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RESUMO

No presente estudo foram analisadas a dindmica da infeccdo primdria por Strongyloides
venezuelensis em ratos Lewis, a influéncia do sexo do hospedeiro e sua resposta imune.
Também foi comparada a sensibilidade da PCR com as técnicas histoldgica e parasitologica
na caracterizacdo desta infeccao utilizando amostras de tecidos e fezes, respectivamente. No
primeiro artigo, o nimero de ovos por grama de fezes (OPG) foi determinado pela técnica de
McMaster modificada e o DNA foi extraido para andlise por PCR. Comparou-se a
sensibilidade de ambos os métodos para o diagndstico do parasita em fezes de ratos
inoculados com 40, 400 e 4000 larvas infectantes (L3) e essas infeccdes foram consideradas
leve, moderada e grave, respectivamente. Na PCR dois pares de primers foram empregados,
um foi desenhado a partir da seqiiéncia parcial de rDNA de S. venezuelensis e o outro,
amplifica o rDNA de diversas espécies deste género. Nas amostras oriundas dos animais com
infeccdo leve o primer especifico ndo detectou DNA, ja o primer género apresentou maior
sensibilidade que a quantificagdo de OPG. No segundo artigo foi analisada a influéncia do
sexo dos hospedeiros na suscetibilidade as infeccdes leve, moderada e pesada. Machos com
infeccdo moderada e pesada apresentaram maior média de OPG e de numero de parasitas
recuperados do intestino delgado em comparacdo com as fémeas, porém esse fendmeno nao
foi observado nas infecgdes leves. No terceiro artigo, os animais foram inoculados com 4000
L3 para a avaliacdo da dindmica da infec¢do e caracterizacdo da resposta imune durante as
fases aguda e de recuperacdo. A dinamica da infeccao foi monitorada, diariamente, por OPG
durante 32 dias. A infeccdo apresentou periodo pré-patente de seis dias e picos de eliminag¢ao
de ovos no oitavo e no 11° dias. Ambos os anticorpos especificos IgG1 e IgG2b apresentaram
nivel elevado na fase aguda e houve um aumento significativo na concentra¢do de IgG1 na
fase de recuperacdo. IgE e IL-10 também apresentaram alta concentracdo na fase de
recuperagdo, o que caracteriza o padrdo tipico de resposta Th2. No quarto artigo, a
sensibilidade da PCR, com a utilizacdo de dois pares de primers, foi comparada com a
quantificacdo de OPG durante 32 dias de infeccdo, a partir das mesmas amostras apresentadas
no terceiro artigo. Ambas as técnicas detectaram a presenca do helminto a partir do 6° dia. No
entanto, a PCR com o primer género detectou a presenga de DNA em todas as amostras,
enquanto a contagem de ovos variou entre 0 e 100 OPG em sete das 32 amostras, a partir do
23° dia. A PCR com o primer especifico ndo detectou DNA do parasita a partir do 20° dia de
infeccdo. Adicionalmente, andlise histologica e PCR foram avaliadas, de acordo com sua

sensibilidade, para definir a rota migratéria do parasita. Dois grupos diferentes de ratos foram
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inoculados com 4000 larvas L3. O segundo grupo de animais foi sacrificado em diferentes
tempos apds a infeccdo: 30 minutos, 24h, 48h, 72h e 120h. Amostras de tecidos foram
coletadas e analisadas com o uso do primer género. Tanto a PCR quanto a anélise histolégica
detectaram a presenca do parasita na pele e na camada muscular 30 minutos apds a infecgao,
no pulmao entre 48 e 72 horas de infec¢do, bem como no intestino delgado 120 horas apés a
infeccdo, mas ndo houve diferenca estatistica significativa na sensibilidade entre as duas

técnicas.

Palavras-chave: Strongyloides venezuelensis, rato Lewis, PCR, infec¢do, resposta Th2.
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ABSTRACT

In the present study the dynamics of Strongyloides venezuelensis primary infection in Lewis
rats, the host sex influence and its immune response were analyzed. We also compared the
sensitivity between PCR, parasitological and histological techniques to characterize this
infection using feces and tissue samples. In the first paper the number of eggs per gram of
feces (EPG) using a McMaster modified technique was enumerated and DNA was extracted
to do PCR analysis. Sensitivity of both methods to diagnosis the parasite in feces of rats
inoculated with 40, 400 or 4000 infective larvae (L3) was compared. These infections were
considered light, moderate and heavy, respectively. Two PCR primer pairs were employed, a
specific one was designed from a S. venezuelensis IDNA partial sequence and the other one
amplifies several species within this genus. In light infection, the specific primer did not
detect DNA in any sample, in the other hand the genus primer presented higher sensitivity
than EPG. The host sex influence in susceptibility to light, moderate and heavy infection was
evaluated in the second experiment. The FEC means and the mean parasite infection intensity
were higher in males than in females in animals with moderate and heavy infection. But this
phenomenon was not observed in light infection. In the third paper, animals were inoculated
with 4000 L3 to determine the kinetics infection and to characterize the immune response
during acute and recovery phases. The kinetics of infection was daily measured by FEC
during 32 days after infection. Parasite eggs were detected in the feces for the first time at day
6 post-infection, but the maximal egg number was observed at days 8 and 11 post-infection.
Both IgG1 and IgG2b specific antibodies were elevated at the acute phase and there was a
significant increase of IgG1 concentration in the recovery one. IgE and IL-10 also presented a
high concentration in the recovery phase which denotes a typical Th2 response pattern. In the
forth paper, it was compared PCR sensitivity with two primer pairs and EPG enumeration
during 32 days of infection with the same samples presented in the third paper. Both methods
detected parasite presence at day 6. PCR with genus primer detected the parasite DNA in all
samples and fecal egg count showed 0 to 100 EPG in seven out of 32 samples starting from
day 23. PCR with specific primer did not detect the parasite DNA from day 20. Additionally,
PCR and histological examinations were evaluated, according to their sensitivity, to define the
parasite migration route. The other group of animals was sacrificed at different periods after
infection: 30 minutes, 24h, 48h, 72h and 120h. Tissue samples were collected and analyzed
by PCR only with the genus primer. PCR and histopathological analysis showed larvae

presence below the muscular fibers of skin and at the muscular layer 30 minutes post-
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infection. The pulmonar stage occurred between 48 and 72h and larvae appearance was
detected after 120h in small intestine vilosities. There was no statistical difference between

these two methodologies.

keywords: Strongyloides venezuelensis, Lewis rats, PCR, infection, Th2 response.



Lista de abreviaturas, unidades e simbolos

CPH: complexo principal de histocompatibilidade
DNA: 4cido desoxirribonucléico

dNTP: Trifosfatos de desoxirribonucleosideos
ELISA: ensaio imunoenzimatico

EPG: eggs per gram of feces

FceRI: receptor de alta afinidade para Fc de IgE

FEC: fecal egg counts
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GLM: general linear model

IFN-v: interferon-gama

IgE, G1, G2b: imunoglobulinas E, G1, G2b
1L-3,2,4,5,9, 10, 13, 18: interleucinas 3, 2, 4, 5,
9,10, 13,18

KCI: cloreto de potassio

L: litro

L3: larva de terceiro estadio; larva infectante
L4: larva de quarto estadio

L5: larva de quinto estddio

log: logaritmo

M: molar

mg: miligrama

MgCl,: cloreto de magnésio

ml: mililitro

mM: milimolar

ng: nanograma

°C: graus Celsius

OPG: ovos por grama de fezes

pb: pares de base

PBS: salina tamponada com fosfato
PCR: reacdo em cadeia de
polimerizacio

pg: picograma

ph: potencial hidrogenidnico
rDNA: DNA ribossémico

RPMI: Roswell Park Memorial Institute
spp. : espécies

TAE: tampao tris-acetato

TCD4": célula T cd4
Thl: célula T helper 1
Th2: célula T helper 2
U: unidade

UV: ultravioleta

B: beta

% : porcentagem

®: marca registrada

M g: micrograma

ul: microlitro

cm: centimetro
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1. INTRODUCAO



1. INTRODUCAO

1.1 Género Strongyloides e a Estrongiloidiase

Os nematddeos do género Strongyloides pertencem a familia Strongyloididae (REY,
2001). Este género compreende mais de 52 espécies de nematddeos parasitas de vertebrados
(COSTA-CRUZ, 2005). Diversas espécies sao consideradas importantes parasitas
gastrintestinais de humanos e animais domésticos (DAWKINS, 1989). Em mamiferos sao
descritas as espécies S. chapini, S. fereirai, S. fuelleborni, S. myopotami, S. papillosus, S.
ransomi, S. stercoralis, S. venezuelensis, S. ratti e S. westeri (VICENTE et al., 1997).

As espécies que parasitam roedores sdo freqiientemente utilizadas como modelos
experimentais para o estudo da estrongiloidiase (SATO e TOMA, 1990). Strongyloides
venezuelensis € um parasita de roedores, naturalmente encontrado em ratos (Rattus
norvegicus) (MARUYAMA et al.,, 2006). Este parasita tem sido utilizado como modelo
experimental para estudos de biologia (NAKAI e AMARANTE, 2001; OLIVEIRA-
SEQUEIRA e AMARANTE, 2001; MATSUDA et al., 2003; MARUYAMA et al., 2006),
imunologia (KIMURA et al., 2006; NEGRAO-CORREA et al.,, 2006), mecanismos de
expulsdo de parasitas (BAEK et al., 1999; EL-MALKY et al., 2003; NEGRAO-CORREA et
al., 2006), caracteristicas bioquimicas (MARUYAMA e NAWA, 1997; MARUYAMA et al.
2006) e atividade anti-helmintica (SATOU et al., 2001; SATOU et al., 2002).

As caracteristicas clinicas da estrongiloidiase estdo ligadas a diversos fatores, como
grau de infeccdo parasitdria, estado nutricional do hospedeiro, auséncia de outras parasitoses
gastrintestinais, migracdo das larvas no ciclo pulmonar, permanéncia e multiplicacdo da
fémea partenogenética na mucosa intestinal e nos locais ectdpicos, € estado imunitario do
hospedeiro (MACHADO, 2003). Esta enfermidade é uma das mais importantes infeccoes
helminticas que afetam a espécie humana e € causada por S. stercoralis (SIDDIQUI e BERK,
2001). As causas disso sdo sobretudo, a capacidade de auto-infec¢do por parte do agente
causal, a resisténcia ocasional a erradicacdo terapéutica, a dificuldade para eliminar as formas
larvérias e o risco de hiperinfeccdo em individuos imunodeprimidos (AMATO NETO et al.,
1997). E uma parasitose pouco estudada que infecta por volta de 100 milhdes de pessoas em
todo o mundo, sendo geralmente encontrada em regides tropicais e subtropicais (MATSUDA
et al., 2003). Nos paises desenvolvidos, a infeccdo acomete principalmente agricultores,
hortigranjeiros, trabalhadores rurais, imigrantes € os viajantes que visitaram areas endémicas

enquanto, nos paises em desenvolvimento, que coincidem com essas dreas, a doenca atinge



principalmente criangas, pela freqiiente permanéncia em solos contaminados. No Brasil, a
estrongiloidiase € uma doenca de grande importancia em saude publica cujas taxas de
infec¢do variam de acordo com a regido estudada e métodos de escolha para o diagndstico
parasitologico (COSTA-CRUZ, 2005). A infec¢do causada por S. stercoralis pode se
apresentar sob trés formas distintas: aguda, cronica e disseminada (LY et al., 2003). Os
pacientes sintomdticos apresentam alteracdo pulmonar e gastrintestinal, sendo que a maioria
destes descobre que tem a estrongiloidiase apds o exame laboratorial revelar a presenca de

eosinofilia (VADLAMUDI et al., 2006).

1.2 Periodo pré-patente, rota migratoria e ciclo biolégico de Strongyloides venezuelensis

Estudos mostram que o periodo pré-patente na infeccdo por S. venezuelensis em
roedores (camundongos e ratos) varia entre o 5° € o 8° dia apds a infecgdo com o pico de
eliminacdo de ovos nas fezes ocorrendo entre o 6° e o 18° dias (TAIRA et al., 1995; NAKAIl e
AMARANTE, 2001; OLIVEIRA-SEQUEIRA e AMARANTE, 2001). As diferencas
observadas nestes estudos podem ser atribuidas a fatores relacionados ao hospedeiro (espécie,
linhagem, idade, sexo e resisténcia) e ao parasita (linhagem, dose do indculo e cultura de
larvas infectantes) (SOLOMON e HALEY, 1966; CARTER e WILSON, 1989; SATO e
TOMA, 1990; KHAN et al., 1993).

Na infeccdo por S. venezuelensis, larvas infectantes de terceiro estddio (L3) penetram
através da pele e migram para o pulmao onde ocorre muda para L4. Ao atingirem o intestino
delgado se transformam em L5 e em fémeas partenogenéticas, que apresentam de 8 a 12 ovos
no ttero (LITTLE, 1966; CARTER e WILSON, 1989).

Durante o processo de migracdo, esses parasitas secretam, por via oral, substincias
adesivas de origem glicoprotéica que auxiliam na invasdo e no estabelecimento em tecidos do
hospedeiro (MARUYAMA e NAWA, 1997). A composi¢do dessas substincias varia de
acordo com o estddio de desenvolvimento da larva no hospedeiro (MARUYAMA et al.,
20006).

Estudos sobre o ciclo bioldgico de S. venezuelensis em hospedeiros roedores relatam
diferencas no tempo de migracdo e distribuicdo das larvas. Takamure (1995) inoculou larvas
L3 em ratos da linhagem Wistar e em camundongos da linhagem ddy (Mus musculus) por via
subcutianea. Em ratos, a migracdo até os pulmoes levou 45 horas e em camundongos, 42. As
larvas foram verificadas no intestino delgado de ambos, 60 horas apds a infec¢do. Portanto,

foi demonstrado que S. venezuelensis segue a mesma rota migratdria através da via pulmonar



(pele, musculo, pulmado, traquéia e intestino delgado) nessas espécies. Matsuda et al. (2003)
inocularam oralmente 1000 L3 em ratos da linhagem Sprague-Dawley e recuperaram larvas
migratdrias no sangue ap6s 20 minutos e no figado e pulmao apds 45 minutos de inoculacgao.
Os autores também recuperaram parasitas adultos do intestino delgado 120 horas depois da
inoculagdo. Larvas migratdrias foram detectadas em cortes histoldgicos realizados a partir de
amostras de pulmdo, figado e intestino delgado. Focos de lesdes necréticas e de hiperemia
foram observados no figado e no pulmio, juntamente com infiltrados de eosindfilos que
também foram vistos no estdmago. Sato e Toma (1990) recuperaram grande nimero de larvas
da pele e musculo esquelético nas primeiras 42 horas, no pulmao e na traquéia entre 48 e 60
horas. Durante o curso da infec¢do poucas larvas foram encontradas na corrente sanguinea e
nenhuma no cérebro ou em outros 6rgaos de camundongos.

Assim como S. venezuelensis, S. ratti também € parasita natural do rato e € utilizado
como modelo experimental da estrongiloidiase (GEMMILL e WEST, 1998). Todavia, no
ciclo bioldgico de S. ratti, L3 infectam o hospedeiro através da pele e migram para a cabeca
através da regido naso-frontal (TINDALL e WILSON, 1988; KOGA et al. 1998), sendo
posteriormente deglutidas. Durante este processo, sofrem muda (L4) e passam para o estigio
parasitario. Assim como em S. venezuelensis as f€meas de S. ratti se fixam na parede do
intestino delgado do hospedeiro, se reproduzem por partenogénese e realizam a postura de
ovos que sao eliminados juntamente com as fezes (WILKES et al., 2007).

A dinamica da infeccdo por S. venezuelensis € conhecida em diversas linhagens de

camundongos e ratos, mas nao na cepa isogénica de ratos Lewis.

1.3 Utilizacao de Rattus norvegicus como modelo experimental

O rato de laboratério, R. norvegicus, € um roedor da familia Muridae (HARKNESS,
1993). Os ratos sdo amplamente utilizados e particularmente vantajosos na pesquisa
biomédica que abrange as dreas de toxicologia, gerontologia, cardiologia, endocrinologia,
odontologia, imunologia, reprodu¢do, neurociéncia e parasitologia (ANDERSEN, 2004). Os
motivos para a escolha de ratos como modelo experimental sdo a facilidade de cuidado e de
manejo, o tamanho e o custo reduzido, a alta capacidade reprodutiva, geragdes de curta
duracdo, féacil adaptacdo a ambientes variados, sociabilidade e a existéncia de linhagens
geneticamente definidas (ANDERSEN, 2004), bem como, a possibilidade de efetuar

infeccdes e acompanha-las, o que possibilita a realizagdo de analises variadas. Amato Neto et



al. (1997) postularam ainda que os resultados obtidos podem ser comparados com 0s aspectos

da doenga na espécie humana e em outras espécies animais.

1.4 Influéncia do sexo do hospedeiro em infeccoes helminticas

A prevaléncia (propor¢cdo de individuos infectados) e a gravidade das infecgOes
causadas por protozodrios, nematddeos, trematédeos, cestédeos e artropodes sdo mais
elevadas em machos do que nas fémeas (KLEIN, 2004). A influéncia do sexo em infec¢des
helminticas parece ser largamente hormonal, provavelmente em funcdo do efeito dos
hormonios sexuais na resposta imunoldgica do hospedeiro (ZUK e MCKEAN, 1996). Estudos
em roedores confirmam que a influéncia do sexo pode ser mediada por interagdes entre os
sistemas imunoldégico e endocrino (MORALES-MONTOR et al., 2004). A presenca de
receptores de hormoOnios sexuais em células do sistema imunoldgico, incluindo linfécitos,
macrofagos, granuldcitos e mastocitos, indica uma correlacdo direta entre os sistemas
enddcrino e imune. O sistema imunolégico € influenciado por hormdnios sexuais como
testosterona, 17fB-estradiol e progesterona (KLEIN, 2004).

De acordo com Wunderlich et al. (2002), a testosterona possui propriedades
imunossupressoras. A resposta humoral e celular é maior nas fémeas do que em machos
(GROSSMAN, 1989). Nakanishi (1987) estudou a resposta celular de camundongos machos e
fémeas da linhagem BALB/c infectados por Brugia pahangi e verificou que as fémeas
apresentaram uma resposta mediada por macréfagos e eosindfilos mais intensa e se
mostraram mais resistentes do que camundongos machos. Esse autor postulou que a
influéncia do sexo na suscetibilidade ao parasita e na resposta celular foi devida ao hormonio
sexual do macho, a testosterona. Nakanishi et al. (1989) também observaram a diminui¢do da
resisténcia e a resposta de linfécitos, macréfagos e eosinédfilos na cavidade peritoneal de
camundongos machos C57BL/6 infectados por B. pahangi.

Estudos utilizando animais castrados comprovam a influéncia da testosterona na
suscetibilidade a parasitas. Kamis et al. (1992) ao estudarem ratos castrados, ndo tratados com
testosterona e infectados com o nematdédeo Angiostrongylus malaysiensis, verificaram uma
redu¢do no nimero de parasitas recuperados das artérias pulmonar e cerebral e aumento do
numero de leucdcitos circulantes em relacdo aos ratos castrados que receberam doses didrias
de testosterona. Rivero et al. (2002) também observaram que ratos Wistar castrados foram
menos suscetiveis a infecc¢do por S. venezuelensis em relacdo aos nao castrados. Este resultado

foi atribuido a reducdo de testosterona plasmdtica nos animais castrados, pois ratas Wistar



tratadas com testosterona foram mais suscetiveis a infeccao por S. venezuelensis. Além disso,
os autores também verificaram que o nimero de parasitas recuperados no pulmao foi maior
nos machos mais velhos, nos quais o nivel de testosterona se mostrou mais elevado e menor
nas fémeas mais velhas, que apresentaram maiores niveis de estrogénio.

Estudos sobre a influéncia do sexo em infec¢des helminticas t€ém sido realizados
também em animais de produ¢d@o. Ao infectarem cordeiros machos e fémeas com 5000 L3 de
Haemonchus contortus por via oral, Gauly et al. (2006) observaram que a contagem de ovos
por grama de fezes (OPG) e a carga parasitdria foram mais elevadas nos machos que nas

fémeas. Os autores também concluiram que as fémeas foram mais resistentes a infecg¢ao

experimental por H. contortus.

1.5 Resposta imunoldgica aos helmintos

A imunidade contra os nematddeos gastrintestinais se manifesta pela expulsdo dos
parasitas adultos, reducdo do tamanho do verme, diminuicdo da fecundidade da fémea
parasita, falha no estabelecimento bem como impedimento no desenvolvimento da larva no
hospedeiro (ONAH e NAWA, 2000) e protecdo contra re-infeccdo (DAWKINS, 1989).

As infeccOes helminticas sdo caracterizadas pela sua capacidade de indugdo de uma
resposta de padrdo Th2 que geralmente resulta em eosinofilia, aumento no numero de
mastdcitos na mucosa e aumento na produciao de anticorpos ndo fixadores de complemento.
As células Th2 produzem IL-4, IL-5, IL-9, IL-10 e IL-13, resultando na produgdo dos isotipos
IgG1 e IgE (LAWRENCE, 2003). Os mastdcitos sdo células efetoras importantes na infec¢ao
por nematddeos, embora sua necessidade absoluta na expulsdo dos parasitas pareca também
variar entre as espécies de nematddeos. O aumento do nimero de mastdcitos é sempre
observado em tecidos afetados durante a infeccdo causada por helmintos e esse aumento €
dependente de citocinas tipo Th2, que sdo primariamente derivadas de células T CD4"
(ANTHONY et al., 2007). Os mastécitos possuem muitos granulos contendo histamina,
heparina e proteases e podem secretar citocinas como IL-4 e IL-5, bem como leucotrienos e
quimiocinas. A ativacdo cldssica resultante da degranulacao de mastdcitos envolve a ligacdo
da imunoglobulina E e a ligagdo cruzada do receptor FceRI. A contribuicao da IgE como
mecanismo de protecdo contra nematddeos gastrintestinais que penetram na mucosa do
duodeno foi demonstrada em camundongos infectados por S. venezuelensis (NEGRAO-

CORREA, 2001). Silveira et al. (2002) também verificaram um aumento na concentragdo de



IgE em lavado broncoalveolar no processo inflamatério observado em pulmdes de ratos
infectados por S. venezuelensis.

Os eosindfilos sdo as células mais comuns no local da infec¢do por nematddeos. Eles
contém granulos com protefnas catidnicas e podem liberar citocinas pré-inflamatodrias,
quimiocinas e mediadores lipidicos constituindo células efetoras potentes (DE VEER et al.,
2007). A movimentagdo de eosinodfilos dentro de sitios inflamatorios do trato gastrintestinal
depende de a¢des coordenadas de algumas citocinas (IL-4, IL-5 e IL-13), moléculas de adesdo
e quimiocinas (LOSCHER e SAATHOFF, 2008). A eosinofilia pode ser uma caracteristica
importante no diagndstico de infeccdes helminticas. No entanto, a incidéncia e a extensdo da
infeccdo relacionada com a eosinofilia ndo depende somente do tipo, intensidade e estigio da
infeccdo; outros fatores como a variacdo nas respostas imunoldgicas inata e adaptativa,
aspectos epidemiolégicos e idade da primeira exposi¢do, também sdo fatores importantes
(LOSCHER e SAATHOFF, 2008).

Os neutroéfilos também sdo reconhecidos como componentes importantes da resposta
Th2 durante a infeccdo causada por helmintos. Apds a infeccdo os neutrdfilos sao
rapidamente recrutados para os sitios de invasdo de helmintos. Essas células trabalham em
coordenacdo com outras populacdes de células, incluindo eosinéfilos e macréfagos
(ANTHONY et al., 2007).

Apesar desses padrdes gerais comuns, a resposta imunoldgica difere
consideravelmente entre as diferentes espécies de helmintos (GAUSE et al., 2003). De acordo
com De Veer et al. (2007) as diferentes familias de parasitas helmintos possuem padrdes
especificos de estruturas que influenciam sua interacdo com o hospedeiro.

A contribui¢do de eosindfilos, mastécitos, células Th2 e citocinas como IL-3
(interleucina 3), IL-4 (interleucina 4), IL-5 (interleucina 5) e IL-10 (interleucina 10) como
mediadores da imunidade contra S. venezuelensis tem sido demonstrada em vdrias
publicagcdes (MARUYAMA et al., 2000; ONAH et al., 2000; SILVEIRA et al., 2002; EL-
MALKY et al., 2003;: NEGRAO-CORREA, et al., 2004). Mais recentemente, Sasaki et al.
(2005), avaliando camundongos C57B1/6 STAT6(-/-) pré-tratados com IL-18 (interleucina 18)
e IL-2 (interleucina 2), observaram um aumento no nimero de mastdcitos intestinais € uma
rapida expulsao de vermes adultos de S. venezuelensis. Por essa razao esses autores sugeriram
que a ativagdo de mastécitos da mucosa intestinal depende da IL-18 para expulsdo de
parasitas.

Fatores relacionados ao hospedeiro como idade, sexo e base genética influenciam

diretamente a carga parasitaria (RIVERO et al., 2002). Estudos realizados com nematdédeos



intestinais utilizando linhagens isogénicas de roedores demonstram a influéncia de fatores
genéticos associados a resisténcia e a suscetibilidade a infeccio (BEHNKE et al., 2000). O
tipo de reposta imunoldgica apresentada pelo hospedeiro (rdpida e aguda ou fraca e lenta) é
regulada por diversos genes. A diferenca observada entre os hospedeiros também pode ser
explicada pela variacdo de alelos associados com a resposta imune. Estudos demonstram a
importancia de genes pertencentes ao complexo principal de histocompatibilidade (CPH) e de

genes nao relacionados ao CPH no controle da imunidade (BEHNKE et al., 2003).

1.6 Diagnéstico da estrongiloidiase

Os métodos parasitologicos sdo descritos como qualitativo e quantitativo. Enquanto o
método qualitativo fornece informacdes sobre as espécies de parasitas presentes, O
quantitativo fornece indicagdo sobre os niveis de infeccdo (PERECKIENE et al., 2007).

O diagnostico da estrongiloidiase humana € usualmente realizado com base na
detec¢do de larvas nas fezes (SIDDIQUI e BERK, 2001). Larvas de Strongyloides ja foram
encontradas no escarro, liquido ascitico, liquido pleural, urina e cistos cutaneos (FERREIRA,
1991). Exames como endoscopia digestiva, bidpsia intestinal (realizada no duodeno, jejuno e
ileo), necropsia de 6rgdos e esfregacos citoldgicos também foram descritos como métodos de
detec¢do de larvas de S. stercoralis (COSTA-CRUZ, 2005).

Observagdes das caracteristicas morfoldgicas das larvas rabditéides e filaridides de S.
stercoralis e a adocdo de métodos parasitolégicos especificos possibilitam o diagndstico
correto. Porém, a presenca de larvas de ancilostomideos e de nematddeos de vida livre do
género Rhabditis pode gerar confusdo no diagnéstico microscépico (BEAVER e JUNG, 1985
apud PEDRAZA, 2004).

Para recuperar larvas de amostras fecais sdo empregados os métodos de Baermann
(BAERMANN, 1917) ou de Rugai (RUGAI et al., 1954). Estes métodos caracterizam-se pela
simplicidade e rapidez de execucdo (REY, 2001). Apresentam como desvantagens a
necessidade de fezes frescas e a possibilidade de contaminacdo do manipulador devido a
motilidade das larvas (COSTA-CRUZ, 2005).

O diagndstico parasitolégico da estrongiloidiase causada por S. venezuelensis pode ser
realizado através da contagem de ovos por gramas de fezes (OPG) e da deteccao de larvas
realizando migracdo nos tecidos até o estabelecimento dos adultos no intestino.

As técnicas de flutuagdo separam os ovos de detritos fecais utilizando uma variedade

de solugdes com densidades especificas que fazem os ovos flutuarem para a superficie da
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suspensdo. A técnica quantitativa mais utilizada € a de Gordon e Whitlock (1939)
(PERECKIENE et al., 2007). A técnica de Gordon e Whitlock (1939) modificada é um
método parasitologico que se fundamenta no encontro de ovos de nematddeos gastrintestinais
em fezes e requer uma lamina especial denominada de “Camara de McMaster”. A
determinacdo das espécies de parasitas € realizada através da observacdo do estado de
desenvolvimento celular e da forma dos ovos recém excretados (UENO e GUTIERREZ,
1983). Conhecendo-se o OPG, pode-se estimar o nimero de vermes adultos, bem como a
eficdcia dos anti-helminticos apds o tratamento dos animais (DE CARLI, 2001). Entretanto
pode haver variagdes da técnica de McMaster de laboratdrio para laboratério. Elas estdo
relacionadas a solugdo de flutuacdo, a diluicdo da amostra, ao tempo de flutuacdo e a escolha
da drea da lamina analisada e isto pode comprometer a padronizacao da técnica (CRINGOLI,
et al., 2004). Existem ainda outras técnicas que consistem na estimativa da contagem de ovos
nas fezes, como a de Kato-Katz (KATZ et al., 1972), utilizada em alguns trabalhos para
monitoramento de infeccoes.

Entretanto, os métodos parasitolégicos para o diagndstico da estrongiloidiase
demonstram baixa sensibilidade (MACHADO et al., 2003). Ruano et al. (2005) observaram
que a sensibilidade do método parasitologico foi de 30%, e chegou a 50% quando foram
efetuadas repeticdes dos exames. Isto se dd, pois na maioria dos casos de estrongiloidiase
cronica a eliminagdo das larvas ocorre de modo intermitente (PEDRAZA, 2004).

Diversas metodologias sdo descritas para detectar a resposta imune humoral em
individuos infectados por S. stercoralis. Os métodos mais utilizados s@o imunofluorescéncia
indireta e ELISA (SIDDIQUI e BERK, 2001). Entretanto, os testes sorolégicos possuem
algumas limitacdes, como a obtencdo de quantidades suficientes de antigenos para
fracionamento e andlise, bem como a reatividade cruzada, devida a similaridade antigénica
entre estes parasitas, bactérias e protozodrios (ROSSI et al., 1993). Infeccdes com fildrias e
Ascaris spp. podem induzir resultados falso-positivos (KEISER e NUTMAN, 2004).

S. ratti e S. venezuelensis mantidas em laboratdrio tém sido usadas, com éxito, como
fontes de larvas filaridides para preparar extratos antigénicos que permitem detectar
anticorpos séricos especificos em pacientes com estrongiloidiase (MACHADO et al., 2003;
RODRIGUES et al., 2007).

A detec¢do de antigenos nas fezes por diversos ensaios de captura de antigenos tem
sido bastante utilizada (BOWMAN, 2006). A técnica de coproantigeno € baseada na detecc¢ao
de antigeno, obtido a partir de produtos excretados e secretados por parasitas nas fezes do

hospedeiro através do ELISA. Nageswaran et al. (1994) verificaram antigenos especificos de
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S. ratti em ratos da linhagem Sprague-Dawley experimentalmente infectados. No entanto, a
técnica apresentou reatividade cruzada com os nematédeos Necator americanus e Syphacia
Muris.

E portanto imprescindivel dispor de melhores métodos diagndsticos a serem
associados aos métodos convencionais a fim de propiciar maior sensibilidade e

especificidade.

1.7 Uso de OPG e PCR para detecciao de parasitas

A diferenciacdo e o diagnodstico das infec¢Oes parasitarias tém sido realizados por
diversos métodos, desde os mais simples como técnicas bioldgicas e morfoldgicas até os
testes mais complexos como bioquimicos, imunolégicos e moleculares. Os métodos
moleculares além de aumentarem a sensibilidade e a especificidade das técnicas, reduzem a
subjetividade inerente a interpretacdo de resultados morfoldgicos e biolégicos (ZARLENGA
e HIGGINS, 2001).

O diagnéstico parasitolégico de S. venezuelensis pode ser realizado através da OPG.
Alguns trabalhos demonstram sua utilizagdo no monitoramento da infec¢do em roedores
(NAKAI e AMARANTE, 2001; OLIVEIRA-SEQUEIRA e AMARANTE, 2001). Entretanto
essa técnica se mostra pouco sensivel quando a carga parasitaria € leve.

A andlise de 4cidos nucléicos na deteccdo ou caracterizacdo de parasitos tem
apresentado resultados promissores. As técnicas apresentam-se reprodutiveis, sensiveis e de
alta especificidade, pois as seqii€ncias alvo no DNA sdo conservadas durante as distintas fases
do ciclo desses parasitas (DE CARLI, 2001).

A PCR (Reacdo em Cadeia de Polimerizagdo) apresenta-se como um método de
extrema sensibilidade, permitindo a geracdo exponencial de cépias de seqiiéncias especificas
a partir de um DNA molde, por meio de uma sintese enzimatica in vitro (DE CARLI, 2001),
podendo desempenhar, dessa forma, um importante papel na epidemiologia, prevencido e
tratamento de doencgas parasitdrias. Por ser um método direto ndo apresenta as ambigiiidades
caracteristicas dos métodos considerados indiretos (ZARLENGA e HIGGINS, 2001).

Alguns autores ja utilizaram a PCR para deteccdo de outras espécies de parasitas em
amostras de fezes e obtiveram bons resultados. A alta sensibilidade para detectar patégenos e
a velocidade com que essa técnica pode identifica-los no organismo com uma baixa carga
parasitaria sdo vantagens dessa técnica (WEISS, 1995). Wongratanacheewin et al. (2001)

desenvolveram um método baseado na PCR para deteccao de ovos de Opisthorchis viverrini
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nas fezes de hamsters experimentalmente infectados. Os autores compararam as técnicas de
OPG e PCR e verificaram que a PCR apresentou uma sensibilidade de 100% principalmente
nos grupos com infecgdes leves. Sandoval et al. (2006) concluiram que a PCR com DNA
extraido de fezes de camundongos da linhagem BALB/c foi mais sensivel e mais precoce para
detecgdo de Schistosoma mansoni que a técnica parasitologica de Kato-Katz nos dois tipos de
in6culos testados (com 50 ou com 200 cercarias). Em amostras de animais inoculados com
200 cercarias, a PCR mostrou 100% de sensibilidade contra cerca de 60% da técnica de Kato-
Katz. Pontes et al. (2003) também relataram maior sensibilidade da técnica de PCR em
relacdo a de Kato-Katz para deteccdo de ovos da mesma espécie nas fezes de humanos
residentes de regido endemica para S. mansoni. A técnica molecular apresentou 97,4% de
sensiblidade, enquanto a parasitolégica mostrou 78,9%.

Estudos empregando a técnica de PCR para deteccio de DNA de parasitas em tecidos
e musculos também t€m sido realizados. Toe et al. (1998) detectaram a presenga de DNA do
parasita Onchocerca volvulus através da PCR em raspados de pele de humanos e verificaram
que essa técnica foi mais sensivel e menos invasiva em relagdo ao exame de bidpsia. Arriaga
et al. (1995) detectaram a presenca de larvas do parasita do género Trichinella em 80
amostras de musculo do diafragma de cavalos abatidos. Quatro dessas amostras foram
caracterizadas como Trichinella sp. através de critérios morfolégicos e como Trichinella

spiralis através de PCR.

1.8 A relevancia deste estudo

Tendo em vista que S. venezuelensis é um parasita de roedores, e que nio existem
descricdes sobre a infeccdo experimental deste helminto em ratos da linhagem Lewis, a
proposta deste trabalho foi investigar, através de diferentes metodologias, os aspectos
biolégicos e immunoldgicos envolvidos na relagdo parasita-hospedeiro.

Este estudo incluiu o acompanhamento da dindmica da infec¢do para determinar nao
sO a rota inicial percorrida pelo parasita até seu estabelecimento no intestino, como também a
caracterizacdo das fases aguda e de recuperacdo. Neste sentido, a PCR foi comparada com a
metodologia classica, a OPG, para detectar ovos do parasita nas fezes, bem como com a
andlise histologica visando detectar larvas de S. vemnezuelensis em tecidos do hospedeiro
infectado. Além disto, foram empregadas técnicas imunoldgicas para caracterizar a resposta

imune no decurso da infecgdo.
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Acredita-se que esta pesquisa possa esclarecer controvérsias sobre a biologia deste
parasita e, ao demonstrar a rota migratoria de S. venezuelensis, possibilite a distin¢do entre a

migragdo de S. ratti e S. venezuelensis.
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3. OBJETIVOS

3.1 Objetivo Geral

Determinar a dindmica da infec¢do primdria por Strongyloides venezuelensis em ratos

da linhagem Lewis.

3.2 Objetivos Especificos

3.2.1 Comparar a sensibilidade das técnicas de McMaster modificada e PCR em ratos Lewis

infectados com diferentes indculos.

3.2.2 Acompanhar a dindmica da infec¢do em ratos Lewis para determinar as fases aguda e de

recupera¢do da infeccdo e avaliar os padrdes de resposta imune nestas duas fases.

3.2.3 Determinar a rota migratéria de S. venezuelensis em ratos Lewis sacrificados em

diferentes periodos através das técnicas de histologia e PCR.
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4. RESULTADOS E DISCUSSAO

Os resultados e a discuss@ao dos dados obtidos encontram-se apresentados na forma de
Capitulos que se referem aos trabalhos cientificos. Visando facilitar a apresentacdo e
compreensdo de cada um, as figuras e tabelas foram numeradas em relacdo a cada trabalho,

bem como as referéncias bibliograficas mencionadas.

Capitulo I: Improving strongiloidiasis diagnosis by PCR;

Capitulo II: Sex differences in host resistance to Strongyloides venezuelensis infection in

Lewis rats;

Capitulo III: Recovery from Strongyloides venezuelensis infection in Lewis rats is associated

with a strong Th2 response;

Capitulo IV: Migratory route of Strongyloides venezuelensis in Lewis rats: comparison of

histological analysis and PCR.
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Diagnosis of Strongyloides by PCR

Improving strongiloidiasis diagnosis by PCR

Nelson Mendes Marra*, Fernanda Chiuso-Minicucci**, Gabriel Capella Machado**, Sofia
Fernanda Gongalves Zorzella-Pezavento™*, Thais Graziela Donegd Franca**, Larissa Lumi
Watanabe Ishikawa**, Alessandro F.T. Amarante*, Alexandrina Sartori** e Monica R.V.
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*Corresponding author: monicarv@ibb.unesp.br

Abstract

Fecal examination is the traditional method to diagnosis Strongyloides spp. eggs or larvae in
mammals including humans. However, its sensitivity is low especially in light infections.
There is a need of validation of more sensitive tests like those using the Polymerase Chain
Reaction (PCR). This study compared the sensitivity of fecal examination and PCR to
diagnosis Strongyloides venezuelensis in feces of Lewis rats (Rattus norvegicus) with a high,
moderate or low rate of experimental infection. Animals were infected with 4000, 400 or 40
infective larvae (L3) and seven days later, were sacrificed. Additionally, adult nematodes
were recovered from intestine and enumerated. DNA was extracted and the parasite fecal egg

counts (FEC) were carried out. Two PCR primer pairs were employed, one was designed
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from S. venezuelensis IDNA sequence (specific) and the other one amplifies several species
within this genus. Regarding the rats inoculated with 400 or 4000 L3, PCR with both primers
and also fecal examination detected the parasite presence. The PCR with genus primer pair
presented better results than FEC in light infection, while the specific one did not detect the
parasite DNA. The genus primer pair presented 90% sensitivity in the diagnosis in animals

with low worm burden.

Keywords: Strongyloides venezuelensis, sensitivity, fecal examination, PCR, rats.

Introduction

Usually, the diagnosis of Strongyloides infection is based on fecal examination.
However, the techniques employed are known to be unresponsive to low intensity infections.
This problem can compromise the diagnosis leading to an underestimation of the infection
rates in epidemiological studies. Therefore, it is necessary the development and validation of
more sensitive assays to detect light helminth infections.

In some situations, the Polymerase Chain Reaction (PCR) has been a highly sensitive
method to detect pathogens in light infections (Weiss 1995). Pontes et al. (2003) demonstrated
that PCR presented 97.4% sensitivity when compared to Kato-Katz technique (78.9%) to
detect Schistosoma mansoni in human feces. Analyses performed with infected mice revealed
that PCR presented 100% sensitivity while Kato-Katz presented 60% to detect S. mansoni
(Sandoval et al. 2006). Wongratanacheewin et al. (2001) by infecting hamsters with
Opisthorchis viverrini confirmed that PCR showed 30% sensitivity whereas the fecal egg
count (FEC) presented 10% in groups with low infection. Using human feces to detect the
same helminth, Duenngai et al. (2008) also had positive results in 28.6% of the samples with

PCR, whereas the same samples were negative by the parasitological analysis. The authors
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suggested that PCR is the most sensitive method to analyze samples in groups with low
intensity infection.

Species of Strongyloides are important intestinal parasites of humans and domestic
animals (Dawkins 1989). Strongyloides venezuelensis is a rodent parasite, usually found in
rats (Rattus norvegicus) and it is very useful as a model to study nematode infections
(Maruyama et al. 2006). Infective larvae of S. vemnezuelensis penetrate into the skin and
migrate to the lung where they become the fourth-stage larvae. Then, these larvae reach the
small intestine where they finally become adult parasites (Tindall & Wilson 1988).

At the present study, we induced a high, a moderate and a low infection intensity by S.
venezuelensis in Lewis rats to compare the sensitivity of fecal examination and PCR

techniques to diagnosis this intestinal nematode species.

Material and Methods

Animals and experimental infection - Female and male Lewis rats (6-weeks-old) were
obtained from a colony maintained in the Animal Facility from the Department of
Microbiology and Immunology at Sao Paulo State University (UNESP) Botucatu, SP.
Animals were maintained in plastic boxes with water and food ad libitum. The experiment
was performed according to the Animal Ethics Committee from the Institute of Biosciences —
UNESP — Botucatu (N° 45/07).

Strongyloides venezuelensis was isolated at the beginning of the 1980s and has been
kept in Wistar rats at the Department of Parasitology- Institute of Biosciences — UNESP —
Botucatu. The production of infective S. venezuelensis larvae (LL3) was performed according
to Amarante and Oliveira-Sequeira (2002). The infection intensity by S. venezuelensis was
monitored by FEC using a McMaster modified technique (Ueno & Gongalves 1998) in which

each egg counted represented 100 eggs per gram of feces (EPG).
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Three groups with 10 animals (5 males and 5 females) each were used. These groups
were inoculated subcutaneously with 4000, 400 or 40 infective S. venezuelensis larvae (L3).
Animals were sacrificed 7 days after the infection and fecal samples were collected from each
animal to further FEC and PCR analyses. The parasitic females recovered from the first third
of the small intestine were enumerated (Nakai & Amarante 2001).

DNA extraction, primer design and genotyping by PCR - DNA samples from fecal
samples were extracted with QIAamp DNA stool mini kit and DNA samples from S.
venezuelensis 1.3, spleen of a non infected rat and an adult specimen of Syphacia muris,
nematode recovered from rats, were extracted with QIAamp DNA mini kit (QIAGEN, Hilden,
Germany).

The specific oligonucleotide primer pair (Forward 5'-
TTAGTGGTGCGTGGATTTGA-3’ and Reverse 5’-ATGTGGAGCCGTTTATCAGG-3’)
was designed by the software program Primer3 (Rozen & Skaletsky 2000) from a S.
venezuelensis TDNA partial sequence obtained at the GenBank (Accession number:
AJ417026). A primer pair described to amplify species within the genus Strongyloides
(Dorris et al. 2002) was also employed.

PCR reactions were performed in the My cycler (Bio-Rad, Hercules, CA, USA) and
Gene Amp PCR System 9700° (Applied Biosystems, Foster City, CA, USA), thermocyclers.
PCR mixtures included 10 mM dNTPs, 0.4 mM each primer, 1.5 mM MgCl,, 50 mM KClI,
pH 8.3, dNTP, 0.5 U of Tagq polymerase® (GE Healthcare, Bucks, U.K.) and 100 ng of
genomic DNA in a 10 pl reaction. The PCR conditions included initial denaturation at 95°C
for 5 minutes, followed by 40 cycles at 95°C for 30 seconds (denaturation) 60°C at 30 seconds
(annealing for both primer pairs), extension at 72°C for 30 seconds and a final extension at

72°C for 7 min.
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The PCR products were electrophoresed through 2% agarose gels in 1X TAE buffer
containing ethidium bromide, photographed under UV light and analysed by the Infinity-
Capt® software version 15.01 and the Infinity 3000 WL/LC/26M® image capture system
(Vilber Lourmat, Marne-la-Valée, France).

Both primer pairs were typed twice with all DNA samples and scored independently in
order to increase the accuracy of the results. Ambiguous results were typed a third time.

Statistical analysis - Pearson’s correlation coefficient was determined between worm
burden and FEC (log transformed data). The comparison between the techniques sensitivity

used to detect S. venezuelensis was evaluated by the Fisher Exact Test.

Results

The mean parasite infection intensity (+ standard deviation) in groups infected with
40, 400 and 4000 L3 were, respectively, 7.3 + 5.6, 216.4 = 81.2 and 2813.0 £ 668.0 S.
venezuelensis specimens, with a mean FEC of 60.0 + 51.6, 3533 + 2648 and 24690 + 24170
EPG. The correlation coefficient between worm burden and FEC was high (r = 0.893; P<
0.001).

Table I shows the comparison between the sensitivity of FEC and PCR techniques
with specific and genus primer pair in each group (4000, 400 or 40 L3).

A PCR test with the specific oligonucleotide primer pair using different concentrations
of DNA samples from S. venezuelensis was performed and a 198 bp amplification band was
obtained (Figure 2). The genus primer pair amplified a 340 bp band from Strongyloides
venezuelensis DNA (Lane 2), a 380 bp band from Syphacia muris DNA (Lane 3) and a 420 bp
band from spleen DNA of a non-infected rat (Lane 4). These DNA samples were used as
positive controls to contribute with the parasite DNA detection in fecal samples of rats

infected with 4000, 4000 and 40 L3 infective larvae (Figures 4, 6 and 8). An unspecific 300
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bp band was also amplified in fecal samples. Although, it could be easily distinguished from
positive controls it was not possible to associate that to a specific helminth.

Both primer pairs were capable to detect DNA from S. venezuelensis in all fecal
samples from animals infected with 4000 L3. Fecal examination also detected parasite eggs in
all of those samples (Figures 3 and 4; Table I).

Fecal examination allowed detection of parasite eggs in all nine samples from animals
infected with 400 L3. In this group there were only nine rats because one died (animal 16)
during experiment. The specific primer pair detected the parasite DNA in seven out of nine
samples. The absence of an amplification band in Lane 3 (animal 12) contrasts with its high
FEC value (9100 EPG). It occurred because during DNA extraction procedure part of the
fecal sample was lost. There was also absence of amplification band in Lane 10 (animal 20)
and it could be explained because the FEC value was only 100 EPG, which means that there
were only approximately 20 eggs within the analyzed sample. In both cases the DNA
concentration was low (Figure 5). Otherwise, the genus primer amplified a 340 bp band (S.
venezuelensis) in all nine samples, including animals 12 and 20, which corroborates presence
of DNA in both samples. This primer pair also allowed the amplification of a band with 420
bp (rat DNA) in five out of the ten samples (Lanes 9, 10, 11 12 and 13) and the 300 bp
(unspecific band) in Lanes 7, 10 and 11 (Figure 6).

The specific primer pair did not detect DNA parasite in none of the 10 samples in
animals infected with 40 L3 (Figure 7), but concurrently the genus primer amplified bands in
all fecal samples of this group (Lanes 5-14). A 340 bp band (S. venezuelensis DNA) was
amplified in nine out of ten samples (Lanes 5 and 7 to 14). Simultaneously, a 380 bp band (S.
muris DNA, Lanes 5, 6, 7, 10, 13, and 14), a 420 bp band (rat DNA, Lanes 5 to 14) and the

unspecific 300 bp band (in all samples) were amplified (Figure 8).
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Discussion

The sensitivity between PCR and parasitological technique to characterize this
infection was compared in order to diagnosis the parasite in feces of rats inoculated with 40,
400 or 4000 infective larvae (L3). These infections were considered light, moderate and
heavy, respectively.

FEC and PCR, with both primer pairs, presented 100% of sensitivity to detect S.
venezuelensis in animals that received the highest inoculum (4000 L3), while in animals
infected with 400 L3 the genus primer presented 100% sensitivity and the specific one just
77.7 %.

According with results presented, fecal examination showed positive results in 60% of
samples in animals infected with 40 L3, and the specific primer pair, 0%. Hence, this primer
pair was incapable to detect parasite presence when animals show 100 or zero EPG. Then,
PCR with specific primer pair and FEC presented statistically significant differences in
sensitivity (P<0.05). In contrast, the genus primer pair detected the parasite in 90% of the
samples, and the difference in sensitivity revealed between the two primer pairs was highly
significant (P<0.001). Considering animal 22 (Lane 6), the genus primer pair did not amplify
a 340 pb band as expected. It is necessary to consider that only one parasitic female was
recovered from its intestine. Then, it is possible that there were no available eggs in the fecal
sample to be amplified by PCR. Although PCR with genus primer pair showed higher
sensitivity (90%) when compared to FEC (60%), there was no significant difference, what
could be influenced by the small number of animals used (n=10) in this experiment.

Wongratanacheewin et al. (2001), Pontes et al. (2003) and Sandoval et al. (2006)
compared FEC and PCR sensitivity to detect the parasite in feces samples and observed
87.5%, 78.9% and 60% sensitivity for FEC and 100%, 97.4% and 100% sensitivity for PCR,

respectively. PCR results with genus primer pair showed 100, 100 and 90% sensitivity for
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heavy, moderate and light infection, respectively. Then, our results for moderate and heavy
infection are in agreement with the ones presented by those authors.

It was observed that the higher sensitivity of the genus primer pair was also associated
with the appearance of several bands. One of them was unspecific and another one was
identified as Syphacia muris (380 bp). The presence of this band in fecal samples from the
group infected with 40 L3 could be explained by the fact that the animals were kept in a
conventional animal facility where the sanitary conditions are less rigorous. Pinto et al. (2001)
described S. muris as a nematode parasite of rats, and Gilioli et al. (2000) observed a
prevalence of 80% of this parasite in a study performed to verify the sanitary conditions
within Brazilian bioterium. Therefore, it is likely that during the experiments the animals were
infected by other parasites, based on the detection of 380 bp bands, identified as belonging to
S. muris, and unspecific bands of 300 bp, related to the presence of other contaminants within
the feces, once the genus primer pair is not specie-specific.

A high correlation coefficient between worm burden and FEC was observed in this
study in agreement with Tamura (1993), Taira et al. (1995), and Nakai and Amarante (2001),
who performed analyses with the same parasite, although with different rat strains and
inoculum doses.

This was the first study dedicated to detect experimental infection by S. venezuelensis
in Lewis rats using fecal examination, parasite counting and PCR. The results presented here
indicated that PCR technique employing the genus primer pair (Dorris et al. 2002), was more
sensitive than FEC mainly in light infection. This methodology could be applied in
association with fecal examination in epidemiological studies in order to improve the
diagnosis of strongiloidiasis, especially in hosts with small worm burden, i.e., with

undetectable number of eggs or larvae in feces and without clinical symptoms of infection.
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Table I - Fecal examination and PCR sensitivity, using the specific and the genus
oligonucleotide primers and DNA from fecal samples of Lewis rats infected with 4000,

400 or 40 L3 of Strongyloides venezuelensis.

L3 Number of EPG PCR (specific primer) PCR (genus primer)

infection samples

Positive Sensitivity Positive Sensitivity ~ Positive  Sensitivity

(%) (%) (%)

4000 10 10 100 10 100 10 100
400 9 9 100 7 77.7 9 100
40 10 6 60° 0 0° 9 90°

Percentages followed by different superscripts in the same line are significantly different by

the Exact Fisher Test (P<0.05).
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Figure 1 - The relationship between fecal egg counts (FEC) and the number of parasites
recovered from the small intestine in Lewis rats infected with 4000, 400 or 40 L3 of S.

venezuelensis.
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Figure 2 - Agarose gel electrophoresis (2%) showing a PCR test with the specific
oligonucleotide primer pair using different concentrations of DNA samples from S.
venezuelensis and amplification bands of 198 bp. Lane 1 — 50 bp ladder (GE Healthcare).
Lanes 2 and 3 — 50ng/ul DNA concentration. Lanes 4 and 5 — 25ng/ul DNA concentration.

Lanes 6 and 7 — 12.5ng/ul DNA concentration. Lane 8 - without DNA.
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Figure 3 - Agarose gel electrophoresis (2%) showing PCR amplification with the specific
oligonucleotide primer pair using DNA extracted from fecal samples of Lewis rats infected
with 4000 L3. Lanes 1 and 13 — 50 bp ladder (GE Healthcare). Lanes 2 to 11 fecal samples.

Lanes 2 to 10 - 198 bp — Strongyloides venezuelensis DNA. Lane 12 — without DNA.
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Figure 4 - Agarose gel electrophoresis (2%) showing PCR amplification with the genus
oligonucleotide primer pair using DNA extracted from fecal samples of Lewis rats infected
with 4000 L3. Lanes 1 and 16 — 100 bp ladder (GE Healthcare). Lane 2 — 340 bp
(Strongyloides venezuelensis DNA). Lane 3 — a 380 bp (Syphacia muris DNA). Lane 4 — 420
bp (Rattus norvegicus DNA). Lanes 5 to 14 — DNA from fecal samples - 340 bp S.

venezuelensis DNA. Lane 15 - without DNA.
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Figure 5 - Agarose gel electrophoresis (2%) showing PCR amplification with the specific
oligonucleotide primer pair using DNA extracted from fecal samples of Lewis rats infected
with 400 L3. Lane 1 — 50 bp ladder (GE Healthcare). Lanes 2- 10 fecal samples. Lanes 2, 4, 5,
6,7, 8 and 9 — 198 bp - Strongyloides venezuelensis DNA. Lanes 3 and 10 — no amplification

bands. Lane 11 - without DNA.
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Figure 6 - Agarose gel electrophoresis (2%) showing PCR amplification bands with the genus
oligonucleotide primer pair using DNA extracted from fecal samples of Lewis rats infected
with 400 L3. Lanes 1 and 15 — 100 bp ladder (GE Healthcare). Lane 2 — 340 bp (S.
venezuelensis DNA). Lane 3 — 380 bp (Syphacia muris DNA). Lane 4 — 420 bp (Rattus
norvegicus DNA). Lanes 5 to 13 — DNA from fecal samples - 340 bp S. venezuelensis DNA.
Lanes 9 to 13 — 420 bp R. norvegicus DNA. Lanes 7, 10 and 11 — 300 bp -unspecific band.

Lane 14 - without DNA.
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Figure 7 - Agarose gel electrophoresis (2%) showing PCR amplification with the specific
oligonucleotide primer pair using DNA extracted from fecal samples of Lewis rats infected
with 40 L3. Lanes 1 and 14 - 50 bp ladder (GE Healthcare). Lane 2 — 198 bp - Strongyloides
venezuelensis DNA. Lanes 3 to 12 fecal samples. Lanes 3 to 12 — no amplification. Lane 13 -

without DNA.
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Figure 8 - Agarose gel electrophoresis (2%) showing PCR amplification with the genus
oligonucleotide primer pair using DNA extracted from fecal samples of Lewis rats infected
with 40 L3. Lanes 1 and 16 - 100 bp ladder (GE Healthcare). Lane 2 — 340 bp (S.
venezuelensis DNA). Lane 3 — 380 bp (Syphacia muris DNA). Lane 4 — 420 bp (Rattus
norvegicus DNA). Lanes 5 to 14 — DNA from fecal samples — Lanes 5 and 7 to 14- 340 bp S.
venezuelensis. Lanes 5, 6, 7, 10, 13, and 14 — 380 bp Syphacia muris DNA. Lanes 5 to 14 —
420 bp Rattus norvegicus DNA. Lanes 5 to 14 — 300 bp unspecific band. Lane 15 - without

DNA.
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Abstract

The objective of this study was evaluate the host sex influence in the number of parasites
recovered from the small intestine and in the fecal egg couts (FEC) in Lewis rats infected with
4000, 400 or 40 L3 of Strongyloides venezuelensis. Males inoculated with 400 or 4000 L3
showed higher parasite worm burden and FEC than females. Similar worm burden and FEC

were found in males and females infected with 40 L3.

Key-Words: Strongyloides venezuelensis, sex, resistance, Lewis rats.

Resumo

O objetivo deste estudo foi avaliar a influéncia do sexo dos animais no nimero de parasitas
recuperados do intestino delgado e na contagem de ovos nas fezes em ratos Lewis infectados
com 4000, 400 e 40 L3 de Strongyloides venezuelensis. Nos animais inoculados com 400 e
4000 L3, a carga parasitaria e a contagem de ovos nas fezes foram mais elevadas nos machos
que nas fémeas. A carga parasitiria e a contagem de ovos nas fezes foram similares em

machos e fémeas inoculados com 40 L3.

Palavras-chave: Strongyloides venezuelensis, sexo, resisténcia, ratos Lewis
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Studies with experimental rodent models confirmed that the sex influence is
determined by interactions between immunological and endocrine systems (MORALES-
MONTOR et al., 2004). Several reports have been showed the immunosuppressive effects of
testosterone on the immune system (NAKANISHI et al., 1989; WATANABE et al., 1999;
RIVERO et al.,, 2002). The presence of sexual hormone receptors in cells from the
immunological system, including lymphocytes, macrophages, granulocytes and mast cells,
indicates a direct correlation between the endocrine and the immune systems (KLEIN, 2004).

Female and male Lewis rats (6-weeks-old) were experimentally infected with
Strongyloides venezuelensis in order to compare the host sex influence in the degree of
infection. The experiment was performed according to the Animal Ethics Committee from the
Institute of Biosciences — UNESP — Botucatu (N° 45/07).

Three groups with 10 animals (5 males and 5 females) each were used. These groups
were inoculated subcutaneously with 4000, 400 or 40 infective S. venezuelensis larvae (L3).
The production of infective S. venezuelensis larvae (L3) was performed according to
Amarante and Oliveira-Sequeira (2002). Animals were sacrificed seven days after the
infection and fecal samples were collected from each animal to enumerate eggs per gram of
feces (EPG) using a McMaster modified technique (UENO and GONCALVES, 1983) in
which each counted egg represents 100 eggs. The parthenogenetic females recovered from the
first third of the small intestine were also enumerated (NAKAI and AMARANTE, 2001).

Results were analyzed under logarithmic transformation (Log (x+1)). Data were
analyzed using GLM of SAS program (1990). Sex (two) and inoculum (three) were included
in the model. The interaction between sex and inoculum was evaluated. Means were
compared by the Tukey’s test, at 5% significance level. Pearson’s correlation coefficient was
determined between worm burden and FEC log transformed data.

Regarding worm burden and fecal egg count (FEC), the overall least Squares Means
for Log transformed data are presented in Table 1. There were no significant interaction
between inoculum and animal sex regarding those variables. The worm burden and FEC were
proportional to the number of infective larvae administered to the animals with significant
differences between inoculums used (P<0.05). Males showed higher worm burden and FEC
than females, however there was a significant sex influence only on the number of nematodes
recovered (P<0.05) (Table 1).

The highest mean parasite infection intensity was recorded in the male group infected
with 4000 L3 (3276.2 + 676.6 worms), which corresponded to a larval establishment rate of

81.9%, while in females receiving the same inoculum, 58.7% of L3 gave origin to adult
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worms (2349.2 + 95.3) (Figure 1). Conversely, the mean of parasites recovered from males
was only 10.2 + 6.9 and from females was 4.4 + 1.8 in animals infected with 40 L3, while the
FEC average was 60 = 48 EPG in both males and females. The FEC means were higher in
males than in females in animals infected with 4000 or 400 L3 (Figure 1).

It is likely that the higher susceptibility showed by males in this study is due to the
influence of immunosuppressive properties from testosterone (WUNDERLICH et al., 2002).
These results are in agreement with Rivero et al. (2002), who observed that castrated Wistar
rats were less susceptible to infections by S. venezuelensis in comparison with non- castrated
rats and also found a significant increase in the susceptibility to S. venezuelensis in castrated

Wistar females treated with testosterone.
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Table 1. Least squares means (log transformed data) of parasites recovered from the small

intestine (worm burden) and fecal egg counts (FEC) of males and females Lewis rats seven

days after infection with 40, 400 or 4000 infective larvae (Inoculum) of Strongyloides

venezuelensis.

Variable Mean Standard error

worm burden inoculum 40 0.8271 0.07113

400 2.2660 0.07545

4000 3.4388 0.07113

sex male 2.2895 0.05808

female 2.0651 0.06045

FEC inoculum 40 1.203 0.2304

400 3.303 0.2444

4000 4.245 0.2304

sex male 3.085a 0.1882

female 2750 a 0.1958

All worm burden or FEC least squares means regarding the inoculum or the sex were

significantly different by the Tukey test (P<0.05), except the means followed by equal letters.
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Figure 1. (A) Mean number of eggs per gram (EPG) and (B) number of parasites recovered
from the small intestine (Worm burden) of male and female Lewis rats seven days after

infection with 40, 400 or 4000 L3 of Strongyloides venezuelensis.
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SUMMARY

In this study we investigated the characteristics of the infection and subsequent
immunity induced by Strongyloides venezuelensis in Lewis rats. Animals were infected with
4000 L3 of S. venezuelensis and number of eggs per gram of faeces indicated an acute phase
around day 8 and a recovery one around day 32 after infection. A strong Th2 polarization
during recovery phase was ascertained by a significant increase in IgG1 and IgE comparing to
the acute period. A shift in the cytokine profile confirmed these findings. A predominant

production of IFN-y during the acute phase was followed by IL-10 production during
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recovery. Together these findings show that experimental infection of Lewis rats with S.
venezuelensis presents a kinetics of parasite establishment and immunity similar to what is
described in other models of helminthic infection.

Keywords Strongyloides venezuelensis, Lewis rats, Th2 cells

INTRODUCTION

Strongyloidiais is a parasitosis caused by Strongyloides stercoralis. Infection of
rodents with Strongyloides venezuelensis, a gastrointestinal nematode that naturally infects
wild rats, is an experimental model to study Strongyloidiais. The immune response to
Strongyloides spp. is characterized by production of Th2-type cytokines such as IL-3, IL-4,
IL-5 and IL-10 (1-3), increased levels of serum IgE (4) and IgG1 (3,5), tissue and blood
eosinophilia (6) and intestinal mastocytosis (7). However, different kinds of immune response
can be observed with different strains of Strongyloides spp. Recently, a study comparing two
heterologous strains of S. venezuelensis showed that there was difference in the stimulation of
humoral immune response between them (3). The dynamics of S. venezuelensis infection,
especially concerning the kinetics of egg elimination, the induced immunity and the tissue
migration route are already known in Wistar rats (8-9) and in several mice strains (10) but not
in Lewis rats. Thus, the aim of this study was to determine the kinetics of S. venezuelensis
infection and to characterize the immune specific response during acute and recovery phases

in Lewis rats.

MATERIAL AND METHODS
Adult female Lewis rats were allocated into four experimental groups containing five
animals each. Two groups were used as controls and the others were infected with 4000 S.

venezuelensis infective filiform larvae by subcutaneous route. At the 8" day after infection
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(acute phase), one control group and one infected group were euthanized. The other groups
were euthanized at the 32" day after infection (recovery phase). Larvae were obtained as
previously described (9). Infection intensity was determined by daily counting the number of
eggs per gram of faeces (EPG) by a modified Cornell McMaster method (11) and by couting
the number of parthenogenetic female worms found in the first third portion of the small
intestine. Leucogram, specific antibody levels, total IgE and cytokine production were
evaluated at the 8" and 32" day after infection. Parasite-specific IgG1 and IgG2b were
estimated by ELISA. Parasite antigen preparation and ELISA methodology were done
according to Negrao-Corréa et al., 2004 (12). Total IgE was determined in blood samples
diluted 1:10 also by ELISA according to manufacturer instructions (Immunology Consultants
Laboratory, Inc, Newberg, OR, USA). The sensitivity of this assay was 0.5 ng/ mL. Spleen
and lymph node (popliteal + inguinal) cells were collected and adjusted to 5x10° cells/mL and
2.5x10° cells/ mL, respectively. Cells were cultured in RPMI supplemented with 10% FCS, 2
mM L-glutamine and 40 mg/L of gentamicin, in the presence of 100 pug/mL of S.
venezuelensis L3 antigen or 5 pg/mL of concanavalin A (ConA, Sigma, St. Louis, MO, USA).
Cytokine levels were evaluated in culture supernatants collected 72h later by ELISA
according to manufacturer instructions (R & D Systems, Minneapolis, MN, USA). ELISA
sensitivity for IFN-y and IL-10 were 19 and 31 pg/mL, respectively. Data were expressed as
mean + SD. Comparisons between groups were made by Student’s ¢ test for parameters with
normal distribution and by Mann-Whitney U test for parameters with non-normal distribution.
Significance level was p < 0.05. Statistical analysis was accomplished with SigmaStat for

Windows v 3.5 (Systat Software Inc).
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RESULTS

Parasite eggs were detected in the faeces for the first time at day 6 of infection. The
maximal egg number (42300 EPG) was observed at day 8 post-infection and this period was
refered as acute phase. A second peak (21300 EPG) was also observed at 11 days post-
infection. From this period on the egg number decreased steadly until day 21 when EPG
varied from O to 100 (figure 1a). This very low level of infection was detected until day 32
that was considered the recovery phase. As expected, a significantly higher number of
parthenogenetic females was recovered at the acute phase in comparison to the recovery
period (figure 1b). Differences in antibody specific levels, eosinophil counts and cytokine
production were observed by comparing these two phases. IgG1 (figure 1¢) and IgG2b (figure
1d) specific levels were significantly higher in the acute phase comparing to non-infected
control group. Production of specific IgG1 significantly increased during recovery phase
whereas IgG2b levels remained similar to levels reached during acute phase. Total IgE was
significantly more elevated in infected animals in comparison to control ones in both, acute
and recovery phases (figure le). However, a significantly increase was observed in the
recovery period comparing to the acute phase. Acute phase was also characterized by a
significant increase in blood eosinophils (control = 0,02 (+ 0,04), infected = 0,24 (+ 0,16),
p<0.05). IFN-y induced by Con A or S. venezuelensis 1.3 antigen stimulation was evaluated in
spleen cell cultures. IFN-y levels stimulated by Con A were lower in infected animals, in both,
acute and recovery phases (figure 2b and 2f). However, a significant decrease was observed in
splenic cell cultures during recovery phase (figure 2f). Specific stimulation with S.
venezuelensis L3 antigen did not induce IFN-y production by lymph node cells from acute and
recovery phases (data not shown). However, significantly higher levels of this cytokine were
detected in splenic cell cultures during acute phase (figure 2a). Interestingly, IFN-y

concentration went down to basal levels during recovery phase (data not shown). Only
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cultures from lymph node cells showed differences in IL-10 production between infected and
normal rats. No IL-10 was detected in cultures stimulated with specific antigen during acute
phase (not shown). However, there was IL-10 induction by specific stimulation during
recovery (figure 2d). On the other hand, IL-10 levels induced by Con A were reduced in both

phases, being statistically significant only in the acute period of infection (figure 2c).

DISCUSSION

This investigation was carried out to establish if inoculation of S. venezuelensis in
Lewis rats triggers an infection and a subsequent immunity similar to what is described in
other rodents and also in human infections by Strongyloides stercoralis. In Lewis rats
subcutaneously infected with 4000 L3, parasite eggs were detected in the faeces for the first
time at day 6 post-infection, but the maximal egg number was observed at day 8 post-
infection. A second peak in the egg number was observed at 11 days post-infection decreasing
steadly thereafter. This kinetics in egg number coincided with the amount of parthenogenetic
females recovered from the small intestine. The highest amount was detected during the acute
phase whereas a very low number was found at the recovery one. Considering these findings,
the acute phase occurred around the g™ day and the recovery phase around the 3 day of
infection. This infection kinetics indicates a profile that is similar to infections caused by S.
venezuelensis (8) and also by S. ratti in Wistar rats (13). Immunity against Strongyloides spp.
is characterized by a typical Th2 pattern with a predominant production of IL-3, IL-4, IL-5
and IL-10 (1,3). Elevated levels of IgG1, IgE, eosinophils and intestinal mastocytosis has
been abundantly described (3-7). In the present study, both IgGl and IgG2b specific
antibodies were significantly elevated at the acute phase. However, a much higher increase in
IgG1 concentration already suggested a stronger Th2 polarization at this period. This

tendency became evident at the recovery phase when IgGl but not IgG2b presented a
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significant increase comparing to the acute infection. These results are similar to the ones
described in mice infected with S. venezuelensis (3) and Wistar rats infected with S. ratti (5).
Wilkes et al., 2007 (5), even called attention for a finding that was very similar to our results,
i.e., that there was a significant elevation of IgG1 specific levels during recovery phase
comparing to the acute phase. They also stressed the fact that IgG1 higher levels coincided
with worm elimination. Total IgE was significantly elevated in both, acute and recovery
phases. Interestingly, IgE levels were significantly higher in recovery phase comparing to the
acute period of infection. Even though IgE levels have been a hallmark in helminthic
infections, its contribution to control these parasites has been, at least, controversial (14).
Elevated IgE levels have been reported in both S. venezuelensis and S. ratti experimental
infections (5,15). A significant raise in eosinophil’s number was detected in Lewis rats during
the acute phase of S. venezuelensis infection. These counts returned to basal levels during
recovery phase. These findings are in accordance with literature reports that showed increased
number of blood eosinophils following helminthic infections (16). Their subsequent
disappearance from the blood has been attributed to migration to the site of the infection
where they degranulate, releasing eosinophil secondary granule proteins (17). Production of
cytokines by secondary lymphoid organ cultures stimulated with specific antigens and Con A
were used to characterize cellular immunity. Considering IFN-y induction by specific stimuli,
a significant production was detected during acute phase but not at the recovery one. The
opposite happened with IL-10 production, i.e., absence of this cytokine at the acute period and
detectable levels during recovery phase. Analysing this data together with antibody levels
(IgG subclasses and IgE), we could suggest that an initial mixed pattern (Th1/ Th2) at the
acute phase was followed by a predominantly Th2 polarization during recovery phase.

Production of IFN-y and IL-10 stimulated by polyclonal activation with Con A

showed a similar pattern, i.e., a general decreased production of these mediators by cultures of
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spleen and lymph nodes. A theoretical explanation for this finding is that T lymphocytes able
to produce these cytokines are migrating from lymphoid organs to the places of temporary
(lungs) or final (intestine) establishment of the worm. This possibility is supported by recent
literature reports (3,8,12). Together these results show that experimental inoculation of Lewis
rats with S. venezuelensis triggers an infection that is similar in terms of kinetics of parasite
establishment and immunity to experimental strongyloidiasis in other rodents and also in

human S. stercoralis infection.

REFERENCES

1 Kobayashi T, Tsuchiya K, Hara T, et al. Intestinal mast cell response and mucosal defence
against Strongyloides venezuelensis in interleukin-3 hyporesponsive mice. Parasite
Immunology 1998; 20: 279-284.

2 Machado ER, Ueta MT, Lourenco EV, e al. Leukotrienes play a role in the control of
parasite burden in murine Strongyloidiasis. J Immunol 2005; 175: 3892-3899.

3 Machado ER, Ueta MT, Lourenco EV, Anibal FF, Roque-Barreira MC & Faccioli LH.
Comparison of immune response in mice infected with different strains of Strongyloides
venezuelensis. Parasite Immunol 2007; 29: 549-557.

4 Korenaga M, Nawa Y & Tada I. IgE response in Strongyloides ratti- infected rats with
special reference to the life cycle of the parasite. Z Parasitenk 1986; 72: 213-220.

5 Wilkes CP, Bleak C, Paterson S & Viney ME. The immune response during a
Strongyloides ratti infection of rats. Parasite Immunol 2007, 29: 339-346.

6 Ovington KS, Mckie K, Matthaei KI, Young IG & Behm CA. Regulation of primary
Strongyloides ratti infections in mice: a role for interleukin-5. Immunology 1998; 95: 488-

493.



62

7 Tegoshi T, Okada M, Nishida M & Arizono N. Early increase of gut intraepithelial mast

10

11

12

13

14

cell precursors following Strongyloides venezuelensis infection in mice. Parasitology
1997; 114: 181-187.

Silveira MR, Nunes KP, Cara DC, et al. Infection with Strongyloides venezuelensis
induces transient airway eosinophilic inflammation, an increase in immunoglobulin E,
and hyperresponsiveness in rats. Infect Immunol 2002; 70: 6263-6272.

Nakai ES, Amarante AFT. Infeccdo experimental de camundongos (Mus musculus) e
ratos (Rattus norvegicus) com Strongyloides venezuelensis. Rev Bras Parasitol Vet 2001;
10: 1-6.

Amarante AFT & Oliveira-Sequeira TCG. Strongyloides venezuelensis infection
susceptibility of seven inbred strains of mice. Arg Bras Med Vet Zootec 2002; 54: 273-
278.

Gordon HM & WhitlocK HV. A new technique for couting nematode eggs in sheep
faeces. J Coun Scient Ind Res 1939; 12: 50-52.

Negrao-Corréa D, Souza DG, Pinho V, Barsante MM, Souza ALS & Teixeira MM.
Platelet-activating factor receptor deficiency delays elimination of adult worms but
reduces fecundity in Strongyloides venezuelensis- infected mice. Infect Immunol 2004;
72: 1135-1142.

Kimura E, Shintoku Y, Kadosaka T, Fujiwara M, Kondo S & Itoh M. A second peak of
egg excretion in Strongyloides ratti-infected rats: its origin and biological meaning.
Parasitology 1999; 119: 221-226.

Cooper PJ, Ayre G, Martin C, Rizzo JA, Ponte EV & Cruz AA. Geohelminth infections: a
review of the role of IgE and assessment of potential risks of anti-IgE treatment. Allergy

2008; 63: 409-417.



63

15 Fernandes A, Pereira ATM, Eschenazi PD, et al. Evaluation of the immune response
against Strongyloides venezuelensis in antigen-immunized or previously infected mice.
Parasite Immunol 2008, 30: 139-149.

16 Ganley-Leal LM, Mwinzi PN & Cetre-Sossah. Correlation between eosinophils and
protection against reinfection with Schistosoma mansoni and the effect of human
immunodeficiency virus type 1 coinfection in humans. Infect Immunol 2006; 74: 2169-
2176.

17 Antony RM, Rutitzky LI, Urban Jr JF, Stadecker MJ & Gause WC. Protective immune

mechanisms in helminth infection. Nature Rev Immunol 2007; 7: 975-987.

ACKNOWLEDGEMENTS
The authors are grateful to Fundacdo de Amparo a Pesquisa do Estado de Sao Paulo

(FAPESP) that supported this study with grants.



EPG x10°

Worm number

50 1

30 4

20

10 ~

1

3500
3000
2500
2000
1500
1000

500

(a)

3 5 7 9 1113 1517 19 21 23 25 27 29 31

Days post-infection

(b)

0D (1/10)

0D (1/10)

64

O Control @ Infected
IgGl

()

Acute phase Recovery phase

IgG2b
0.4

(d)
0.3
0.2

0.1 7
*

Acute phase

Recovery phase

0 =l

Acute phase Recovery phase

Total IgE

700 1
600 (e) *
3 500 1
2 500
= 400
£ 2 |
= 300
=200 *
100 |

Acute phase Recovery phase

Figure 1 Kinetics of S. venezuelensis infection and induced humoral immunity. Eggs per

gram of faeces (a) and number of female adult worms recovered from the small intestine (b).

In the acute phase, the number of female adult worms varied from 97 to 2979. Seric levels of

specific IgG1(c), IgG2b (d) and total IgE (e) in infected Lewis rats. The number of eggs per

gram of faeces was determined in a faecal pool. Results are expressed as mean = SD of 5

animals per group. * p<0.05 in comparison to recovery phase.



IFN-gamma (pg/ mL)
—_ G [39]
8 3 S
L L |

W
(=]
!

(a)

7000 4
6000 4
5000
4000
3000 4
2000

IFN-gamma (pg/mL)

1000 4

Control

(b)

Infected

6000

5000

IL-10 (pg/mL)

1000 -

4000 -

3000

2000

Control

()

Infected

Control

Infected

2000 T

1500

IL-10 (pg/ mL)

IL-10 (pg/mL)

IFN-gamma (pg/ mL)

1000 ~

500

Recovery phase

(d)

6000 -

5000 4

4000 -

3000 4

2000 4

1000 +

Control

(e)

65

Infected

7000 4

6000 4

[ %) N W

[=3 (=3 (=3 (=3

(=3 (=3 (=3 (=3

(=} (=} (=} (=}
L L L L

1000 4

Control

®

Infected

*

I

Control

Infected

Figure 2 IFN-y and IL-10 production in infected Lewis rats: acute phase (a,b and c¢) and

recovery phase (d,e and f). Spleen (a,b and f) and lymph node (c,d and e) cells were

stimulated with Con A (b,c,e and f) or S. venezuelensis L3 antigen (a and d). Results are

expressed as mean = SD of 5 animals per group. * p<0.05 in comparison to control group.



8. CAPITULO IV

(Artigo enviado a Revista Parasitology Research ISSN: 0932-0113)

66



67

Migratory route of Strongyloides venezuelensis in Lewis rats: comparison of histological

analyses and PCR

Nelson Mendes Marral*, Fernanda Chiuso-Minicucciz, Gabriel Capella Machado], Sofia
Fernanda Gongalves Zorzella-Pezavento®, Thais Graziela Donegd Franga®, Larissa Lumi
Watanabe Ishikawaz, Alessandro F.T. Amarantel, Alexandrina Sartori’ ¢ Monica R.V.

ES
Amarante'”.

1- Instituto de Biociéncias, Departamento de Parasitologia, Universidade Estadual Paulista
(UNESP), 18618-000, Sao Paulo, Brazil.
2- Instituto de Biociéncias, Departamento de Microbiologia e Imunologia, Universidade

Estadual Paulista (UNESP), 18618-000, Sdo Paulo, Brazil.

*M. R. V. Amarante
E-mail: monicarv@ibb.unesp.br
Tel: +55-14-3811-6239

Fax: +55-14-3811-3744

Abstract

Strongyloides venezuelensis is a parasitic nematode that has been used as a model to study the
relationship of human and/or animal strongyloidiasis. In the present study we compared the
sensitivity between traditional methodologies and PCR assay to characterize the dynamics of
S. venezuelensis infection and its migration route in Lewis rats subcutaneously infected with
4000 L3. The dynamics of the infection was determined by counting the number of eggs and

by detecting parasite DNA in faeces samples. Both techniques similarly detected the
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beginning of the infection 6 day after inoculation. However, PCR showed higher sensitivity
during the recovery phase. Histological analysis and PCR assay were then used to follow
parasite tissue migration. We observed that S. venezuelensis migration included the muscular
fibers below the skin, the pulmonary alveoli and the small intestine vilosities. No parasite was
detected in many others organs and tissues analyzed, including the brain. The sensitivity of

these two techniques to detect parasite presence in these tissues was statistically similar.

Keywords: Strongyloides venezuelensis, migratory route, Lewis rats, histological, PCR.

Introduction

Strongyloidiasis is a common, usually asymptomatic helminthic infection caused by
Strongyloides stercoralis that is an intestinal nematode which is mainly endemic in tropical
and subtropical regions (Ly et al. 2003). It infects around 30 million people in 70 countries
and usually results in asymptomatic chronic disease with characteristic features of
autoinfection, hyperinfection involving pulmonary and gastrointestinal systems, and
disseminated infection involving others organs (Siddiqui and Berk 2001).

Strongyloides venezuelensis is a parasitic nematode of rats that has been used as a
model to study the host-parasite relationship of human and/or animal strongyloidiasis (Sato
and Toma 1990; Taira et al. 1995). This parasite enters into the host through skin and them
migrates to lungs, trachea, and then reaches the small intestine where it moults to become a
sexually mature adult female (Baek et al. 1999). The infection of rodents with S.
venezuelensis has been carried out in various strains of rats and mice (Takamure 1995;
Silveira et al. 2002; Matsuda et al. 2003). However, the kinetic time-lines and migratory route

were not yet established in the Lewis rat strain.
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Histological methodology is also an important tool that has been used to determine
parasite migration route and lesions caused by S. venezuelensis and S. ratti in rodents (Genta
and Ward 1980; Koga et al. 1998; Matsuda et al. 2003).

More recently, DNA technology has had a major impact in many areas of
parasitology, including the diagnosis of infection. Polymerase chain reaction (PCR) has found
broad applicability mainly because its sensitivity allows the amplification of DNA fragments
from minute amounts of parasite material (Gasser 1999). Several reports have showed a high
PCR sensitivity for detection of parasite DNA in various biological samples (i.e., feces,
tissues) from different hosts (Esteban-Redondo et al. 1999; Wongratanacheewin et al. 2001;
Sandoval et al. 2006; Duenngai et al. 2008).

In the present study we compared the sensitivity between PCR and traditional
methodologies to characterize S. venezuelensis infection in Lewis rats. This was done in two
steps. We initially established the dynamics of infection by faecal examination and PCR
analysis of faecal samples. We then evaluated the parasite migration route by PCR and

histological analysis.

Material and Methods

Animals

Male and female Lewis rats weighing 120-150g (4-6 weeks old) were obtained from
the CEMIB (UNICAMP, Campinas, SP, Brazil). Animals received sterilized food and water
ad libitum and were manipulated in compliance with the ethical guidelines adopted by the
Brazilian College of Animal Experimentation, being the experimental protocol approved by

the local Ethics Committee (protocol 45/07).
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Parasite and infection

The S. venezuelensis strain was isolated from wild rats in 1980 and has been
maintained in Wistar rats, routinely infected in the Parasitology Laboratory of the Sao Paulo
State University (UNESP). Infective third-stage larvae (LL3) of S. venezuelensis obtained from
faecal cultures using sterilized horse manure as substrate were employed for experimental
infection. The cultures were incubated at 25°C for 72h and the infective larvae were collected
and concentrated by using a Baermann apparatus. Recovered larvae were washed in
phosphate-buffered saline (PBS), the number of viable infective larvae was determined and

4000 L3 were subcutaneously inoculated at the animal’s abdominal region.

Experimental design

In the first experiment it was determined the dynamics of S. venezuelensis infection by
daily counting the number off eggs per gram of faeces (EPG) by modified Cornell McMaster
(Gordon and Whitlock 1939), during 32 days. PCR analysis with both, a specific primer pair
(designed from a S. venezuelensis TDNA partial sequence) and a non specific primer pair
described by Dorris et al. (2002) was also performed in pooled faeces samples collected every
other day until the 32" day of infection. Five female rats were used in experimental group.

In the second experiment we compared sensitivity of PCR and histological
examinations to define the parasite migration route. Male rats were allocated into six
experimental groups. Five groups were infected and sacrificed at different periods after
infection: 30 minutes, 24h, 48h, 72h and 120h. The non-infected group was used as a normal

control. Tissue samples were collected and used to perform histological and PCR analysis.

Histological analysis
Histological analysis was performed in samples of brain, lung, spleen, first 14 cm of

the small intestine, liver, lymph node (popliteal and inguinal), heart, vastus lateralis muscle,
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skin and muscular layer (abdominal region). These samples were fixed in 10% formalin and
embedded in paraffin. Five micrometer sections were cut and stained with hematoxylin and

eosin and analyzed in a computerized system of image analysis (QWin Lite 2.5, Leica®).

PCR assay

PCR assays were employed to detect S. venezuelensis DNA in both, faeces and the
same tissue samples employed in histological analysis. DNA from faecal samples was
extracted with QIAamp DNA stool mini kit (QIAGEN, Hilden, Germany) and DNA from
tissues, from S. venezuelensis L3, from adult Syphacia muris and from spleen of a non
infected rat were all extracted with a QIAamp DNA mini kit (QIAGEN, Hilden, Germany).
The specific oligonucleotide primer pair (Forward 5'-TTAGTGGTGCGTGGATTTGA-3’ and
Reverse 5’-ATGTGGAGCCGTTTATCAGG-3") was designed by the software program
Primer3 (Rozen and Skaletsky 2000) from a S. venezuelensis rtDNA partial sequence obtained
at the GenBank (Accession number: AJ417026). A primer pair described to amplify species
within the genus Strongyloides (Dorris et al. 2002) was also employed. Both primer pairs
were used to perform PCR in faecal samples and only the genus primer was used from tissue
samples evaluation. DNA samples from S. venezuelensis, Syphacia muris and spleen of a non-
infected rat were employed as positive controls, in all PCR reactions with both primer pairs.

PCR reactions were performed in the My cycler (Bio-Rad, Hercules, CA, USA) and
Gene Amp PCR System 9700® (Applied Biosystems, Foster City, CA, USA), thermocyclers.
PCR mixtures included 10 mM dNTPs, 0.4 mM each primer, 1.5 mM MgCl,, 50 mM KClI,
pH 8.3, ANTP, 0.5 U of Tag polymerase (GE Healthcare, Bucks, U.K.) and 100 ng of
genomic DNA in a 10 pl reaction. The PCR conditions included initial denaturation at 95°C
for 5 minutes, followed by 40 cycles at 95°C for 30 seconds (denaturation) 60°C at 30 seconds

(annealing for both primer pairs), extension at 72°C for 30 seconds and a final extension at
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72°C for 7 min. PCR products were electrophoresed through 2% agarose gels in 1X TAE
buffer containing ethidium bromide, photographed under UV light and analysed by the
Infinity-Capt® software version 15.01 and the Infinity 3000 WL/LC/26M® image capture
system (Vilber Lourmat, Marne-la-Valée, France). Both primer pairs were typed twice with
all DNA samples and scored independently in order to increase the accuracy of the results.

Ambiguous results were typed a third time.

Statistical analysis
The comparison between histological and PCR techniques sensitivity used to detect
parasite larvae in tissue samples was evaluated by the Chi-Square Test and the agreement

between techniques by the McNemar Test.

Results

Dynamics of infection by EPG and PCR

Infection outcome was initially determined by counting the number of eggs that were
daily shed in the faeces (EPG) during 32 days. Parasite eggs were detected for the first time in
the faeces at the 6™ day of infection. The maximal faecal egg count (FEC) was 42300 EPG
observed at day 8 pos-infection. A second peak (21300) was also observed at 11 days post-
infection. From the 12™ day on the amount of eggs steadly decreased until day 21 when FEC
varied from 0 to 100 EPG (Figure 1). Fecal egg count showed 0 to 100 EPG in seven out of
32 samples starting from day 23.

Determination of infection by PCR depended upon the nucleotide sequence used as
primers. The specific primer pair was effective to detect parasite DNA in the faeces from day

6 until day 18, being negative from this period on (Figure 2A). On the other hand, PCR
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executed with the genus primer was able to detect S. venezuelensis DNA during a larger time
interval, including all periods between day 6 and 32 that was the last evaluation day.
Interestingly, the more intense parasite DNA amplification bands coincided with the highest

amount of parasite eggs (Figure 2B).

Migration route characterization by histological analysis

This analysis begun 30 minutes after infection and at this time parasites were located
below the muscular fibers of skin in 4 rats and at the muscular layer in one in a group with 5
animals. The presence of a typical larvae is documented at figure 3A. No histological
alterations were observed in any of the organs examined at this early period. The parasite was
not found during the analysis performed in the different tissues 24h after infection. However,
tissue lesions associated with an inflammatory infiltrate were clearly observed at the most
deeper skin layers and also among the muscle fibers. Appearance of larvae in the lungs was
clear at 48h. At this period 3 of 5 animals already showed larvae located inside the alveoli.
This was associated with inflammation, local edema and hyperemia (Figure 4A). The analysis
carried out 72h post-infection revealed that the percentage of animals with larvae at the lungs
increased to 100% and that all lung samples presented inflammatory foci. At this period no
larvae were found in any of the organs that were analyzed.

At 120 hours the larvae disappeared from the lungs even thought the histopathological
alterations described at 48 and 72 h were still present in this organ. Interestingly, at this time
period, all samples from 5 infected animals presented larvae inserted at the small intestine
vilosities (Figure 5A). A clear infiltration of eosinophils was found around the larvae’s

location.
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Tissue parasite detection by PCR

Samples from all tissues submitted to histological analysis were also used to make
PCR with the genus primer that generated a specific 340 bp amplification band from
Strongyloides venezuelensis DNA. This band was detected in DNA samples obtained from the
skin of 4 rats in a group of five animals that were euthanized 30 minutes after infection
(Figure 3B). This specific band was also amplified in a DNA samples from the muscular layer
(one animal), from the vastus lateralis muscle (one animal) and from muscular layer (2
animals) at 24h, 48h and 72h, respectively.

This 340 bp specific amplification band was present in lung DNA samples obtained
from 3 rats at 48h (Figure 4B) and from all rats at 72 hours evaluation. All DNA samples
from the small intestine got at 120 hours post-infection (Figure 5B), but not any one of the
other organs analyzed, presented this specific band. As expected, this specific band was not
detected in any of the samples obtained from the control experimental group.

Unspecific bands were also amplified by this technique in many of the samples.
However, they could be identified by using positive controls or by their very distinctive
molecular weight. Among the 4 unspecific bands two were identified as being derived from
rat DNA (420 bp) or from Syphacia muris (380 bp). Two others unspecific bands of 260 and
300 bp were also detected.

The statistical comparison of these two methodologies shows that from the 261
samples analyzed by both techniques, 18 (6.7%) were positive by histological analysis and 21
(8.06%) were positive by PCR. These percentages were statistically similar (P<0.05). On the
other hand, divergent results were observed in only 7 samples and this was not statistically

relevant (P<0.05).



75

Discussion

In the first part of this investigation, by counting the number of eggs per gram of
faeces (EPG), we demonstrated that strongyloidiasis caused by Strongyloides venezuelensis in
Lewis rats presents a dynamics that is very similar to the infection by this helminth or by
Strongyloides ratti in Wistar rats (Kimura et al. 1999). In Lewis rats subcutaneously infected
with 4000 L3, parasite eggs were detected for the first time in the faeces at day 6 and reached
a maximum value at day 8. From the 12" day on the amount of eggs steadily decreased until
day 21 when EPG varied from 0 to 100. The presence of eggs in the faeces was continuously
decreased until 32™ day post-infection and values remained very low (0 to 100). By using this
criterion we could say that the acute phase was around day 8 and that recovery one was
established between days 21 and 32 after infection.

One of your main goals was to compare the sensitivity of the traditional EPG
technique with the PCR method that was performed with two kinds of primer pairs. The
specific one was directly designed by us from the Gene Bank (Accession number: AJ417026).
This primer pair was able to detect parasite DNA in the faeces the day 6 until 18, being
negative thereafter. Comparison of EPG results with the PCR ones done with this primer pair
indicated that PCR methodology was more sensitive as was expected. However, the
substitution of this primer pair by the genus one was able to increase PCR’s predictable higher
sensitivity. In this case, S. venezuelensis DNA was detected for the first time also at day 6 but
was continuously positive until day 32 that was the last time period of evaluation. It is
important to stress that higher sensitivity of this primer pair was associated with the
appearance of unspecific bands that were, however, easily identified by their distinct
molecular weights. Calls attention the fact that even this more sensitive PCR was not able to

detect the infection more precociously as was described by Wongratanacheewin et al. (2001),
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in hamsters experimentally infected with the trematode Opisthorchis viverrini. We believe
that this could be due to the fact that the experimental infection employed by us was initiated
with a very high infective larvae inoculum. This probably triggered a simultaneous high
production of eggs that achieved levels detected by the EPG methodology. The fact that PCR
was positive throughout all the recovery period when EPG was only eventually positive
suggests that PCR would be a better choice to make an early diagnosis avoiding evolution to a
more severe on chronic disease. Interestingly, the more intense parasite DNA amplification
bands coincided with the highest amount of parasite eggs. These findings shows that is viable
in future studies setting up a quantitative PCR analysis, such as real time PCR, in order to
estimate the worm burden.

In the second part of this investigation we asked if the tissue migration route of this
parasite in Lewis rats was similar to the one observed in other rodents. We also evaluated if
PCR was more sensitive than traditional histological technique to detect migration of the
parasite throughout the different tissues. This histopathological analysis showed that from the
subcutaneous infection site the larvae penetrated among the muscular fibers and then reached
the lungs. This pulmonary stage occurred between 48 and 72 hours post-infection and has
been described as the most relevant step in the strongyloidiasis cycle. According to Tindall
and Wilson (1988) during this stage in the lungs the larvae molt to the 4™ stage.

At 120h the larvae were found inserted at the small intestine vilosities and this
coincided with their disappearance from the lungs. In a general way these findings
demonstrated that the intracorporeal migration route of S. venezuelensis in the Lewis rat was
similar to the one observed in other rodents (Sato and Toma 1990; Takamure 1995; Matsuda
et al. 2003). An interesting aspect revealed by this study was the absence of brain involvement
during the parasite migration throughout the tissues in the Lewis rat. This possibility was

investigated based on the work of Koga et al. (1998) that detected parasites in the brain,
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cerebellum, olfactory bulbs and nasal mucosa 40 hours after infection of Wistar rats with
5000 L3 of S. ratti by subcutaneous route, at the abdominal region. The comparison of the
results obtained by histological analysis and PCR technique lead us to conclude that both

techniques were efficient to detected S. venezuelensis in tissues and organs from Lewis rats.
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Figure 1- Eggs per gram of feces (EPG) of Lewis rats subcutaneously inoculated with 4000

infective larvae of Strongyloides venezuelensis.
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Figure 2- PCR performed with the specific primer pair (A). Lanes 1 and 23- 100 bp- ladder
(GE Healthcare); Lane 2 — 198 bp (S. venezuelensis DNA); Lane 3 — no amplification
(Syphacia muris DNA); Lane 4 — no amplification (spleen rat DNA); Lanes 5 to 7 - days 0, 2
and 4 - no amplification; Lanes 8 to 14 - days 6 to 18- 198 bp (S. venezuelensis DNA); Lane
22 (without DNA). PCR performed with genus primer pair (B). Lanes 1 and 23 - 100 bp-
ladder (GE Healthcare); Lane 2 — 340 bp (S. venezuelensis DNA); Lane 3 - 380 bp (Syphacia
muris DNA); Lane 4 — 420 bp (spleen rat DNA); Lanes 5 to 7 -days 0, 2 and 4 — 380 bp (S.
muris DNA) and 420 bp (rat DNA); Lanes 8 to 12- days 6 to 14 - 340 bp (S. venezuelensis
DNA); Lane 13 - day 16- 340 bp (S. venezuelensis DNA) and 420 bp (rat DNA); Lanes 14 to
21 — days 18 to 32 - 340 bp (S. venezuelensis DNA), 380 bp (S. muris DNA) and 420 bp (rat
DNA); Lane 22 (without DNA).
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A)

Figure 3- Histological analysis of skin section (30 min group) stained with H&E showing
parasite larvae (A). PCR products using genus primer pair in tissue samples (B). Lanes 1 and
17 - 100 bp- ladder (GE Healthcare); Lane 2 - 340 bp (S. venezuelensis DNA); Lane 3 - 380
bp (Syphacia muris DNA); Lane 4 - 420 bp (spleen rat DNA); Lanes 5 to 14 - 420 bp - DNA
from spleen (5), brain (6), lung (7), muscular layer (8), liver (9), lymph node popliteal (10),
small intestine (11), vastus lateralis muscle (12), lymph node inguinal (13), heart (14); Lane

15 - 340 bp (S. venezuelensis DNA) and 420 bp - DNA from skin; Lane 16 (without DNA).
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A)
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Figure 4- Histological analysis of lung section (48h group) stained with H&E showing the
presence of the migrating larvae (A). PCR products using genus primer pair in tissue samples
(B). Lanes 1 and 17 - 100 bp- ladder (GE Healthcare); Lane 2 - 340 bp (S. venezuelensis
DNA); Lane 3 - 380 bp (Syphacia muris DNA); Lane 4 - 420 bp (spleen rat DNA); Lanes 5, 6
and 8 to 15 - 420 bp - DNA from spleen (5), brain (6), muscular layer (8), liver (9), lymph
node popliteal (10), small intestine (11), vastus lateralis muscle (12), lymph node inguinal
(13), heart (14), skin (15); Lane 7 — 260 bp (unspecific band), 340 bp (S. venezuelensis DNA)
and 420 bp - DNA from lung; Lane 16 (without DNA).
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A)

Figure 5- Histological analysis of small intestine section (120h group) stained with H&E
showing the presence parasite larvae (A). PCR products using genus primer pair in tissue
samples (B). Lanes 1 and 17 - 100 bp- ladder (GE Healthcare); Lane 2 - 340 bp (S.
venezuelensis DNA); Lane 3 - 380 bp (Syphacia muris DNA); Lane 4 - 420 bp (spleen rat
DNA); Lanes 5 to 10 and 12 to 15 - 420 bp - DNA from spleen (5), brain (6), lung (7),
muscular layer (8), liver (9), lymph node popliteal (10), vastus lateralis muscle (12), lymph
node inguinal (13), heart (14), skin (15); Lane 11 - 340 bp (S. venezuelensis DNA) and 420 bp
— DNA from small intestine; Lane 16 (without DNA).
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9. CONCLUSOES
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9. CONCLUSOES

- A técnica de PCR com a utilizagc@o do par de primers género (DORRIS et al., 2002)
demonstrou maior sensibilidade que a técnica de McMaster (modificada), principalmente nos
animais com infeccao leve (40 L3);

- A PCR constitui-se em importante ferramenta para monitorar e diagnosticar animais
infectados experimentalmente com diferentes cargas parasitdrias;

- Ratos machos da linhagem Lewis infectados com 4000 e 400 L3 demonstraram
maior suscetibilidade a infec¢@o por Strongyloides venezuelensis em relacdo as fémeas;

- A dindmica da infeccdo em ratos apresentou periodo pré-patente de seis dias com
dois picos de elimanac@o de ovos (8° e 11° dias) e perdurou até o 32° dia apds a infeccao
(com a detecgdo de fémeas no intestino delgado e de ovos nas fezes).

- Ambos os anticorpos especificos IgG1 e IgG2b apresentaram nivel elevado na fase
aguda.

- A predominancia de IgG1 em relacdo a IgG2b e a producgdo de IgE e IL-10 na fase de
recuperacdo na infec¢do em ratos demonstra um padrdo de resposta Th2;

- A resposta humoral e celular da linhagem Lewis apresentou um comportamento
similar ao descrito para outras linhagens de ratos, podendo portanto, ser também um modelo
experimental para o estudo da estrongiloidiase em humanos.

- Ap6s a infeccdo subcutanea com 4000 L3, a rota das larvas teve inicio na pele e na
camada muscular (30 minutos), seguindo para o pulmio (48 e 72 horas) e para o intestino
delgado (120 horas), onde o parasita se estabeleceu posteriormente;

- As técnicas de Histologia e PCR foram igualmente eficientes na detec¢do de larvas
nas amostras de 6rgaos e tecidos dos ratos analisados.

- A PCR demonstrou maior sensibilidade que a técnica de McMaster (modificada) na

detecgdo de S. venezuelensis em amostras fecais durante os 32 dias de infec¢ao;
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