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CUNHA, I. A. L. Resposta imune de suinos imunizados pela via nasal com proteinas de
roptrias do Toxoplasma gondii. 2011. 51f. Dissertacao (Mestrado em Ciéncia Animal) —
Universidade Estadual de Londrina, Londrina, 2011.

RESUMO

O Toxoplasma gondii é um parasita intracelular obrigatorio que pode acometer uma ampla
variedade de hospedeiros inclusive o homem. Os herbivoros domésticos sdo as principais
fontes de infeccdo para os seres humanos e a carne suina ¢ considerada uma das mais
importantes via de transmissdo nesta doenca. Nas ultimas décadas houve um grande aumento
no numero de tecnologias e pesquisas para a producdo de imunodgenos. No entanto, apenas
uma vacina comercial (Toxovax, lancada em 1992), para uso em ovinos, encontra-se
disponivel no Reino Unido. Esta vacina apresenta uma série de inconvenientes como risco de
contaminac¢do, baixo tempo de conservagdo, apresentagdo de sinais clinicos pelo animal e ndo
pode ser usada durante a gestagdo. O desenvolvimento de vacinas ndo infectantes tais como
vacinas de subunidades, vacina de DNA, assim como vacinas com proteinas recombinantes
do T. gondii, devem ser estimulados. O presente estudo tem como objetivos avaliar a
imunidade humoral e celular em suinos imunizados pela via nasal com proteinas de roptrias
do T. gondii associadas ao imunoestimulante Quil-A. As roptrias foram obtidas a partir do
rompimento mecanico de taquizoitas da cepa LIV-5 e posteriormente separados por gradiente
isopinico de sacarose. Foram utilizados 13 suinos mesticos, divididos em trés grupos, G1
(n=6) receberam proteinas de roptrias (200 pg) associadas ao Quil-A (50 pg), G2 (n=4) e G3
(n=3) receberam Quil-A (50 pg) e PBS, respectivamente. Todos os tratamentos foram
administrados pela via nasal nos dias 0, 21 e 42. No dia 49 dois animais do G1 foram
eutanasiados e realizada coleta de sangue e linfonodos mesentéricos para avaliacdo da
imunidade celular, através do teste de proliferacdo de linfocitos e os demais animais desse
estudo foram desafiados com 10° oocistos infectantes da cepa VEG. Sinais clinicos e
temperatura foram analizados antes e depois do desafio. A imunidade humoral (IgG e IgM)
foi avaliada nos dias 0, 21, 42, 49, 64, 79 utilizando o Ensaio Imunoenzimatico Indireto
(ELISA). A presenga de cistos nos cérebros dos suinos foi avaliada pela técnica de bioensaio
em camundongos. O unico sinal clinico observado nos suinos foi febre do 6° ao 8° dia apos o
desafio. Cinco de seis animais do G1 produziram anticorpos acima do ponto de corte, sete
dias apds trés doses do imundgeno (dia 49), onde trés suinos produziram niveis de anticorpos
tanto para IgG quanto para IgM e os outros dois responderam somente para IgM. Houve
maior proliferacao celular especifica contra proteinas de roptrias nos linfocitos coletados dos
linfonodos mesentéricos, comparados aos do sangue. Prote¢do parcial contra formacdo de
cistos teciduais foi observada no G1, quando comparado com o G3. Os fatores de prote¢ao
foram de 41,6% e 6,5%, no G1 e G2, respectivamente. Como conclusdo, os animais foram
estimulados parcialmente na resposta imune humoral, porém, apresentaram estimulo para a
resposta imune celular tanto local como sistémica.

Palavras-chave: Proteinas. Roptrias. Toxoplasmose. Vacina. Prote¢do. Via nasal.



CUNHA, I. A. L. Humoral and cellular immune responses in pigs immunized by
intranasal route with crude rhoptry proteins of the Toxoplasma gondii. 2011. 51f.
Dissertacdo (Mestrado em Ciéncia Animal) — Universidade Estadual de Londrina, Londrina,
2011.

ABSTRACT

Toxoplasma gondii is an obligate intracellular parasite that infects a wide range of hosts
including human beings. Herbivores are the main domestic infection sources for humans, and
pork is considered the most important route of transmission. Recent decades have witnessed a
great increasing in the number of technologies and immunological research to produce new
vaccines. However, only one commercial vaccine (Toxovax, launched in 1992) for use in
sheep is available in the UK. However, it is infective for humans, expensive, and has a short
shelf-life. The development of non-infective vaccines such as subunit vaccines, DNA vaccine,
as well as vaccination with recombinant proteins of T. gondii, should be encouraged. This
study aims to evaluate the humoral and cellular immunity in pigs immunized intranasally with
T. gondii rhoptry protein plus Quil-A. The rhoptries were obtained from the mechanical
disruption of T. gondii tachyzoites of LIV-5 strain and subsequently separated by sucrose
gradient. We used 13 crossbred pigs, divided into three groups, G1 (n = 6) received rhoptry
proteins (200 pg) associated with Quil-A (50 pg), G2 (n = 4), and G3 (n = 3) which received
Quil -A (50 pg) and PBS, respectively. All treatments were administered by nasal route on
days 0, 21 and 42. On day 49, two animals from G1 were euthanized. Blood and mesenteric
lymph nodes (LNM) were collected for evaluation of cellular immunity, through the test of
lymphocyte proliferation and the other animals this study were challenged with 10° infective
oocysts of the VEG strain. Clinical signs and temperature were analyzed before and after
challenge. The humoral response (IgG and IgM) was evaluated on days 0, 21, 42, 49, 64, 79
using indirect immunoenzymatic test (ELISA). The presence of cysts in the brains of pigs was
analyzed by bioassay in mice. The only clinical sign was fever observed in pigs from the 6th
to 8th day after challenge. Five out of six animals from G1 had antibodies above cut-off at
challenge day. Three from these five animals had both IgM and IgG responses, however, two
animals showed just IgM response. There was a greater proliferation against T. gondii rhoptry
proteins in lymphocytes collected from LNM compared to the blood cells. Partial protection
against tissue cysts formation was observed in G1 compared to G3. The protection factors
were 41.6% and 6.5% in G1 and G2, respectively. In conclusion, the animals were stimulated
in part in humoral immune response, however, gave encouragement to the cellular immune
response both locally and systemically.

Keywords: Proteins. Rhoptries. Toxoplasmosis. Vaccinations. Protection. Nasal route.
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1 REVISAO DE LITERATURA: VACINAS CONTRA TOXOPLASMOSE EM SUINOS

1.1 INTRODUCAO

A toxoplasmose ¢ uma zoonose causada pelo Toxoplasma gondii, espécie
pertencente ao filo Apicomplexa, subclasse Coccidia, Familia Sarcocystidae, subfamilia
Toxoplasmatinae (MONTOYA; LIESENFELD 2004). E um parasita intracelular obrigatorio
(JACOBS; LUNDE, 1957) que tem ampla prevaléncia em seres humanos € em animais em
todo o mundo (DUBEY, 2009). Aproximadamente um terco da populagdo mundial humana
esta cronicamente infectado pela T. gondii (JACOBS; LUNDE, 1957).

Foi primeiramente descrito por Splendore (1908) que isolou o parasita em
um coelho de laboratério em Sao Paulo e posteriormente Nicolle e Manceaux (1908) no
Instituto Pasteur de Thnis na Tunisia descreveram em um roedor (Ctenodactylus gundi) da
Africa do Sul. Ambos os grupos relacionaram a nova descoberta com Leishmania e, somente
em 1909, Nicolle ¢ Manceaux reclassificaram o novo parasita como Toxoplasma gondii
(NICOLLE; MANCEAUX, 1909).

O T. gondii ¢ estruturalmente formado por uma membrana externa, anéis
polares, condide, microtibulos, granulos densos, micronemas, roptrias, mitocondria,
microtubulos, reticulo endoplasmatico, complexo de golgi, ribossomos, reticulo
endoplasmatico rugoso, microporo ¢ um nucleo com parede bem definida (DUBEY, 1994;
METSIS; PETERSEN, 1995). Possui trés estdgios de infec¢do: taquizoitos, bradizoitos (cistos
em tecidos) e esporozoitos (oocistos) (DUBEY, 1994). O parasita ¢ intracelular obrigatério e
possui a capacidade de invadir uma enorme variedade de células nucleadas, tecidos e
hospedeiros (CARRUTHERS, 2002). Devido as suas caracteristicas biologicas, tem sido
utilizado como importante modelo para estudos biologicos do filo Apicomplexa (ROOS et al.,
1999).

Apesar de ter sido identificado no comeco do século XX, apenas no inicio
da década de 70 ¢ que foram descritos os hospedeiros definitivos e intermediarios (FRENKEL
etal., 1970; MILLER et al., 1972).

Os gatos domésticos e felideos selvagens sdo os tUnicos hospedeiros
definitivos do parasito, sendo os Unicos a eliminarem oocistos pelas fezes (FRENKEL et al.,

1970). No epitélio intestinal dos felideos ocorre a fase de esquizogonia, levando a formagao
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dos oocistos. Os gatos podem eliminar oocistos apoOs a ingestao de taquizoitos, bradizoitos ou
esporozoitos (DENKERS, 1993). Os oocistos sdao eliminados através das fezes sob a forma
ndo esporulada (ndo infectante) e a esporulacdo ocorre no meio ambiente entre 1 a 5 dias
dependendo das condic¢des de temperatura e umidade (DUBEY et al., 1998).

Entre os hospedeiros intermedidrios, estdo os carnivoros terrestres,
incluindo o homem e os animais domésticos, as aves ¢ os mamiferos marinhos (MILLER et
al., 1972; CARRUTHERS, 2002). Hospedeiros intermediarios podem adquirir o T. gondii
pela ingestdo de tecidos de animais infectados com cistos, alimentos ou agua contaminados
com oocistos esporulados, ou por transmissao transplacentaria (DUBEY, 1994).

Normalmente, T. gondii parasita o hospedeiro sem causar sinais clinicos
(FISHER et al., 1998), porém, estes estdo relacionados a espécie, idade do hospedeiro,
prenhes, “status” imunolédgico, condi¢do nutricional, quantidade de inoculo do parasita,
estagio infectivo do parasita, e infecgdes concomitantes (DUBEY, 1994; DUBEY; BAKER;
DAVIS, 1994; LIESENFELD et al., 2001; DUBEY et al., 2008). E capaz de causar uma
doenca congénita severa em fetos, encefalites em individuos imunossuprimidos e alteragdes
oculares em animais ¢ humanos (DUBEY, 1994; KUMOLOSASI et al., 1996; FISHER et al.,
1998; JACOBS et al., 1998; SILVEIRA et al., 2003).

A disseminacdo da infeccdo no ser humano ¢ favorecida pela alta
prevaléncia da infec¢do nos animais domésticos. Entre os animais destinados a alimentacao
humana, suinos, ovinos, e caprinos sdo mais propensos a infec¢do que eqiiinos e bovinos.
(NAVARRO et al., 1992; DUBEY, 1994). O risco de adquirir a infec¢do pelo consumo de
carnes cruas ou mal cozidas, fato comum em varias regides do Brasil, ¢ relatado por
VIDOTTO et al. (1990), NAVARRO et al., (1992) e DIAS et al. (2005).

A toxoplasmose em humanos ocorre com frequéncia sob a forma de
infeccdo cronica e assintomatica e ¢ encontrada em todos os continentes, inclusive no
continente Antartico. De uma forma geral, a prevaléncia ¢ maior na América Latina quando
comparada com a América do Norte e Leste da Asia (PAPPAS; ROUSSOS; FALAGAS,
2009) e a prevaléncia encontrada em gestantes varia de 4% na Coréia a 92% no Brasil (RYU
et al.,, 1996; FIGUEIRO-FILHO et al., 2005). O Brasil apresenta indices que se encontram
entre os mais elevados do mundo, com prevaléncias variando entre 37% e 91% (DETANICO;
BASSO, 2006; FIGUEIRO-FILHO et al., 2005; MANDAI; LOPES; MITSUKA-BREGANO,
2007; LAGO et al., 2009). Nos Estados Unidos e Reino Unido a prevaléncia estimada ¢ de 16
a 40%, na América Central e do Sul e na Europa, a prevaléncia é de aproximadamente 50 a

80% (TENDER; HECKEROTH; WEISS, 2000; JONES et al., 2001).
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A toxoplasmose ocular pds-natal pode ocorrer concomitantemente com a
infeccdo sistémica ou apos um determinado intervalo de tempo, ja observada alguns anos apos
a infecgdo (STEHLING; OREFICE, 1996) e pode comprometer de forma irreversivel a visio
(SILVEIRA et al., 2000). Foi tradicionalmente considerada uma doenga de manifestagao
congénita (GLASNER et al, 1992;. GILBERT; STANFORD, 1999), no entanto, alguns
estudos (HOLLAND, 2003; STANFORD; TAN; GILBERT, 2006) mostram que a maioria
dos casos sdo devido a doenca adquirida, o que significa que toda a populacdo pode
potencialmente desenvolvé-la e ndo somente individuos com toxoplasmose congénita (TC).
Aproximadamente 2/3 dos pacientes que apresentam toxoplasmose ocular adquiriram a
infeccdo apos o nascimento em vez da forma congénita (GILBERT; STANFORD, 1999).
Quantidades significativas de casos de doenca adquirida foram relatadas por Gilbert; Stanford
(1999); Silveira; Belfort; Burnier (1987); Glasner et al. (1992); Belfort Jr et al. (1999) onde
foram analisadas aproximadamente 150 familias com irmaos ndo gémeos com lesdes oculares
e também, maes com sorologia negativa e filhos com lesdes oculares.

Apesar da baixa incidéncia da TC seu impacto economico ¢ elevado e esta
relacionado a gravidade da infec¢do, complicacdes associadas, tratamento e custos
sociais. (ROBERTS et al., 1990, 1994). A infec¢do materna no inicio da gestagdo, pode
causar aborto ou mas-formagdes fetais e as criangas podem apresentar hidrocefalia,
coriorretinite, calcificagdo cerebral e retardo mental (DUNN et al., 1999), conhecida como a
Tétrade de Sabin (SABIN, 1942) ou podem nascer normais e desenvolver sequelas durante a
infincia ou na fase adulta. Mitsuka-Bregand; Lopes; Navarro (2009) propuseram medidas

relacionadas ao diagnostico, tratamento e condutas das gestantes com objetivo de evitar a TC.

1.2 TOXOPLASMOSE EM SUINOS

A toxoplasmose em suinos foi descrita pela primeira vez nos EUA por
Farrel et al. (1952). No Brasil, o primeiro relato dessa parasitose em suinos foi feito por Silva
(1959) que descreveu um caso no estado de Minas Gerais baseado no diagndstico histologico.
Posteriormente, Amaral et al. (1969), em Sao Paulo, e Schenk; Lima; Viana (1976), em Minas
Gerais, isolaram o parasita do diafragma e do cérebro de suinos, clinicamente sadios, abatidos

para consumo humano.
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Cistos teciduais em suinos podem persistir por mais de dois anos, por isso, a
carne suina ¢ considerada uma das principais vias de transmissdo para os seres humanos
(DUBEY et al., 1991a; DUBEY, 1994; DUBEY et al., 1998). Segundo Dubey e Jones (2008),
uma taxa de infec¢do de 1% equivaleria a um milhdo de suinos infectados destinados ao
consumo humano nos EUA. Um suino de 50 kg comercializado seria responsavel por mais de
300 porgdes de carne e estima-se que um animal possa ser consumido por 200-400 pessoas,
pois muitos subprodutos sdo produzidos com carne suina (FEHLHABER et al., 2002).

Em um estudo realizado nos EUA, uma diminui¢ao significativa do risco de
infecgdo pelo T. gondii foi encontrada em membros do grupo religioso Adventistas do Sétimo
Dia. Segundo os autores, um possivel fator de protecao estava relacionado a alimentagcdo dos
membros dessa comunidade que, por razdes religiosas, mantinham uma dieta ovo-lacto-
vegetariana que ndo contém nenhuma carne, frutos do mar ou aves (ROGHMANN et al.,
1999).

Em um inquérito nacional de base populacional realizado nos EUA em
1983-1984, a soroprevaléncia foi de 23% em suinos destinados ao abate e 42% em fémeas
matrizes (DUBEY et al. 1991a). Quando os animais de algumas dessas areas foram testados
em 1992, a soroprevaléncia de T. gondii caiu para 20,8% em animais de cria ¢ 3,1% em
animais de terminacao (DUBEY et al., 1995). Houve um constante declinio na prevaléncia de
T. gondii em suinos em quatro inquéritos realizados nos EUA em 1990 (10,05%), 1996
(20%), 1998 (3,2-15%) e 2009 (2,65%) (ZIMMERMAN et al., 1990; PATTON et al., 1996;
PATTON et al., 1998; HILL et al., 2010).

Na década de 90 a soroprevaléncias em suinos, em alguns paises europeus,
também diminuiu em razio do manejo intensivo (DUBEY, 2009).Na Austria, a
soroprevaléncia de 14% em 1982 diminuiu para 0,9% em 1992 (EDELHOFER, 1994) e
posteriormente, anticorpos contra T. gondii foram detectados pela técnica de ELISA em 42
dos 807 (5,2%) amostras de suco de carne de suinos na Suécia (LUNDE'N et al., 2002).

No Brasil, na regido norte do estado do Parand, também se observou uma
diminui¢do na soroprevaléncia para a toxoplasmose em 2003 (15,35%) e 2005 (4%)
(TSUITSUI et al., 2003: CARLETTI et al., 2005), quando comparado aos resultados de
Vidotto et al. (1990) (37,84%) e Garcia et al. (1999) (24%).

Em diversos estudos sorologicos para toxoplasmose em suinos de diferentes
categorias realizados no Brasil (Quadro 1) a prevaléncia tem variado de 4% a 37,84%

(CARLETTI et al., 2005; FIALHO e ARAUJO, 2003; GARCIA et al., 1999; SUAREZ-
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ARANDA et al., 2000; TSUTSUI, et al.,, 2003; VIDOTTO et al., 1990) com extremos
variando de 0% (BRANDAO et al., 2006) a 90,4% (GUIMARAES et al., 1992).

Esse declinio pode estar relacionado as modernas técnicas de criacdo
intensiva de suinos (HOVE et al., 2005; DUBEY, 2009). No entanto existe uma tendéncia
recente de criacdo de suinos organicos ou extensivos que pode levar ao aumento da
soroprevaléncia nesses animais (MEERBURG et al., 2004, 2006; VAN DER GIESSEN et al.
2007; KIJLSTRA et al. 2004a, 2004b, 2008).

Na provincia de Yunnan, no sudoeste da China, anticorpos contra T. gondii
foram encontrados em 16,97% (141/831) das amostras, sendo os suinos para abate com a
maior taxa (22,28%), seguido de fémeas reprodutoras (16,59%), utilizando o teste de

hemaglutinac¢ao indireta (HI) (ZOU et al., 2009).

1.3 RESPOSTA IMUNE

Nishi (2004) investigou a expressdo de genes associados a resposta imune
em suinos inoculados pela via oral com oocistos da cepa VEG. Como em seres humanos e
murinos, os suinos apresentaram uma resposta inicial relacionada a mecanismos inatos e de
inflamacdo aguda, com expressdo de interleucina (IL)-1, IL-6, interferon (IFN)-y e fator de
necrose tumoral (TNF)-a.

ApOs a fase aguda, ocorre inibicao da proliferacao intracelular do parasita e
o desaparecimento de taquizoitas vidveis, associada a presenc¢a de altos titulos de anticorpos
especificos. Nessa fase cronica, os parasitas permanecem como bradizoitas em cistos teciduais
no organismo do hospedeiro (FRENKEL, 1990; WASTUNG et al., 1995).

Isoladamente a resposta imune humoral ndo ¢ suficiente para promover
imunidade no hospedeiro, provavelmente, devido a localizacdo intracelular do parasita. Vérios
autores tém demonstrado a importancia da resposta imune celular no combate a infec¢ao
(BUXTON et al., 1989; FRENKEL, 1990; KHAN et al., 1991; GAZZINELLI et al., 1992;
DENKERS et al., 1993).

A principal porta de entrada do T. gondii ¢ a via oral, portanto a imunidade
local de mucosa, via linfocitos (principalmente linfécitos intra-epiteliais que apresentam
atividade CDS") e IgA sio de fundamental importincia na protegdo contra o parasita

(BOURGUIN et al., 1993; VELGE-ROUSSEL; MARCELO; LEPAGE, 2000).
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1.4 VACINAS

A vacinagdo dos animais domésticos pode ser uma das estratégias para o
controle do T. gondii e tem dois objetivos, reduzir as perdas econdmicas provocada pelos
danos reprodutivos e reduzir o namero de cistos teciduais. Assim, pode-se diminuir o risco da
infeccdo ao homem pela ingestao de cistos em carnes cruas ou mal cozidas (DUBEY, 1996).

Embora a vacinagdo seja uma medida importante no controle da
toxoplasmose, atualmente, apenas uma vacina (TOXOVAX®) é comercializada para uso em
ovinos, mas apresenta alguns inconvenientes, como risco de contaminag¢ao do operador, tem
alto custo, além de levar o animal a apresentar sinais clinicos e ndo pode ser administrada
préximo as estagcdes de monta ou durante a gestacdo (BUXTON et al., 1993).

Uma vacina que promova imunidade protetora adequada contra o T. gondii
deve conter proteinas que sdo expressas nos trés estagios infectantes do parasita (esporozoito,
taquizoito e bradizoito) e deve ser administrada pela via correta. Assim o uso proteinas que
sdo expressas em comum nesses trés estdgios e a escolha do local adequado para a
imunizacdo, sdo de fundamental importancia para o desenvolvimento de uma imunidade
protetora (SPEER et al., 1995; GARCIA et al., 2004).

O uso de vacinas pela via nasal associadas a adjuvantes apropriados podem
induzir uma resposta imune tanto local como sistémica (VELGE-ROUSSEL et al., 2000) e
requer menos antigenos que a via oral, devido a menor atividade proteolitica. Considerando
que a porta de entrada natural do T. gondii ¢ a superficie da mucosa do intestino, Bonenfant et
al. (2001) ressalta a importancia do desenvolvimento de uma vacina que estimule a prote¢ao
de mucosa.

Esta via tem sido utilizada com sucesso para diminuir a formagao de cistos
teciduais em camundongos. Igarashi et al. (2008) encontrou redu¢dao na formagao de cistos
teciduais utilizando as proteinas recombinantes ROP2, GRA1 e GRA7 e toxina colérica como
adjuvantes. A imunizagdo de mucosa também foi estudada em camundongos através de
vacinas administradas pela via nasal com proteinas SAG 1 e toxina colérica (DEBARD et al.,
1996; VELGE-ROUSSEL et al,, 2000) ou endotoxinas (BONENFANT et al., 2001) como
adjuvantes, onde foram observadas imunidade local e sistémica e redu¢do do numero de cistos
teciduais quando comparados ao grupo controle. Garcia et al. (2007) e Zulpo (2010)
encontraram diminui¢do da eliminacdo de oocistos por gatos, apos admistracdo de proteinas

de roptrias pela via nasal.
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Em suinos os principais estudos sobre avaliagdo da resposta imune se
iniciaram na década de 90 (Quadro 2).

Dubey et al. (1991b) inoculou suinos com 10° taquizoitos da cepa RH pela
via subcutdnea e verificou febre (39,4 a 40,1°C) do 3° ao 8° dia e apés inocular 10°
taquizoitas com a mesma cepa ¢ pela mesma via, Dubey et al. (1994b) verificaram a
persisténcia nos tecidos por até 14 dias e imunidade protetora iniciada sete dias apds a
vacinagdo, permanecendo durante sete meses.

Dubey et al. (1991b) vacinaram suinos com 10° taquizoitos da cepa RH e
desafiou-os com 10* e 10° oocistos esporulados de um pool de 10 cepas (P10) (Me-49, GT-1,
PT-2, Aldrin e outras seis cepas isoladas em suinos) e encontrou menor infec¢cao nos animais
vacinados, utilizando a técnica de bioensaio em camundongos, comparados ao grupo controle.
A porcentagem de camundongos positivos para T. gondii inoculados com tecidos digeridos de
animas ndo vacinados foi maior (60%) quando comparados com camundongos inoculados
com tecidos dos animais vacinados (31,6% - tecidos digeridos; 18,3% - tecidos ndo
digeridos). Em outro trabalho, Dubey et al. (1994) ndo isolaram T. gondii nos quatro suinos
vacinados com 10° taquizoitas da cepa RH e desafiados com 10° oocistos de P10, enquanto
que nos animais ndo vacinados, isolaram o parasita no cérebro de trés suinos, e também na
lingua e no coracao de dois e de um animal, respectivamente.

Da mesma forma, Pinckney et al. (1994) estudaram a seguranca e a eficacia
na prevencao de formagdo de cistos teciduais através da imuniza¢do com a cepa Ts-4 em
suinos jovens, nenhum dos animais dos grupos que receberam a vacina com Ts-4
desenvolveram sinais clinicos ou morreram, nem se conseguiu recuperar essa cepa dos tecidos
dos animais inoculados, porém, apds desafio com outra cepa cistogénica a Ts-4 ndo preveniu
contra a formagdo de cistos teciduais, o que demonstra a necessidade de mais estudos para
avaliar a capacidade desta cepa em prevenir a formacao de cistos em suinos.

Suinos alimentados com oocistos de T. gondii irradiados com 0,4 kGy de
césio desenvolveram imunidade protetora. Apos desafio com oocistos letais, permaneceram
clinicamente normais, mas desenvolveram cistos teciduais, concluindo que a reinfec¢do nao
foi impedida (DUBEY et al., 1998).

Freire et al. (2003) imunizaram suinos com uma vacina utilizando-se de
antigenos de superficie do T. gondii incorporados ao Complexo Imuno Estimulante (ISCOM)
e, apds o desafio verificaram que a vacina foi capaz de estimular uma forte resposta imune

humoral.
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Kringel et al., (2004) vacinaram suinos com taquizoitos da cepa RH de T.
gondii com oligodeoxynucleotideos (ODN) sintéticos especificos de suinos e
imunoestimulador (CpG) (dias 0 e 26) e desafiaram com 10* oocistos infectantes da cepa VEG
(dia 49). Apo6s as imunizagoes, titulos IgG anti-T.gondii, analisados pela técnica do MAT até
10 vezes maior nos grupos vacinados comparado com o controle antes do desafio. Apos o
desafio, os autores observaram protecao clinica significativa nos animais vacinados, onde nao
encontram alteragdo na temperatura dos animais vacinados comparados ao controle. Os
autores relatam também, que 52% dos animais vacinados ndo desenvolveram cistos teciduais.

Garcia et al. (2005) utilizaram proteinas brutas de roptrias do T. gondii
incorporadas ao ISCOM administradas pela via sub-cutdnea em suinos e, apos desafio,
verificaram prote¢do parcial contra formagao de cistos no grupo vacinado, quando comparado
ao grupo controle positivo, mas ndo observou protecdo contra manifestacdo clinica. Relata
ainda, que a imunizagdo sistémica ndo foi eficaz em estimular uma protecdo de mucosa
intestinal.

Jongert et al. (2008) estudaram uma vacina contendo “pool” de plasmideos
expressando as proteinas GRA1 e GRA7 administrada duas vezes (dias 0 e 21) pela via
intradérmica em suinos e desafiaram (dia 49) com 2x10° cistos de T. gondii da cepa IPB-G
pela via intraperitoneal. Apds as imunizagdes os autores verificaram alta resposta de I1gG e
resposta imune celular especifica contra as proteinas GRA1 e GRA7 estudadas. Apos o
desafio foram detectados altos tituos de IgG contra as proteinas GRA1 e GRA7 comparada ao
grupo controle. Os autores relataram a possibilidade deste tipo de vacina proteger contra a

formacao de cistos teciduais.
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Regi&o/Estado % Positivos Categoria - Teste Referéncia
Centro Oeste
Goias 27,7 m HAI Matos et al. (1999)
Mato Grosso 12,8 m RIFI Murano et al. (2010)
Nordeste
Bahia 14,8; 31,9 g; rus ELISA Bezerra et al. (2009)
Paraiba 36,2 - RIFI Gennari et al. (2009)
Pernambuco 4,7 g RIFI Caporali et al. (2005)
Norte
Rondonia 33,5; 37,5 g g MAT; RIFI Cavalcante et al. (2006)
Sudeste
Minas Gerais 29,9 - RIFI Schenk et al. (1976)
90,4 si RIFI Guimaraes et al. (1992)
0 g - Brandao et al. (2006)
0 a MAT Pezerico et al. (2007)
Rio de Janeiro 65,8 g RIFI Bonna et al. (2006)
Séo Paulo 10 - SF Sogorb et al. (1972)
22,8 a HAI Amaral et al. (1975)
25,7; 19,1 a g RIFI Correa et al. (1978)
32,8 a RIFI Ishizuka et al. (1978)
24,6 g HAI Santos et al. (1978)
47 g RIFI Vasconcelos et al. (1979)
57,9; 42,1 a;a RIFI; HA D’Angelino et al. (1986)
9,6; 21 a;a ELISA; HA Suaréz-Aranda et al. (2000)
0,8; 1,32 g g RIFI; MAT Caporali et al. (2005)
17 a MAT Dos Santos et al. (2005)
8,5 a RIFI Lima et al. (2007)
20,2 g MAT Oliveira et al. (2007)
0 a MAT Pezerico et al. (2007)
6,5; 35 g a MAT Fornazari et al. (2009)
Sul
Parana 37,8 g RIFI Vidotto et al. (1990)
24 g RIFI Garcia et al. (1999)
1,2;3,8; 10,4 ch; ma; m RIFI Tsutsui et al. (2003)
2,8; 20,7 tr; m RIFI Carletti et al. (2005)
8,5 a RIFI Moura et al. (2007)
1,8; 23,1 a g MAT Da Silva et al. (2008)
23,3; 33,7 tr; ad RIFI Millar et al. (2008)
Rio Grande do Sul 18 a HAI Griinspan et al. (1995)
14; 16,7 aa RIFI; ELISA Araujo et al. (1998)
33,7; 20 aa RIFI; HAI Fialho et al. (2003)
Santa Catarina 1,2 g HAI Wentz et al. (1988)
45,6; 86,1 g MAT Silva et al. (2000)

Quadro 1 - Frequéncia de anticorpos anti-T. gondii em suinos no Brasil. ' a: abatedouro; ad: adulto; g:
granja; m: matriz; rus: rastico; ch: cachago; ma: marrd; si: semi-intensivo; tr: terminagao; 2

HALI

SF: Sabin-Feldman;

RIFI: reagdo de

imunofluorescéncia indireta; HA:

hemaglutinacao indireta; MAT: aglutinagdo direta; ELISA: ensaio imunoenzimatico
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Imundgenos Desafio Testes  Principais Resultados Referéncias
10°RHT; 10%,10° MAT; Protecdo contra sinais Dubey et al. (1991b)
im (10 cepas)®™; bio clinicos; redu¢do do

numero de cistos teciduais

10°RH"; 10° (10 cepas)™;  MAT;  Protegdo contra sinais Dubey et al. (1994)
Uma dise; bio; clinicos e formagdo de
im hist; lesdes; reducdo do
imu numero de cistos teciduais
3x10° TS-4; 8x10* GT-1°° MAT,; Redug¢io do nimero de Pinckney et al. (1994)
0, 14; sc bio; cistos teciduais
hist;
imu
10° VEG*™® 10% 10° VEG®™; MAT; Prote¢do contra sinais Dubey et al. (1998)
(0,3; 0,4 kGy "V'Cs) bio clinicos
0, 38; vo
Ag. superficie | Ty/_5 5x10% AS-28° RIFI Resposta imune humoral ~ Freire et al. (2003)
(ISCOM);
sc.
RH" (CPG ODN); im 10* VEG™™® MAT,; Protegéo parcial Kringel et al. (2004)
ELISA;
bio
Roptrias (ISCOM); VEG™ ELISA; Protegdo Parcial Garcia et al. (2005)
im. bio
B-Glucana; 10’RH" ; im RIFI Sem protegdo Bugni et al. (2008)
DNA GRA1-GRA7; 2x10* IPB-G**; ELISA; Resposta imune humoral  Jongert et al. (2008)
(0,21);1id ip. pc; bio; e celular
PCR
Quadro 2 - Estudos de avaliagio da resposta imune contra toxoplasmose realizados em suinos.

TTaquizoitas; ““Oocistos; bio: bioensaio; ELISA: ensaio imunoenzimatico; hist: exame
histopatologico; id:  intradérmica; im: via intramuscular; imu: exame
imunohistoquimico; ip: via intraperitoneal; MAT: teste de aglutinacdo rodificado; pc:
ploriferacdo celular; PCR: reacdo em cadeia da polimerase; RIFI: reagdo de
imunofluorescéncia indireta; sc: via subcutanea; vo: via oral;
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2 OBJETIVOS

2.1 OBJETIVO GERAL

Avaliar a resposta imune humoral e celular em suinos imunizados com

proteinas nativas de roptrias do Toxoplasma gondii pela via intranasal.

2.2 OBJETIVOS ESPECIFICOS

Isolar roptrias do T. gondii;

Avaliar a resposta humoral e celular;

Avaliar a protecdo clinica nos animais apos desafio com cepa virulenta;
Avaliar a protecdo contra a producdo de cistos cerebrais apds desafio com

cepa cistogénica.
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3 ARTIGO

HUMORAL AND CELLULAR IMMUNE RESPONSES IN PIGS IMMUNIZED BY
INTRANASAL ROUTE WITH CRUDE RHOPTRY PROTEINS OF THE Toxoplasma
gondii PLUS QUIL-A

3.1 ABSTRACT

In the present study we evaluated the humoral and cellular immune responses from pigs
immunized by intranasal route with crude rhoptry proteins of the Toxoplasma gondii plus
Quil-A. The experiment design used 15 mixed breed pigs divided into three groups, G1
(vaccinated-challenged, n=6) received rhoptry proteins (200ug/ dose), G2 (adjuvant-
challenged, n=4) received PBS plus Quil-A, and G3 (unvaccinated-challenged, n=3) was
considered control group. The treatments were performed at days 0, 21, and 42 by intranasal
route. On day 49, two animals from G1 were euthanized for evaluation of cellular immunity
and the other animals this study were challenged with 10’ infective oocysts of the VEG strain.
Five out of six animals from G1 had antibodies above cut-off at challenge day. Three from
these five animals had both IgM and IgG responses, however, two animals showed just IgM
response. There was a greater proliferation against T. gondii rhoptry proteins in lymphocytes
collected from LNM compared to the blood cells. Partial protection against tissue cysts
formation was observed in G1 compared to G3. The protection factors were 41.6% and 6.5%
in Gl and G2, respectively. In conclusion, the animals were stimulated in part in humoral
immune response, however, gave encouragement to the cellular immune response both locally
and systemically.

Keywords: Toxoplasma gondii. Rhoptry. Pigs.

3.2 INTRODUCTION

Toxoplasma gondii is a protozoan parasite which can infect humans and
warm blooded animals. Humans can become infected by ingesting raw or undercooked meat
containing cysts (GARCIA et al., 1999). The longevity of tissue cyst in pork can last more
than two years (DUBEY et al., 1998) and pork is one of the most important sources of T.
gondii infections for humans (DUBEY et al., 1991). Thus, indicates that developing a vaccine

against T. gondii in pigs would be desirable to reduce tissue cysts formation.



34

Live vaccines (RH, T263, and S48) have shown protection against
toxoplasmosis (FRENKEL et al., 1991; DUBEY et al., 1991), but these carry the risk of
reverting virulence (SUPPLY et al., 1999). A useful T. gondii vaccine for human beings and
animals needs be safe (no infectious), have a reasonable shelf life, and able to be used in
pregnant females without infect fetuses

Studies using live RH strain showed some protection against tissue cyst
formation in pigs (PINCKNEY et al., 1994; GARCIA et al., 2005), but these results were not
enough to indicate that this strain could be used as a live vaccine in pigs in view of the fact
that there are differences of pathogenicity among RH strain to pigs. It is not persistent in pig
tissues 64 days after infection (dai) (DUBEY et al., 1991). The RH strain, genotype I, is the
most studied and used T. gondii strain throughout the laboratories. This strain was isolated
from a child with toxoplasmic encephalitis in 1939 (SABIN et al., 1941) and since then has
been maintained in mice and cell culture.

Freire et al. (2003) in a study using T. gondii surface antigens and lipids
incorporated in immunostimulatory complexes (ISCOMs) by subcutaneous route to vaccine
pigs, did not isolate, by mouse bioassay, tissue cysts from vaccinated animals (FREIRE et al.,
2003). Garcia et al. (2005) used rhoptry proteins incorporated in ISCOM to prevent tissue cyst
formation in pigs challenged with sporulated oocysts of the VEG strain. The results indicated
that rhoptry vaccine conferred partial protection against tissue cysts formation.

Additionally, pigs were immunized intradermally with a cocktail DNA
vaccine encoding GRA1 and GRA7 (JONGERT et al., 2008) and animals developed a strong
humoral and Type 1 cellular immune response. Unfortunately, the results about tissue cysts
burden evaluation were inconsistent, however, this study was important because elicited
immune response in pigs through DNA vaccine.

Smith et al. (1998) showed that oral administration of free Quil-A together
with ovalbumin (OVA) reproduced the most of local and systemic immune responses obtained
with ISCOM and OVA. The saponin adjuvant Quil-A is obtained from the bark of a tree
Quillaja saponaria. Quil-A is a widely used veterinary adjuvant, inexpensive, simple to
formulate and generally safe (COX and COULTER, 1997). Garcia et al. (2007) used crude T.
gondii rhoptry proteins plus Quil-A by the intranasal route to evaluate the control of the
oocyst shed in domestic cats. Two out of three cats did not shed oocysts after immunizing
with three doses of the vaccine, and vaccinated cats had an estimated protection of 65%.

The most common infection route of T. gondii is the oral ingestion.

Therefore, stimulation of mucosal immune response will be desirable in controlling oral
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toxoplasmosis (CHARDES and BOUT, 1993). The intranasal route was previously evaluated
as an immunization route in pigs, however, just for virus and bacterial immune responses
(YOKOMIZO et al., 2002; ZHANG et al., 2007; KANG et al., 2008; NEUMANN et al.,
2009), and it was not studied in protozoa parasites. Yokomizo et al (2002) showed that
intranasal immunization is more efficient for inducing local and systemic immunity than oral
immunization in pigs.

In the present study we evaluated humoral and cellular immune responses in

pigs immunized by intranasal route with crude rhoptry proteins of T. gondii plus Quil-A.

3.3 MATERIALS AND METHODS

3.3.1 Toxoplasma Gondii Strain

LIV-5 and VEG T. gondii strains were used in the experiment. LIV-5 strain
was used to obtain rhoptries (GARCIA et al., 2004) and sporulated oocysts from VEG strain
were used for the pigs challenge. Before used oocysts infectivity was evaluated by mice

infection.

3.3.2 Animals

The maintenance and care of experimental animals complied with the
Animal Ethic Committee from Universidade Estadual de Londrina (CEEA 17/09). Thirteen
mixed breed pigs between 6.5-7.5 weeks of age, including females and castrated males, were
randomly allocated in separate stables (2 for 2). The animals were left to acclimatize for 6
days before we began the experiment. They received food and water ad libitum. All pigs were
serum negative (titre < 64) in the T. gondii indirect immunofluorescence assay (IFA).

3.3.3 Rhoptries Purification

Tachyzoites of RH strain were obtained from peritoneal fluid of infected
Swiss mice. The material was passed three times through a 26 gauge needle to purification
and washed twice with 10mM phosphate buffered saline (PBS, pH 7.5). The pellet was
resuspended and washed twice in homogenization medium (HM: 250mM sucrose; 1mM

EDTA; 5mM triethanolamine-HCI; pH 7.5), after washed, tachyzoites were prepared at a
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concentration of 10° tachyzoites/ mL. Cell suspension was disrupted in a French pressure cell
at 50 Kg/cm®. Unbroken cells were sedimented by a 10 min centrifugation at 750 x g.
Supernatant was centrifuged at 12000 x g for 10 min to sediment the crude organellar. Final
pellet was fractionated by isopynic sucrose density gradient centrifugation to rhoptries
isolation following Garcia et al. (2004).

Briefly, the final pellet was resuspended in 4 ml of HM, added 2 ml in each
tubes containing 3 ml sucrose gradient (1.0; 1,4; 1.6 and 1.8 M) and centrifuged during 5
hours at 87.480x g. The fractions were diluted in 10 ml HM and centrifuged at 120.000x g for
lh. Protein concentration was determined using the bicinchoninic acid technique (BCA

Protein Assay Reagent, Pierce).

3.3.4 Vaccination and Challenge

The pigs were divided into 3 groups, group 1 (G1) n=6, group 2 (G2) n=4
and group 3 (G3) n=3 (Table 1). The GI received 200 pg of rhoptry proteins plus Quil-A (50
ng) by nasal route (NA) at days 0, 21, and 42 of the experiment (GARCIA et al., 2007). The
G2 and G3 received just Quil-A (50 pg) and PBS by nasal route, respectively. At challenge
day (day 49) two animals from G1 were euthanatized for lymphocytes proliferation assay, and
the other animals from G1 (n=4), G2 (n=4) and G3 (n=3) were challenged with ~ 10° oocysts
of VEG strain by oral route (DUBEY et al. 1998b).

3.3.5 Sampling and Measurements

Clinical signs and body temperatures were recovered before and after
challenge. Serum samples were obtained at days -6, 0, 21, 42, 49, 64, 79 and at slaughter (day
94) and stored at - 20°C. At death, brain samples were collected to investigate T. gondii tissue

cysts by mouse bioassay.

3.3.6 Evaluation of Immune Responses

The presence of antibodies against T. gondii in serum samples of pigs
(before of experiment to select the animals) and bioassayed mice were measured by indirect
immunofluorescence assay test (IFAT) (CAMARGO, 1973) considering as positive pigs with
titre > 64 and mice with titre > 16 (GARCIA et al., 2005).
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The kinectic of IgM and IgG antibodies was evaluated by Indirect Enzyme-
linked Immunosorbent Assay (ELISA) as described by Garcia et al. (2005). Flat-bottom 96
well polystyrene microtitration plates (Nunc-Immuno Plate, MaxiSorp, Denmark) were coated
with 0.1 ml of the rhoptry antigens (5 pg/ well) diluted in 0.1M carbonate buffer (pH 9.6) and
incubated overnight at + 6°C. The plates were washed 3 times with PBS-tween 20 (50mM
tris, pH 7,4, containing 150mM sodium chloride and 0,05% tween 20) and non-specific
immune sites blocked by incubation for 1 hr at 37 °C with carbonate buffer - 8% nonfat dry
milk. The control sera and test sera were diluted 1:200 in PBS-tween 20-5% nonfat dry milk
and added to the microtitre plates in duplicate, 0.1 ml in each well, and incubated for 1.5 hr at
37 °C. The positive and negative control sera were included in each plate.

After washing, peroxidase-labeled anti-pig IgG and IgM antibody (diluted
1:2500 in PBS-tween 20-5% nonfat dry milk) was added 0.1 ml in each well and incubated
for 1 hr at 37 °C. After washing, the peroxidase activity was revealed by adding 0.1 ml of
ortho-phenylenediamine solution (40 mg ortho-phenylenediamine/ 100 ml of 0.1M phosphate
citrate buffer, pH 6.0, and 40 pl of H,0,), and the reaction was stopped by adding 0.05 ml of
IN HCL, and the optical density (OD) was read at 490 nm in an ELISA microplate reader.
The absorbance values were averaged by the following formula: ODmean = [(absorbance
value of the sample) - (absorbance value of the negative control serum) / (absorbance value of
the positive control serum) - (absorbance value of the negative control serum)]. A serum was
considered to be positive when OD testes serum > [OD mean (from negative sera n=15) + 2

SD (standard deviation from negative serum)].

3.3.7 Lymphocyte Proliferation

The proliferation assays of peripheral blood mononuclear cells (PBMC) and
lymphocytes from mesenteric lymph nodes (MLN) were performed as previously described
(SOLANO-AGUIAR et al., 2000). Two pigs from group G1 were randomly selected and
euthanized seven days after the third dose of vaccine at day 49. Whole blood was obtained by
venipuncture in EDTA vacutainers and mixed 1:2 with phosphate-buffered saline (PBS), and
MLN were collected from ileum and jejunum into 50-ml conical tubes and kept in collection
media (CM) at 4°C. Cells from MLN were release by sharp scissors into a petri dish
containing RPMI 1640 medium (GIBCO), and then the cell suspension were filtered. PBMC
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were isolated by density gradient centrifugation by using lymphocyte separation media
(LSM).

The isolated cells were washed twice in RPMI 1640 medium. The cell
suspensions from PBMC and MLN were cultured in RPMI 1640 medium (GIBCO)
supplemented with 10% bovine fetal serum, L-glutamine (2 mM; BioWhittaker), sodium
pyruvate (1 mM; Sigma), and penicillin-streptomycin (I mM; Sigma). The suspensions were
then seeded at 10° cells per well in triplicate. Seeding was done in flat-bottomed 96-well
microtiter plates (Costar) with 200 pl of culture medium that contained 5, 10, and 15 pg of
rhoptry proteins per ml. Phitohemaglutinin - 1% (PHA-M) was then added to the culture
medium and served as positive control for proliferation; while medium without additives were
used as the negative controls. The plates were incubated in 5% CO; at 37°C for 72 h. The
viability of the cells was higher than 90% as determined by trypan blue exclusion. The celular
proliferation was determined by Vybrant MTT Cell Proliferation Assay Kit (Molecular
Probes). The absorbance determination at 570 nm was realized by using a microplate reader;
proliferation was expressed as stimulation indices (SI= ratio of the mean proliferation of the
cells after stimulation relative to the proliferation of unstimulated control cells from the same

animal).

3.3.8 Bioassay of Pig Tissues for T. gondii

Fifty grams of brain samples from each pig were used to evaluate the
presence of T. gondii cysts as described previously (DUBEY, 1998). Briefly, each sample was
homogenized in a blender for 30 seconds in 250 ml of saline solution (0.14M NaCl). After
homogenization 250 ml of pepsin solution (50g) was added and incubated at 37 °C for 1 hr.
The homogenate was filtered through 2 layers gauze and centrifuged at 1000 x g for 10 min.
The supernatant was discarded and the sediment was resuspended in 20 ml PBS (pH 7.2) and
15 ml 1.2% sodium bicarbonate (pH 8.3) was added and centrifuged at 1180 x g for 10 min.
The supernatant was discarded and the sediment was resuspended in 5 ml of antibiotic saline
solution (1,000 U penicillin and 100 pl of streptomycin/ ml of saline solution) and inoculated
subcutaneously into 3 mice (1ml/ mouse).

The animals that either showed clinical signals (weight loss, diarrhea,
abdominal distention) or died during 3 — 10 days after inoculation were checked for the

presence of tachyzoites or bradyzoites. Pool of tissues (brain, liver, lung and peritoneal fluid)
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from these animals was collected and used to infect other mice. Impression smears of lung
from the mice that died were fixed in methanol, stained with Giemsa, and examined
microscopically. Blood samples were drawn from the mice that survived 45 days post-
inoculation, and the brain of each mouse was examined microscopically for T. gondii tissue
cysts by squashing a portion of brain between a coverslip and a glass slide (DUBEY and
BEATTIE, 1988). Serum from each mouse was diluted at 1:16 and 1:64 and examined for T.
gondii antibodies, using IFA.

3.3.9 Statistical Analyses

Qui-square was used to show statistical difference in mice bioassay.
Protection against tissue cysts formation in pigs was evaluated by estimating preventable
fraction (PF) as previously described (SIEV, 1994) with some adjustments; PF = p2 - p1/ p2,
where p2 = % of positive mice from pigs from G3 and pl = % of positive mice from pigs

from G1 or G2.

3.4 RESULTS

3.4.1 Clinical Signs

The only clinical signal of toxoplasmosis observed was fever (>40.0 °C,

Fig. 1) the 6th to 8th day after challenge (dac).

3.4.2 Humoral and Cellular Immune Responses

IgG and IgM antibody results are shown in Figures 2 and 3. The average of
antibody levels at challenge in immunized group (G1) was IgG OD mean= 0.336 and IgM OD
mean= 0.602. Five out of six animals from G1 had antibodies above cut-off at challenge day
(IgG OD mean=0.316, IgM OD mean= 0.558). Three from these five animals had both IgM
and IgG responses (animals 1, 3, and 5), however, two animals showed just IgM response
(Table 2). Animals from G2 and G3 remained IgG and IgM negative before challenge. All
pigs from G1, G2 and G3 seroconverted after challenge. The IgM antibody levels had a down

tendency after challenge day, and some animals were negatives.



40

The proliferation assays of lymphocytes from mesenteric lymph nodes
(LNM) elicited a significant lymphocyte proliferation response in all of the antigens
concentrations, however, this did not occur in the proliferation of peripheral blood

mononuclear cells (PBMC). Proliferation of lymphocytes was higher in LNM than PBMC
(Fig. 4).

3.4.3 Mouse Bioassay Evaluation

The results of bioassay are summarized on Table 3. The G1, G2, and G3
showed 5/11 (45.4%), 8/11 (72.7%), and 7/9 (77.8%) mice positive in bioassay of their brains.
PF was 41.6%, and 6.5% in G1 and G2, respectively.

3.5 DISCUSSION

In the present study we observed a partial humoral immune response in pigs
immunized by nasal route with crude rhoptries from T. gondii. However, a higher intestine
cellular immune response than systemic one was detected. Garcia et al. (2005) immunized
pigs by intramusculary route with crude rhoptries from T. gondii incorporated into ISCOM,
and the authors described a partial stimulation of humoral response in those animals.

Garcia et al. (2006) standardized a T. gondii rhoptry-ELISA to evaluate IgG
from pig sera. This assay detected serum conversion starting at 14° day after infection with
peak of antibodies in day 42. Lind et al. (1997) tested a T. gondii tachyzoites-ELISA and
observed a IgG long lasting response starting 10 to 14 days after infection, however, a
diminishing of IgM curve in 21-24 days with peak in day 10. Herein, we just observed IgG
and IgM anti-T. gondii after third dose of immunization (day 49).

A DNA vaccine expressing GRA1 and GRA7 was used to evaluate humoral
and cellular immune response in pigs (JONGERT et al., 2008), and the study described high
level of serum IgG antibodies, however, just one pig, before challenge, showed cellular
immune response in PBMC. In this study we detected a higher cellular immune response in
LMN than PBMC, what could be related to brain cyst protection observed in G1 when
compared to G2, and G3.

Tissue cysts and antibodies tend to persist for prolonged periods, in most

mammals, including pigs, and the demonstration of serum positivity usually correlates well
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with the contaminated meat (DUBEY et al. 1995; WINGSTRAND et al., 1997;
VERHELSTA et al., 2011). The T. gondii mouse bioassay has been used as a gold test to
indicate the tissue infection level of animals vaccinated compared with unvaccinated animals
(DUBEY et al., 1991, 1998b; Pinckney et al. 1994; kringel et al. 2004; Garcia et al. 2005;
JONGERT et al., 2008). In our study mouse bioassay was used to evaluate brain cyst burden
45 days after challenge and all animals from G2 and G3 were positive, however, one pig from
G1 was negative. Solano-Aguilar et al. (2001) challenged pigs with 10’ sporulated oocysts of
VEG strain, and the authors reported all infected animals in both brain and tongue as positive
in mouse bioassay. Kringel et al. (2004) did not detect the presence of the parasite in the
heart from pigs infected with T. gondii oocysts. Additionally, Verhelst (2011) described the
possibility of clearance of T. gondii cysts from pig muscles, what did not occur with brains.

Clinical signs after T. gondii infection in pigs depend on the breed and age
of animals, stage of parasite, administration via, and the number of infective parasites
(JUNGERSEN et al., 1999). Here, we did not observed clinical signals except for a rise in
temperature on 6° to 8° day after challenge. Using the same strain (VEG) and number of
oocysts to infect miniature swine Solano-Aguilar et al. (2001) observed death caused by
severe fibronecrotic enteritis in 3 animals 10, 11 and 12 days after infection, and high rectal at
days 4, 5, 6 e 7 pos infection. In a previous study, Garcia et al. (2005) immunized pigs by IM
route with rhoptry proteins plus ISCOM, and they did not observed protection against clinic
signals in the vaccinated group.

Freire et al. (2003) immunized pigs with whole T. gondii tachyzoites (LIV-5
strain 500mg/IM) incorporated into ISCOM, and after challenging with 5 x 10* oocysts of
AS-28 strain, they did not find clinical changes in animals from vaccinated group. Kringel et
al. (2004) evaluated the ability of CpG ODN in combination with live RH strain to improving
the protective immunity in pigs and no significant increase in temperatures was observed in
vaccinated animals after challenge with 10* oocysts of VEG strain.

In a previous study, Garcia et al. (2005) immunized pigs by IM route with
rhoptry proteins plus ISCOM, and they did not observed protection against clinic signals in
the vaccinated group, however, the group infected with RH strain before challenge was
protected. The G1 showed clinic signals like G2 and G3, which suggest that antibody levels in
G1 were not protective to challenge used.

Some studies (DUBEY et al., 1991, 1994; Pinckney et al., 1994; Garcia et
al., 2005; Bugni et al., 2008) infected pigs with live RH strain, a relatively nonpersistent strain

for pigs, but these results were not enough to indicate RH as a live vaccine for pigs in view of
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the fact that there are pathogenicity differences among RH strain to pigs (PINCKNEY et al.,
1994).

Information obtained so far associated with this study indicated that future
studies for improve the immune response in pigs to T. gondii challenge should use an
association of systemic and mucosal stimulus, these should be associated with different

antigens expressed in all stages of parasite.
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Figure 1 - Mean rectal temperatures of the G1, G2 and G3 pigs. At days 0, 21 and 42, the G1 was
vaccinated with rhoptry vaccine, G2 received PBS plus Quil-A and G3 received only
saline. On the day 49 all animals were challenged (black arrow) with 10* oocysts of the T.
gondii VEG strain. On day 94, animals were killed.
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Figure 2 - IgG antibody response measure by the indirect enzyme-linked immunosorbent assay
(ELISA) in pigs of the G1, G2 and G3. The G1 was vaccinated with T. gondii rhoptry
vaccine, G2 received PBS plus Quil-A, and G3 received only saline. The treatments were
performed by nasal route at days 0, 21 and 42 (black arrows). At day 49 all groups
received a challenge route of the 10° oocysts of the T. gondii VEG strain (dashed arrow)
and at day 94 all animals were slaughtered. Dashed line indicates positive cutt-off.
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Figure 3 - IgM antibody response measure by the indirect enzyme-linked immunosorbent assay

(ELISA) in pigs of the G1, G2 and G3. The G1 was vaccinated with T. gondii rhoptry
vaccine, G2 received PBS plus Quil-A, and G3 received only saline. The treatments were
performed by nasal route at days 0, 21 and 42 (black arrows). At day 49 all groups
received a challenge route of the 10° oocysts of the T. gondii VEG strain (dashed arrow)
and at day 94 all animals were slaughtered. Dashed line indicates positive cutt-off.
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Figure 4 - Proliferation assays of peripheral blood mononuclear cells (PBMC) and lymphocytes from
mesenteric lymph nodes (LNM) of G1 (vaccinated with 200ug of T. gondii rhoptries
proteins). The lymphocyte stimulation was performed using 5, 10 and 15ug of T. gondii
rhoptries and the positive control stimulated with 1% of Phitohemaglutinin (PHA-
M). The continuous line indicates the cutoff point.
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Cellular Challenge

- . 2
Pigno.  Sex' Vaccination PID Response PID Slaughter PID
0 21 42 49 94
Gl
3 F Rhoptry (200 pg) - oocysts Bioassay of brain
4 M + VEG
Quil-A (50pug)
NA
> F LP - -
6 F
G2
7 F
8 F . 10° , .
9 F Quil-A (50ug) - NA - oocysts Bioassay of brain
10 M VEG
G3
11 F 10°
12 F Saline - NA - oocysts Bioassay of brain
13 F VEG
Sorology PID*
6 0 21 42 49 64 79 94
All Pigs RIFI ELISA IgG and IgM
Evaluation of clinical signs PID”
0o 17 42 55 — 65° 94
All Pigs Measurement of rectal temperature

Table 1 - Experimental design indicating the division of groups, number of animals and the main
steps developed in the experiment.'M = male, F = female; “PID: post inoculation day;
*Daily; “Days of obtaining the serum samples and conducting serology;
*Days of recovery of body temperature; LP: lymphocyte proliferation; NA: nasal route.

Group Animals Igm* 19G?
1 0,738 0,320

2 0,698 0,279

Gl 3 0,687 0,325
4 0,364 0,249

5 0,561 0,664

6 0,564 0,179

Teut-0ff=0.558: 2 cut-off=0.316

Table 2 - Anti-Toxoplasma gondii antibody responses from
animals immunized by nasal route with crude rhoptry
proteins (G1) after third dose (day 49).
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Table 3 - Outcome of Toxoplasma gondii tissue cysts, by mouse bioassays, in brains of pigs

that were challenged with oocysts of VEG strain after receiving rhoptry protein,
Quil-A and saline by nasal route.

Group/ Bioassay of pig tissues’ N° of mice o3
Pig no.! Brain positive / (%) PF (%)
Gl
1 0(1)/3
2 2/2 0
3 0003 5/11 (45%) 41.6
4 2(0)/3
G2
7 3/3
8 0(1)/3 0
9 002)3 8/11 (73%) 6.5
10 2/2
G3
11 0(2)/3
12 3/3 7/9 (78%) NE*
13 0(2)/3

"G1 (vaccinated with 200ug of rhoptry protein); G2 (only 50ug Quil-A); G3 (only saline). All groups were
challenged with 10° oocysts of VEG strain; > Results are expressed as number of mice positive for T. gondii of 3
mice inoculated with pepsin digest of pig tissue. Numbers in parenthesis indicate the number of mice with
antibody titers > 16 (IFA), but in wich tachyzoites or cysts were not seen in their peritoneal liquid, and brain,
respectively; tachyzoites or tissue cysts were seen in the other mice. * Preventable fraction (PF) was calculated
from each group. *Not evaluated
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CONCLUSAO

As proteinas de roptrias do T. gondii administradas pela via nasal com quil-a
estimularam a resposta imune celular intestinal e sistémica e parcialmente a produgdo de
anticorpos em suinos.

Os suinos do grupo vacinado tiveram uma prote¢do parcial contra a
formacao de cistos cerebrais.

As vias de inoculagdo sistémica e de mucosa devem ser avaliadas no futuro,

para um melhor estimulo da resposta imune em suinos frente a imundgenos de T. gondii.



