foetal bovine serum (FBS) and 50 p.g/ml
gentamicin. Trypsin-separated cells were sceded in
Lab-tek™ chamber slides. On reaching semi-confluence,
10° tachyzoites, either 200Gy-irradiated or wild-type
(WT), were added. After 4h the monolayers were washed
carefully with PBS (4x), fixed with 100% wmcthanol and
Gicmsa-stained. Representative ficld were photographed in
an Axiophot planapochromatic microscope.

2.7. Mitochondrial respiratary assay

A purified parasite suspension of 10”/ml in RPMI 1640+
5% FBS + gentamicin + 1 mg/ml MTT (Sigma), was dis-
pensed into 24-well plates and kept at 37°C, 5% COz. Sam-
ples were taken at 1, 2, 4 and 18h. Samples were fixed
with an equal volume of 4% formaldehyde/sodium phos-
phate 0.02 M, pH 7.2 and centrifuged at 800 x g, 10 min. Af-
ter discarding the supematant, mitochondrial oxidative blue
formazan was cxtracted from pellet with methanol (100%)
and the absorbance read at 570nm.




t'm and nucleic acid synlhesrs assays

arasite suspensions (1 x 107), both irradiated
itradiated, were dispensed in 24-well plates in
& MEM medium (Sigma) + 5% FBS-+gentamicin
jitairied at protein synthesis was determined by
roline (2pCi per well) 37°C, 5% CO,. Al-
nd-18h aliquots were dispensed on to 2cm?
et paper which were then dried and placed in
sacetic-acid (TCA) for 1 h. After two washes in
‘aid one wash in ethanol, the filters were dried
i scintillation vials with 10 ml scintillation fluid.
-determined in a Wallach™ 1209 counter, at
éjency,'and expressed in counts per mioute (cpm).
tiont: ‘of mucleic acid synthesis, both RNA and
i 'lar mcthod was used >H-hypoxanthine, 1 pCi

. ctive ability of irradiated parasites

ctive, ability of the parasites, irradiated at
'was assessed by two approaches: (a) Tachy-

ined smears of culture overlay were also
he tixg«pmscncp oi free tachyzoites. (b)

Qy u‘mdmhon, gmups of 5 mice were inocu-
%107 tachyzoites per mouse i.p., at the week
nduced immune response of the challenges
| 'to groups of mice inoculated cither with
fixed tachyzoites or with naive parasites, and
ated with gulfadoxine and pyrimethamine
ady response was determined by specific anti-T;
“detection ELISA using 7' gondii extract as
riefly, 96-well, high affinity ELISA plates
ultiwell plate, Sigma) were coated with
lition of 10 ug protein/ml antigen extract,
M carbonate buffer, pH 9.0, and incubated
'C. After washing with PBS/0.05% Tween
$-T) residual binding sites were blocked for
th PBS/3% fat-free lyophilised milk (PB-
conditions. 100 .} aliquots of appropriate
STt gdnples from immunised mice were
1o ‘the wells and incubated for 1h at 37°C.
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After washing with PBS-T, bound antibody was detected

" by peroxidase-conjugated anti-mouse 1gG (Sigma) diluted

in PBSTM, L h, 37°C. After washing the reaction was de-
veloped by adding 30 i per well of OPD solution (1 mg/ml
o-phenylencdiamine, 0.03% H,0; in 0.2 M phosphate cit-
rate buffer, pH 5). The reaction was terminated by adding
50 ul 4N HCI, and the absorbance read at 492 nm.

2.11. Western blotting -

Purified parasites (10%ml, PBS/H,0 1:9 (v/v)) were
submitted to ultrasound cycles until total cell rupture was
achieved, and then centrifuged at 10,000 x g, 3min. The
collected supernatant was run on a 12.5% SDS-PAGE gel,
with subsequent transfer to nitro-cellulose membranes [22).
The membranes were blocked with 5% PBSTM + 0.05%
Tween 20, cut into 3 mm strips, dried and stored at —20°C
until use. Appropriate dilutions of sera from challenged
animals were reacted with re-hydrated strips for 18 h, 4°C.
After carcful washing with PBS-T bound antibody was de-
tected by sequential incubation with peroxidase-conjugated -
anti-mouse IgG (Sigma) for 60 min, washed, and developed
by adding PBS + 0.6mg/ml 4-chloro-1-naphtol + 0.03%
H;03. The stained strips were dried, orientated according
to molecular weight markers and digitally recorded.

2.12. Challenge of immunised mice

Groups of 5 mice were immunised with 1 x 107
200 Gy-imradiated tachyzoites per mouse (three doses), at
the biweekly intervals and challenged with 1 x 10° RH
tachyzoites i.p. with naive mice as controls. Symptoms and
survival time were recorded weekly for 4 weeks, and data
compared by Fisher's exact test. Similarly immunised mice
with 255 Gy-irmadiated tachyzoites per mouse were inocu-
Inted with 1, 5, 10, 20 and 25 cysts of ME-49 strain by oral
gavage. Cysts were harvested from the brains of chronically

'~ infected C57BU/6j mice. Bricfly, after 4-weck post-infection

mice were euthanased and brain, heart, lung, liver and
spleen werc removed, fixed (10% formaldchyde/PBS, pH
7.2) and embedded in paraffin. Pieces of fresh brain were
weighed and homogenised in a Dounce loose fitting ho-
mogeniser in five volumes of PBS (mg/ml). 7" gondii cysts
were expressed as (cyst/ml) homogenate, by counting under
phase-contrast in vofume fixed chambers (Neubauer). Brain
sections (7 um), after HE staining, were observed and pho-
tographed for Toxoplasma cysis and inflammatory lesions
in an Axiophot photomicroscope.

2.13. Cell immunity assays

Mice were immunised with three biweekly 1 x 107
255 Gy-irradiated tachyzoites i.p. Spleens were collected 60
days afier the first immunisation. Spleens were dissociated
in RPMI 1640 + 5% FBS, peanicillin 100 U/ml, streptomicin
100 pg/ml, amphotericin B 025 pg/ml. The cells were
counted, their viability determined and washed in complete
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mcdiﬁm by centrifugation. Lymphocytes were purified b.y

Ficoll-Hypaque gradient and diluted to 2 x 10€ cells/ml in
~RPMI 1640 + 10% FBS and antibiotics. Lymphocytes, at
"5 105 cells per well, were stimulated by 48 h exposure to
sonicated extract of tachyzoites at 5 pg/ml. 3H-thymidine,
* =1 uCi per well, was added to the wells and incubated for
“afurther 18h. Incorporated label was harvested and de-
‘termined. Concanavalin A (Con A), 5 pg/ml, was used as
pon-specific internal control. For cytokine production,
én cells from immunised and control mice were chal-
nged with antigen as above, and the supernatant collected
& 'stored at —20°C afler 48h incubation and subse-
eht centrifugation, Cytokines IL-10, IL-12, IFN-y and
TNF-o were quantified in supernatants by specific OptEIA
harmingen) ELISA. Splenic lymphocytes from ME-49
fected mice were collected after 25-day post-infection and
sed for comparison, using ANOVA after variance check.

Resutts

1. Viability, structure and cell invasion

ﬁed parasitcs maintained their normal structure and
rphology after irradiation as observed by phase-contrast

iy

microscopy. Viability was also not affected with 95% of
cells viable as detected by Trypan Blue, regardiess of ra-
diation dose, time or process. By eclectron microscopy,
200 Gy-irradiated tachyzoites had the same morphology as
untreated cells (Fig. 1 A), with no evidence of nuclear or cy-
toplasmic damage. Conoid, rthoptrics, micronemes and api-
coplast maintained their integrity. There was no evidence of
chumped chromatin or other evidence of radiation-induced
apoptosis or mitochondrial swelling. Unirradiated para-
sites invaded LLC-MK2 cells using the apical complex
structures, showing adhesion, orientation and penctration
(Fig. 1B). 200 Gy-irradiated parasites displayed the same
cificacy and step as untreated parasites, but degenerated
after invasion (Fig. 1C).

3.2. Metabolism

Irradiation (200 Gy) did not affect major metabolic func-
tions of I gondii tachyzoites. Oxidative function was main-
tained (Fig. 2) with levels mirroring non-irradiated controls.
A slight increase in function was observed at later time points
(Fig. 2A) suggesting radiation-induced metabolic activity.
Amino acid incorporation, measured by H-proline, was
maintained (Fig. 2B). All samples displayed a clear increase

e &

lorpbology and celt invasion characteristics of imradiated tachyzoites. (A) Electron microscopy of 200Gy-irradiated tachyzoies showing
of structures, (20,000x). Nu, nucleus; Go, Golgi complex; Mt, mitochoodrion; Ap, Apicoplast; IMC, inner membrane complex; Rh, rhoptry;
wicrigemes; Co, conoid (B) and (C) cell invasion in vitro on LLCMK2 cells, Gicmsa-stained, Bar represenis 16 um. A, attached tachyzoite; O,
Eiéd tachyzoite; I, internalised tachyzoite. (B) Controls tachyzoites; (C) 200 Gy-isradited tachyzpites,
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Fig. 3. Follow-up of specific IgG antibody production by ELISA in serum from groups of mice challenged with 107 tachyzoites i.p., formaldehyde
treated, 200 Gy-irradiated tachyzoites or viable tachyzoites, with immediate treatment with pyrimethamine and sulfametoxazol. Errors bars: S.E.M. Insert:
immuncblot analysis of the specific IgG antibody response in CS7BV/6j mice. I, mice immunised with three ip. biweekly shots of 107 iradiated
tachyzoites; T, mice infected with 7, gondil RH strain and treated with sulfadoxine and pyrimethamine. Asrow indicates I, gondii SAGL.

in TCA-precipitated radioactivity, with iadiated parasites -

showing a slight increasc at later time points, probably due to
repair of radiation effects. Nucleic acid incorporation, mea-
sured by >H-hypoxanthine, appeared to be time-dependent,
with irradiated tachyzoites showing similar values as con-
trols (Fig.. 2C). *H-thymidine incorporation was also assayed
but, as expected for tachyzoites, no significant incorperation
occum:d in any sample.

33 Repmduclmn of irradiated tachyzoites

chmducttvc ublhty in infected monolayers was exam-
ined. In 10 replicates of 200 Gy-irradiated parasites no re-
production, and no cytopathic effects, were observed in the
cell layers, 100 Gy-irradiated parasites a few foci (five per
flask) of cytopathic effects were seen after 7-day incubation.
Lower doses of irradiation or non-irradiated paasites pro-
moted destruction of the monolayer in less than 5 days, with
marny parasites free in the medium. C57Bl/6j mice infected
with native tachyzoites died after 7-day post-infection with
tachyzoites in the peritoneal exudate. All mice, inoculated
with 50, 100 or 200 Gy-irradiated parasites, survived with
.. na symfitoms of infection. Peritoneal exudate washings were
clear of patasites up to 2-week post-mfectlon Despite this
' ;data ce of benign infection in some mice cannot be
, excluded, especially in groups which received tachyzoites
S irradiated at a lower dose, as the RH strain is characteristi-
gally pon-cystogenic in mice [10].

4, tnmunogenicity and protection assays

: f_',cngcd, was compared. ELISA quantitatively de-
‘tesited ' IgG, the specificity being detected by Western blot

analysis, as shown in Fig. 3. Serial blood sampling of mice
infected with cither irradiated or native parasites, showed
similar antibody profiles with titers of the former being
lower. Formaldehyde-treated parasites failed to promote
a significant antibody response. Antibody specificity was
comparable in both models. The protection afforded by
200 Gy-irradiated parasites was investigated. Immunised
mice survived longer than naturally infected control mice
(RH strain) (Fig. 4, P < 0.05) and demonstrated lcss cere-
bral pathology when challenged with the cystogenic ME-49
strain (Fig. 5). Brain histology showed a paucity of cysts
and ioflammatory foci. Antigen nucleic acid was detected
by PCR (B] gene primers—kindly carried out by T.S. Okay,
Instituto da Crianga, FMUSP) confirming that irradiated
tachyzoites only provided partial protection against both
challenges.

2

90-
80 ]
70 ’
60
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204 —*— 200Gy immunised
10 --o-- Controls
G L} LS T 4
0.0 25 5.0 75 100
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p=0.0255

% survival of challenged mice

Fig. 4. Mostality of mice immunised with 107 200 Gy-irradiated tachy-
zoites, challenged on day 30 with 103 tachyzoites of RH strain. Solid line,
immunised mice; dashed line, controls mice. Bars represent 95% confi-
dence interval of proportions. Significance was detemuned by Figher's
exact test,
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Fig. 5. Resistance of immunised mice to oral challenge with I. gondii Mc49 sirain cysts as detected by aumber of brain cysts 30 days afier challenge.
Solid bars, immunised mice with three i.p. biweekly shots of 107 irradiated tachyzoites; open bars, naive mice. Error Bas: S.E.M. Inserts of representative i
histology of braln of C57BY/6j mice challenped with 25 cysts of T. gondii Me49 strain: (A) paive mice; (B) immunised with three biweekly ip. 107

irradiated tachyzoites on day 60. Black arrows indicste Toxoplasma cysis and white armrow inflammatory foci in brains. Bars represents SO pm.

3.5. Cellular immune fe.s'panses afier immunisation
with irradiated tachyzaites

- Spleen cells from mice immunised with irradiated tachy-
- zoites showed distinct proliferate responses when stimu-
“lated, in vitro, with Toxoplasma antigen (Fig. 6). Stimu-

* ..~ Jation. with Con A induced higher non-specific responses,

showing the usual response of murine lymphoid cells. Cy-
tokine production of these spleen cclls was examined in
vitro (Fig. 7). IFN~y production was higher than controls but
lower than levels produced by cells from naturally-infected,
ME-49 strain, mice (Fig. 7A). TNF-a production was simi-
“lar to chronically infected mice, being smaller than the acute

= -
L1

3000—
20004 l
0 ;l
Fig. 6. Proliferative response of spleca cefls in CS7BV6j mice, stimutated

Controls tmmunised
by . gondii antigens {open bars) or Con A (salid bars). Cantrols, spleens
from nommal mice; immunised, from mice inmunised with three i.p. bi-
weekly shots of 107 iradisted tachyzoitey on day 60; 25th, mice infected
with cysts of I. gondii Me49 straia by 25 days after infection. Spleen
cells were cultured for 48, fallowed by addition of 1 uCi {"H}-TdR and
then harvested 24 later. Error bar; SEM.

{'HTdR uptake (epm)

g

cﬂM‘ SAC NAGIONAL [ 5150

stages of a natural infection (Fig. 7B). The production of
IL-10 by spleen cells from all groups of mice presented no
significant differences (Fig. 7C). 1L-12 production by spleen
cells from immunised mice was lower than those from natu-
rally infected mice and higher than control groups (Fig. 7D).
The data suggests that acute infection promotes higher levels
of the cytokines tested, especially IFN-y, which was found
at a lower level in immunised mice, indicating a cellular im-
mune response to irradiated tachyzoites mirroring that of a
natural infection. .

4. Discussion

The results show that the primary effect of exposing T
gondii tachyzoites to increasing doses of radiation is to
abrogate reproductive ability without significant interfer-
ence with other cellular functions such as metabolic func-
tions, protein and nucleic acid synthesis. Morphologically,
na clearly defined features could be attributed to radiation
effects. This is not common in most instances where cell
growth is disrupted, with evidence of cellular destruction,
mitochondrial swelling and loss of membrane integrity for
example [23].

Previously, the effect of irradiating I’ gondii tachyzoites
at a dose of 100 Gy or 10 krad had been cvaluated by their
ability to reproduce and cause lethality [24]. These studies
failed to detect non-lethal infection and did not utilise more
sensitive in vitro assays and did not use a virulent strain of
parasites. The in vitro data in this study that a few tachy-
zoites can survive the lower dose of radiation, enabling a
non-lethal infection. Complete block of reproductive ability

FRERGIA NUDLEAR/SP s
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Fig. 7. Cytokine producti

confrols immunised  13th 25th

to T, gondii antigen (TA) in C57BV/6j mice. Coatrols, from normal mice; immunised, from mice

immumnised with imadiated tachyzoites; 13th, fram mice on day 13 of infection with cysts of Med49 7. gondii strain; and 25th, from mice an day 25 of
_infection with cysts of Me49 I gondii strain. (A) IFN-y; (B) TNF-a; (C) IL-10; and (D) IL-12. Bars represent S.E.M. ANOVA significance described

- was only. achieved by more the 200 Gy y-radiation in this
more: sensitive assay. At this dosc, the data shows that the
stcnhsmg effect is not associated with miajor effects on par-
asitgviability as demonstrated by the dye exclusion test,
or morphology, or interference with somatic cell function,
namely protein and RNA synthesis. Maintenance of nucleic
acid synthesis was unexpected, as other reports document-
ing 3H-uracil uptake of irradiated parasites did not exam-
ine mctabolic function [25]. The tachyzoite is in fact the
non-dividing form of the parasite and does not incorporate
labelled thymidine (data not shown), however, kypoxanthine
can be incorporated into other nucleic acids such as mRNA
-or {RNA by the tachyzoite [26].

The irradiated parasite’s ability to invade host cells was
pmba,bly due to recady-formed organclles, and follows re-
ported. steps of cell invasion processes, partially observed
previdusly {25], and is parasitc driven [27].

" Double DNA breaks in chromosomal strands of irradi-
ated tachyzoites probably results in an inability to reproduce.
Thm ¢ffect has also been observed in actively dividing cells,
which were previously irradiated, resulting in an unbalanced

: chmmatm exchange in daughter cells and loss of essential
gmtxc material [28]. These events may explain how the
ifTadiated tachyzoite maintains its metabolic function and
other celluler activities. The complex genetic structure of the
tachyzoites, 11 chromosomes [29), may favour this effect
at-low doses of radiation as compared to the effect on sim-
pler: genomic structures, e.g. in bacteria [30]. The few dou-
ble DNA breaks maybe located outside operons, allowing

adequate function of the genes until cell division, leading
to mitotic death [31). As we expected few random breaks
along the chromatids, analysis by pulse ficld electrophoresis
would bave resulted in loss of definition of specific bands
and so was not tried [32). The triggering of apoptotic cell
death by irradiation was examined by TUNEL [33]. No evi-
dence of this was seen in 200 Gy-irradiated tachyzoites (data
not shown).

The irradiated tachyzoites promoted similar antibody
responses in immunised mice when compared to control
treated mice, with the same bands appearing in Western
blot analysis. Formaldehyde-treated parasites failed to elicit
specific antibodics when administered without adjuvant.
This unexpected result may be to the destruction of these
tachyzoites by complement -and/or neutrophils in acute re-
_sponse {27,34]. We have shown that irradiated tachyzoites
have similar characteristics as native parasites, without their
reproductive ability, but exposing their antigens sequentially
to the host as in a natural infection.

Mice immunised with imadiated tachyzoites and subse-
quently challenged with viable parasites, survived longer
(RH) and displayed less pathology (ME-49). This mirrors
previous findings using other immunisation schemes; intact
parasites [35], purificd antigens {36] or attenuated parasites
with non-sterile immunity (2). Use of recombinant protein
produces results similar to those found with irradiated par-
asites [37,38].

The study of cytokine production is essential for the un-
derstanding of the induced immune response by Toxoplasma
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vaccines. We found similar cytokine production, although
at lower levels, when comparing the irradiated tachyzoite
immunisation schedules with the usual cyst-forming experi-
mental model, especially when comparing late infection lev-
els. The induction of IFN-y was notable as the elimination
of infection in experimental models appears to be related
to the production of this cytokine [12]. The concomitant
antigen-induced production of TNF-« and IL-12 in those
mice is also notable, duc to the interaction with IFN-y or
NK cell activation in an effective immunc response in nat-
ural infections [13). Thus, immunisation with viable, func-
tional parasites, minus their reproductive ability, appears
to ifiduce the same as a natural infection, avoiding prob-
lems associated with single antigen immunisation schedules
'[14]. Despite our promising data, the problem of vaccination
against toxoplasmosis remains unsolved, as the immune re-
sponise needs to be induced at the normal site of infection,
the gastric—intestinal tract. Most studies utilising systemic
immunisation are contentious, as the tools for studying gut
immunology remain limited.

Immunity induced by T. gondii is oomplex, having both
antibody and cellular components, and with tissue cysts
remaining viable for the lifetime of the host. Doubts re-
main whether an acute infection promotes sterile immu-
nity or if it only succeeds in abolishing clinical signs of
*  pew.infection-specific opsonisation of tachyzoites leading to

phagocytosis but circulating parasites remain [39].

" Irradiated tachyzoites could be an altemative immunisa-
tion schedule for vaccine development, perhaps as a boost-
ing antigen in patients with positive 7. gondii serology and

" who are at risk of severe immunosuppression, €.g. undergo-
ing cancer chemotherapy. Alternative, they could be used as

" a tool in the study of the re-infection phenomenon of toxo-
plasmosis.
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Abstract

Objecﬁve

Analyze the infectivity and storage resistance of cysts of the ME-49 strain of
Toxoplasma gondii in amﬁcml]y infected bovine milk and homcmade frcsh cheese.
Methods

--Pasteirized bovine’ nnlk ‘was mfected wn.h 10 cysts/m! of the ME—49 strain. of

T gondii and inoculated.in different groups of mice, immediatcly or after storage at-

4°C for'S, 10 and 20 days. Homemade frésh cheese was prepared with artificially
infected milk, and also tested in groups of mice, using the same. storage process.

Infection was identified by the presence of cysts in the brain or semldglcal testing in -

= ‘chatlenged mice after 5 weeks, confirmed by Western Blot and’ lnsmlogy
:Regplis

" The infectivity of cysts of the ME-49 strain of T.gondii was mmntamcd in the ik -

even after storage for 20 days at refrigerator temperatures. Cysts were. also able to

3

suvive the production process of homemade fresh cheese and s!oragc fo: a pmod of . -

10 days in the same conditions. . -
Conclusions =
“These data demonstrated that milk and dairy products could be an unportam source
of T.gondii in human contamination, reinforcing the i unponance of nulk pasteurization
bcfore any processing or ingestion. .

Resumo

Objetivo -

.Analisara mfeccm.ndade ea reststencm de cistos dz T gqndu em Iene e queljo fresco
-caseiro, pela infecgido amﬁcml de leite bovma

Meétodos :

O leite bovino pasteurizado foi m_fectado urnﬁczalmeme com 10 cistos/ml de T.gondii
cepa ME49 e inoculado em grupos de camundongos, imediatamente ou apés ser
estocado por 5, 10 e 20 dias a 4°C. Preparou-se queijo fresco caseiro com leite
infectado, sendo testado em grupos de camundongos, utilizando a mesma
conservagdo. A infecgido foi detectada pela presenga de cistos no cérebro dos

.Lorrespondence to: -
Heitor Franco de Andrade Junior
Lab. Protozoologia do Insiituto de Medicina
Tropical - USP
Av. Dr. Enéas de Carvalho Aguiar, 470
03403-000 S3o Paulo, SP, Brazil
E-mail; hfandrad @usp.br

*Supported by CNPq (Pmcus n 143164/1 998-7), Fapesp (Process n. 98/1681-0, 98/13321-0, 96/5875-8 & 99/04926-6),
fundagiodo D istrativo {Fundap) and Laboralério de Investigag 3o Médica do Hospital das
Clinicas Faculdade Medicina USP49

The publication of this article was subsidied by Fapesp (Process n. 01/01661.Y).

Submitted on 14/7/2000. Reviewed on 9/10/2000. App d on 1/12/2000.



http://www.fsp.usp.br/rsp
mailto:hfandrad@usp.br

;
114

T. gondiicysts infectivily in bovine milk
Hirarmoto RM et al.

Rev Satde Publica 2001;35(2):113-118
www.fsp usp.br/rsp

camundongos desafiados ou testes soroldgicos apés cinco semanas, também
confirmada por Western Blotting e histologia.

Resultados

A infecciosidade dos cistos da cepa ME49 de T.gondii foi mantida mesmo quando
armazenado no leite até 20 dias de conservagio em condicaes de refrigeragio a 4°C.
Os cistos resistiram ao processo de fabricacdo do queijo e eram infectantes apés um
periodo de 10 dias nas mesmas condigoes.

Conclusées

Os achados mostraram que o leite e seus derivadps podem ser uma importante fonte
de contaminagio humana pelo T.gondii, reforgando a importiancia da pasteurizagdo
do leite antes de qualquer processamento ou ingestdo.

INTRODUCTION

Toxoplasma gondii is an obligatory intracellular
Apicomplexa parasite, with a complex life cycle, that
causes toxoplasmosis in bumans, and domesticated and
wild animals. Infection is usually asymptomatic in people
with a normal immune function and occasionally results
in eye involvement. Toxoplasmosis can cause severe
disease in fetuses of acutely infected pregnant woman,
immunocompromised individuals (Aids) and therape-
’utxcally 1mmunosuppressed patients, as cancer or

' 'transplant rcc:pxents 2 In Brazil, 7.gondii infects around
560% of the adult population.” Toxoplasmosis is
Aacqulred by ingesting food and water contaniinated

with_ oocysts from feces. of infected cats or by the

mgcstlon of raw or undercboked meat, containing tissue
cysts, of mfectcd mtermedlary host.

Milk was lmpllcated ag a .source of infection of

. T.gondii in several reports. Toxoplasmosls was

described in breast fed child whose mother had
recently acquired toxoplasmosis' and mgestlon of
unpasteurized goat milk was considered a-possible
source of T.gondii infection in children of rural
areas,™'’?® showing the importance of milk in the
spread of T.gondii infection. Experimentally. there are
reports of chronically infected lactating mice cxcretmg
cysts m the:r milk ‘¢ .

This transmission was attributed both to
tachyzoites in the milk and suckling trauma bit also
to tissue cyst excretion's due to specific exocytic lipid
secretion in the mammary cell that allows the
secretion of lipidic droplets with the luminal upper
layer of the cell cytoplasm,® described in some works
of cyst isolation in milk from acutely infected goats.®
Despite of those few reports, studies were conducted
to verify the infectivity of T.gondii cysts in milk,
without any description of their infectivity in fresh
homemade cheese, a common protein source in rural
areas. The present study assesses the infectivity of
cysts of the ME-49 strain of T.gondii in artificially
infected bovine milk and derived fresh homemade
cheese,

COMISSAD Na

CONAL DE ENERGIA NUCLEAR/BP

METHODS
Strains, material and animals

The ME-49 strain of T.gondii was cryopreserved in
liquid nitrogen or by successive passages of cysts
from infected brains, homogenized in phosphate
buffered saline (PBS) and inoculated intraperitoneal
(i.p.) in C57BV/6j mice. RH strains have been maintained
routinely in the Laborat6rio de Protozoologia in the

past 15 years by cryopréservation or by i.p. passage

in mice. All plastic ware, reagents and conjugates were
purchased from one manufacturer and the solutions
were prepared with high-quality water. Isogenic C57BV
6j ‘micé Were obtained from Sio Paulo University’s

’ colony (Ceritro de Bmtensmo/Faculdade de Medicina/
- USP) and kept in sterilized cages and absorbent media

with food and water “ad libitum”. The management
of these animals before or during the experiments
followed the Principles of Laboratory Animal Care'*
and the Pnnclples of Eﬂucs in Ammal Expenmentauon

(COBEA‘) .

Experimeutal mfectlon

Pasteurized bovine whole milk found in the market
was infected with cysts of the ME-49 strain from brains

“of prewously infected CS7BV/6;j mice. The contaminated
milk was administrated orally to groups of eight mice,

fresh or stared at 4°C for 5, 10 and 20 days ‘A dose of
12 ‘cyst/mouse was used. Cysts kept and stored under

the same conditions in sterile PBS were used as -

controls, with mice follow-up after 5 weeks.

Homemade fresh cheese was produced with manual
technigue, using products available in the market for
Brazilian farmers. The pasteurized milk was conta-
minated with cysts of T. gondii of the ME-49 strain (12
cysts/1000 pil milk) in microcentrifuge tbes. Afterthat,
1yl of commercial clot was added per tube and
incubated for 30 min at 37°C. After centrifuging at 800
g/5 min, the supernatant was discarded, the cheese
washed out with saline solution by centrifugation,
removed from tubes and stored in a refrigerator. The

o
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cheeqe was offered individually to groups of four

CS7BY6j mice, fresh or stored at 4°C for 5, 10 and 20
days. Ingestion was carefully observed for each
mouse, usually occurring in the first half-hour.
Mortality, morbidity and serological evidence of
infection in C57BV/6j mice were monitored by 40 days

after the mgcstxon
Mnce blood samples

Blood samples (5 pl) were collected from the mice
tails in standardized filter papers dried and stored at ~
20°C until use. Before use, the soluble extract
containing antibodies was obtained by extraction with
100 jul PBS during 18 hours at 4°C, with gentle agitation.
The solubie extract was recovered by centrifugation
and considered a 1/20 dilution of blood.

Tgondu antigen preparation and ELISA

Tachyzoxtcs of the RH strain were harvested from

thc peritoneal cavity of previously infected mice in
_phosphate buffered saline (PBS), recovered by

centrifugation, washed, counted and submitted to

; 'sonig:atnon for several periods of 4 cyclcs/30 seconds
i aiyice bath, until all parasxtes were dcsttoyed as

. detected by phase contrast microscopy. The solution’
" was jsotonized by 0.3 M NaCl addmon (viv) and
.~ “cléaredby centrifugation at 10,000 £ for 3 min. The -
: ',protem content of the supernatant was "determined "

and ‘aliquats were maintained &t —70°C until use as

_ p\mﬁed -antigen. Ninety-six high binding plates -
. (Multxwell Plate/polystyrene) were coated with 50 ul/ -

well of a sohmon containing 10 pg/ml of the antigen
extract in carbonate-buffered 0.} M, pH 9.0, overnight
a1 4°C. The plates were then washed 5 times with PBS

. cantaining 0.02% Tween 20 (PBS-T), and free protein

binding sites blocked for 1 hour at 37°C with PBS
containing 2% fat-free ]yophlh'zcd milk in humid
chamber. Serum dilutions, 100 gl ‘were added to each

- well and the plates were mcnbatcd for 1'houi at 37°C.
- After additional washing with PBS T, bound IgG were

detected by incubation for 1’ hour with peroxidase-
cgnjugated anti-mouse immunoglobulin G at 37°C,

followed by 5 washings with PBS-T. The bound
conjugates were developed with 100 pl per well of
orto-phenylenediamine dihydrochloride 1 mg/ml, H,0,

0.03% in phosphate-citrate buffer 0.2 M, pHS5.0, for 30
min, stopped with 25 ! per well of HCl 4N, and the
Optical density (OD) read at 492 nm in an ELISA reader.

Western blot

Specific antigen reactive antibodies were detected
on Sodium dodecyl sulfate — polyacrylamide gel

. electrophoresxs (SDS-PAGE) 1solated antigens.

: Data analvsis

T. gondii cysts infectivity in bovine milk
Hitamoto RM et al,

Purified parasites, RH strain from peritoneal exudates
of previously infected mice (10*/ml) were sonicated to
disruption in PBS and immediately centrifuged for
10,000 g/3 min. The supematant, 400 pg protein/ml,
was collected and submitted to SDS-PAGE ina 12,5%
separating gel, with subsequent eletrophoretic transfer
to nitrocellulose membranes. The membranes were
blocked with a 5% fat-free lyophilized milk in PBS-T,
cut in 3 mm strips and stored dried at —20°C until use.
Diluted serums were reacted with 7 gondii antigen
strips re-hydrated with PBS-T, for 18 hours at 4°C.
After careful washing with PBS-T, the antibodies were
detected by sequential incubation with peroxidase-
conjugated anti-mouse IgG, 60 min, with subsequent
PBS washings, and developed with 4-cloro-1-naphtol
0.6 mg/ml and hydrogen peroxide 0.03% for 15 min,
with constant agitation. After development, the strips
were dried and scanned for documentation. Standard
molecular weight protein markers were stained with
Amido Black B.

_ Histology

- All mice were killed under ethyl ether anesthesia 5

. weeks after the challenge. Brain, heart, lung, liver and
' . spleenr were removed and fixed in 100 volumes of 10%

formaldehyde in Sorensen buffer,with once solution

-replacement after 1 hout. The organs were included in

- paraffin, and a-7 pm thick séction was obtained'and | .

g }.stamcd with. hematoxylm-eosm When necessary,

. represcntanves fields were photographed: in a' Zeiss
' Axiophot rmqroscope wuh planapochromatlc optms

.
A mouse was cons1dercd infected when therc were
Tgondu cysts identifiable jn the squash preparation
of central nervous system tissue, or when a positive

- serology was found in ELISA; confirmed by Western

blot of specific bands.. Comparison between frequen-
cies was' performed using: Epn Info 6. 01 statistical
software, using 1-tail Fisher’s exait test.’ ‘Significance
was considered when the ptobablhty of. cquahty
between frequencnes was less than 0. 05

RESULTS

T gondii cysts infectivity in milk

Mice mortality induced by 12 cysts in milk, related
to storage, can be seen in (Table 1). Deaths due ta
infection in most animals occurred by neurological
symptoms after 20-30 days of infection, witha decaying
pattern with longer storage periods. Interestingly,
when compared with PBS stored cysts, the cysts
maintained in milk induce a more severe disease,

1
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specially when compared in 10 days storage time
(p=0.038, 1-tailed Fisher exact test).

Table 1 - Mortality (%) of C578/6j mice who were orally
- inoculated with milk irffected with cysts of the ME-49 strain_
-of T.Gondii, as compared to cysts inoculated in PBS.

Days of storage before inoculation
5

Mortality (%) 0 10 20
Milk 100 25 50 0
PB5 75 75 0 0

- PBS: Phosphate buffered saline

- Serology of animals, both from survivors or before
death in all animals, tested tail blood samples using
ELISA as described, could be seen in Table 2. All

*.-animals were infected up to five days of storage,
regardless of medium, but cysts stored in milk had a
prolonged survival, infecting all animals after 20 days

- of storage (p=0.038, 1-tailed Fisher exact test), when

*-, compared to PBS stored cysts in the same period. The

.+ positive serology was confirmed with Western Blot,

=+ withclearly identifiable bands in similar control infected

++ : mice (data not shown). The histological picture of one -

< surviving mouse, sacrificed in the 40* day, show an-
-.intense encephalitic-process with several T gondii
cysts dxsperscd in bram w1th foei of mﬂammatory cells.

Tab\e 2 - Rate of infectivity (%) of cysts of !he ME-49 strain
| C57BI/6] mice, aftér storage in milk or PBS at 4°C, detected
e by! the presence of speclﬂc antibodies usmg ELISA and
b, o .. Western Blor. -

!

Days Qf storage before inoculauon ]
5 ‘10 20

Infectivity (%} O

100
100

100
- 50

.. 100

- Milk
M -100

. PBS

T.gondii infectivity in homemade cheese

'Only one animal died in the group that ingested
resh cheese immediately after it was made. All other

* -groups showed no deaths during the experiment. After

" “40).days, all mice groups were killed, followed by search.
of cysts.of . T.gondii_ in the brain, and serological
testing. T.gondii cysts were found in the brain of all
mice from the groups that had received homemade
cheese fresh or stored during 5 or 10 days at 4°C, a
result also confirmed by specific serology, as seen in
Table 3. Mice that received cheese stored for 20 days

at 4°C didn’t show either brain cysts or seroconversion.
The histological feature of a mouse infected with
cheese stored for 10 days, confirmed by serology,

" "presented fewer inflammatory foci and T.gondii cysts,
- despite evidence of encephalitis, suggesting a less
intense disease. The infection was similar in both forms
of contamination, as observed by the detection of
tissue cysts, production of specific antibodies with
recognition of the same protein bands, without any
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Table 3 - Rate of infectivity (%) of cysts. of the ME-49 strain
in C57Bl/6j mice, after storage in cheese at 4"C detected by
the presence of specific antibodies using ELISA, as compared
to milk stored cysts.

Days of storage before inocutation
5

infectivity (%) 0 10 20
Milk only 100 100 100 100
Cheese 100 100 100 0

selective effect of the milk or cheese on the agent,
varying only in parasite.

DISCUSSION

These data show clearly that milk and homemade
cheese could keep up the infectivity of T.gondii cysts
for periods up to 10 days for homemade cheese and
up to 20 days for milk, under regular refrigeration
conditions. Transmission of human toxoplasmosis
occurs mainly through the ingestion of food
containing cysts of T gondii, found in sheep, pigs,
cow, hen and goats.** Toxaplasmosis outbreak has
been mainly related to.the ingestion of undercook
meat,’ but few outbreaks could be attributed to milk
ingestion dcspltc Tgondu was lsolated in the milk of
naturally infected cowp}.’ The ingestion of raw milk
has been consndered as a possible source of the
transmission of Tgandu " and parasites were isolated,

“by mouse motmlanod it} goat milk > Goat milk is usually

produced by small farms pmduccts undcr poor
conditions wnthout -pasteurization, only frozen, with

" low safety for comammatmns. s butmost niilk soldin
urban areas is pasteurized, a process that ehmmates '

the T gondii mfecuvxty o o

These data also show lhal milk promoted higher
infectivity and mortality, revealing probably better
preservation or efficiency of T.gondii cysts when
compared to PBS as diluent solution, even in the first
periads of storage. This fact could be ascribed to

: -'_nutncnts in the milk that contributed for maintaining

- the cysts vxablc Another explanation is related to the
first  steps, of host invasion. The bradyzones the form’

-found in.the cysts. are resistant to the gastric

digestion, a method for differentiating the
tachyzoites.' Milk proteins can generate a competitive
effectin the gastric juice, resulting in better infectivity
of bradyzoites, both by reducing the acid content and
allowing a more restrict pepsin digestion, as
demonstrated in infected milk artificially exposed to
gastric conditions.

Homemade cheese was also a good vehicle for
T.gondii cysts. The home processing of cheese in-
volves bacterial acidification and coagulation of the
casein, but this should be a mild process to maintain
the palatability of the cheese. The clot could retain
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the agent during washing but the entire process
reduces the viability of the cysts, as demonstrated by
the cessation of transmission after 10 days of storage
in the refrigerator. Despite its infectivity, the disease
was quite less intense in mice that ingested
experimentally infected cheese, a fact t!\a! could
explain the absence of related deaths on this form t?f
transmission that could induce a less symptomatic

- disease in humans.

The cheese contamination could occur in two ways,
first the exogenous one, associated with low hygiene
conditions, allowing the contact of milk with cocysts
from cats. Endogenous contamination of the milk in
the mammary gland is facilitated by cellular exocytosis
d[ milk secretion. During pre-lactation, relatively stable
mammary cells could harbor T.gondii cysts. Those

-silent cysts could be secreted from the mammary gland

cells by exacytosis, coated by host cell membranes,
similar to milk fat globules secretion,® allowing milk
contamination inside the gland. This contamination is
worsened due to smaller concentration of proteolytic
enzymes in the <intestine of children and. suckling

* animals, increasing the survival of 7 gondii forms.

o "_I'oXoiJlaSmo'sis,<tti1hsmissibn-t'by mi,.ll'clbor fresh

cheese, unpasteurized or inadequately processed, can

be'onié of the important ways .of: contamination for
** " this agent, as’they areimportant food source in rural
"+ dreas. Milk and cheese are one of the main Sources
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of proteins for children, and cheese is a cheap and
easy way of getting food proteins. Any reference
about the viability of the cysts of T.gondii in fresh
cheese was not found, just in milk, mainly of ovine .5
The agent is destroyed after pasteurization when
appropriately exposed to larger temperatures than
70°C for 10 min, but pasteurization is sometimes not
appropriate or the milk is processed in large volumes
with some arcas without adequate temperature, a
frequent problem." Cheese production after boiling
is a time consuming and expensive process,
especially in small farms, despite its efficiency in the
elimination of this contaminant. .

The present study showed that T gondii cysts could
survive in the milk and fresh derived cheese, which
could be considered a potential source of T.gondii
transrission, especially in rural areas where there’s
no pasteurization.
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.Abstract

" "Raw or inadequately cooked pork is an important sousce of Toxoplasma gondii infection, and
the infection rate in animals used as human food, is an important risk predictor. The prevalence of
" “this infection 'was estimated in 396 sera from 5-month old pigs obtained at abattoirs in Sdo Paulo,
- Brazil (300) and Lima, Peru (96). The seroprevalence was higher in pigs from Peru (32.3%) as
compared to Brazil (9.6%), as detected by ELISA and Western blot. Hemagglutination gave poor
* resolution which was not nsefuf for the diagnosis of 7. gondii infection. Specific antibody avidity
is correlated with infection time, as shown in experimentally infected piglets. Using an arbitrary
cut-off of 50% avidity index, Brazilian pigs were found to be more recently infected than Peruvian
pigs. Park should be considered a significant source of human T, gondii infection both in Brazil and
Peru. Avidity assays could help in the detection of the time of 7. gondii infection in pigs, allowing
preventive management. © 2000 Elsevier Science B.V. All rights reserved.

Keywords: Toxoplasma gondii; Pigs; Prevalence; Avidity; Brazil; Peru

1. Introduction

Toxoplosma gondii, an Apicomplexa protozoan parasite, infects man and other
warm-blooded animals (Dubey, 1993). Human toxoplasmosis is generally asymptomatic

_ in immunocompetent individuals, with occasional eye involvement, but causes devastating
disease resulting in immune system immaturity or deficiency (Beaman et al., 1995). This
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* infection has acquired great importance due to the HIV epidemic, causing toxoplasmic en-
cephalitis, a disabling and lethal disease in 20% of AIDS patients (Luft and Remington,
1992). Therapeutically immunosuppressed patients, such as patients with cancer or trans-
plant histoties, may also have toxoplasmic encephalitis, mostly due the reactivation of tissue
cysts (Israelski and Remington, 1993).

Toxoplasma gondii infection in women during pregnancy can result in fetal infection,
with severe problems, including abortion, encephalitis, mental retardation and blindness,
due to infection through the placenta and immune immaturity (Frenkel, 1990; Remington
et al., 1995). Toxoplasmosis is also an important cause of neonatal deaths and abortion in
sheep, poats and pigs.

The. infection can be transmitted to humans by mgesnon of oocysts in food and water
contaminated with cat feces or by consuming tissue cysts in undercooked meat (Dubey and
“Beattie, 1988). Raw or inadequately cooked pork is considered to be an important source
of Toxgplasma infection in the USA (Dubey, 1991). Infective tissue cysts have been found
. repeatedly in cornmercial cuts of pork from both experimentally and naturally infected pigs

R (Duhc:y t.al.,.1986; Dubey, 1988).
L Tbxdplasmosm in pigs was first rcported in 1951 ona farm in Ohio (Sanger and Cole,

1955) Taxoplasma gondii infection in pigs can be confirmed by definitive histological
‘éxatiination ‘'or by bioassays that require isolation of organisms from fresh tissue. Usu-
: .ally, hvegtock can ilso be analyzed by more practical serological surveys. By this ap-
pr e ‘prevalence of T. gondii infection was found to range from as low as 4% to
as hlgh,as 69% in pigs from the USA (Dubey, 1990), with similar variable results in
ather countnes (Van Knapen et al., 1995). The prevalence of infection was also related
to the. type of pig production, such as intensive or extensive management, contact with
pasture and age of sows. Few studies have been conducted in South American countries,
with sporadic prevalence estimates in Brazilian pigs (Jamra, 1969) showing a prevalence
of over 40% in 1986 (D’ Angelino and Ishizuka, 1986). The main serological tests used
for these assays was indirect immunofiuorescence, hemagglutination and microaggluti-
nation of fixed tachyzoites, with no attempts to use ELISA or antibody avidity, a useful
technique for the detection of the time of the infection (Jenum et al., 1997). The pur-
~ pose of the present work was to standardize an ELISA test for the determination of sero-
prevalence of toxoplasmosis in pigs from Brazil and Pern. We also developed an avidity
assay for the detection of early infection in these animals to facilitate better preventive
. management,

2. M:’)tel"ials and methods

2 1. Parasxtes

"""’“"'“‘I'he RH Strain of T. gondii was maintained as frozen stabilates in liquid N, or by successive
" intraperitoneal (ip.) passages in Swiss mice, in the Laboratory of Protozoology of the
-, Instituto de Medicina Tropical de Sdo Paulo. All plastic ware, reagents and conjugates
“Were purchased from Sigma (St. Louis, MO) and solutions were prepared with MilliQ high
qualnty water.

)
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2.2. Swine sera

We analyzed 396 serum samples from S-month-old pigs obtained at abattoirs in Sao Paulo,
Brazil (300), and Lima, Peru (96). Blood was collected during slaughter, immediately after
killing. After clotting, serum was separated from the clot by centrifugation at 1000x g for
10 min, aliquoted and stored at —20°C.

2.3. Experimental infection

An anti-Toxoplasma 1gG-negative piglet was bought from a Duroc pig producer, with
clean facilities and good management. Several piglets were tested for specific anti-T. gondii
IgG and a seronegative piglet was maintained by a team of veterinarians of the Veterinary
Hospital of USP, receiving commercial chow, water and mineral supplements ad libitum
throughout the experimental period.

A blood sample was collected before T. gondii injection and used as negative control.
The animal was then inoculated subcutaneously (s.c.) with 107 viable forms of tachyzoites
of the RH strain of 7. gondii, obtained from an infected mouse. The pig was carefully
observed for 140 days, a period during which it did not present any clinical signs of the
infection, with normal growth. Blood samples were collected 60, 80, 100, 120 and 140
days after infection. The samples obtained at Day 0 and Day 140 after infection were used,
respectively, as negative and positive standards in all reactions.

2.4. Antigen

Toxoplasma gondii antigen was prepared as described elsewhere (Camargo et al., 1978).
Briefly, tachyzoites were harvested from mouse peritoneal cavity in phosphate buffered
saline (PBS), recovered by centrifugation, washed, counted and submitted to sonication
for four periods of four cycles per 30s in an ice bath, with phase contrast microscopy
control, and the procedure was repeated as necessary. When most parasites were lysed,
0.3 M NaCl was added and the suspension was cleared by centrifugation at 10000x g for
3 min. The protein content of the supernatant was determined (Bradford, 1976) and aliquots
were maintained at —70°C until used as purified antigen.

2.5. Indirect hemagglutination

In this assay we used a commercial kit, HAP Toxoplasmose (Salck®), according to
manufacturer instructions. Briefly, the serum sample was inactivated for 30 min at 56°C,
diluted 1:16 and added to 96 multiwell V bottom plates (25 pl per well) after the addition
of 25 pl of a 1% suspension of red blood cells sensitized with T. gondii antigens. The plates
were homogenized and incubated for 1 h in a humid chamber without shaking. The test was
positive when a layer of agglutinated erythrocytes was formed in more than 50% of the
bottom of the V-shaped well, and negative when a small dot of non-agglutinated RBC was
formed in the center of the well. Titration was also performed using the highest dilution
that induced agglutination in this test. '
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2.6. Enzyme-linked immunosorbent assay — ELISA

The ELISA was performed as described elsewhere (Venkatesan and Wakelin, 1993).
Briefly, ELISA plates (Multiwell Plate/polystyrene, Sigma®) were coated with 100 pl/well
of a solution containing 10 pg/ml of the antigen extract diluted in 0.1 M carbonate buffer,
pH 9.5, and incubated overnight at 4°C. The plates were then washed five times with
PBS containing 0.02% Tween 20 (PBS-T). and blocked for 1 h at 37°C with PBS contain-
ing 2% fat-free lyophilized milk in a humid chamber. After this step, 100 ul of serum
sample, diluted 1:100 in PBS-T, was added to each well and the plate was incubated
for 1 h at 37°C. After additional washing with PBS-T, 100 pl of peroxidase-conjugated
anti-swine immunoglobulin G (IgG) diluted 1:10,000 in PBS-T, was added to the wells,
with incubation at 37°C for 1h, followed by five washings with PBS-T. The reactions
were developed with 100 ul per well of OPD solution (1 mg/m] o-phenylenediamine and
0.03% H20; in 0.2M phosphate—citrate buffer, pH 5.0). The reaction was stopped with
- 25 pl.per well of 4N HCI and the optical density (OD) at 492nm was measured in a
microplate reader (Labsystems Multiskan MS). The cut-off value (0.2706) was deter-
mined using 10 negative sera samples form piglets, representing the 99% upper confidence
‘level. -

‘The avidity was determined by ELISA using an additional incubation with 6 M urea,
:pH.7.0, for 5min after.test sérum incubation, followed by PBS-T washing and routine
‘conjugate ‘and -development procedures. Sera of positive and negative pigs were
‘included as controls in all assays. The avidity index was determined as the percent of
resistance of OD to urea washing. This analysis was performed only in positive ELISA
sera.

2.7. Western blot

The Western blot was performed as described elsewhere (Hudson and Hay, 1989). Pu-
rified antigen was submitted to SDS-PAGE in a 12.5% running gel, with subsequent elec-
trophoretic transfer to nitrocellulose membranes. The membranes were blocked with 5%
fat-free milk, lyophilized in PBS-T, cut into 3 mm strips and stored until use. Sera from ani-
mals were reacted with strips containing 7. gondii antigens re-hydrated with PBS-T, for 18 h
at 4°C. After careful washing with PBS-T, bound antibodies were detected by sequential
incubation with peroxidase-conjugated anti-swine IgG for 60 min followed by washings,
and developing solution containing 0.6 mg/ml 4-chloro-1-naphthol and 0.03% hydrogen
peroxide in PBS.

2.8. Statistical analysis

Frequencies were compared by the y-test with Yates correction, using the Epilnfo
" 6.01 statistical package, and were considered significantly different when the probabil-
ity of equality was less than 0.05 (P<0.05), with estimation of the 95% confidence
interval.

COMITSAC NACIONAL UF ENERGIA NUC,LEI\‘R/SP YES
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Table 1
Distribution of the ELISA reaction to Toxoplasma gondii in Brazilian and Peruvian Swine
ELISA Brazil Peu

- n % cre n % cr
Positive 29 9.6 6.6-13.6 31 323 23.1-42.6
Negative 271 90.4 86.4-93.3 65 61.7 57.4-769
Total 300 100 96 100

* Confidence interval (CD=95%, P<0.001 (x2(Yates)=27.23) (Brazil vs, Peru).

3. Results
3.1. Serological analysis

The results obtained with anti-T. gondii IgG detected by ELISA demonstrated 9.6%
positivity in the Brazilian pig sera and 32.3% in the Peruvian pig sera (Table 1), indicating
higher infection levels by T. gondii in Peruvian pigs.

Hemagglutination using commercial 7. gondii antigen RBC demonstrated higher fre-
quencies of positive sera in both populations (Table 2) as compared to those obtained by
ELISA. The cut-off dilution used was compared to standard sera and most samples gave
a positive reaction at lower dilutions. The kappa agreement between tests was very low,
between 0.20 and 0.15, suggesting that this hemagglutination assay may not be useful for
anti-T. gondii antibody detection in pig sera.

All ELISA-positive sera were tested against strips of SDS-PAGE separated T gondn
antigens, as described in Section 2. All Peruvian seram samples tested by ELISA recognized
'séveral T. gondii antigens by Western blotting, and the intensity of stained bands correlated
‘well with Ig6 antibody titers. Some of the Brazilian pig sera showed a weak and undefined
reaction in this test, probably due to low titers, being clearly positive oniy at higher titers.
Hemagglutination-positive and ELISA-negative sera gave no reaction, showing a probably
undefined cross-reaction in the unrelated erythrocyte assay.

3.2, Avidity assays

Analysis of scquéntial serum samples from the experimentally infected pig showed a
clear increment in IgG anti-T. gondii production and in avidity index, as determined by urea

Table 2 '
Comparison of results obtained by indirect hernagglutmatlon and by ELISA in seroprevalence study of Toxoplasma
gondii in Brazilian and Peruvian swine?

ELISA . Brazil Peru

' Positive "~ Negative Positive Negative
Positive 14 15 » 25 6
Negative 49 222 .39 26

* Kappa coefficient: 0.198 (Brazil) and 0.16 (Peru).
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Fig. 1. Time sequence of specific anti-Toxoplasma gondii IgG antibody and its avidity during pig experimental
infection. Solid lines show OD of IgG ELISA, solid squares total IgG, empty squares urea resistant IgG. Dotted
line express the IgG avidity index as described in Section 2.

extraction (Fig. 1). Fifty percent avidity of the IgG antibodies occurred sometime between
75-100 days of infection. When the avidity index, expressed as percent of ELISA-resistant
titer, was determined in Brazilian and Peruvian positive samples, a higher frequency of
high avidity sera was observed in the Peruvian samples compared to the Brazilian ones, as
shown in Fig. 2. When a standard cut-off of 50% was used to determine acute or recent
infection, we found a higher frequency of Brazilian pigs presenting early or recent infection
as compared to Peruvian pigs.

4. Discussion
Our data show that the ELISA for swine IgG specific antibodies against T. gondii is a

useful test for the determination of the prevalence of toxoplasmosis in pigs from Brazil and
Peru, as also confirmed by Westem blotting detection. ELISA is a sensitive serological test,
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Fig. 2. Avidity index of anti-Toxoplasma gondii positive sera samples obtained from Brathan or Peruvian swine,
The line express the artificially defined cut-off of low and high avidity.
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able to detect low antibody titers either in recent infections (Dubey etal., 1996), orin animals .. o

subjected experimentally to small numbers of infective forms for longer times of as much "
as 800 days (Dubey et al., 1997). Although few reports are available, ELISA is extremely -
efficient for the detection of IgG antibodies against T. gondii in swine (Hirvela-Koski, 1992; -
Lind et al., 1997).

The indirect hemagglutination assay employed in our experiment yielded poor detection
and resolution, as also reported by others in studies in which this test gave poor resolution
compared to the classical indirect immunofiuorescence assay (D’Angelino and Ishizuka,
1986). This event may be ascribed to many factors, including cross-reactions with blood
groups (Stormont, 1982; Shan et al., 1998), since most indirect hemagglutination reagents
are made with bird red blood cells as a biological support, or to low sensitivity. The low
specificity of the test emphasizes the need for proper standardization before its use in
epidemiological surveys.

The 9.6% level of infection in Brazilian pigs was lower than the 22.5% prevalence
values reported by Corréa et al. (1978) and higher values of 54% for pigs reared on
human food garbage and 49.2% in pigs raised on semi-intensive crop feed management
(D’ Angelino and Ishizuka, 1986). In those studies, the test used was the classical immunoflu-
orescence assay without an intemal control (expenmentally infected pig), as used in our

* study.
* Serologic prevalence of toxoplasmosxs presents a wide inter- and intra-region variation
(Dubey et al., 1995), as described in the USA, where wide variations in the prevalence of

" . the infection occur in different farms in the same region (Weigel et al., 1995).

' Wealso found a higher serological prevalence of toxoplasmosis in Peruvian pigs. Despite
" our efforts, we could obtain no information about the type of food or environment for the

"‘Peruvian pigs. In Brazil, most swine farms are devoted to intensive management, with
slaughter at'5 months of age; this might explain the lower titers found in Brazilian pigs
compared to those in Peru. The rearing of swine under confined conditions without pasture
contact does not exclude contamination of feed with cat feces, but a study conducted in

- Brazil indicated low prevalence of T. gondii antibodies in intensively managed pigs. We
cannot exclude the possibility that in the present study the Peruvian pigs were older than
Brazilian pigs. When weight and age were studied in terms of the prevalence of swine
toxoplasmosis, a high proportion of infected pigs was observed among larger or older pigs
(D"Angelino and Ishizuka, 1986).

Other pork-transmitted parasitic infections such as Taenia solium are also highly prevalent
among pigs and among people in the rural areas of Peru (Diaz et al., 1992; Evans et al.,
1997), suggesting a more extensive pig-rearing activity in those areas.

Our experimental infection model allowed us to study the evolution of avidity in IgG-
specific anti-7. gondii antibodies. Since pigs have an epitheliochorial placenta, without
maternal antibody transmission, specific antibody detection in serum is confirmatory of
infection. Production of IgM i in swine experimentally infected with 7. gondii is short lived,
with only a few weeks of positivity; it cannot be used as an index of time of contamination
(Lind et al., 1997). In our model, avidity increased up to 10 weeks after infection, allowing
a crude estimate of the period of contamination. This is the main importance of IgG avidity
detection in pig serum, without the need for several reagems for the determination of the
period of contamination and sources.
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The origin of pig infection by 7. gondii may be ingestion of cysts in refuse from infected
animals, of oocysts from cat feces in pastures or of milk from infected sows. Milk is a
possible vehicle of 7. gondii, since the microorganism was also detected in pig milk (Sanger
and Cole, 1955). The mammary secretion (Deyrup-Olsen and Luchtel, 1998) allows for the
passage of bradyzoites in milk from chronically infected animals (Pettersen, 1984). This
fact could result in early infection of piglets, which could be controlled only by elimination
of T. gondii-infected sows. This theoretical explanation is not supported by the fact that most
Brazilian pigs presented Jow avidity antibodies in our study, suggesting that the infection
would be acquired later in life, after weaning. The access to pasture is another important
risk in toxoplasmosis transmission in pigs due to the risk of ingestion of oocysts shed by
cats and disseminated in the soil and crops by water/rain, as described elsewhere (Davies
et al., 1998). Since Brazilian pigs are reared under confined conditions without pasture
contact, the most probable cause of T. gondii infection is contaminated food from carcasses
and other garbage products of animal origin. The virulence of specific strains of T. gondii
is another factor that interferes with the antibody response of infected swine (Omata et al.,
L 1994). : :

- Our data demonstrated that consumption of raw or undercooked meat from these animals

can be an important source of human 7. gondii infection (Torres et al., 1991), and is more

significantin Peru than in Brazil. The serologic assays used in our study can provide adequate

information both about the prevalence of 7. gondii infection in pigs and about the period of

contamination of these animals, allowing precise intervention for the control of infection
: on pig farms._
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ABSTRACT

o Toxoplasma gondii infection causes severe and lethal disease on fetus, AIDS patients and
- recipients of organ transplants. There are few reports of the use of ionizing radiation to attenuate0
r-abolish parasite growth, without any detailed smdy on induced alterations or effective doses.

¢ We.geported that the lower dose of “’Co radiation that abolishes parasite growth was 200 Gy, and

M version,. protein metabolism, by

| 1biepnmiuctlve capacity.

- intracellular ~obligatory parasite,
/“This infection is transmitted by the
t -undercooked meat containing viable
hination of water or food with oocysts
11} Human chronic unapparent infection is
i & thin 60% infected people in Brazil [2].
& Severe or ocular cases, the immune
it foracite infection control but without
J& tysts, viable for years, also resistant to
I?‘“‘Unfortumtely the disease is severe,
Ctive“when this immune response is
immaturity, disease or medical therapy, as
utcly  infected mothers, AIDS patients or
Ofgan transplants [4]. Despite several attempts,

“anfigens. Those data suggests that irmadiated parasites maintain its invasiveness, inducing a pamal
s immpnity and similar humoral immunogenicity than viable parasites, but without any evidence of

this. report, we described the viability, cell invasion, metabolism and immunogenicity of this
pdtaqnc after irradiation. We analyze the viability (vital staining), metabolism, by MTT oxidative
*H-proline and nucleic acid synthesis, by *H-hypoxanthine
oxpai‘anonmshorttenns cultures. Parasite invasion was tested in LLC-MK2 cell in culture. The
radiated -parasites show the same viability and invasiveness of viable parasites; without any
) ,‘qunpe of the radiation in the oxidative, proteic or mucleic acid metabolism. When mice
mmcted*thh 10’ irradiated parasites by intraperitoneal route, were challenged 6 weeks later with
viabk ;pmasnes,ﬂacyshowedpamalmnstametomfecuon, with bigher survival time. Antibody

cxtywas tested in sera from those amimals, before challenging, and presented the same

until now there no vaccine developed for this homan
infection, with some vaccines developed for veterinary use,
but with low efficiency [5]. Several models were developed
in mice, using different antigens and routes, all of then with
contlicting results [6]. Ionizing radiation was used against
T.gondii mostly in order to sterilize meat [7], but with few
attempts of vaccine production, but with low efficiency [8].
These assays were conducted without any study of the
radiation consequences in the parasite, with few ifs any
quality control of the procedme Recently, we reported that
tachyzoites, the invasive form, had its reproductive ability
abolished by 200Gy of ®Co radiation, both in vivo and in
vitro [9]. The radiation could destroy this ability by
inducing double breaks in cell DNA, with unbalanced
chromosomal distribution in daughter cells [10), or by other
mechanism, as membrane peroxidation and cell lysis [11],
aside other less established phenomena, as apoptosis [12].
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Here, we present data on the metabolism, cell invasion,
infectivity and immunogenicity of tachyzoites of T.gondii
| mbxmtted o 200Gy ®Co radiation.

‘ -
II. MATERIAL AND METHODS

Watenals and _reagents: All reagents used in the
:xperiments were purchased from commercial sources, with
wosanalysis quality. The solutions were prepared with high
ality ‘water (MilliQ). The RH strain of Tgond11 was
aited: as. frozen estabilates or by successive passages
atraperitopeal (ip) - in mice, in the Lab.Protozoology.
s&ymc ‘mice; C57B1/6j or Balb/C, or out-bred Swiss mice,
vereoblained from the colony of FMUSP and maintained
# Sterilized cages and absorbent media, with food and
vatérawad -libitum., The animals were treated as
eemmnded by the Animal Experimentation  Brazilian
(COBEA).
ﬁfg} f}h v

ion: Parasite suspension of infected

Is were recovered by phosphate buffered saline (PBS)
i igs of peritoneal cavity, using sterility here and
reafter. After collection, the snspension of cells and
arfaiites were centrifuged at 2000 g, 10 min and the pellets
ﬁispeMedmeqxalvolumeofPBS passed on a
 §:1imm for rupturing infected cells, and immediately
ﬂph on:PBS stabilized SEPHADEX® G 50-80 column.
35 washing, -the free parasites were collected and
d as: above.- After counting and viability control
[typan Blue;: the parasites were suspended at 10°
alvan. . PBS. Preparations with more than 1%
cell conlammahon or viability less than 95%

radlatlon ‘achyzoites suspension, maintained in ice cold
ths, were jrradiated at 20, 50, 100 and 200 Gy, in a
iform source of *°Co gamma rays in a GammaCell
domic Energy of Canada, Ltd) at a dose rate of 370
1/, in the presence of oxygen and room temperature.
jequate controls were maintained outside the source for
& a8 contrals.

1l invasior : After irradiation the vnabllny was
hennmedmallsamplesbyﬂxeTrypathxestmmng
iefly, thé parasite suspension was diluted in one vohime
Trypan Blue 0,4% in Hanks’ Balanced Salt Solution pH
A andﬂletotalcellandstamed(dmd)cellcmunwas

in plastic ware with RPMI 1640 medium
Haming 10 % fetal bovine serum and gentamycin
E/ﬂﬂ) Trypsin separated cell suspensions were grown in
ile slide -chambers- (Lab-Tek®) in the same medium
semi confluence, when 10° pamsites irradiated with
Gy or viable was added Afier 4h, the monolayer were
mitted -to- three careful washings with PBS and
nediately fixed with methanol and stained with Giemsa.
fesentative fields were photographed in an Axiophot

Apochromatic microscope, and reprints scanned for
tion.

Metabolic _assays. Oxidative assay. Purified parasite
suspension, 10'/ml, were submitted to short term culture,
with RPMI 1640 medium without phenol red and
supplemented with fetal bovine serum and gentamycin as
described. After centrifugation to 3000 g/10min, the cells
were suspended in the same medium and volume, and
distributed on 24 multwell sterile plates, with MTT (3-[4,5-
Dimethylthiazol-2-y1}-2,5-diphenyltetrazolium  bromide;
Tyazolyl blue) (1mg/ml), and 10% samples were collected
at 1, 2, 4 and 18 hr of 37°C incubation in CO, 5%/humid
atmosphere. The samples were fixed with 1 volume of 4%
formaldehyde/sodium phosphate 0,02M pH 7.2 solation
and centrifuged by 800g/10min. After discarding the
supernatant, the mitochondrial oxidative blue produced by
cell Jayer was extracted with methanol (100 ul) and the
absorbance at 570 nm determined in a microplate reader.
Protein and nucleic acid synthesis assays. Short term
culture of 10'/ml purified parasites suspensions imadiated
or not were used, with Dulbecco’s Modified Minimum
Essential Medium, comaining fetal bovine seym and
gentamycin as described, in 24 multwell plates. Protein
synthesis was determined by adding *H-proline(2Cifwell)
‘with, incubation in the same above described conditions.
After 1, 2, 4 e 18 hr, 100 ul aliquots were added to 2 sq cm
picces of filter paper, dried and dispensed in icecold 5%
TCA for 1 hour. After two washes in ice cold 5% TCA and
1 time in ethanol, the papers were dried and dispensed on
10 ml Liquifluor solution. The TCA precipitable counts
were determined in a Wallach Cintillation counter 1209, at
66% efficiency, and expressed in cpm (counts per mimite).
For total acid mucleic synthesis, both RNA and DNA, were
used a similar model, except that the radioactive precursor
added was ’H—Hypoxantlum 1 pCifwell, collected at the
same time, schedule and procedures.

Immunization schedules: Suspensions of purified parasites
irradiated with 200 Gy, lospatasmeyml, were injected i.p
on groups of C57BL/6j mice. No deaths occurred Viable
parasites were injected at similar schedules, except that the
mice received pyrimethamine (5 - mg/Kg)/sulphadiazine
(100 mg/Kg) as treatment per os, during 1 week, with 10%
deaths due to treatment failure. Suspensions of viable
parasites, at same concentration, were also fixed with a 4%
formaldehyde solution for 24 hr and injected similady. All
parasite counts were adequately controlled in order to
secure that the equal numbers of parmasites were used.
Weekly, blood (5111) was collected from tail in standardized
filter papers, dried and stored at ~20°C until use. Before
use, the soluble extract containing antibodies was obtained
by adding 100 il PBS to the paper, for 18hs at 4°C, in a
microcentrifuge tube. After extraction, the tube was
centrifuged and the supematant used as a 120 dilution of
blood. Western blotting: Purified parasites (10%/ml) were
sonicated in PBS and immediately centrifuged for 10000g/3
min. The supematant was collecied, resulting in a 400
pg/ml protein, that was submitted to SDS-PAGE in a
12,5% munning gel, as elsewhere described [13), with
subsequent clectrophoretic transfer to mitrocellulose
membranes. The membranes were blocked with a 2,5%
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JAO(PBST), cuted in 2 mm strips and stored dried until use.
amﬁog animals were reacted with strips with T.gondii
ge ‘reshydrated with PBST, for 18 h at 4°C. Afier

1l WS with PBST, the antibodies were detected
incubation with peroxidasc-conjugated anti-
(3 (Sigma), 60 min, washings, and addition of PBS
~~.0,6mg/ml 4-cloro-1-naphtol and 0.03%
peroxide. Afier development, the strips were
canned for documentation.

:d 1 or.two months before with one or
ons:of 10" tachyzoites irmadiated with 200 Gy,
énged with ip injection of 10’ viable parasites.
vival  time of each animal was followed daily.
t¢5 controls non-immunized were added in each
*Thé mean survival time was compared with
v .the Mann Whitney test [14], using a

‘of LLC-MK2 cells challenged with viable
ed by Giemsa. A - Viable T gondii
00 Gy irradiated tachyzoites challenge

When 200 Gy irradiated parasites were tested, the
same process, with nearly equal efficiency, could be
demonstrated (Fig. 1B) _

Metabolic assays: The oxidative metabolism of
irradiated parasites with 20, 100 and 200Gy could be seen
in Fig 2, showing that the energetic consumption of the
parasites was not affected by radiation, at any doses, and
also there are some dose dependent increment at longer
times, demonstrated: by the increase of oxidated formazan
accumulation in the cells.
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Figure 2. Oxidatod formazan of MTT (respiratory burst) by tachyzoites of
T.gondil, non-irradiated or irradisted at 20, 100 or 200Gy.

Protein synthesis was evaluated by TCA
precipitable H proline incorporation, using short-term
cultures of iradiated tachyzoites. In the Fig. 3, is clearly
seen the increment of labeled TCA product, protein, by the
cells in viable parasites. The irradiated parasites (20,100
and 200 Gy) presented similar levels, showing that protein
synthesis was not affected by radiation.
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Figure 3. Incorporation of *H proline on TCA precipitable protein by
viable or 20, 100 and 200Gy irradisted tachyzoites of T.gondil.

In order to observe the mucleic acid synthesis in
four preparations we tried to use H thymidine as a
precursor of DNA synthesis, but in two experiments, no
incorporation was found in viable pamasites. This fact could
be explained by the non-dividing stage used. For this
reason, we studied the H hypoxanthine incorporation, a
precursor that is involved both in DNA or RNA synthesis in
thosc parasites. The experiment was performed as
described, and the TCA precipitable counts in viable and
irradiated parasites could be seen in Fig 4. As shown, there
is a clear time dependent increase in mucleic acid




ﬂmcorporauon in viable parasites, which is similar to
byarve thh 20, 100 and 200Gy irradiated parasntes

" Tumb-uni
Figkre corporation of "H hypoxanthine in TCA precipitable nucleic
[&h in short-term cultwe of purified tachyzoites of T.gundil, visble or
gtgdwghvzo, 100 or200 Gy.

tested the antibody speclﬁcxty induced by
in Western Blot analysis. A scanned

45 67 P
ificity of sera from mice challenged with T.gondii

1 challenge with viable parasites:
pusly immunized with 200 Gy
:.0bserved, comparing with control
Was Jow but causes the death of all
mice presented a clear longer
in:Fig.6, with several immunization
@.not:presented clear differences. This
consolidate all data from immunized

animals, as shown in Fig.7, with a significant increase m '
survival (p=0.0265, Mann-Whitney test).
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Figure 6. Daily survival of mice with several sdncdules of immunization
with 200 Gy imradiated parasites.
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Figure 7. Consolidated survival time of immunized mice compared to nan
immunized controls.

IV. DISCUSSION

Our data clearly showed that the ionizing radiation
modifies only the reproductive ability of tachyzoites of
T.gondii, without affecting early viability, cell invasion,
oxidative respiration and metabolism, for protein or nucleic
acid synthesis.

. Despite some immunological approaches, most
studies dealing with the action of ionizing radiation on
T.gondil relegate those functional aspects to a secondary
level [6,7,8]. Our studies on antibody specificity show that
this approach could induce 2 lumoral response similar as
comparable to that of viable agents, which is not induced by
chemically treated parasites.

The technique that was used in this experiment has
been used by others authors, for similar parasites [16,17],
but has been not used for Taxoplasma tachyzoites until
now.

The use of labeled proline provided a quantitative
approach to the protein synthesis of this agent and at least
two proteins rich in these residues were found [12,13). As
this incorporation was not affected by radiation, is quite
accepiable that this metabolic path is maintained after
irmadiation, with consequent implications. The mucleic acid
synthesis was present in the tachyzoite, judged by labeled
hypoxanthine incorporation, which could be explained by
mRNA or ribossomal RNA synthesis [10], due to Go stage
of the parasite, that starts its cell division only after entering
the host cell [3]. As our assays show that this incorporation
was not affected by radiation, it is probable that these
syntheses would be maintained Double breaks in DNA
strands are widely located in the cell genome, and,




bably could ‘exist away from the exact sequences of
‘Fené¢ codifying RNA, usually a small part of the genome
T101%Thus, our data are compatible with this action of
that impedes only the comrect balance of the
between daughter cells in cell division, inducing a
death of the agent The repair of single strand
fDNA in T.gondii was reported as highly efficient,
those induced by OH'[18], which could also
qmck repair of mRNA areas in the genome.

§ sritigens, irradiated tachyzoites provided the
b ‘specificity of viable parasites, suggesting
Hnligen processing paths are very similar, unlike
lly treated antigens. These data ate‘conﬂlctmg with

In our protection assays a low eﬂicnency protection
achieved, similar to those found by others [8]. This fact
induced by the way, which the challenge was
uite different from the usual contagion. New
of testing, using per Os contamination could
¢ more clearly a uscfulness of immadiated
‘these studies. Another fact was the extreme
RH strain, similar to rarely naturally found
flike..cyst inducing less aggressive more
.."[31. '

our data show that ionizing radiation

.gandﬁ tachyzoites, without affecting most of its
llowing ‘the immune system to recognize the

- viable agent without risk of progressive
r;lesndml cysts, with remarkable importance in
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was compromised within 4 to 8 hours after the addition of either T. vaginalis isolate. In addition to conducting
cytotoxicity studies, we examined the influence of T. vaginalis on HIV-1 replication. Resting CD8-depleted
peripheral blood mononuclear cells (PBMCs) were incubated overnight with JH31 or Bait42 and HIVLAI,
washed, and placed in culture. Alternatively, PBMCs were incubated with HIVLAI plus filtered T. v: is
culture filtrate medium (CFM) or fresh medium (TYM) overnight. Treatments were added back once after
washing to selected cultures. Viral replication was monitored using the p24gag ELISA. JH31 and Balt42
induced a 3- to 4-fold increase in HIV replication over HIVLAI control by day 5 and a >10-fold increase by day
7. CFM induced HIV-1 replication to similar levels when added back after washing; CFM added only on
addition of virus and not after washing induced replication to a lesser degree. T. vaginalis-induced HIV -1
replication was associated with cellular activation. Collectively, these data suggest that T. vaginalis degradation

. of urogenital epithelial monolayers and induction of HIV-1 replication could in part be responsible for the

" . epidemiologic association of trichomeniasis with sexual transmission of HIV-1.

206 TRICHOMONAD INDUCTION OF MONOCYTIC INFLAMMATION AND TNF a. Vayich JM, Fultz JE,
Burgess DE. Veterinary Molecular Biology, Montana State University, Bozeman, MT.

" “The sexually transmitted trichomonads, Tritrichamonas foetus (cattle) and Trichamanas vaginalis (humans) can
édvé@ely affect pregnancy. The mechanism of pathogenesis leading to this outcome is not known. However,

{nﬁltration reported prevmusly during T. foetus infections and reveal a potential mechanism of

eniesis by whxch T. vaginalis may contribute to difficulties in pregnancy. To investigate the potemial of

ge line J774A.1 1o produce TNF o.. We show by real time PCR evidence of direct induction of TNF o

2 by fnacrophages upon exposure to live and UV irradiated T. vaginalisand T. foetus. Increases in TNF a
inged from 4-12 fold in macrophages exposed to T. vaginalis, and 2-8 fold upon exposure to T. foetus.
n, functional TNF protein was detected in the supernatants from T. vaginalis and T. foetus parasite

ted macrophages by WEHT 164. Collectively, the ability of trichomonads to cause macrophage influx

S mdde]s) and TNF a production suggests the presence of a mechanism of pathogenesis that is known to
gd ental to pregnancy outcome. Currently, we are analyzing supernatants for presence of TNF a and
TINF ﬁ and"mvcst1gatmg the activation state of recruited macrophages within the murine reproductive tract.

00 GY STERILIZED TOXOFPLASMA GONDII TACHYZOITES MAINTAIN METABOLIC FUNCTIONS
“"AND MAMMALIAN CELL INVASION, ELICITING CELLULAR IMMUNITY SIMILAR TO NATURAL
* “INFECTION IN MICE. Hiramoto RM, Galisteo Jr. A], Andrade )Jr. HF. Radiobiology Division,

" 'IPEN/CNEN, S. Paulo, Brazil; Protozoology Lab, Instituto de Medicina Tropical de S. Paulo, USP, S.
“Io Brazﬂ Protozoology Lab, Instituto de Medicina Tropical de S. Paulo, USP, S. Paulo, Brazil.

ﬁ; Taxoplasma gondii, toxoplasmosns is a highly prevalent worldwide usually benign disease, but it
be‘axsablmg orsevere, both by affecting the eye, or CNS and other organs in patients with immune

f Jaturity, as the fetus, or compramise, as in cancer chemotherapy or AIDS patients. Several attempts
dg_ for vaccirie development, but until now, only one commercial veterinary vaccine, with partial
L 1 i used in New Zealand. Here, we study the effects of ionizing radiation on the parasite, for
1E iis feproductive ability but maintaining most of their cellular functions, to be used as a candidate
&. The reproduction of T. gandii tachyzoites, RH strain on LLC-MK2 cells and mice, was completely
by 200 Gy =Co irradiation, without ultra structural alterations as shown by electron microscopy. The
ed;gaxasites maintains the same respiratory response and also protein and nucleic acid synthesis, as
’ Ml’[ oxidative conversion, *H-proline and *H-hypoxanthine incorporation in short term cultures.
), Was maintained in cell cultures, but without reproduction with subsequent degeneration. By
eetion through ELISA and Western bloiting, the humeral response of mice to irradiated parasites
tb drug treated infected mice but higher than in mice immunized with tachyzoites killed by
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o formaldehyde. Spleen cell immune responses were also similar to natural infection, as tested by cytokines
production (IL-10, IL-12, IFN-y and TNF-a and lymphoproliferative response to T. gondii antigens. Mice
immunized with irradiated tachyzoites show longer survival time after tachyzoite challenge or hardly any
cerebral disease after cyst challenge. Irradiated tachyzoites maintain most of their metabolic function, witheut

* ' reproductive capacity, providing a new approach for experimental toxoplasmosis and vaccine development.

| 208 DIFFERENTIATION BETWEEN VIABLE AND DEAD ENCEPHALITOZOON CUNICULI ORGANISMS
' WITHIN RAW264.7 MACROPHAGES. Stovall ME, Green LC, Didier ES. Tulane Regional Primate
Research Center, Covington, LA; Xavier University of Louisiana, New Orleans, LA.

/ lcmsporidna are single-celled obligately intracellular parasites which cause opportunistic and emerging
nfectlons in a'wide range of hosts. One species which infects humans and mammals, Encephalitozoon cuniculi,
ephcates within resident or resting macrophages but is killed in activated macrophages. The purpose of this
tisdy was to determine if a staining method that was developed previously to discern between live and dead
extracellulai microsporidian spores also could be used to detect live and dead intracellular microsporidia.
“*Poward this aim, cultures of the murine macrophage cell line, RAW264.7, were inoculated with E. cuniculiin
12 absence or presence of a macrophage activating agent, phorbol myristic acid (100 ng/ml). At various time -
its, the cultures were stained with Sytox Green and Calcofluor White M2R. When viewed under
liofescence microscopy at an excitation wavelength of 395-415 nm, the macrophage cytoplasm stained orange
the microsporidian spores stained as turquoise avals. When viewed at a wavelength of 470-430 nm, the
& mli:rosporidia excluded the Sytox Green while dead spores stained yellow. The validity of this method
tatning intracellular micrasporidia was corroborated such that after 24 hours in culture, statistically
ﬁcaﬂtly greater numbers of dead microsporidia were observed in the activated macrophages versus norn
 macrophages (means of 4.5 + 1.23 vs 1.1 + 0.99 per macrophage, respectively: P < 0.001) while the
‘Tiorber of live spores per macrophage in both groups did not differ significantly. After 48 and 72 hours
. however, significantly fewer viable spores were detected per activated macrophage than non-
'ophage. The results of this study indicate that dual staining with Sytax Green and Calcofluor
will be useful for tracking the survival of intracellular microsporidia in immunotherapeutic and
egrapeunc studies.

_ CA’I'ION OF ENTEROCYTOZOON BIENEUSI SPORES FROM STOOL BY PERCOLL
GRADIENT AND FILTRATION. Green LC, LeBlanc P], Didier ES. Department of Biology. Xavier
University of Louisiana, New Orleans, LA; Department of Microbiology, Tulane Regional Primate
:arch Center, Covington, LA.

bﬁdia are obligate intracellular parasites now recognized to be opportunistic pathogens in
\Jpprmsed individuals such as AIDS and organ transplant patients. Recently, they have also been
as a cause of diarrhea in malnourished children and travelers. Enterocytozeon bieneusi is the most
reported microsporidian to infect humans. Long-term cultivation of E. hieneusi has not been
‘making it difficult to obtain enough spores for most experimental protocols. The purpose of this
to develop a method of purifylng large numbers of E. bieneusi spores relatively free of contaminating
dnther organisms. Clean preparations of Enterocytazoon bieneusi spores were obtained from stool by
ed use of 80 and 90% SIP Percoll gradients. The material obtained from these gradients was further
y passage through 10 pm and 5 pm filters. Microscopic examination of the final product
vtgd orily small amounts of debris and a few yeast cells. This preparation was used to immunize
Ahe resulting antiserum was shown to react by immunofluorescent antibody to E. bieneus without
reactivity to other fecal debris. This protocol provides a means of obtaining large numbers of
‘Withour cultivation.

’ TS OF ALBENDAZOLE ON ENCEPHALITOZOONMICROSPORIDIA. Leitch GJ. Scanlon M,
svara GS, Shaw AP. Department of Physiology, Morehouse School of Medicine, Atlanta, CA:

on of Parasitic Diseases, National Center for Infectious Diseases, Centers for Disease Control and
nnoﬁ Atlanta, GA.
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the host-parasite interface, i.e. the feeder organelle. We Nave 10CaIeeu u =cuu i i pons timees e
protein, CpABC-1, from C. parvum, to the host-para_sntg boundflry, p9551bl_v the feeder organelle. We llxa've
cloried and characterized the CpABC-1 gene. The predicted amino acid sequence of CpA.BC-l has. significant
stru¢tural similarity with the cystic fibrosis conductance regulator (CFTR) and th.e'multldrug resistance
protéih (MRP) subfamily of ATP-binding cassette (ABC) proteins. We have identified a second ABC
protein gehe, CpABC-2, in C. parvum. CpABC-2 is a single copy gene located on chro_mc‘)somc.a ‘2. The
CpABC-2 gene identified a 5.3 kb mRNA in sporozoites. Preliminary sequence-analysis identified CpABC-2
as a‘member of the MRP subfamily of ABC proteins. ATP-binding cassette proteins are associated with

" xenobiotic resistance phenotypes in many taxa.

3

74  ANTIBODY AND INTRAEPITHELIAL LYMPHOCYTE RESPONSES DURING CRYPTOSPORIDIUM
- “"PARVUM INFECTIONS IN SUCSEPTIBLE AND RESISTANT ATHYMIC NUDE MICE. Adjei AA,
. "Curran BC, Castro M, Shrestha AK, Delsid LD, Velez M, Fritz H, and Enriquez F]. Department of

;" Veterinary Science and Microbiology, The University of Arizona, Tucson, AZ.

Differences in susceptibility to Cryptosporidium parvum infection between two strains of adult athymic
ﬁﬁ‘dé‘-‘ﬂiice“prompted us to investigate the immune mechanism(s) that may control resistance to infection
thiseé T-cell deficient mice. We studied fecal oocyst shedding, serum and fecal parasite-specific antibody
5. fecal immunoglobulin levels, and phenotypes of small intestinal Intraepithelial lymphocytes
thymic' C57BL/6] and BALB/c] nude mice following oral inoculation with IC. parvuml oocysts.
téd C57BL/ 6] nude mice shed significantly fewer IC. parvuml oocysts than inoculated BALB/c]
lice from day 52 to day 63 post inoculation (P < 0.05). Inoculated C57BL/6J nude mice had
tly higher fecal parasite-specific IgA and IgM levels than inoculated BALB/cJ nude mice (P < 0.05)
tly higher serum parasite-specific IgA levels at 63 days post inoculation (P < 0.03). In contrast,
&d BALB/c] nude mice had higher fecal levels of non parasite-specific IgA and IgM than inaculated
7BL./6} nude mice (P < 0.05). Analysis of IEL surface markers revealed that inoculated C57BL./6] mice had
gher percentage of +, CD4+, and both CD8+ + IEL than inoculated BALB/c] nude mice. Conversely,
culated C57BL/6] nude mice had a lower percentage of + IEL than inoculated BALB/c] nude mice (P
We conclude that parasite-specific fecal IgA and IgM antibodies, +, CD4+, and/or CD8+ + IEL may be
A with resistance to C. parvum in C57BL/6) nude mice; and that thymus-independent regulatory
and Effécétor responses in the intestine may be a mechanism by which athymic nude mice resolve C.
partiini infection.

oy

o

#1: *MOLECULAR EPIDEMIOLOGY OF CYCLOSPORA AND CRYPTOSPORIDIUM INFECTIONS

/AMONG US MILITARY PERSONNEL IN INDONESIA.  Higgins JA, Kerby S, Trout ], Fayer R, Xiao
“/L;and Fryauff D. USDA-ARS, Beltsville, MD; GeoCenters/Special Pathogens Branch, USAMRIID,
t Detrick; MD, CDC, Atlanta, GA; and NAMRU-2, Jakarta, Indonesia.

posting to Indonesia, US military personnel can acquire acute or chronic diarrheal disease, in which
fospora and Cryptosporidium oocysts are observed in the feces. We isolated oocysts from fecal

¢ithéns, obtained from these non-indigenous patients during their visits to clinics in Jakarta, and

itted DNA for use in PCR assays. Using the Relman et al. 185 rRNA nested PCR, we amplified nested
odtict (294 bp) from 3 of 6 specimens. Sequencing of these products indicated >99% homologies with the
slishied sequence of C. cayetanensis. More recently, we have had some success in amplifying a larger (1
BSH¥RNA fragment from another fecal specimen by modifying the PCR parameters. The results of

Wi ‘éfforts to characterize these isolates at the molecular ievel will be presented. Some Cyclospora

1ts had additional oocyst-like objects present in their feces, with light microscopy morphology similar
ryptosporidium. We will present data on our attempts to characterize these Cryptosporidium isolates
)l Our observations to date indicate that diarrheal disease among US military personnel in Indonesia
e due to co-infections with these two protozoal species, with obvious implications for diagnostic and
euti¢ approaches.

£ pe e g

- EFFECTS OF “CO IONIZING RADIATION ON TOXOPLASMA GONDII TACHYZOITES.
' Hiramoto RM, Galisteo Jr A}, Ferreira MA, and Andrade Jr HF.  Lab. Protozoologia, Instituto de
* Medicina Tropical de Sao Paulo, USP, Sao Paulo, Brazil; Instituto de Pesquisas Energética e
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Nucleares, Sao Paulo, Brazil; Dept. Patologia, Fac. Medicina, Universidade de Sao Paulo, Sao Paulo,
Brazil. :

o ¢ z_(dplasmosis is a protozoan disease which present acute infection with subsequent long lastfng non-
- ‘sterilizing immunity, with remaining tissue cysts. This immunity are capable to control new infections,
providing the hope of the development of a vaccine, with parasite fractions or non reproductive

' . organisms. lonizing radiation are specially efficient in the induction of genetic damage that could abolish

. “'completely the reproduction of agents, but without affecting its immediate viability and physiology. Its use
"._in Schistosoma experimental immunization schedules suggested that could be a useful tool for the

“*: .development of vaccines for complex organisms. The effects of “Co y-rays on the morphology,
metabolism, infectivity, and antigenicity of Toxoplasma gondii was studied. The growth of tachyzoites on
C:MK2 cells was completely blocked by 200 Gy *Co irradiation. We analyzed the metabolism of
..irradiated tachyzoites by MTT oxidative conversion, H-proline protein incorporation and *H-
- .Hypoxanthine nucleic acid synthesis in short term cultures. Infectivity was tested in cell cultures with
*..Giemsa and Immunohistochemistry. Antigenicity was tested by serially antibody detection by ELISA and
_. Western blotting, comparing with drug treated infected mice or in mice immunized with formolized
-+ pasasites. T. gondii maintained its morphology after irradiation, as shown by electron microscopy. The
irradiated parasites presented the same respiratory response, protein synthesis and nucleic acid
incorporation as non irradiated parasites in short term cultures. Cell invasion was similar in irradiated
sand controls tachyzoites, but no reproduction and degeneration occurs in irradiated parasites. Mice
munized with irradiated tachyzoites show longer survival time after tachyzoite challenge and less
rebral-disease after cyst challenge. Irradiated T. gondii tachyzoites maintain most of their metabolic
on, without reproductive capacity, providing a new approach for ‘experimental toxoplasmosis and

AMINOPEPTIDASES OF MICROSPORIDIA.  Millership JJ, Chappell CL, Okhuysen PC, and

Snowden KF.  Department of Pathobiology, Texas A&M University, College Station, TX; and

University of Texas - Houston Health Science Center, Schoo} of Public Health and Medical School,
Houston, TX.

"ng;jdia sare eukaryotic, obligate intracellular parasites that infect a wide range of hosts. They are
oungd ;with increasing frequency as opportunistic infections in immunocompromised individuals.
:Encephalitozoon intestinalis is among the most frequently diagnosed causes of diarrhea in
. immunocompromised humans (particularly AIDS patients). Presently, no broadly effective labeled drug
eatment exists for all microsporidial species that infect humans. Aminopeptidases are proteinase
erizymes that sequentially hydolyze N-terminal amino acids of oligopeptides. Many, but not all, of these
ymes are zinc metalloenzymes. Parasite aminopeptidases have been implicated in host cell invasion,
mune evasion and host protein digestion. This study investigates the aminopeptidase activity of 4
an _isolates of microsporidia, Enc. intestinalis , Enc. cuniculi , Enc. hellem and Vittaforma corneae.
peptidase activity was assessed using a fluorometric assay that cleaves amino acid groups bound to a
luorescent substrate (7-amino-4-trifluoromethyl coumarin (AFC)). In total, 6 amino acid groups (Met, Leu,
14, Phe, Arg and Gly) were utilized and the activity measured for each species of microsporidia. Amino
cleavage varied among species and the enzyme activity observed for each amino acid also varied
ong species. No endopeptidase activity was measured using an N-terminal blocked substrate (Z-Met-
C), for all 4 microsporidial species. The substrate cleaved most readily for each species of microsporidia
utilized in the characterization of aminopeptidase activity. The characterization of each enzyme
ded thermal stability, optimal pH, selected inhibitor profiles and partial purification. The purpose of
esearch was to identify potential targets for immunotherapeutic or chemotherapeutic agents against
sporidia.

AR

JACOBUS PS-15, A DIHYDROFOLATE REDUCTASE INHIBITOR, CURED PNEUMOCYSTIS
. CARINII PNEUMONIA IN MICE. Bartlett MS, Shaw MM, Durant PJ, Smith JW, and Jacobus DP.

~Indiana University School of Medicine, Indianapolis, IN; and Jacobus Pharmaceutical Co., Inc.,
Princeton, NJ.
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sumption that lineage III represents a “recent” recombinant of lineages [ and II. Theése results suggest
ile sexual reproduction occurs rarely, it is sufficient to uncouple genes from each other.and thus

be neglected. Additionally, a new cougar isolate possessed multiple unique polymorphisms.

equently, the génetic distance between this isalate and the nearest lineage was larger than that

; at least, one pair of the lineages, suggesting that it represents an additional lineage. A final
ysxs of these patterns will be presented.

7. . SURVIVAL AND INFECTIVITY OF CYSTS OF THE ME-49 TOXOPLASMA GONDII STRAIN IN
. ARTIFICIALLY INFECTED BOVINE MILK AND HOME MADE CHEESE. - Mayrbaurl-Borges M,
Hiramoto RM, Galisteo Jr A]J, Meireles LR, Cardoso RPA, Macre MS, and Andrade Jr HF.  Lab.
Protozoology, Instituto de Medicina Tropical de Sdo Paulo, Sio Paulo, Brazil.

Toxoplasma gondii is transmitted by ingestion of cocysts, in raw vegetables or water; and cysts, in
‘whdercooked products from animal origin, like meat and milk. Bovine milk was found to be
contaminated with T. gondii due to bad hygiene and oocyst contamination, but the secretion in mammary
gland could also results in cyst secretion in milk which could resist to the cheese production process,
usually performed in small farms of isolated rural areas. We study the survival and infectivity of cysts of
ME-49 strain of T. gondii, in bovine milk and home-made cheese. Milk was contaminated with cysts and
stored at 4°C up to 20 days, both as milk or home made cheese, and used to orally infect groups of C57Bl/6;
- miice (12 cysts/mouse), Contaminated milk induced a high mortality, 8/8 at 0 storage day and 4/8 at5 and
10 days of storage at 4° C, when compared to PBS stored cysts in the same periods(6/8 day 0, 0/8 at day 10).
Infectivity, detected by serology and histology, was maintained also at 20 days of storage in milk(4/4), but
PBS stored cysts showed a progressive loss at higher times(3/4 at 10 days and 2/4 at 20 days). The cysts in
.. cheese induces mortality in occasional mice in early times(1/8 at 0 and 1/8 at 5 days), but maintains
- infectivity immediately after cheese preparation(9/11), after 5 days (8/8) and 10(4/4) days of storage, only
"abelished after 20 days of storage (0/4). Those data showed that T. gondii cysts survival was improved in
‘milk, probably due better gastric survival of bradyzoites, and only minimally affected by home made cheese
_production. The refrigerator storage of those products maintains their infectivity by 20 days in milk and 10
‘days in"home made cheese, suggesting that the contamination of milk and cheese with T. gondii must be
- studied as a possible source of human infection.

' 828 'EVALUATION OF NOVEL MONOCLONAL ANTIBODIES FOR USE IN TOXOPLASMA GONDII

ANTIGEN CAPTURE ASSAY. Grushka D, Serhir B, Carey K, Ward GE, MacLean JD, and Ward BJ.
National Center of Parasite Serology, McGill University, Montreal, QC, Canada; Department of

Microbiology and Molecular Genetics, University of Vermont, Burlington, VT; and McGill Tropical
Diseases Center, Montreal, QC, Canada.

- Toxoplasma gondii is one of the most common parasitic infections of man. Although several commercial
tests exist for toxoplasma serodiagnosis, the unambiguous diagnosis of many clinically important
toxoplasma infections remains problematic. This is particularly true in establishing the timing of infection
in pregnant women and demonstrating reactivation of disease in immunocompromised hosts. The
systemic nature of toxoplasmosis raises the possibility that the detection of circulating tachyzoite antigens
may be of use in these situations. To date, experience with antigen detection techniques in human

. toxoplasma infections is limited. We have developed a series of antigen capture EIAs using a panel of

: - novel monoclonal antibodies (MADb) directed against a range of tachyzoite antigens (45.15, 17.9, A32, C8.4,
~ . B3-90). After optimization using a pool of these MAbs to capture and negative serum spiked with whole
-~ tachyzoite lysate antigen; we were able to detect circulating antigen in 12/19 (63%) patients with
-+ Symptomatic toxoplasmosis. Using single MAbs to capture, we observed that most of the reactivity in the
Ppool was accounted for by clone 45.15 (70 kDa inner membrane complex protein) with lesser contributions
~ from clones 17.9 (31 kDa antigen from dense granules) and C8.4 (57 kDa surface/extemnal antigen).
“Although early reports suggest that toxoplasma antigen levels in serum are transient, the magnitude and
“:Kinetics of antigenemia with the specific toxoplasma products recognized by our panel of MAbs remain to
be determined. Our assays will be further refined and applied to defined toxoplasma sera from otherwise

healthy and immunocompromised subjects to determine the clinical utility of detecting the targeted
* toxoplasma antigens.
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! i)f Tomma, Chuqulsaca dcpanmem Bolivia. Children (n=177; 3 to 11 years old) were screened for antibodics directed against

ing TESA blot and ELISA; and antibodies against H49 and B3 antigens using the corresponding recombinant peptides in
) q;ysts was also performed by two conventional scrologic tests (ELISA; indirect hemmaglutination) using the cxtract of
antigens. We found that 36.16% of serum samples (64 over 177) did not react with TESA or the recombinant antigens
“Three false-positive resuits were obtaincd with the conventional serologic tests, confirming the high specificity of TESA
\binant antigens in the serological diagnosis of Chagas discase. Sixty-four percent of serum samples (113 over 177) gave
X Its. with TESA assays or with conventional serologic tests. 1t is notewarthy that an acute case was only detected by TESA blot
;je t0.the presence of SAPA (Shed Acute Phase Antigen) in these assays. Antibodies to the recombinant antigens H49 and
ctéqtcd in 86-88%. These results indicate that the population under study includes children in different stages of the T. cruzi
;]Lq,sensmvnty and specificity of TESA were higher than those displayed by the conyentional serologic tests and the
antlgens H49 and B13. This study will bec extended to other individuals living in this high endemic rural region for

i sponsored by: FAPESP, CNPq, CAPES, CYTED (Spain)

H MOK!NE RECEPTOR EXPRESSION BY PBMC IN HUMAN CHAGASIC CARDIOMYOPAHTY ACTIVITY

3 3@5@‘3&: Rgr.ha MOC2 Klein A3, Gomes §, Falcdo PLl Teixcira MM )
Pept wto de Bioguimica Imunologia, ICB/UFMG, Av. Anténio Carlos, 6627, 31270-010, Belo Horizonte, MG: 2- Pés-graduacio
a1l »UFMG 3- Centro de Pesquisas Aggeu Magalhdes, Recife, PE, Brasil

“hogs . lsease is an insidious infection caused by Trypanosoma cruzi whose main target of destruction is the heart. The

events dctenmmng the evolution into the more severe forms of chronic chagasic cardiomyopathy (CCC) are not known
markers of prognosis exist. Chemokine receptors (CKR) may be used as immunological markers of Th l/ThZ polarization.

st bundle branch hemi-block with. complete right bundle branch block). The expression of CKRs (CXCR4, CCR1,

and m!ncellular cytokines (INF-g and IL-10) by monocytes (CD13) and Iymphocytes (CD4 and CD8) ex vivo or after
were cvaluated by flow cytometry. CCRS, a ligartd to RANTES, was detected ex vivo in high levels on CD8 T cells

Ut ot in severe CCC. After 24 h-culture with trypomastigotc antigen, CDI14 cells from patients with mild CCC

'_ is of CCR1, IL-10 and IFN-g than those with severe CCC. In conclusion, our results show that the expression of

“blmcytcs ex vivo mark a subsct of patients with the milder forms of Chagas hean disease.

'gmsored by: CAPES, WHO (910728, A0009

. 'LIMINARY RESULTS IN COMMITED CYTOKINE PRODUCTION BY SPLEEN CELLS (IFN-, IL-10 AND IL-
.,;RQDENT PLASMODIUM CHABAUDI MALARIA

BRE i
} %Lby pmtozoan ‘parasites of the genus Plasmodlum, with high prcvalence, morbidity and mortality in tropical countries.
)l;ed by intraerythrocytic growth of the parasite, with clearance of parasitized red blood cells in the filtration network in
vironment that allows the killing of the parasite inside the red-blood cells, by free radical delivery as oxygen or NO-
' "[he response of the spleen after the first malaria attack is greatly enhanced, an state called premunition, that must
cell commitments. Cytokines influence the response of cells, regulating the immune response (specific and unspecific),.
m;mg! gmmnon We scquentially study the production of the cytokines IFN-'g’, IL-10 and IL-12 ant their mRNAs; including
spensions of spléen cells from C57BV6j mice at the 4th, 6th, 8th, 10th, 12th, 14th and 16th days of Plasmodium chabaudi
i) Supermnatants of 48hs cultures of cell suspensions (2 x 107 cells/well/ 96 well microplate/ 37°C/5% CO2) werc collected by
aind stored at 20° C until use, with cell peliets suspended in TR1zof at -80°C until nucleic acid processing.- We measured the
d IL.-12 production by quantitative ELISA (OpTEIA Pharmigen) in cell supematants. The whole production of IFN-g* by
at 8th day, exactly at control of parasitemia, decaying thercafier. The production of IL-10 grows afier the 6th day, peaking
|2 Jevels presented a more complex pattern, with increase in the 4th and 6th days of infection, decaying thereafter for
the 16th day of the infection, along to the complcte parasilemia control. Similar pattems of cytokine production were
= .Stimulation. Late mRNA production of IFN-'g’, IL-10, IL-12 and TNF-'a’ was determined by quantitative RT-PCR,
MRNA as control. RT-PCR results show also increased production of cytokines in cells obtained from the ascending
0d, decaying after parasitemia control except for IL-10, usually related to B-cell growth and entibody production, Thesc
.the.malaria infection induces prolonged commitments of cell population in spleen during the parasitemia control,
,product:on, with subsequent specific antibody production, that may not been correlated with pRBCs clearance.
ggests that the prolonged commitments of spleen cells must be involved in malaria con!rol and further studies
rifying the participation of parasitc antigens or antibodics in this process.
ed by FAPESP (99/04926-6) and LIMHCFMUSP-49

RN
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- CYTOKINE PRODUCTION AND PROLIFERATIVE RESPONSE IN SPLENIC CELLS OF CS7BL/6J MICE
SUNIZED WITH 255 GY IRRADIATED TACHYZOITES OF TOXOPLASMA GONDII

o *M ]; Galisteo Jr AJ2, Terentowicz HCK2, Cardoso RPA2, Andrade Jr HF2 _
“Ridjobiologia IPEN/CNEN, SP; 2- Laboratério de Protozoologia, IMTSP, Av. Dr. Enéas de Carvalha Aguiar. 470, 05403-000, Sio

¥ a gbndii. an intraceliular obligatory protozoon, had a complex life cycle, with felines as dc_ﬁni!ivc host, z}nd warm-blooded
12 ;anvaand birds as intermediate host. Widespread among humans and genen'ally asymptomatic, "I'IS agent could induce devastating
é!us. AIDS patients and recipients of organ transplants. Cell-mcdiated immunity that result m_cytokin: production is required
ance against infection with ‘T. gondii’. Here we study the cytokine levels and proliferafive response in splenocytes from
¢ immunized with 255 Gy imadiated tachyzoites, as 3 sequential 10'7' i.p. or oral route, comparing with splenocytes from
nfected with 10 cysts of Me49 strain. After 15 days of last shot or oral infection, spleen were disrupted in RPMI 1640 medium
ed.with 10%:FBS and antibiotics, and 2 x 10'S' cclls/well were plated in 96 well plates and stimulated with T. gondii antigen or
fter 48 h of incubation at 370C under 5% CO2, culturcs were pulsed for 18 h with 1'uw'Ci of ['3’'H] thymidine, supernatants were
and frozen at -20'0'C until use and the cells were harvested and incorporation of radioactivity determined using a scintillation
Qytbkinc production (IFN-'g', IL-12 and 1L.-10) was measured jn culture supernatant by ELISA. The uptake of thymidine by
from: infected mice cultured with Con A was markedly reduced in comparison to spleen cells from uninfected cantrol mice.
jIs from immunized mice (i.p. or oral) presented increased proliferation in comparison to the uptake in splenocytes from infected
tlecrgased in relation to the spleen cells from uninfected mice. 'T. gondii' antigen-induced proliferation of splecn cclls was
eesbioth io cells from mice infected with Me49 strain or uninfected controls; but was increased in spieen cells from mick immunized
jated tachyzoites. T. gondii antigen-stimulated splenocytcs from i.p. immunized mice produced higher levels of 1°N-"g’ and IL-
3 ‘eells from infected or oral immunized mice showed smaller cytokine production. IL-12 were undetectable by ELISA in
& §upernatants. Suppression of proliferative responsc or lowering cytokine production by spleen cells of infected mice may be
the spread of T. gondii within the host, allowing the development of chronic infection. In spleen cells from ip. immunized

ed proliferation and cytokine production (IFN-'g’, IL-10) of spleen cells demonstrates that irradiated tachyzoites induced a
mmune response, allowing research in their use as a candidate vaccine.

artment of Immunology, ICB, University of S3o Paulo, Av. Prof. Lineu Prestes, 1364, 05508-900, Sao Paulo, SP, Drasif
arify the role of the antibodics in the protection against the infection for the Plasmodium chabaudi chabaudi A), aicthal and
ous murine malaria parasite, we have been using the MAb 1C29F9, a representative clone of the hybridomas oblained in our
ry;:capable to inhibit the erythrocytes infection in vitro. We evaluated the capacity of the MAD to recognize a parasite-purified
d bload samples, entiched for merozoites. Western Blot analysis of P. c. chabaudi A) extracts probed with MAb revealed a band
)a anfigen, however, it was not revealed by P. c. chabaudi AS extracts. FACS analysis of blood samples showced the capacity of
b to recognize antigens in the P. c. chabaudi A infected eryhrocytes, but not in the P. c. chabaudi AS infected crythrocytes. The
asitemia monitored in BALB/c mice inoculated with MADb before P. c. chabaudi A) infection did not exceed 60%, however,
ed mice developed fulminant infection and died. Therefore, MAb induced protection in the P. c. chabaudi A) infected mice, and
on seems to' be specific, since this MAb did ‘not recognize antigens from P. c. chabaudi AS in Western Blot and FACS

ch is sponsored by: FAPESP

BgADHESlON MOQLECULES PLAYING A ROLE IN THE ENTRANCE OF PERIPHERAL BLOOD
: CLEAR CELLS INTO THE MYOCARDIUM DURING TRYPANOSOMA CRUZI INFECTIQN?

9. AFMP), Azevedo MIP), Teixcira MM2, Lanncs-Vicira J1

orgy 9ty of Autoimmunity and Immunoregulation, Depastment of Immunology, I0C, FIOCRUZ, Av. Brasil, 4365, 21040-360, Rio
) 2- Department of Biochemistry an Immunology, ICB, UFMG, Av. Antanio Carlos, 6627, 31270-010, Belo Harizonte, MG,

fection, change in the pattern of lymphocyte migration represents a key event in the evolution of an immune response since it

mbhgcytcs to gain access to infccted and/or inflamed tissues. Recently, using C3H/He mice infected with the Colombiana strain
we found that the distribution of CD4+/CD8- and CD4

,CD62LLowLFA-IHighVLA-4High activation phenotype among CD4+/CD8- and CD4-/CD8+ peripheral blood T cells.
wvascular cell adhesion molecules | (VCAM-1)-positive endothelial cells and VLA-4+ mononuclear cells were found in the

} myocardium. Morcover, our results suggest that the preferential recruitment of CD8+ T cells into the heart tissue is driven by
and INF-g-induced chemokines as RANTES (Santos et al., Microbes and Infection, 2001). Thus, we hypothesized that VLA-

-/CD8+ T cells in the myacardium mirrars the frequency of cells
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4/VCAM-1-mediated interactions participate in the early preferential adhesion/migration of CD8+ T cells inlo the infected cardiac tissue

leading to the establishment of the T. cruzi-clicited myocarditis. To approach this question, we studied the carly cvents involved in the
" entrance of inflammatory cells into the heart tissue. Here we show that in carly acute phase (14 days post-infection - dpi) a few CD4+ and
‘- CD8+ T cells are found in the cardiac tissue, whereas a prcdommancc of Mac-1+ is observed. Further, rare VLA-4+ cells are detected in
" this tissue. Al 28 dpi a prevalence of CD8+ T cells is already observed and the majority of the inflammatory cells are VLA-4+.
. Interestingly, at 14 dpi most of the cardiac blood vesscls are VCAM-1Dull/Neg, whereas at 28 dpi the majority of blood vessels express
high density of VCAM-1. The cytofluorimetric analysis of adhesion molecules on peripheral blood mononuclear cells showed that at 14
:4 dpi significant increase in the expression of VLA-4 is abserved on CD4 (from 19% in normal to 24-27% in the infected mice) and CD8
(from 44% in normal to 56-76%.in infected mice) T cells. Further, at 28 dpi 80-81% of the CD8+ T cells express VLA-4High, whereas 38-
45% of the CD4+ T cclls present this activated phenotype. Altogether, our results strongly suggest that besides contributing to the
maintenance of the preferential migration of CDB+ T cells during the chronic infection, VLA-4/VCAM-1 interactions are playing a role in
the early preferential entrance of activated T cells contributing to the establishment of the CDB-mediated myocarditis.
This research is sponsored hy: CAPES, CNPgq, I0C-FIOCRUZ, PAPES-FIOCRUZ

IMS} - IMMUNOLOGICAL PROFILE AND INTERSTITIAL FIBROSIS IN THE SYRIAN HAMSTER MODEL OF
%2 CHRONIC CHAGAS DISEASE CARDIOMYOPATHY

& Bilate AMB1, Salemi V1, Ramires F1, Brito T2, Mady C1, Kalil J1, Cunha-Neto E1
ﬁ 1- Hean Institute (InCor); 2- Institute of Tropical Medicine, University of Sfo Paulo Medical School, Sso Paulo, SP, Brasil

5 T. cruzi mfected Syrian hamsters develop a chronic cardiomyopathy memblmg human discase. Association of crossreactive cardiac
« myosin-B13 T and B cell responscs among Chagas cardiopathy patients has been reported. We characterized the immunological profile,
g intersititial/perivascular fibrosis and heart function afier 12 mo pom-mfecnon (P1). Hearts from animals infected with 100,000 (G3) and

35,000 (62) Y strain T. cruzi parasites displayed a 4-fold and 2-fold increase in interstitial fibrosis compared to controls (G1), while
penvascular fibrosis remained similar. Animals who developed ventricular’ dysfunction (VD) before 8 mo P, displayed elevated
' interstitial ﬁﬁmﬂs, ventricular dilation and died before 12 mo Pl, while those with late VD showed lower fibrosis and survived. Anti-B13
v protein Jg ; antibodies showed a positive correlation with interstitial fibrosis in G2/G3. Pooled sera from all groups recognized heavy and
43 light d;am uf !:ardlac myosin by Westem blot analysis, but cach group recognized distinct secondary bands. Splenic celfs from infected
2} -animals failed fo' prohfcnu: to Con A, B13 protein and cardiac myosis. The correlation between anti-B13 antibodics and fibrosis, that was
¥ associated ‘ rarly, severe cardiomyopathy and death, suggests a link between recognition of antigenic targets and discase progmssuon
"l‘lus ’ h.ls sponsored by: FAPESP, CNPq and HHMI

IMS2 £ IRRADIATED L.(L) AMAZONENSIS PROMASTIGOTES INDUCED IN VITRO ANTIBODY PRODUCTION AND
Lvmrnornoumnuws RESPONSES TO LEISHMANIA ANTIGEN HIGHER THAN NATURAL INFECTION

: lf Protcm* Chemmry Laboratory LBM-IPEN/CNEN Sio Paulo, SP; 2- Protozoology Laboratory, Instituto de Medicina Tropical de S3o
lulo. US}’, Sao Paulo, SP, Brasil

Mlshmﬁn a,"a pathogenic protozoan, cause dlffu'ent discases in men, transmitted by sand fly vectors. The human diseases, in America
used by this group of protozoa are divided in coetancous or tegumentar and visceral, known as kala-azar. In this work, our principa)
‘was the Leishmania (L) amazonensis, that cause cutancous leishmaniasis in Brazil. Antibody production and proliferative
onse in the spleen cells of BALB/c mice immunized with 1500 Gy iradiated promashgotes as 3 sequential 107 subcutancous route,
mmparcd with spicen cells from mice expesimentally infected with L.L.amazonchsis mice in the footpad, using uninfected mice of
e: Slﬂl kground as controls. Spleen was removed and disrupted in RPMI 1640 supplemented with 10% FBS and antibiotics. The 96
3 wete previously adsorbed with Leishmania antigens (10ug/ml), sterilized with radiation and used for in vitro antibody
N ass s, with 2 x 106 cell/well plated. After 48 h of incubation at 370 C under 5% CO2, cultures were pulsed for 18 h with 1
idinc (1 mCi/ml), for lymphoproliferation assays. The cell suspension was transferred to ar&other plate, harvested
d filter bound DNA radioactivity determined using a scintillation counter. In the former plate, the antibody produced was
ing. anti mouse IgG conjugated with peroxidase, and the bound antibodics revealed with peroxidase substrates. The
fisity was used as an index of antibody pmducuon by spleen cells. Morphologic studies by clectronic microscopy were
izing radiation. The splenocytes of immunized mice with Leishmania amazonensis irradiated with (500 Gy produced
ibodics without cutancous lesions, while the splecn cells of the mice infected with naive L. (L.) amazonensis generated
tduction-and lymphoproliferative response. A third group of mice immunized with promastigotes irradiated at lower
Mted in infection with good antibody response despite clinical infection, which was also PCR proven. Mice immunized
promastigotes presented absence of skin Jesions after challenge with viable promastigotes, but complete sterilization
ress. Our data shown the feasibility of in vitro antibody production assays in experimental Icnshmamasns an yseful tool in
€3 enndldatcs, as jrradiated promastigotes.
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-results showed an association between absence of clinical malaria and high antiﬁody

esting an *‘anti-disease” immunity in the populations exposed to low levels of malaria
endemic region for many years.:

RESPONSE IN SPLENIC CELLS OF THE C57BL/6J MICE INOCULATED WITH
XYTS OF THE TOXOPLASMA GONDII

 Jr AJ, Cardoso RPA, Andrade Jr HF
N SP & 2- Lab.Protozoologia, IMTSP -
. ias, 470, 05403-000, Sio Paulo, SP, Brasil.

¢, causing serious discase mainly in immune-compromised individuals (AIDS,
patients) and fetus, leading frequently to death or causing severe and irreversible
:gystem. Vaccination was attempted with live or attenuated or irradiated or killed
ts and different antigenic fractions, showing conflicting results. Immunization,
‘specific antibody production and partial protection in mice challenged with
t studies on the proliferative of splenic and intestinal lymphoid cells. In this
0f €57B1/6I mice with three sequential i.p. injection of 107255 Gy RH strain inadiated
: crificed and the spleen was removed and dissociated. The spleen cells were
per well of 96-well flat-bottom tissue culture plates, Cells were stimulated
¥ or an A (5 pg/ml). After 48 hours of incybation st 37°C under 5% CO,
Ci of [°H] thymidine ([H]TdR), sind the ¢ells were harvested. Incorporation
ntillation counter (Wallac 1209 Rackbeta). Stimuldtion with Con A of spleen
rradiated tachyzoites C57BI/6) mice was low. Théie wasa significant increase .
lic 3plcen cells of immunized mice with isradiated tachyzbites a3 compared to -
antigen of T. gondii was used as stimufant. This data showed ‘that irradiated B
iplar immune response in spleen, a desired cffect as cellular immune response are

e ST W)

ction in the host. Further studies in lymphoid célls response froin the gut are
ion of thé host in Toxoplasma nsual iransmission. ’ T

NASE PRODUCTS ARE NOT INVOLVED IN THE DOWN MODULATION OF
CITON OF MACROPHAGES AFTER TOXOPLASMA GONDI INFECTION

Keller DG, De Souza W,2 Da Matta RA! )
&_?iologia Celular e Tecidual; 2- UFRJ, IBCCF, Laboratério de Ultraestrutura Celular

 Toxoplasma gondii infection down modulates nitric oxide (NO) production of activated =~ 388
b, S.H. et al., Mem. Inst. Oswaldo Cruz, Suppl. 11, 93:285, 1998). There are no data on
itiized by this parasite to explain this NO down 'modulation. However, eicosanoides are
um after T gondii infection (Thardin, J.F., Infect, Iinmun., 61: 143241, 1993). Since these
ting factors of macrophages, two (aspirin and indomethacin) cyclooxygenase inhibitors
g the possible involvement of the enzyme products on the down modulation of NO production
- Mouse peritoneal macrophages and a chicken macrophage cell line (HD11 - produce NO
) WiSed as host cells. Peritoneal macrophages were harvested from mice, seeded on coverslips
ours it Diilbécco’s Modified Eagle's Medium (DMEM) containing 10% fetal bovine serum.
i tulture flasks with DMEM containing 5% chicken serum. Twenty-four hours before the
HD11 were seeded on coverslips and cultured as before. Tachyzoites, of the RH strain,
hentoneal washes of infected mice. Afier the interactions, peritoneal macrophages were activated
) and Lipopolysaccharide (LPS), and HD11 with LPS. Macrophages were washed with
with a 10 to | T’ gondii/macrophage ratio. After 2 hours of interaction macrophages were
and new medium supplemented with aspirin or indomethacin, containing serumn, IFN and LPS
jhiages) or LPS (HD11), wasadded. Supematants were collected after 24 and 48 hours and assayed
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1M-103—RESPONSE OF C57BL/6J MICE IMMUNIZED WITH IRRADIATED TACHYZOITES OF T0X0-
" PLASMA GONDIIRH STRAIN TO ORAL CHALLENGE WITH ME-49 STRAIN

Hiramoto, R.M.!2, Galisteo Jr., A.J.2, Raiz Jr.3, R., Cardoso, R.P.A.2, Okay, T.S.3 & Andrade Jr., H.F2
""" 1- S.Radiobiologia IPEN/CNEN SP, 2- Lab.Protozoologia, IMTSP & 3- Instituto da Crianca’ HCFMUSP
" Av.Dr. Enéas de Carvalho Aguiar 470 — 05403-000 - Sio Paulo, SP, BRAZIL. email: nnhiramoto@hotmail.com,

* hfandrad@usp.br

.. " Toxoplasma gondii is an obligatory intracellular protozoan, with felines as definitive hosts and mammals and
_ birds as intermediate hosts. Toxoplasmosis is acquired by the ingestion of food or water contaminated with oocysts

rom feline stools or raw meat containing cysts. The disease is usually asymptomatic in immune-competent individu-
als, occasionally with eye lesions. In immune-compromised (AIDS/organs recipients) patients or fetus, the discase
can be extremely severe, leading frequently to death or disability. The ionizing radiation was demonstrated to be
fficient to climinate cysts of 7.gondii in meat or to abolish the reproductive capacity of the parasite, allowing its use
for immunization, with promising results. Here, we imadiated tachyzoites of the RH steain of T.gondii with 255Gy
“and immunized groups of C57BV/6j mice with 3 sequential 107 i.p. shots, with posterior oral challenging with 20 cysts
from the ME-49 strain. The mortality, immune response and histological lesions in brain, lung, liver, spleen were
yzed. No animal deaths were observed, in contrast with 30% that occurred in non-immunized groups. Specific
body response was detected through ELISA, showing an increase in the IgG levels after the immunization. For
.6ell cooperation, in vitro assays were performed with culture of purified spleen lymphocytes on Z.gondii antigen
coated microplates, with subsequent antibody detection by ELISA. Higher production of 1gG was observed with
cooperation between lymphocytes from immunized mice as compared with controls. Through histology, it was
difficult to identify tissue cysts or lesions in immunized mice, as compared to controls, which presented several cysts
, .- and necrotic [esions in the brain, as well as other organs as lung and liver. Greater follicular response occurred in spleen
' -of immunized and challenged mice. RT-PCR for ribossomal RNA on nucleic acids from brains of immunized chal-
" 1enged mice demonstrate small amounts of T.gondii fRNA, showing that the induced immunity protect from Jesions,
¢ allows brain colonization by cysts. Those promising results demonstrate that ionizing radiation can be important
in the sterilization of Z.gondii tachyzoites, allowing both immunity and protection from disease, in the prospects
yaccine for toxoplasmosis, specially to at risk groups.

M. ﬁimmoho is a fellow of CNPgq. A.J. Galisteo Jr is a fellow of FAPESP (98/1681-0). This work was partially

supported by FAPESP(96-5875-8) and LIMHCFMUSP-49
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Wé{ sles, L R., Pompeu, E.*, Cardoso, R.PA. & Andrade Jr., H.F. :

‘Liboratério de Protozoologia — Instituto de Medicina Tropical de Sio Paulo & *Centro de Bioterismo /FMUSP
E.C.Aguiar, 470 — E-mail hfandrad@usp.br _

xoplasmosis is a high prevalent protozoan discase, which affects at least 20% of the world population.
ryncrally benign or asymptomatic, occasionally it can affect the eye or fetuses, with great social and economic
, Specially in countries with higher prevalence, as Brazil. This disease is transmitted by ingestion of cocysts

food contaminated with cat stools, the definitive host, or by ingestion of raw meat containing resting tissue
\ warm-blooded intermediatc hosts. The dog, mainly the free living, could be used a5 an index of environ-
Mamination, as they usually fed in small preys like cats. The infection in dogs is generally asymptomatic,
mally ¢auses systemic disease, often with respiratory and ncurological involvement. We developed a
ondii dog 1gG ELISA, testing 128 samples from street dogs from S3o Paulo Metropolitan Region, that
Prored b ;Zoonosis Health Services. ELISA was standardized using positive sera tested with indirect
ofluorescence assay; using microplates coated with saline extract of RH strain tachyzoites from experimen-
mi plates variation was corrected by a standard cut-off serum, and estimated as artificial units.
8(60,15% - 51.5—68.4 95% C.1.) positivity in this assay. When dental age and sex were analyzed.
on ¢ ‘pfection was similar in both sexes ( 24/44 female and 53/84 males), most age groups presented
4 alence, showing that the infection occurs early in the dogs life. Take together, these data shows that the
I Woxoplasmosis in street dogs was similar to the human seroprevalence ia same region, and reflects
Sourte and environmental conditions, that could be used in epidemiological interventions for diseasc
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B-U-73—SURVEY ON PORCINE TOXOPLASMOSIS FROM SWINE FARMS IN SOUTHERN REGION
OF BRAZIL

Silva, R. A. M. S.1, Barato, P.2, Bonassi, C. A.2, Vidal, C. E. S.1, Mores, N.1 & Dalla-Costa, O.A.1, Dubey, J.P.3

. 1-EMBRAPA/Centro Nacional de Pesquisa de Suinos. e Aves, Br 153, km (10, Vila Tamandui, CEP: 89700-00

. Concdrdia, SC, Brasil. ‘ ) )

2-Universidade do Contestado, Curso de Ciéncias Biolégicas, Bairro Salete, Parque de Exposigdes, CEP: 89700-00

Concérdia, SC, Brasil.

.. 3-Parasite Biology and Epidemiology Laboratory, Livestock and Poultry Science Institute, Agricultural Research
. Service, U.S. Department of Agriculture, Beltsville, Maryland 20705-2350, USA.

Toxoplama gondii, a protozoan parasite that infect all species of mammals and birds. Felincs, the definitive
hosts, are the only animals that pass oocysts into eavironment. Pigs are commonly infected with T gomdii and pork
is an important potential source of human infection with the organism.
. Serum samples from 223 pigs of 65 farms pig from of Parani (PR), Santa Catarina (SC) aod Rio Grande do Sul

(RS) states, Brazil were examined for cross reacting antibodies to 7. gondii by the use of the modified agglutination
.- test (MAT).Anti-T. gondii titers of > or =1:200 were found in 12.69% (8/63) of pigs from PR, 10.00% (10/100) of
. .pigs from SC and in 26.66% (16/60) of pigs from R.S. Toxoplamosis in pigs has worldwide distribwiion and are
"+ numerous reports about infection in several countries. In Canada during 1991/1992, market-age pigs werc sampled
and the seroprevalences ranged from 3.5 to 13.2% (Gajadhar et al, J Parasitol. 84:759-63, 1998). Van Knapen et al
{Veterinary Quartely, 17:87-91, 1995) in the Netherlands showed very low seroprevalences of 7. goadii in finishing

igs (1.8%). T. gondii antibodies have been dernonstrated in 3% of slaughter pigs in Denmark (Niclsen & Wegener,
Rev Sci Tech, 16:513-24, 1997). In Brazil are numaerous reports on surveys on porcine toxoplasmosis. A review
Stuidy by Dubey (Ver Parasitol., 19: 181-223,1986) reported founds in Brazil from 11% to 67%. Owr results arc an’
icative that the situation is the same after 13 years of Dubey’s report. As yet, there are no interventions designed
to reduce swine exposure in the region. Freezing 10 -20 degrees C, cooking to an intemal temperature of 67 degrees
>; OF gamma irradiation (0.5 kGy) can kill tissue cysts in meat.

P

B-U-74—SURVIVAL AND INFECTIVITY OF CYSTS TOXOPLASMA GONDII (ME-49 STRAIN)}IN HOME
MADE FRESH CHEESE PRODUCED WITH ARTIFICIALLY INFECTED MILK -

- Him':noto, R.M."2, Galisteo Jr., AJ.!, Mayrbaurl-Borges, M.}, Cardoso, R.PA.!. Macre, M.S.! & Andrade Jr.,
- HFR :

~ 1- Lab.Protozoologia, IMTSP & 2- S.Radiobiologia IPEN/CNEN SP

" Av.Dr.Enéas C. Aguiar 470 — 05403-000 - S3o Panlo, SP, BRAZIL. email: hfandrad@usp.br

Toxoplasmosis,.caused by the pratozoan Taxaplasma gondii, is a benign discase, with occasional eye involve-
. ment, affecting around 60% of Brazilian adult population. The infection is transmitted through the mgestion of food
; -and water contaminated with oocysts of the feces of felines, definitive hosts, or raw meat contsining tissue cysts in
.~ meat from warm blood animals, intermediate hosts. Milk dairy products were fequently home made in small farms
" of rural areas in Brazil, without milk pasteurization, being one of the most important protein sources in these areas.
. The raw milk was described as source of infection in man, however a study on the survival of the parasite in dairy
.products was never studied. We verify the survival and infectivity of Tgondii cysts in milk products, by artificially
- infection of pasteurized bovine milk with 10 viable cysts from ME49 strain I'gondii infected mice brain. Fresh
cheese was produced by artisanal technique, using market reagents available to Brazilian farmers. These cheeses
was offered individually to groups of four CS7BI/6j mice, fresh or stored in 4° ¢ for 5, 10 and 20 days. The ingestion
... of the cheese was monitored, with mice follow-up by S weeks. Only one animai died in the group that ingested fresh
cheese immediately after the production, in all other groups no montality was observed. Control mice, orally in-
- fected with 10 cysts in milk, presented a 50% mortality in same period. After 5 weeks, mice were killed, with search
. of cysts of Tgondii in the brain, with serological survey of the infection. We found T,gondii cysts in brains of all
‘mice from groups that received contaminated fresh cheese or stored during 5 or 10 days at 4° C. These data were
confirmed through ELISA, with presence and progressive increase of specific IgG antibodies in these groups. Mice
- that received cheese stored for 20 days at 4° C neither presented nor brain cysts or seroconversion. Antibody
.Specificity was also confirmed through Western blotting and histology of the brain of all of the infected mice. Our
~data prove that T.gondii survives the process of fresh cheese production, without significant loss in the viability and
infectivity, until 10 days of storage in common refrigerator temperatures, demonstrating that milk dairy products
_tould be an important source of human contamination, reinforcing pasteurization of all milk before any processing
Or Ingestion. .

A.lL. Galisteo Jr is a fellow of FAPESP (98/1681-0). R.M. Hiramoto is a fellow of CNPg. This work was partially
supported by FAPESP(96-5875-8) and LIMHCFMUSP-49 ’
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cific 1gG to P-falciparum extract antigen (Pf) was measured in samples collected from 175 individuals presenting .

with P. falciparum or P. vivax blood parasites and from nonparasitemic individuals. One hundred and forty-four
individuals (82,3%) were positive for Pf. Among these, sixty individuals (34,8%) presented specific 1gG antibodies
to EB200, with titres varying between 1/85 to 1/6912. No reactivity were found for tested sera to either the R23 1,
R23.2 proteins or AARP peptides. These results showed the development of specific IgG anti-EB200 in natural
Plasmodium-infected individuals living in areas where malaria is hipoendemic. Both the EB200-specific IgG! and
12G3 levels and the affinity of EB200-specific antibodies produced are under investigation in our laboratory.

Supported by Fapesp, CNPq.
IM-125

PREVALENCE OF TOXOPLASMA GONDII INFECTION IN PIGS FROM BRAZIL AND PERU,
DETECTED BY SEROLOGICAL ASSAYS

Galisteo Jr. A, Sudrez F*, Cardoso RPA, Hiramoto RM**, Andrade Jr. HF
Laboratorio de Protozoologia, IMTSP *Depto.Prat.Saide Piblica, FSP **S. Radiobiologia IPEN/CNEN SP,
Av.Dr.Eneas de Carvalho Aguiar 470, 05403-000 Sio Paulo, SP, Brasil. E-mail: hfandrad@usp.br

Toxoplasmosis, a high prevalent zoonotic infection, had worldwide distribution and is acquired by ingestion of
food contaminated with oocysts from cats stools, the definitive host, or by raw or undercooked mest of warm blood
animals, intermediate hosts. Generally asymptomatic, this infection could cause eye involvement, or more severe
discase, with deaths or abortions in fetus or immune-compromised patients. This infection had a great importance
with the HIV epidemic, affecting 20% of AIDS patieats with toxeplasmic encephalitis, a disabling and lethal dis-
ease. The sources of the infection, specially those attributed to animal products, was limited research, generally
related to the ability of the animal to camry the infection, with few reports dealing with the prevalence of those
infection on animals used for human nutrition. To evaluate the scroprevalence of this infection in pigs, we analyze
397 sera from 5 months old pigs of trading abatroirs from S3o Paulo, Brazil(300) and Lima, Peru(97). We detect
specific antibodies by indirect hemagglutination, specific anti-T.gondii 1gG by ELISA and Westem Blotting, with
some experiments of antibody avidity with urea as chaotropic reagent. Contro! sera was obtained from anexperi-
mentally infected pig, with week blood collection for antibody titers and avidity assays. This infection evokes a
clear specific antibody responsc, with time increment in antibody avidity. Enzymatic assays, ELISA and WB,
provides a high prevalence of specific antibodies in pigs both from Peru(34%) and in Brazil(9%), but a high propor-
tion of animals had very low positive titers, most clearly seen in pigs from Sio Paulo(36%), that could be explained
by matemnal transmission of antibodies during delivery. The avidity assays showed no correlation with antibody
titers, with most positive animals also with a high avidity index. The hemagglutination assays were less efficient in
the definition of infection, with both false negative and false positive sera, despite its feasibility. We cannot avoid
that other coccidian swine infection could present crossed reaction in this assay. These data demonstrate that pigs
could be considered a significant source of human Taxoplasma gondii infection, with care and education in the
cooking of pork-containing foods. Some serological improvements are needed in the diagnosis of this infection. A_J.
Galisteo Jr. is a fellow of FAPESP(98/1681-0). RM Hiramoto is a fellow of CNPq. This study was a part of the thesis
of F.Sudrez FAPESP (96/5875-8) and LIMHCFMUSP-49 supported this work.

IM-126 -
PRIMARY IN VITRO STIMULATION OF SPLENIC CBAMOUSE CELLS WITH LEISHMANIA
MAJOR OR LEISHMANIA AMAZONENSIS

Santana,CD d¢’** Lemos V, Freitas LAR de, Veras PST
Laboratério de Patologia ¢ Biologia Celular, Centro de Pesquisa Gongalo Moniz, Fiocruz, Salvador, BA, Brasil
*Instituto de Biologia, Universidade Federal da Bahia, Salvador, BA, Brasil

CBA mice are resistant to infection with L. major (Lm) but are susceptible to infection with L. amazonensis
(La). In vivo studies shawed that in this model resistance is associated with a Thl type of ccll-mediated immunc
response, whereas susceptibility is associated with Th2 type. These observation points to the possible role of factors
of the parasite in the modulation of immunoregulatory mechanisms of the host response. Several studies have
demonstrated that early events, occuring in the first week after infection, determine the type of the immune response
mounted by the host. The primary in vitro stimulation (PIV) assay has been proposed to dissect the carly events
involved in the establishment of thc immune response in leishmaniasis and a good comelation with the in vivo
response have been described. Thereby, we used this system to search for differences in the model of CBA infection
with Lm or La. CBA splenocytes were primed in vitro with Lm or La and supemants of the cultures from the first 1o
the seventh days were assayed by ELISA for the presence of IFN-y, IL4, IL-5 and IL-10. Additionally, NO produc-
tion was measured by Griess reaction. Our results show that the amounts of IFN-y, IL-10 and NO increased in
function of the time of stimulation, the number of parasites used and the concentration of spleen cells added in the
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BI-19-
‘ 6°cglomzmc RADIATION EFFECTS INTHE PHYSIOLOGY AND CELLULAR INVASION

OF TOXOPLASMA GONDII TACHYZOITES

i amp;oRM Galisteo Jr. AL*, Cardoso RPA*, Andrade Jr. HF*
e de Radiobiologia IPEN/CNEN *Laboratério de Protozoologia, IMTSP, Av. Dr.E.C.Aguiar 470, 05403-000

4o Paiilo, SP Brasil (E-mail: hfandrad@usp.br)

Toxoplasma gondii is an intracellular obligatory prowzoon, with a complex life cycle, with felids as definitive
warm-blooded mammalian and birds as intermediate host. The infection is transmitted through the con-

o ¢ tysts on infected meat by or oocysts of cat’s feces in contaminated food or water. Widespread among
and generally asymptomauc this agent could induce devastating discase in fetus, AIDS patients and recipi-
organ transplants. The ionizing radiation was used to sterilized meat and immunized animals against 7.
ith-encouraging results, and here we study the physiclogical alterations and cellular invasiveness of 200

' tachyzones After the irradiation, we study the physiology of the agent by precurso: iscorporation in
ultures, aside to metabolic assays using MTT(3-[4,5-Dimethylthiazol-2-yl}-2, S-dlphmyltctrazolmm
Iyl blue) as revealing agent of oxidative metabolism, and morphological study of its invasiveness on
#nd hhuman fibroblasts. The irradiated parasites presented the same oxidative response, protein
piblina).and nucleic acid(CH- hypoxamma) incorporation as their non-irradiated counterparts. These
f3sites had the same capability of cell invasion and parasitic vacuole formation on both cclls tested, as
 Aoii-irradiated agents. No further growth of the parasite was observed in those culwres, with some
pitioi of the irradiated agent after invasion, suggesting that the irradiation induced a mitotic death by
gaks in DNA. Those data reinforces the fact that, at those level of radiation, the only effect was the
ckade of the parasite, with preservation of most of their metabolic and physiologic activity, an

otiyvaccine development.

1k 1S & fellow of CNPq. A} Galisteo Jr. is a fellow of Fapesp (98/1681-0).
15:8) and LIMHCFMUSP-49 supported this work.

¥ MODEL FOR THE STUDY OF THE DAMAGE AND RECOVERY OF SYMPATHETIC
. TERMINALS INDUCED BY TRYPANOSOMA CRUZI AND OTHER PRO-
ATORY AGENTS USING THE RAT DUCTUS DEFERENS

E, Galvio LMC, Santos MMF, Machada CRS
patos de Morfologia e de Parasitologia, Institato de Ciéncias Biologicas, UFMG, Belo Horizonte, MG,

developed and standardized an experimental model for studymg inflammatory processes induced

Besides an casy surgical accessibility, the mat vas deferens has a rich post-ganglionic sympathetic
g that remains unaffected by Trypanosoma cruzi infection (Y strain) via the peritaneal cavity. Adult
{ 180 animals) comprised the following groups according to the material injected directly in the ductal
tigotes (Y strain), dead trypomastigotes, supematant of T, cruzi culture, carrageenan and me-
. In this later case sensitized and non-sensitized animals were used. Controls were provided by
iﬂdtfulauon of sterile saline or culture medium. Ductus deferens fragments were withdrawn at 48
U, 12, 14, 20 days and processed for histological study and for the histochemical demonstration of
by a glyoxylic acid technique. In groups inoculated with 7. cruzi. forms or calture supematant the
ologlcally studied. Regarding the a:pcnments with alive trypomastigotes, the kinetic of the
ter in the ductal smooth muscle than in heart. In the ductus, the most intense mononuclear
SIS '6¢Eutred at days 8-12. Afterwards there was a fast recovery, the normal histological pattem
%53’ 20. By this time the heart still exhibited intense inflammatory infiltrate. The glyoxylic-acid-
ce showed intense and diffuse reduction of nerve terminals in the ductus at days 8 10 14. At day

jcéd focal rarefaction of nerve temminals restricted to tissue damage, with faster recovery. We con-
€ lesions occurred in paralie! with the inflammatory process and that the regeneration of the
as faster than that of the nerve terminals. Our model is suitable for in vivo interventions aiming at

tical mechanisms supposed to be implicated in the pathology of Chagas' disease. This is our next

ex-1996, Fapemig and CNPq.

1€ imooth muscle layer of the rat ductus deferens aiming at assessing their effects on the sympathetic B

e
ffthe normal pattern of innervation was still incomplete, in spite of the normat histology. All other
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255 GY IRRADIATED TACHYZOITES OF Toxaplasma gondii lNDUCE DECREASE OF CYSTS NUMBER
AND CEREBRAL LESIONS IN MICE CHALLENGED WITB ME-49 STRAIN

TAQUIZOSTOS DE Toxoplasma gondii IRRADIADOS COM 255 Gy INDUZEM DIMINUICAO DE CISTOS E
LESOES CEREBRAIS, EM CAMUNDONGOS DESAFIADOS COM CISTOS DA CEPA ME-49

[N
A

) Roberto Mitsuyoshi Hiramoto®, Andrés Jimenez Galisteo Jr.”, Nanci do Nascimento' & Heitor Franco de Andrade Jr.2

| 1-Laboratério de Biologia Molecular , Instituto de Pesquisas Energéticas ¢ Nucleares ~ IPEN, Travessa R, 400, Cidade
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BRAZIL. email: rmhiramoto@bol.com.br, hfandrad@usp. br

RESUMO

A toxoplasmose pode causar lesdes oculars em individuos imunocompetentes e doenga grave
em fetos, pacientes infectados pelo virus HIV e transplantados. O Toxoplasma gondii tem um ciclo
de vida complexo, envolvendo gatos, como hospedeiros definitivos e animais de sangue quente,
como hospedeiros intermedidrios. A infeccio ocorre pela ingestfio de alimentos e Agua
contaminados com fezes de felinos infectados, leite e queijo contaminado ou carnes cruas ou mal
cozidas. Até o momento, niio existem vacinas comerciais para o uso em humanos. Neste trabalho,
taquizoitos de 7. gondii cepa RH foram irradiados com 255 Gy e inoculados em camundongos
C57Bl/6j (3 doses), em seguida foram desafiados com 1, 5, 10, 20 e 25 cistos da cepa ME-49 por
via oral. As lesSes e o nimero de cistos no cérebro de todos os animais foram analisados, apds 4
semanas do desafio. A mortalidade foi de 20% no grupo controle e inexistente nos animais
imunizados. O nimero de cistos encontrados no grupo controle foi elevado, mas em pequeno
mimero nos camundongos imunizados. Os camundongos imunizados apresentaram pouca patologia
cerebral. A radiagio ionizante é uma importante ferramenta no estudo da toxoplasmose ¢ no
desenvolvimento de uma vacina.

Key Word: Taxoplasma gondii, toxoplasmosis and ionizing radiation.

hospedeiros  intermedidrios. O homem adquire a

L INTRODUCAO
toxoplasmose pela ingestio de alimentos e 4gua

e

O Toaxoplasma gondii é um protozodrio parasita de
importincia humana e veterindria. A toxoplasmose apesar
de geralmente ser uma doenga benigna, pode ser uma
importante causa de doenga ocular em individuos
mmunocomprometidos & imunocompetentes [1], como vista
na cidade de Erechin, Sul do Brasil, onde a prevaléncia de
lesSes oculares é cerca de 21%[2]. A doenga pode ser
‘Severa, quando ocorrem infecgbes agudas em mulheres
grdvidas, sendo o organismo transmitido através da
Placenta para o feto (toxoplasmose congénita), podendo
“gansar..lesdes oculares, retardamento mental, hidrocefalia,
- calcificagbes intracranianas ou até mesmo levar a morte
{3} Qutros grupos gravemente afetados pela doenga sio os
/ififectados pelo virus HIV que sofrem principalmente
lggﬁes -cerebrais (encefalite), os transplantados devido a
"/lmmlosmpressao e os portadores de cincer que estiio
Submetidos a quimioterapias [4, 5 ¢ 6].

... O T. gondii apresenta um ciclo complexo, no qual
‘os felinos sdo os hospedeiros definitivos e os demais
- ANiMAaig Qe sangne anente. como aves e mamiferns. 4o os

i

contaminados com oociStos provenientes das fezes de
felinos, pela ingestio de camne crua ou mal cozida contendo
cistos ou pela ingestio de leite e derivados nido
devidamente pasteurizados [7, 8].

At¢é o momento nfo existe nenhuma vacina
comercial para a toxoplasmose humana e somente uma
para uso veterinirio, mas que apresenta baixa eficiéncia
[9). Virios modelos foram desenvolvidos utilizanido
diferentes antigenos € esquemas de imunizagio, mas com
resultados conflitantes. A radiagio foi utilizada no 7.
gondii com dados promissores quando utilizado desafio
intraperitoneal, pois os taquizoitos irradiados mantém os
processos metabdlicos ¢ de invesio, mas perdem a
capacidade de se multiplicarem [10]. Neste trabalho foram
irradiados  taquizoitos de 7. gondii, seguindo-se
imunizag8o grupos de camundongos e desafio dos animais
com cistos (via oral) da cepa ME-49 com analise da
sobrevida, lesSes cerebrais quantificagio do nimero de
cistos.
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IL MATERIAIS E METODOS

Todos os reagentes utilizados foram de qualidade
pro-analise, sendo a dgna utilizada purificada em sistema
Milli Q, apresentando resistividade de 18 megaQ.

Parasitas

Foram utilizados taquizoitos de 7. gondii cepa RH
que sdio mantidos rotineiramente no Laboratério de
Protozoologia dos Instituto de Medicina Tropical de Sio
Paulo, através de sucessivas passagens intraperitoneais
(i.p.) em camundongos Swiss. T gondii cepa ME-49
(cistogénica), que foi cedida gentilmente pelo Prof. Dr.
Ricardo T. Gazzinelli (UFMG), sendo mantida por
passagens seriais por sonda oral do macerado cerebral em
novos animais.

Camundongos

Camundongos machos isogénicos C57Bl/6j ¢ nio
isogénicos Swiss obtidos da colonia da Faculdade de
Medicina de S@o Paulo foram mantidos em pgaiolas
plisticas com maravalha de pinho autoclavada, recebendo
' racgiio comercial e dgua ad libium. A manipulaclio dos
| animais, antes ¢ durante os ensaios, foi conduzida de
acordo com as regras de cuidados de animais de laboratério
{11) e com os “Principios de Etica em Experimentagio
Animal” (COBEA - Colégio Brasileiro de Experimentagio
Animal).

Purificacgiie des Parasitas

Os parasitas da cepa RH utilizados foram retirados
| por lavagem peritoneal de animais previamente infectados,
com salina ou PBS de maneira estéril, os quais
posteriormente foram passados em coluna com
SEPHADEX® G 50-80, hidratada 4 horas do momento de
uso em PBS estéril ¢ montada sobre coluna de
cromatografia com filtro de teflon poroso como meio de
retenglo. Apods lavagem da coluna com dois volumes de
PBS estéril, 2 volumes de exsudato peritonial foram
aplicados, seguidos de lavagem com PBS estéril. As
fragBes recolhidas foram reunidas e centrifugadas a 800 g
10 min a 4° C ¢ posteriormente ressuspendidas em
eio de cultura RPMI 1640. A preparagio foi observada
microscopia de contraste de fase para contagem dos
parasitas e de eventuais células contaminantes. Preparagdes
contaminagdes maiores que 1 célula do hospedeiro

?ara 100 taquizoitos foram desprezadas.

trndhc;ao
As suspensbes de taquizoitos foram mantidas em
‘anho de gelo e entdo submetidos 4 irradiagfio na dose de
'S5 Gy com blindagem de 90%, pela exposicio a raios y de
a fonte Cobalto-60 (GAMMACELL, Atomic Energy of
annda Ltd), de forma homogénea, na presenca de
€nio, a uma taxa de dose de 7,91 kGy. Os controles
ermaneceram na parte externa da fonte. Apés a

a viabilidade de todas as amostras foi
determinada pelo corante Azul de Tripano.

irradiagdo,

Imunizagdio des animais

Grupos de 5 camundongos C57BV6j foram
imunizados com trés doses de 1 x 10’ taquizoitos
irradiados por camundongo a intervalos de 15 dias cada
dose.

Desafic dos animais fmunizades

Os grupos de camundongos imunizados com
taquizoftos irradiados a 255 Gy apés 15 dias do nltimo
inoculo foram desafiados com 1, 5, 10, 20 ¢ 25 cistos da
cepa ME-49 por sanda oral. A mortalidade dos animais foi
acompanhada diariamente. Apés 4 semanas do desafio os
camundongos foram sacrificados € o cérebro dos animais
removido e fixado (10% formaldeido/PBS pH 7,2) e
emblocados em parafina. Cortes do cérebro 7 ym foram
corados com hematoxilina-eosina (H.E.) e examinados
quanto 3 presenga de cistos e lesdes em um foto-
microscépio  Axiophot. Partes do cérebro fresco foram
homogeneizados em 5 volumes de PBS (mg/ml) e contados
em volume fixo na cimara de Neubauer.

0L RESULTADOS

Viabilidade

A viabilidade dos taquizoitos foi acompanhada
durante o processo de irradiagio, por meio da afinidade
tintorial pelo Azul de Tripano, dos taquizoitos mortos. Nas
doses de 255 Gy com blindagem de 90%, a proporgho
corada (morta) foi sempre inferior a 5%. Em cada
preparagéo pelo menos 1000 taquizoftos eram analisados.

Mortalidade

Nio houve mortalidade em nenhum dos grupos de
animais previamente imunizados e desafiados com cistos
da cepa ME-49. Nos animais dos grupos controle,
camundongos somente desafiados com cistos da cepa ME-
49, a mortalidade de 20% ocorren somente nos grupos de
animais que receberam 10, 20 e 25 cistos

Anilise histo-patolgica

A histologia dos animais imunizados com
taquizoftos irradiados apresentou poucas patologias
cerebrais ¢ pequeno nimero de cistos quando desafiados
com cistos da cepa ME-49, enquanto nos animais do grupo
controle foram detectados inimeros cistos e lesdes
cerebrais (Figura 1).
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Figura 1. Histologia do cérebro de camundongos C57BV/6j
desafiados com 25 cistos da cepa ME-49 de T gondii. (A e
B) camundongos normais; (C € D) imunizados com trés
doses i.p. a cada 15 dias com 1 x 10 taquizoitos irradiados
a 255 Gy. As setas pretas indicam cistos de 7. gondii e as
setas brancas focos inflamatérios nos cérebros.

Quantificagcio do niimere de cistos

Quando grupos de camundongos foram inoculados
com diferentes quantidades de cistos (1. S, 10, 20 e 25), os
animais do grupc controle apresentaram sempre uma
grande quantidade de cistos cercbrais, enquanto os
camundongos imunizados com taquizoitos irradiados 255
Gy apresentaram poucos cistos, mesmo com os desafios
maiores (Inoculo 25 cistos, numero de cistos grupo
controle >1000; grupo imunizado n<100) (Figura 2).

bl =

No. de distos de ME45 inocudados via oral
noda 0

'Figura 2. Quantificagdo do numero de cistos encontrados

no cérebro de camundongos inoculados via oral com cistos
da cepa ME-49 de T. gondii, 30 dias apo6s o desafio. As
barras indicam a média. Controle, camundongos normais;

' Imunizado, camundongos imunizados com com trés doses
- 1.p- a cada 15 dias com 1 x 10 taquizoitos irradiados a 255

Gy.

IV. DISCUSSAO

Trabalhos prévios demonstraram que os
taquizoitos de 7. gondii irradiados perdem a habilidade de
se reproduzir, sem inlerferéncia com as outras fungdes
celulares como as fungdes metabdlicas, proteinas, sintese
de acidos nucléicos e quando animais sfio imunizados com
taquizoitos uradiados ha produgdo de anticorpos
especificos € aumento na sobrevida ao desafio contra
mnoculo i.p. [11, 12, 13}. Neste trabalho utilizou-se desafio
oral, pois esta é principal fonte de infecgio de humanos e
animais, pela ingestiio de oocistos e cistos teciduais.

Suzuki e colaboradores [14]  utilizando
camundongos CBA/Ca infectados com a cepa ME-49,
encoptraram mortalidade de 60% apos 30 dias de infecgio,
no presente ensaio, no grupo controle a mortalidade foi de
20%, enquanto que entre os camundongos imunizados com
taquizoitos irradiados 255 Gy e posteriormente inoculados
com cistos da cepa ME49 niio houve mortalidade. Estes
autores, encontraram também éarea de lesdio, necrose e
grande namero de cistos nos cérebros dos animais por
histologia, semelhantes aos encontrados no grupo controle,
0 que ndo ocoITeu nos animais previamente imunizados,
demonstrando que a imunizagio induz um aumento na
sobrevida dos animais, e protege contra grande nimero de
lesGes e cistos cerebrais. :

O namero de cistos nos cérebros dos animais
desafiados com a cepa ME-49 contados em PBS foi
extremamente eclevados no grupo controle, dados
semelhantes ao encontrados quando animais foram
desafiados com 10 cistos i.p. [14], mas no experimento
presente, no grupo imunizado mesmo quando desafiado
com 25 cistos o numero de cistos contados foi
extremamente baixo, corroborando com os dados
histologicos, demonstrando que a imunizagio foi eficiente
para induzir a diminuigio do numero de cistos nos
animais.

Proteinas recombinantes foram utilizadas para
imunizar camundongos, mas nio foram totalmente
eficientes, proporcionando protegdo  parcial, sem
diminuigdo no ndimero de cistos ou aumento da sobrevida
dos animais, quando desafiados [15, 16, 17]. Outros
esquemas de imunizagdes utilizaram antigenos purificados,
mas apesar de induzir aumento de sobrevida nos animais
contra taquizoitos i.p. e oocisto administrados via oral, ndo
houve diminuigdo significativa no numero de cistos
comparados com o grupo controle [18). Parasitas intactos,
que nio produzem cistos, também foram utilizados [19,
20}, no entanto estas cepas podem matar os animais, caso
estes apresentem algum problema no sistema imune [21], 0
que ndo ocorre com os taquizoitos irradiados, pois foi
demonstrado que estes n3o tem capacidade de se
reproduzir, apesar de manterem intactas as fungdes
metabolicas [10].

Taquizoitos irradiados podem ser uma alternativa
para o desenvolvimento de esquemas de imunizagdes ou
serem utilizados como ferramenta no estudo de reinfecgdo
da toxonlasmose.
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ABSTRACT

Toxoplasmosis can cause ocular lesions in normal individuals and several diseases in foetus,
HIV infection and transplants. Toxoplasma gondii has a complex life cicle, involving cats, as the
definitive host, and warm blood species, as intermediated hosts. The infection occurs by ingestion
of food and water contaminated with infected cat faeces, contaminated milk and cheese or raw and
undercook meat of the intermediated hosts. To date, there is no commercial vaccine of use in
humans. In this work, tachyzoites of 7. gondii RH strain were irradiated with 255 Gy and
inoculated in C57Bl/6) mice (3 doses, biweekly), after mice were challenged with 1, 5, 10, 20 and
25 cysts of ME-49 by oral gavage. The lesions and cysts in the brain were analyzed in all mice,
after 4-week post infection. The mortality was 20% in control mice (ME-49 cysts only) and not one
in immunized mice. The number of cysts was high in the control group, but low in immunized 255
Gy mice (n<100). Immunized mice showed less cerebral pathology and necrosis foci. lonizing
radiation is an important too! in the study toxoplasmosis and vaccine development.
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