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RESUMO

As leishmanioses sdo um complexo de doencas causadas por diferentes espécies de
Leishmania cujas apresentacdes clinicas variam de acordo com a espécie do parasito
envolvido na infeccdo e com o numero de parasitos inoculados além das caracteristicas
imunolodgicas e genéticas do hospedeiro. Leishmania (Viannia) braziliensis ¢ a principal
espéecie envolvida na leishmaniose tegumentar Americana (LTA) e, apesar de sua grande
importancia, o conhecimento de sua imunopatogénese € baseado em estudos com pacientes.
Poucos estudos foram conduzidos utilizando modelos experimentais de infeccdo por L.
braziliensis, provavelmente devido a falta de uma linhagem murina que reproduza a infeccao
por esta especie. O golden hamster representa 0 modelo experimental mais suscetivel a
espécies do subgénero Viannia, porém a auséncia de reagentes imunolégicos especificos para
este modelo limita sua utilizacdo. Além disso, os estudos disponiveis com o modelo
apresentam diferentes protocolos de infeccdo utilizando diversas cepas em indculos
geralmente altos, levando a diferentes cursos clinicos da doenca e culminando com a
visceralizacdo do parasito. Este estudo teve como objetivo investigar o inoculo ideal de L.
braziliensis, em condi¢des padronizadas, que garanta a infeccdo sem levar a uma doenca
exacerbada e analisar os aspectos clinicos e imunopatologicos associados a cada indculo. Para
isto, grupos de cinco animais, em quatro experimentos independentes, foram infectados por
via intradérmica com 10*, 10° e 10° promastigotas de L. braziliensis. O desenvolvimento das
lesbes foi acompanhado por 105 dias e entdo fragmentos da pele inoculada, do linfonodo
drenante, do baco além de soro foram coletados para avaliacdo da carga parasitaria, expressao
de citocinas, investigacdo da visceralizacdo para o baco, analise histopatoldgica, e dosagem de
IgG anti-Leishmania. Os resultados mostraram que o tempo de surgimento das lesdes foi
inversamente proporcional ao tamanho do indculo e que o tamanho final das lesbes variou
entre os indculos de 10* e 10° e entre 10* e 10° sem variacdo entre 10° e 10°. O aspecto
clinico das lesdes também variou com o inéculo, onde os animais inoculados com 10°
apresentaram lesdes mais nodulares em contrapartida aos animais inoculados com 10°, com
lesbes mais ulceradas. Apesar da diferenca no numero de parasitos inoculados, a carga
parasitaria foi a mesma entre os trés indculos. A expressdo de citocinas e a dosagem de IgG
anti-Leishmania apresentaram niveis elevados em todos os grupos analisados, porém sem
diferencas estatisticas entre os diferentes indculos. A andlise histopatoldgica revelou
envolvimento inflamatério leve na pele dos animais infectados com 10* enquanto os
infectados com 10° e 10° apresentaram elevado grau de dano tecidual. A visceralizacdo foi
diretamente proporcional ao tamanho do inéculo, pouco frequente no inéculo de 10%
acometendo a maioria dos animais infectados com 10°. Portanto, verificou-se que diferentes
nameros de parasitos no indculo exercem influéncia na evolucdo e na apresentacao clinica da
doenca, no tamanho final da leséo e no grau de dano tecidual, porém nédo exerce influéncia na
carga parasitaria e na expressdo de citocinas na lesdo e no linfonodo e nos niveis de 1gG anti-
Leishmania. Estes resultados indicam que o indculo de 10* gera lesdo mais benigna e menor
comprometimento sistémico e que a modulagdo da resposta imune frente a diferentes nimeros
de parasitos inoculados ocorre na fase inicial da infecgdo e determina o estabelecimento e a
magnitude da fase crénica da doenca.



ABSTRACT

Leishmaniasis are complex of diseases caused by different species of Leishmania which
clinical presentation varies according to involved parasite species as well as the number of
parasites inoculated, immunological and genetic characteristics of the host. Leishmania
(Viannia) braziliensis is the main species involved in American Tegumentary Leishmaniasis
(ATL) and despite its great importance the majority of current knowledge about its
immunopathogenesis comes from studies in patients. Few studies were conducted using
experimental models of L. braziliensis, probably due to the lack of a susceptible murine model
for this Leishmania species. The golden hamster appears as the most susceptible model for
species from Viannia subgenus but the absence of specific commercial immunological
reagents to this animal model limits its utilization. Besides that, the available studies have
different infection protocols with variances in clinical features and the number of innoculated
parasites is usually high, leading to the visceralization of Leishmania. This study aimed to
investigate the innoculum that ensures infection without leading to an exacerbated disease in a
well standardized innocula conditions and analyse the clinical and immunopathological
features associated with each one. For that, groups of five animals in four independent
experiments were intradermally infected with 10* 10° and 10° promastigotes from L.
braziliensis. Lesion development was accompanied for 105 days and after that skin of infected
site, draining lymph node, spleen and sera were collected for evaluation of final parasite load,
spleen visceralization, cytokine expression, histopathological features and levels of IgG anti-
Leishmania. Our results showed that outcome of skin lesions was inversely proportional to
innoculum burden and that final lesion size varied among 10* and 10° or 10° infected animals,
but not between 10° and 10° ones. Clinical aspects of lesions also varied with innoculum,
which 10* animals presented more nodular lesions and 10° more ulcerated lesions. Despite
difference in the number of parasites inoculated, final parasite load was the same among the
three innocula. Cytokine expression and levels of anti-Leishmania 1gG presented high levels
in all infected animals, but with no statistical differences among different innocula.
Histopathological analysis revealed a mild inflammatory involvement in skin of 10* infected
animals, while 10° and 10° presented elevated degree of tissue damage. Finally, visceralization
was directly proportional to the innoculum burden, less frequently observed in 10* infected
animals, with high spleen commitment between 10° animals. In summary, different numbers
of inoculated parasites influences disease outcome, clinical presentation, final lesion size and
degree of tissue damage among innocula but not final parasite load, cytokine expression and
IgG anti-Leishmania levels. These results indicates that 10* inoculum generates more benign
lesions and a less systemic commitment and that modulation of immune response to different
parasites innoculated occurs in the early phase of infection and dictates the establishment and
magnitude of the chronic phase of disease.



1- INTRODUGCAO

1.1-Aspectos epidemiologicos e caracteristicas gerais das leishmanioses

As leishmanioses compreendem um complexo de doengas infecto-parasitarias causadas
por diferentes espécies de protozodrios do género Leishmania que sdo transmitidos a
hospedeiros mamiferos por flebotomineos. Existem em torno de 20 espécies de Leishmania e
30 espécies e subespécies de flebotomineos implicados nas diferentes formas clinicas da
doencga, tendo também como fatores determinantes o status imunologico e a condicdo socio-
econémica do hospedeiro (Reithinger et al. 2007, Antironi et al. 2012, Stockdale & Newton
2013).

O ciclo bioldgico da Leishmania é originalmente zoon6tico, tendo mamiferos silvestres
como reservatorios, o qual houve uma a adaptagédo para o ciclo antroponoético, principalmente
devido a urbanizacdo, ao crescente desmatamento e a mudancas climaticas e alteracbes no
ecossistema do vetor. Esses fatores associados ao comprometimento imunolégico do individuo
e a falha terapéutica tém contribuido para a crescente expansdo da doenca observada nos
ultimos anos (Shaw 2007, Reithinger et al. 2007).

Estudos epidemioldgicos recentes mostraram que as leishmanioses atingem 98 paises
situados em regides tropicais e subtropicais, apresentando oficialmente mais de 58 mil casos de
leishmaniose visceral (LV) e 220 mil casos de leishmaniose cutanea (LC), podendo chegar a
nameros bem maiores, em decorréncia de casos ndo diagnosticados ou ndo relatados, ja que sua
notificacdo é compulséria somente em cerca da metade dos paises nas quais sdo endémicas.
Considerando o nimero de casos estimados, aproximadamente 0,2 a 0,4 milhGes de casos de
LV e 0,7 a 1,2 milhdes de casos de LC ocorrem a cada ano (Desjeaux, 2004, Alvar et al. 2012).
No contexto mundial, o Brasil se destaca por estar entre os dez paises mais acometidos pela LC
e entre 0s seis mais acometidos pela LV, tornando-as importante problema de satde publica em

nosso pais. (Den Boer et al. 2011, Alvar et al. 2012).

A LV representa a forma mais grave da doenca, levando o individuo a morte se ndo
tratado, sendo caracterizada pela multiplicagdo dos parasitos no sistema fagocitico
mononuclear do figado, baco, linfonodos e medula 6ssea do hospedeiro (Ministério da Saude,
2006). Ja a LC apresenta um espectro de manifestagdes clinicas, variando desde uma doenca
benigna como a leishmaniose cutanea localizada, que tende para cura espontanea, até formas

graves da doenga como a leishmaniose mucosa e a disseminada (Da-Cruz & Pirmez 2012).



Nas Américas a leishmaniose cutanea € conhecida como leishmaniose tegumentar
Americana (LTA), ocorrendo desde o sul dos Estados Unidos até o norte da Argentina, com
excecao do Chile e Uruguai (Ministério da Saude, 2006). Espécies do subgénero Leishmania e
Viannia estdo implicadas na LTA, sendo 90% dos casos causados por L. (V.) braziliensis (Den
Boer et al. 2011).

No Brasil, a LTA encontra-se difundida em todas as regides federadas, com nimero de
casos variando de 20 a 35 mil por ano entre os anos de 1990 e 2010 (SVS, 2011). E causada
por diferentes espécies de protozoarios do género Leishmania, sendo que as espécies
L. (V.) braziliensis, L. (V.) guyanensis e L. (Leishmania) amazonensis as mais frequentemente
associadas a doenca humana (revisto por Da-Cruz & Pirmez 2012).

Todas as espécies citadas acima causam a leishmaniose cutanea localizada (LCL), que
é a apresentacdo clinica mais comum da LTA, caracterizada por baixo parasitismo tecidual
sendo considerada benigna uma vez que responde bem a terapéutica antimonial, podendo
mesmo evoluir para a cura espontanea. No caso de infecgdo por L. braziliensis, cerca de 3 a
5% dos individuos infectados evoluem para leishmaniose mucosa (LM). Esta € considerada
uma forma grave, onde as lesGes sdo destrutivas, localizadas em &reas distantes do local do
indculo, no caso o trato respiratorio superior. Nessa apresentacao clinica, a exacerbacdo da
resposta imune aos antigenos de Leishmania e a cronicidade da doenca imp&em dificuldades
no manejo terapéutico, a despeito da escassez de parasitos. Os casos de LM evoluem mais
frequentemente com resisténcia terapéutica e reativagdo da lesdo, em comparagdo com a LCL.
Além dos aspectos patogénicos da infeccdo, cabe ressaltar o fato de existirem individuos nas
areas endémicas que estdo expostos ao parasito mas que ndo desenvolvem a doenca, sendo
considerados assintomaticos ou subclinicos (revisto por Da-Cruz & Pirmez 2012).

As leishmanioses séo consideradas doencas negligenciadas apesar de diversos
trabalhos nos ultimos anos terem mostrado esforcos crescentes para o desenvolvimento de
vacinas e novas drogas (Costa et al. 2011). O antimonial ainda é o tratamento de elei¢éo
preconizado, baseado em injecOes parenterais com antimoniais pentavalentes que, além de
causarem intensa dor local e serem toxicos para o figado, rins e coragédo, tém sido alvo de
resisténcia conferida por algumas espécies de Leishmania em regides endémicas (Romero et
al. 2001).

Além do tratamento, outra estratégia que geraria impacto no controle da doenca seria o
desenvolvimento de uma vacina que pudesse aumentar a resisténcia ao protozoario. Porém,

apesar dos avangos recentes nas pesquisas em vacinas contra as leishmanioses, ndo existe



ainda uma vacina para uso humano com eficidcia comprovada (Kedziersk et al. 2006,
Kedziersk et al. 2010).

Diante desses fatos, o estudo das leishmanioses em modelo experimental € necessario
ndo s6 para o entendimento de sua imunopatogénese como para 0 desenvolvimento de novos
farmacos e vacinas, onde sdo necessarios para a avaliagdo da eficacia de drogas e da
imunogenicidade de candidatos vacinais. A escolha do modelo adequado baseia-se em
diversos fatores como semelhancas clinicas, fisiologicas e imunoldgicas com o hospedeiro,
capacidade em manifestar a doenga e permitir estudos por um longo periodo, além da
disponibilidade e facilidade de manejo animal (Hommel et al. 1995, Awasthi et al. 2004,
Oliveira et al. 2005, Garg & Dube 2006).

Poucos sdo os estudos experimentais conduzidos com espécies do subgénero Viannia
comparados com o subgénero Leishmania, apesar de sua grande importancia na Ameérica
Latina (De Moura et al. 2005, Salay et al. 2007). No caso da L. braziliensis, provavelmente a
escassez se deve a dificuldade no crescimento desse parasito em cultura e na obtencdo das
formas infectivas in vivo e principalmente a resisténcia conferida por camundongos a infec¢do
por essa espécie (Neal & Hale 1983, De Moura et al. 2005).

A maioria das linhagens de camundongos € resistente a infeccdo por espécies do
subgénero Viannia, particularmente L. (V.) braziliensis. Dentre os camundongos mais
utilizados, 0 BALB/c é o mais susceptivel, apesar da lesdo produzida ser benigna e apresentar
curso rapido de evolucdo, culminando com a cura em poucas semanas. Portanto, ndo existe
um modelo murino capaz de reproduzir a infeccdo natural de espécies de Leishmania do
subgénero Viannia (Oliveira et al. 2004, Hommel et al. 1995).

Diferente do modelo murino, 0 modelo hamster é altamente susceptivel a infec¢éo por
espécies do subgénero Viannia e reproduz a LC causada por espécies como L. braziliensis,
L. panamensis e L. guyanensis (Oliveira et al. 2004). As lesdes geradas pela infec¢do tendem a
se desenvolver rapidamente nesse modelo apresentando curso crénico de evolucdo, o que
permite monitoramento por longos periodos, util em estudos terapéuticos e imunoldgicos.
Além disso, a infeccdo cutanea no hamster reproduz muitos dos aspectos observados na
infeccdo humana como a linfoadenopatia, a metastase cutanea e a capacidade de montar uma
resposta protetora em lesdes secundarias (Hommel et al. 1995). Nesse sentido, o golden
hamster preenche todas as caracteristicas necessarias destacando-se como modelo ideal no
estudo das leishmanioses, principalmente pela susceptibilidade as espécies do subgénero

Viannia.



O fato dessa espécie de animal experimental ndo ter linhagens inbread disponiveis
comercialmente, impossibilitando manipulagdes genéticas nesse modelo, e a inexisténcia de
reagentes imunologicos especificos, o que impede um estudo imunopatogénico mais
detalhado, podem ter contribuido para a ndo consagracdo deste como modelo principal no
estudo da leishmaniose tegumentar (Hommel et al. 1995, Awasthi et al. 2004, Oliveira et al.
2005).

1.2-O modelo experimental golden hamster

Os primeiros hamsters usados em experimentacdo animal foram os chineses (Cricetus
griseus) e ja em 1919 foi comprovada sua susceptibilidade a Leishmania. Devido a
dificuldade na reproducdo desta espécie em cativeiro e aos dados insatisfatorios obtidos em
estudos de leishmaniose no Mediterraneo, foi criada por volta de 1930, em laboratorios da
Franca e Inglaterra, uma nova coldnia de hamsters oriundos da Siria. Essa criacdo foi
posteriormente estendida para os Estados Unidos. Estes animais foram inicialmente
denominados de hamsters sirios (Syrian hamsters) em virtude do local onde foram
encontrados e mais tarde, juntou-se a denominacao dourado (golden) devido a sua cor de
pelagem. A taxonomia do golden hamster é definida como: Classe Mammalia, Ordem
Rodentia, Familia Cricetidade, Género Mesocricetus, Espécie Mesocricetus auratus (Andrade
et al. 2006, Sirois 2008).

Os golden hamsters sdo animais de pequeno porte, cujo comprimento quando adulto
pode chegar de 15 a 17 centimetros e seu peso de 85 a 120 gramas. Possuem habitos noturnos,
preferindo temperaturas mais altas, podendo hibernar quando a temperatura cai. As fémeas
sd0 mais agressivas que 0os machos. A puberdade ocorre aos 28 dias de idade, a maturidade
sexual se da por volta dos 42 dias, com uma longevidade de cerca de 2,5 anos. Os hamsters
sdo buscados como modelos experimentais para pesquisa por possuirem alta taxa de
reproducdo e pela facilidade no manejo, sendo relativamente livres de infec¢fes espontaneas
e, em contrapartida, susceptiveis a uma serie de agentes patogénicos introduzidos (Andrade et
al. 2006, Sirois 2008).

O golden hamster é conhecido por ser um excelente modelo em diversas doencas
infecciosas humanas como a sifilis e as leishmanioses (Revisto por Melby et al. 1998), além de
ser usado também como modelo no estudo da doenca de Chagas, clostridiose e ancilostomose
(Mendez et al. 2005, Bilate et al. 2007, Goulding et al. 2009), sendo o Gnico modelo disponivel

em algumas dessas doencas. Dada sua alta sensibilidade a infeccdo por microrganismos



intracelulares, ele tem sido usado para o isolamento de diversos agentes infecciosos humanos
incluindo Leishmania (Melby et al. 1998).

Particularmente nas leishmanioses, o hamster € o0 modelo animal de elei¢cdo empregado
para o isolamento e conservacéo in vivo de Leishmania de materiais bioldgicos suspeitos, além
de ser utilizado desde a década de setenta como modelo susceptivel de infeccdo por
L. donovani na China, dada sua alta susceptibilidade a infeccéo e sua capacidade em manifestar
a maioria das alteracGes patoldgicas observadas em humanos (Rojas & Scorsa 1995, Rica-
Capela et al. 2003). Alem disso, a primeira classificacdo das espécies de Leishmania
responsaveis pela LTA, proposta por Lainson e Shaw, foi baseada no comportamento dos
diferentes isolados em infec¢Bes em hamsters, além do crescimento em cultura (Lainson e
Shaw, 1970).

Grande parte dos estudos experimentais de Leishmania no modelo hamster é feita com
as espécies responsaveis pela forma visceral da doenca (Leishmania (Leishmania) donovani e
Leishmania (Leishmania) infantum), uma vez que o hamster reproduz a maioria dos aspectos
encontrados na doenca humana, sendo considerado o modelo ideal para a LV (Melby et al.
2001; Dea-Ayuela et al. 2007). Esses estudos abrangem desde a imunopatogénese do modelo
na forma visceral da doenca (Melby et al. 1998, Requena et al. 2000), até teste de eficacia de
drogas (Dea-Ayuela et al. 2007, Gupta et al. 2011), sendo a maioria deles em testes de
candidatos vacinais para a LV (Samant et al. 2009, Gomes et al. 2011). Em contrapartida, 0s
estudos envolvendo espécies responsaveis pela LTA sdo mais escassos, onde as espécies mais
frequentemente usadas sdo L. braziliensis e L. panamensis (Zelédon et al. 1969, Wilson et al.
1979, Kahl et al. 1991, Osorio et al. 2003, Espitia et al. 2010, Gomes-Silva et al. 2013).

1.3-O golden hamster como modelo da leishmaniose tegumentar Americana

A susceptibilidade do modelo hamster as espécies responsaveis pela LTA foi
comprovada nos primeiros trabalhos realizados com L. braziliensis em infec¢do de hamsters e
camundongos, onde foi observado que o desenvolvimento da doenca era mais dificil em
camundongos quando comparados aos hamsters, além do periodo de incubacdo nesses
também ser maior (Zéledon et al. 1969). Neal & Hale em 1983, mostraram que mesmo
grandes indculos de L. braziliensis ndo eram capazes de causar lesdo em camundongos Balb/c
e CBA/H, enquanto que hamsters desenvolveram lesbes grandes, que evoluiram para a cura
espontanea.

Além da extrema susceptibilidade as espécies do subgénero Viannia, o hamster provou

ser um modelo apropriado ao estudo da LTA, uma vez que também reproduz a metastase e a
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linfoadenopatia observada em humanos devido a natureza cronica da infeccdo, levando a
disseminacdo dos parasitos e podendo resultar em lesBes distantes do local de inoculagéo
(Travi et al. 1988, Travi et al. 1993).

1.4- Aspectos clinico-evolutivos de lesdes do golden hamster como modelo da leishmaniose

tegumentar Americana

De maneira geral, as lesdes clinicas na pele de hamsters infectados com espécies do
subgénero Viannia iniciam-se com eritema e edema local, evoluindo para uma péapula,
culminando com uma apresentacdo nodular ou ulcerada (Wilson et al. 1979, Hommel et al.
1995). Porém, o periodo de surgimento da lesdo, a apresentacdo clinica e o tamanho da leséo,
que refletem a gravidade da doenca, dependem de uma série de fatores, que podem levar a
variacOes nesses parametros. Caracteristicas relacionadas ao hospedeiro e ao parasito estdo
envolvidas nas apresentac@es clinicas e na evolucdo da infec¢do por Leishmania em humanos

(Mehegan et al. 1999), fato observado também no modelo hamster da LTA.

Uma das primeiras caracteristicas do parasito que contribui para diferencas na patogénese
da doenca € a espécie envolvida na infeccdo. Animais infectados com Leishmania (Viannia)
peruviana e L. braziliensis mostraram diferencas nas manifestacbes clinicas entre essas
espécies, onde L. braziliensis mostrou ser mais virulenta que L. peruviana, gerando lesdes
maiores de surgimento mais precoce (Gamboa et al. 2008). Em contrapartida, Leishmania
(Leishmania) amazonensis mostrou ser mais virulenta para hamsters do que L. braziliensis,
gerando lesbes mais necroticas e consequentemente mais graves (Wilson et al. 1979, Ribeiro-
Romado et al. manuscrito em preparacdo), enquanto as lesdes geradas por L. braziliensis e
L. guyanensis apresentaram-se mais benignas e similares do ponto de vista clinico patoldgico
(Ribeiro-Romao et al. manuscrito em preparacdo). Fémeas de hamsters infectadas com
L. braziliensis, L. panamensis ou L. guyanensis apresentaram lesdes mais graves na infeccéo
por L. guyanensis comparada com as outras duas espécies (Rey et al. 1990).

Espécies de Leishmania menos frequentemente associadas com a LTA, que levam a
lesbes mais benignas no ser humano (Costa et al. 2009), também mostraram-se menos
patogénicas para hamsters. Infecgdes com Leishmania (Viannia) naiffi levaram somente a um
discreto edema na regido inoculada apesar da presenca dos parasitos (Naiff et al. 1991). A
primeira descricdo de Leishmania (Viannia) lindenbergi foi realizada a partir da inoculagdo em
hamsters de material bioldgico suspeito de pacientes, que ndo desenvolveram lesdo no local de

inoculagdo, mesmo havendo parasitos no tecido (Silveira et al. 2002).
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Além da espécie utilizada na infecgdo, variacdes intraespecificas na infectividade do
isolado de parasito utilizado, devem ser levadas em consideracdo para definir o tamanho do
indculo a ser utilizado na infec¢do, uma vez que a espécie L. braziliensis esta associada a um
baixo crescimento e desenvolvimento das formas infectantes in vitro, necessitando de um
indculo elevado para garantir a infeccéo (Oliveira et al. 2005). Em estudo onde hamsters foram
infectados com diferentes nimeros de parasitos, indculos muito baixos (102 10', 10°% de
L. braziliensis foram capazes de levar ao desenvolvimento de lesdes (Wilson et al. 1979).
Outros estudos que avaliaram diferentes isolados de L.braziliensis obtidos de lesGes cutaneas e
de lesdes mucosas de pacientes, mostraram diferencas nos periodos de prepaténcia das lesdes
no modelo hamster, tanto entre isolados obtidos somente de lesdes cutaneas (Sinagra et al.
1997) quanto de oriundos de lesbes cutaneas e mucosas (Kahl et al. 1991), sugerindo a
existéncia de diferentes graus de viruléncia entre isolados de uma mesma espécie.

As condicdes dos inoculos utilizados em infeccdo experimental também influenciam o
desenvolvimento da doenca, onde fatores como o numero de parasitos inoculados, o pH do
meio de cultivo e a forma evolutiva dos parasitos inoculados tem relacdo direta com o
desenvolvimento das lesdes. Em contrapartida, fatores associados ao hospedeiro, incluindo o
local anatdmico de inoculacdo e a via de infeccdo, assim como género, idade e a condicdo
imunolégica, também podem influenciar no processo patolégico (revisto por Gomes-Silva et
al. 2013).

O meio de cultura de crescimento dos parasitos pode interferir no desenvolvimento da
doenca uma vez que o pH do meio exerce efeito na metaciclogénese e consequentemente na
infectividade in vitro e in vivo desses parasitos. Culturas de L. braziliensis e L. peruviana com
pH igual a 5.5 geram maior percentual de promastigotas metaciclicas do que culturas com pH
igual a 7.4, bem como maior percentual de macrofagos infectados e tamanho das lesbes em
hamsters (Gamboa et al. 2008).

O ndmero de parasitos inoculados também é um fator importante para determinar o
tempo de surgimento das lesGes e o desenvolvimento da doenga. Hamsters infectados com
diferentes inoculos, tanto de L. braziliensis quanto de L. panamensis, apresentaram menores
periodos de incubacdo da doenca quanto maior o nimero de Leishmania no in6culo (Zeledon
et al. 1969, Wilson et al. 1979, Osorio et al. 2003). Estes trabalhos mostraram que para 0
desenvolvimento de lesGes no focinho, foram necessarios de 100 a 1000 parasitos (Osorio et al.
2003).

O local de inoculagdo dos parasitos também influencia no curso da doenga no hamster,
uma vez que infeccOes realizadas na pata, focinho e orelha com L. braziliensis mostraram ser
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mais bem sucedidas quando comparadas as infec¢des no flanco (Wilson et al. 1979). Isto se
deve provavelmente & menor temperatura observada na pele das extremidades corporeas e nas
diferencas na microcirculacdo da derme, que podem favorecer a presenca dos parasitos
(Zeledodn et al. 1969, Osorio et al. 2003). Além desses fatores, a resposta imune local pode
influenciar no controle ou exacerbacdo da infeccdo. Lesdes resultantes da inoculacdo de
L. braziliensis e L. panamensis no focinho de hamsters desenvolveram-se mais rapidamente,
além de terem apresentado evolucdo mais grave e maior ulceragdo quando comparadas com as
lesbes na pata (Zéledon et al. 1969, Osério et al. 2003). Foi observado que a expressao génica
de citocinas pro-inflamatorias e anti-inflamatorias foram maiores nas lesdes do focinho,
consideradas mais graves, do que nas lesfes da pata (Osorio et al. 2003).

A via de inoculacdo e as formas evolutivas dos parasitos foram os fatores mais
importantes envolvidos no surgimento e evolucdo da infeccdo quando hamsters foram
inoculados com amastigotas ou promastigotas de L. braziliensis por diferentes vias (Wilson et
al. 1979). As formas amastigotas mostraram maior infectividade quando comparadas as
promastigotas e a via intradérmica foi mais eficiente que a via subcutanea quanto a infeccdo e
ao inicio das lesdes. Animais quando foram infectados com 10 amastigotas por via subcutanea
levaram praticamente 0 mesmo tempo para desenvolverem lesdo quando comparados com
animais infectados com 10° amastigotas pela via subcutanea. Assim, a via intradérmica usada
nesse estudo mostrou que é necessario um inéculo muito menor para desenvolver a lesdo
(Wilson et al. 1979).

O género do hospedeiro, em virtude das diferencas hormonais, também pode levar a
diferentes evolucdes das lesGes. Hamsters machos infectados na pata com L. panamensis ou
L. guyanensis apresentaram lesGes maiores e mais graves, além de maior probabilidade de
desenvolverem metastases, quando comparados as fémeas (Travi et al. 2002, Saravia et al.
2005). O efeito hormonal foi comprovado através da administracdo dos respectivos horménios
de cada género para o género oposto, onde fémeas que receberam horménios androgénicos
passaram a apresentar lesdes maiores que as fémeas nédo tratadas (Travi et al. 2002). Nesse
mesmo sentido, a idade dos animais influencia na patogenia da doenga, uma vez que animais
mais jovens ndo produzem esses hormonios. Foi observado que machos adultos
desenvolveram lesfes maiores que 0s animais mais jovens em infeccdo por L. panamensis,
porém essa diferenca ndo foi observada entre as fémeas. Além disso, o desenvolvimento de
lesBes necrdticas foi mais frequente entre hamsters adultos do que entre os jovens. (Travi et al.
2002).



Ainda sobre a influéncia hormonal contribuindo na modulacdo da resposta imune e no
desenvolvimento da infeccdo, foi observado que fémeas prenhes de hamsters infectadas com
L. panamensis desenvolveram lesdes menores e com menos parasitos quando comparadas as
ndo prenhes. Essa influéncia sob o sistema imune foi atribuida a uma maior contribui¢do da
resposta imune inata no inicio da infeccdo, com maior expressdo de iNOS e maior producao
de oxido nitrico por neutréfilos e macrofagos e uma consequente diminui¢do na expressao de
citocinas pré-inflamatorias (Osorio et al. 2008).

Embora nos primeiros estudos de infec¢do por L. braziliensis em hamsters néo tenha
sido observado metéstase cutanea (Lainson e Shaw 1972), golden hamsters sdo capazes de
reproduzir a metastase cutanea observada na doenga humana, que geralmente ocorre entre seis
e quinze semanas de infeccdo com L. panamensis, variando entre os diferentes isolados
utilizados. Diferentes espécies de Leishmania levam a diferencas na predisposi¢do a metastase
nesse modelo, mostrado em estudo onde o maior percentual observado foi atribuido a
L. guyanensis (22%), seguido por L. panamensis (8,6%), ndo sendo observada metastase em
infeccdo por L. braziliensis (Travi et al. 1988). A capacidade metastatica da infeccdo por
L. guyanensis em hamsters foi maior que na infecgdo por L. panamensis, assim como as
lesbes primarias e as metastaticas foram mais graves com L. guyanensis, independente do
tamanho do in6culo (Martinez et al. 1991). A metéstase mucosa foi observada em infec¢do de
hamsters com L.guyanensis, sendo esta atribuida a um trauma local (Santrich et al. 1990).

Além da metastase cutdnea observada nas infeccdes com espécies de Leishmania
responsaveis pela LTA, a visceralizacdo dessas espécies, que sdo originalmente associadas a
infeccOes cutaneas, é um achado frequente no modelo hamster (Kahl et al. 1991, Martinez et
al. 1991, Almeida et al. 1996, Gomes-Silva et al. 2013).

A visceralizacdo de Leishmania tendo a pele como sitio primario de infeccdo em
hamsters foi observada em estudo que utilizou 500 promastigotas metaciclicas de
L. braziliensis, onde apds trés meses de infeccdo, parasitos foram encontrados no linfonodo
drenante, figado e baco, sendo o linfonodo o érgdo com maior percentual de positividade para
0s parasitos, seguido pelo figado e baco (Almeida et al. 1996). Em outro estudo, a infecgédo
com L. braziliensis levou a visceraliza¢do dos parasitos para o linfonodo drenante em todos 0s
animais infectados, enquanto alguns animais apresentaram visceralizacdo no bago e raros
apresentaram no figado (Kahl et al. 1991). Em estudo recente, hamsters infectados com 10°
promastigotas de L. braziliensis apresentaram visceralizacdo dos parasitos para o baco apds
trés meses de infecgdo, e o peso do baco, considerado um sinal clinico da visceraliza¢do
guando aumentado, correlacionou-se positivamente com o tamanho da pata e
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consequentemente com a gravidade da doenca (Gomes-Silva et al. 2013). Esses estudos
mostram que a visceralizagdo é um evento comum em hamsters frente a infeccdo com
Leishmania originalmente associada com a infeccdo cutdnea, provavelmente devido a
caracteristicas inerentes ao modelo.

Embora estudos sobre reinfeccdo com Leishmania do subgénero Viannia sejam
escassos, Osorio e colaboradores (1998) observaram protecdo parcial heter6loga, em hamsters
infectados com formas ndo infectivas de L. major e desafiados com L. panamensis,
representada por lesbes menores quando comparadas ao grupo controle. Esses dados sugerem
gue uma imunidade parcial pode ser gerada no modelo, a despeito da alta susceptibilidade do

modelo as espécies do subgénero Viannia.

1.5- Aspectos imunopatoldgicos do golden hamster como modelo da LTA

As principais caracteristicas histopatologicas em les6es cronicas de hamsters infectados
com Leishmania do subgénero Viannia é a presenca de uma reacdo granulomatosa, cujos
macrdéfagos em arranjos epitelidides apresentam-se vacuolizados e com ndmero variado de
parasitos, além de linfocitos, plasmdcitos, neutréfilos e eosinéfilos ao redor ou infiltrados no
granuloma, podendo haver ou ndo necrose (Wilson et al. 1979, Kahl et al. 1991, Almeida et al.
1996, Osorio et al. 2003, Corréa et al. 2007, Gomes-Silva et al. 2013). Assim como nos
hamsters, a formacdo de granuloma mediado pela infeccdo por L. braziliensis € o principal
achado histopatolégico observado na doenca humana (Magalhdes et al. 1986, Pirmez et al.
1990 in Souza-Lemos et al. 2008), além da presenca de infiltrado histiolinfoplasmocitério, com
ou sem células gigantes multinucleadas e necrose (Mehegan et al. 1999, Hepburn 2000). Porém
outros padrbes podem ser observados de acordo com o estdgio da doencga (Gherstich et al.
1999, Mehegan et al. 1999, Choi & Lerner 2001).

Diferentes padrbes histopatoldgicos podem ser encontrados nas lesdes de hamsters
dependendo do tempo de evolucdo da doenga. A fase inicial da infec¢do é caracterizada por um
infiltrado inflamatorio misto, constituido por macréfagos, neutrofilos, eosinofilos e linfocitos,
sendo que a reacdo granulomatosa se estabelece a partir de 15 dias de infeccdo, caracterizando
a fase cronica da doenca (Laurenti et al. 1990, Kahl et al. 1991, Ribeiro-Romao et al

manuscrito em preparagéo).

Uma caracteristica histopatologica peculiar do modelo em infecgdes cutaneas crénicas
com Leishmania é a presenca de estruturas basofilicas em formato lamelar concéntrico,

denominadas corpusculos de Schaumann (Wilson et al. 1979, Laurenti et al. 1990, Kahl et al.
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1991, Gomes-Silva et al. 2013). Hamsters infectados com Paracoccidioides brasiliensis
também apresentam esses corpusculos, assim como seres humanos com sarcoidose (Essayag
et al. 2002), porém em lesdes de leishmaniose tegumentar humana a presenca dessas
estruturas nunca foi relatada.

A formacdo dos corpusculos de Schaumann ocorre a partir de debris celulares e
parasitos mortos que ndo sdo rapidamente reabsorvidos e sofrem calcificacdo (Kahl et al.
1991, Essayag et al. 2002). Laurenti e colaboradores (1990) associaram a presenca destes
corpusculos em macrofagos de hamster como indicativo de um sistema fagocitico
mononuclear fragil.

Devido a falta de insumos imunoldgicos especificos para hamsters, a resposta imune
frente a infeccdo por Leishmania é pouco conhecida (Hommel et al. 1995, Awasthi et al.
2004, Garg & Dube 2006). A avaliagdo da resposta imune celular em células mononucleares
de sangue periférico (CMSP) de hamsters infectados com L. braziliensis mostrou capacidade
proliferativa de linfdcitos especificos frente a antigenos de Leishmania que, entretanto
correlacionou-se negativamente com aumento da pata (Gomes-Silva et al. 2013). Uma menor
capacidade proliferativa de linfocitos do baco de hamsters também foi observada em animais
inoculados no focinho com L. panamensis, que apresentaram lesdes mais graves, em
comparagdo com animais inoculados na pata, com lesdes mais brandas (Osorio et al. 2003).
Esses dados sugerem que no modelo hamster de LTA, a capacidade proliferativa de linfécitos
é reduzida em nos quadros mais graves da infec¢éo.

A resposta humoral na leishmaniose tegumentar em hamsters é caracterizada pelo
aumento nos niveis de imunoglobulina G (IgG) anti-Leishmania, apresentando correlacdo
positiva com o tamanho da lesdo e consequentemente, com a gravidade da doenca (Gomes-
Silva et al. 2013). Niveis aumentados de IgG total anti-Leishmania também foram observados
em infeccdo de hamsters com L. panamensis, mais altos em animais com lesdes no focinho,
consideradas mais graves, do que nos animais com leséo na pata, mais brandas. Essa diferenca
foi observada no periodo inicial da infeccdo, ndo havendo diferenca nos niveis IgG na fase
crénica da doenca (Osorio et al. 2003).

A primeira descricdo molecular dos aspectos imunopatolégicos no modelo hasmter de
leishmaniose foi feita em estudo com L. (L.) donovani a partir de sequéncias de DNA
complementar (cDNA) baseadas em sequéncias homdlogas de rato e camundongo,
determinada por Northern blotting. Nesse estudo, foi observado que, diferente do esperado ja
que os animais apresentam doencga progressiva com incapacidade de controlar a replicagéo dos
parasitos, ndo existe uma polarizacéo para o perfil de resposta do tipo 2 e auséncia de resposta
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do tipo 1, uma vez que houve aumento na expressdo de IL-2 e IFN-y , aléem de IL-10. Outra
caracteristica observada no modelo foi a presenca de uma cauda adicional de aminoacidos no
IFN-y, na regido C-terminal da proteina, local de ligacdo ao receptor na célula-alvo, que
poderia influenciar nessa perfeita ligagédo (Melby et al. 1998).

Em estudo subsequente, foi observada auséncia na expressdo e atividade da INOS,
resposavel pela produgdo de Oxido nitrico, além da baixa producdo de Oxido nitrico. A
auséncia de iINOS ndo foi atribuida a auséncia do gene de iNOS, nem a uma polarizacdo para
0 tipo 2 de resposta, uma vez que ndo houve aumento na expresséo de IL-4 comparado com 0s
animais ndo infectados. Essa auséncia também n&o foi decorrente da falta de TNF, um
segundo sinal potente para inducdo de iNOS, ja que houve alta expressdo dessa citocina
(Melby et al. 2001).

A menor atividade bioldgica do IFN-y do hamster foi confirmada em estudo com
infeccdo viral no modelo, onde a retirada do residuo de aminoécidos aumentou a capacidade
de sinalizagdo da citocina e a atividade antiviral em dez vezes (Zhao et al. 2006). Porém,
apesar da menor atividade bioldgica do IFN-y, outro estudo mostrou que a baixa expressao de
INOS era decorrente de um comprometimento na transcricdo da iINOS e ndo da menor
capacidade de ativacdo desta citocina, uma vez que a cascata de sinalizagdo do IFN-y mostrou
expressao e funcéo normais (Perez et al. 2006).

A Unica analise do padrdo de citocinas na leishmaniose cutdanea no modelo foi
realizada em hamsters infectados com L. panamensis. Foram observadas altas expressoes de
IFN-y, 1L-12p40, IL-10 e TGF-B em lesdes cronicas com dois meses de evolugdo, sem um
padrdo de polarizacdo para o tipo 1 ou tipo 2 de resposta (Osorio et al. 2003). Em estudos
mais recentes, onde foram descritas outras sequéncias de DNA complementar de citocinas e
quimiocinas de hamsters, a fase inicial de infecgdo de hamsters com L. panamensis (sete dias
de infeccdo) mostrou também uma coexpressdo de citocinas do tipo 1 e do tipo 2,
caracterizada por alta expressao de IFN-y e IL-12p40, assim como de IL-4, IL-10, IL-13 e IL-
21 (Espitia et al. 2010), evidenciando o mesmo carater de expressdo de citocinas observado na

LV no modelo hamster.
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2- JUSTIFICATIVA

O estudo das leishmanioses em modelo experimental é de extrema importancia para o
entendimento da dindmica do processo patoldgico bem como para o teste de novas drogas e
potenciais candidatos vacinais. O crescente avan¢o nos estudos observado nos ultimos anos
aponta para a possibilidade de desenvolvimento de uma vacina eficaz e de tratamentos
alternativos ao antimonial. Além disso, uma maior compreensdo dos mecanismos
imunopatologicos envolvidos nas diversas apresentacdes clinicas frente as inUmeras espécies
de Leishmania possibilita um melhor manejo da doenca tanto do ponto de vista clinico como
epidemioldgico.

A principal espécie responsavel pela LTA nas América e no Brasil € a L. braziliensis e
sua importancia na dindmica da doenca esta ndo s6 na sua ampla distribuicdo geografica como
também na possibilidade de desenvolver a forma mucosa, mais grave e de tratamento mais
dificil. Apesar da grande importancia dessa espécie na LTA, poucos estudos sdo realizados em
modelo experimental, principalmente devido a resisténcia a infecg¢do apresentada pela maioria
das linhagens de camundongos. O modelo golden hamster se destaca pela alta susceptibilidade
as espécies do subgénero Viannia, apresentando muitos dos aspectos imunopatoldgicos
envolvidos na doenca humana. Porém, € subutilizado pela falta de reagentes imunolégicos
comerciais, necessarios para uma investigacdo mais detalhada dos mecanismos
imunopatoldgicos envolvidos na doenca.

Estudo recente do nosso grupo avaliou a reprodutibilidade da infeccdo em golden
hamsters utilizando 10° promastigotas de um mesmo isolado de L. braziliensis. Todos 0s
animais desenvolveram lesdo cutanea, embora grande variacdo no tamanho das lesdes intra e
inter-experimento tenha sido observada. N&do houve metastase cutanea, porém a visceralizacéo
para o baco foi frequente, havendo correlacdo positiva entre o tamanho do bacgo e das lesdes.
Embora o indculo utilizado tenha assegurado o desenvolvimento da lesdo, este produzia um
quadro clinico muito grave, provavelmente relacionado a um déficit na resposta efetora
devido a alta carga parasitaria. Paralelamente, desde 2008 nosso grupo desenvolve trabalhos
envolvendo candidato vacinal contra a LTA, baseado em antigenos de L. amazonensis, com
protecdo comprovada no modelo murino em infeccdo homdloga, que passaram a ser testados
no modelo hamster de infecgéo por L. braziliensis.

Levando em consideracdo que o tamanho da lesdo é um pardmetro essencial na
avaliacdo da eficicia de um candidato vacinal para a leishmaniose cutanea, foi levantada a

hipotese de que a variabilidade observada poderia influenciar nesse resultado e, além disso,
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que a utilizacdo do inéculo de 10° parasitos, que leva a um quadro clinico grave com
comprometimento sistémico, poderia mascarar um possivel efeito protetor da vacina.
Baseados nesses fatos, este presente estudo teve como proposta investigar o tamanho do
indculo que garantisse a infeccdo, mas que ndo gerasse uma doenca exacerbada, atraves da
analise dos mecanismos imunopatoldgicos envolvidos na infeccdo por cada indculo,
utilizando condigdes mais controladas na infecgdo, com a padronizagdo do pH, da taxa de

metaciclogénese e da passagem in vitro dos parasitos nos referidos inoculos.
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3- OBJETIVOS
3.1- Objetivo Geral
Investigar a influencia de diferentes indculos de Leishmania (Viannia) braziliensis
(10%, 10° e 10° promastigotas) na evolucdo clinica e imunopatoldgica da leishmaniose
experimental no modelo golden hamster.
3.2-Objetivos Especificos:
v Avaliar a influéncia do tamanho do in6culo no desenvolvimento e defecho clinico da

lesdo cutanea;

v’ Investigar a repercussdo sisttmica da infeccdo com diferentes in6culos na

visceralizacdo dos parasitos;

v" Verificar se a expressdo génica de citocinas pro e anti-inflamatorias (IFN-y e IL-10)

esta associada com o tamanho do indculo e com a gravidade da doenca;

v" Identificar a influéncia da carga infectiva nas alteracdes histopatoldgicas observadas

nas lesdes de pele;

v" Identificar o in6culo de Leishmania a ser utilizado em estudos de candidatos a

farmacos e vacinas.
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METODOS E RESULTADOS

Artigo 1: Manuscrito em preparacao

Titulo: Different inoculum size of Leishmania (Viannia) braziliensis influences lesion
development and tissue damage but not cytokine expression in infected golden hamsters
(Mesocricetus auratus).

Raquel P. Ribeiro-Romao’, Elvia Yaneth Osorio?, Otacilio Moreira®, Adriano Gomes-Silva®,
Joanna G. Valverde Galvio', Lea Cysne Filkestein?, Claude Pirmez*, Eduardo Fonseca Pinto’,
Alda Maria Da-Cruz®".

Resumo

Poucos estudos sdo conduzidos em modelo experimental da leishmaniose tegumentar
Americana (LTA), provavelmente devido & falta de um modelo murino susceptivel a
Leishmania (Viannia) braziliensis, principal espécie envolvida na infec¢do. O golden hamster
é apontado como o modelo mais susceptivel a espécies do subgénero Viannia, porém estudos
disponiveis neste modelo apresentam diferentes protocolos, utilizando diferentes cepas e
nameros variados de parasitos no indculo, levando a diferentes apresentacdes clinicas e
patogenias. Esse estudo teve como objetivo investigar o tamanho do in6culo que garanta a
infeccdo sem levar a uma doenca exacerbada. Para isto, grupos com cinco animais em quatro
experimentos independentes foram infectados por via intradérmica com 10% 10° e 10°
promastigotas de L. braziliensis. O desenvolvimento das les6es foi acompanhado por 105 dias
e apos este periodo foram coletados sangue, fragmentos de pele, linfonodo e baco, para
dosagem de IgG anti-Leishmania, avaliacdo da carga parasitaria, expressdo génica de
citocinas, andlise histopatolégica e investigacdo da visceralizacdo para o baco. Nossos
resultados mostraram que o tempo de surgimento das lesdes foi inversamente proporcional ao
tamanho do inéculo, com diferenca no tamanho final das lesdes entre os inéculos de 10* e 10°
e entre 10* e 10°. O aspecto clinico das lesdes variou de acordo com o inéculo: animais
infectados com 10* apresentaram lesdes mais nodulares e com 10°, lesdes mais ulceradas. A
carga parasitaria nas lesdes e nos linfonodos foi equivalente entre os trés indculos utilizados.
A expressdo de citocinas e os niveis de IgG anti-Leishmania apresentaram-se altos porém sem
diferenca estatistica entre os inoculos. A andlise histopatoldgica mostrou envolvimento
inflamatério moderado na pele dos animais infectados com 10%, enquanto os infectados com
10° e 10° apresentaram grau elevado de dano tecidual. A visceralizacdo de parasitos para o
baco foi menos frequente no indculo de 10% acometendo a maioria dos animais infectados
com 10°. Esses resultados indicam que o inéculo de 10* leva a lesBes mais benignas e a um
menor comprometimento sisttémico e que a modulagdo da resposta immune frente diferentes
numeros de parasitos inoculados ocorre na fase inicial da infecgéo, ditando o estabelecimento
e a magnitude da fase crénica da doenca.
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ABSTRACT

Few studies are conducted with experimental models of American tegumentary leishmaniasis
(ATL), probably due to the lack of a susceptible murine model to Leishmania (Viannia)
braziliensis, the main especie involved in infection. The golden hamster appears as the most
susceptible model to species from Viannia subgenus but available studies have different
infection protocols varying in parasite strain and number, generating different clinical and
pathological presentations. This study aimed to evaluate a well standardized innoculum that
ensures infection without leading to an exacerbated disease. For that, groups of five animals in
four independent experiments were intradermally infected with 10%, 10°and 10° promastigotes
from L. braziliensis. Lesion development was accompanied by 105 days and after that skin of
infected site, draining lymph node, spleen and sera were collected to investigate final parasite
load, spleen visceralization, cytokine expression, histopathological features and levels of IgG
anti-Leishmania. Our result showed that outcome of lesions was inversely proportional to
innoculum size and that difference in final lesion size was observed only between 10* and 10°
or 10° infected animals. Clinical aspects of lesions were also different: 10* animals presented
more nodular lesions and 10° more ulcerated lesions. Final parasite load was the same
between the three innocula. Cytokine expression and levels of anti-Leishmania IgG presented
high values in the different inocula, but did not differ among them. Histopathological analysis
revealed a mild inflammatory involvement in skin of 10* infected animals, while 10° and 10°
presented elevated degree of tissue damage and visceralization of parasites to spleen was less
frequently observed in 10* infected animals, with high spleen commitment between 10°
animals. These results indicates that 10* inoculum generated more benign lesions end less
systemic commitment and that modulation of immune response to different numbers of
innoculated parasites occurs in the early phase of infection and dictates the establishment and
magnitude of the chronic phase of disease.

Key words: Golden hamster, Leishmania (Viannia) braziliensis, inoculum, cytokine

expression, pathology.
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INTRODUCTION

In leishmaniasis, several characteristics are responsible for differences in the course of
human infection. An important factor is the diversity of species causing different clinical
forms, as well as different clones of the same species causing clinical variants (Schriefer et al.
2004, Costa et al. 2009). The number of parasites infecting the host is also determinant to the
outcome of infection as well as the immunological and genetic characteristics of the host
(Coutinho et al. 1987, Jerénimo et al. 2007).

Parasites from Viannia subgenus, as Leishmania (V.) braziliensis and Leishmania (V.)
guyanensis, are the most spread species causing tegumentary leishmaniasis in Americas. Most
of our knowledge on the immunopathogenesis of L. braziliensis infection comes from studies
in patients and in asymptomatic individuals (Reithinger et al. 2007, Costa et al. 2009,
Carvalho et al. 2012). Despite the greater importance of American Tegumentary
Leishmaniasis (ATL), few experimental studies were developed with L. braziliensis infection
(De Moura et al. 2005, Salay et al. 2007), since various strains of mice are resistant to this
species (Neal & Hale 1983, Oliveira et al. 2004). Balb/c mouse has been widely used, but it
has the disadvantage of not developing a long-term lesion when infected with L. braziliensis
(Dekrey et al. 1998, De Moura et al. 2005).

The lack of an adequate experimental model which reproduces the human L. braziliensis
infection is a limiting factor for the development of biological and pharmacological health
inputs to ATL. Hamster has proved to be an excellent model for cutaneous leishmaniasis
caused by Viannia subgenus given by its high susceptibility and since it reproduces many
clinical and histopathological characteristics of human cutaneous leishmaniasis (Kahl et al.
1991, Osorio et al. 2003, Gomes-Silva et al. 2013).

Considering that hamsters present an outbred genetic background is expected that
individual characteristics have an important hole in differences found in clinical outcome of
disease, in such way reproducing immune response observed in human being disease. Despite
these advantages, few studies have involved L. braziliensis infection in this model and the
protocols vary among them in terms of isolate and inoculum burden (Wilson et al. 1979,
Almeida et al. 1996, Kahl et al, 1991). However, even infection with the same number of
parasites and strain of L. braziliensis there was variability in terms of lesions development
when independent experiments were compared. Moreover, although high inocula as 10°
parasites have guaranteed lesion development, it lead to the visceralization, that is not
observed in human ATL (Gomes-Silva et al. 2013). Higher inocula burden produce larger

lesions and reduced time onset in the L. braziliensis-hamster model (Wilson 1979) and L.
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major-murine model of infection (Bretscher et al. 1992). On the other hand, the reduction of
number of parasites results in lower lesions and can also protect animals from further
infections (Bretscher et al. 1992). Besides, it is known that biological characteristics of
inoculated parasites such as the number of in vitro passages, growth phase, developmental
stages or rate of metacyclic forms can impact on the clinical course of Leishmania
experimental infection (Rey et al. 1990, Gamboa et al. 2008).

Unlike the murine model of L. major infection, human does not develop a polarized
cytokine profile in ATL and a well modulated inflammatory versus effector response to
control the parasite replication without inducing tissue damage (Carvalho et al. 2012). Only
recently, studies in molecular biology have allowed the development of tools for the detailed
study of hamster immunology in cutaneous leishmaniasis (Melby et al., 1998), thus enabling
the knowledge of its immune response in experimental infection with Leishmania (Viannia)
complex. Few studies described the hamster cytokine pattern generated by Leishmania
infection, particularly L. panamensis infection in the chronic and early phase, characterized by
a mixed type 1 and type 2 cytokine profile, with high expressions of IFN-y, IL12P40, IL-4, IL-
10 and IL-13 (Osorio et al. 2003, Espitia et al, 2010). However, the influence of the cytokine
expression on the clinical evolution of hamster lesions from cutaneous leishmaniasis caused
by L. braziliensis still remains to be adressed.

In the present study we investigated the parasite inocula that more closely reproduces the
cutaneous leishmaniasis usually observed in human beings and the hamster’s
immunopathological aspects associated with these infections. Our hypothesis was that the
lower inoculum would induce a benign lesion, without visceralization and would be
associated with a balanced IFN-y/IL-10 ratio. For that, hamsters were infected with 10%, 10°
and 10° L. braziliensis promastigotes in well defined inoculum condition, and were evaluated

for lesion increment, histological alterations and mRNA cytokine expression.
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MATERIAL AND METHODS

Animals and ethics statements

Outbread golden hamsters (Mesocricetus auratus) adult female (6-10 weeks old), weighing
80-90 g, from the animal facilities from Fundagdo Oswaldo Cruz, were used. Sixty infected
animals were divided in four independent experiments, with three groups (n=5) according to
the inoculum load, and 10 uninfected animals, were used as control. This study was approved
by the Ethics Committee on Animal Use (CEUA) of Fundacdo Oswaldo Cruz —-FIOCRUZ,
with protocol number LW 11/11.

Parasites for infection and immunological studies

L. (V.) braziliensis promastigotes (MCAN/BR/98/R619) in stationary growth phase (third in
vitro passage) in Schneider’s Drosophila medium (Sigma Chemical Co., St Louis, MO, USA)
supplemented with L-glutamine (1mM/ml), antibiotics (penicillin: 200u/ml; streptomycin:
200ug/ml) (Sigma, USA) and 20% FBS (Gibco, Brazil) were used to infect. Promastigotes
were washed in sterile phosphate-buffered saline, 0-15 M, pH 7.2 (PBS) and 1x10°, 1x10° or
1x10* parasites were inoculated intradermally in 30 pl of PBS in the dorsal hind paw of
hamsters. For a better standardized protocol, some conditions were established as use of the
same parasite frozen batch with known percentage of metacyclic forms (determined by the
complement lysis test, described by Gamboa et al, 2008) and pH of culture medium,
determined using a pH indicator strip (Merck, Darmstadt, Germany). Percentage of metacyclic
forms stayed between 44% and 51.6% and pH between 5.5% and 6.5%. Disrupted antigens of
L. (V.) braziliensis (MHOM/BR/75/2903) promastigotes (Lb-Ag) were obtained for

immunological studies in a final concentration of 1 mg/ml.

Clinical evaluation of L. (V.) braziliensis infection

The clinical aspects and lesions size were monitored weekly from day 10 up to 105 days post-
infection. The paw dorsum-ventral thickness was measured with help of a digital thickness
gauge (Mitutoyo America Corporation, Sdo Paulo, Brazil) and expressed in millimeter. The
lesion size was determined by the difference between the infected and the non-infected paw of
the same animal. Discrepancies in lesions size were determined by the variance coefficient

[VC= (standard deviation / mean) x 100)]. Clinical aspects of the lesions were described and
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classified as nodular lesions, nodular and ulcerated lesions and ulcerated ones. The

macroscopic aspects of paws were also registered by digital photographs.

Evaluation of parasite load from infected skin and popliteal lymph node

Parasite load of infected skin fragments were performed by Limiting Dilution Assay (LDA)
according to Titus et al (1985). Briefly, skin from inoculated paws and adjascent lymph node
(popliteal) fragments were placed on stainless steel screen containing one milliliter of
Schneider’s medium (Sigma, USA) and was macerated with the help of a pistil. Twenty
microliters of cell suspension were diluted in 180 pl of supplemented Schneider’s medium in
a Nunclon Delta 96 well microwell plate (Thermo Scientific Nunc, Denmark) in
quadruplicate. From the first well, serial dilutions were made (dilution factor 1:10). The plates
were then incubated at 26°C in a B.O.D. incubator (Fanem, Séo Paulo, Brasil) and evaluated
weekly for the presence of promastigotes for a period of 30 days. Results were obtained from
the average of the last four wells where viable parasites were observed divided by the weight

of fragments, expressed in number of parasites per gram of tissue.

Quantification of anti-Leishmania antibodies

The anti-Leishmania 1gG levels were determined in plasma samples by ELISA assay (Enzime-
linked immunosorbent assay) as described elsewhere (Gomes-Silva et al. 2008) with some
adaptations. Briefly, L. braziliensis promastigotes (MHOM/BR/1975/M2903) soluble antigen
(40ug/ml) was added (50 ul/well) to a polystyrene flat-bottom microtitre plate (Nunc-immuno
Plate, Roskilde, Denmark) and incubated overnight in a humidified chamber. After washing,
50 pl/well diluted plasma samples (1:5000) of animals infected and negative control (n=5),
represented by uninfected animals, were added in duplicate and plate was incubated at room
temperature. Horseradish peroxidase labelled goat anti-hamster IgG (1:5000) was used as
detector system (Santa Cruz Biotechnology, Santa Cruz, CA, USA). The results were
expressed as ELISA index (EI), obtained by sample absorbance divided by mean of negative
controls absorbance. The cut off was determined by ROC curve, which value was defined

based on the best relationship between sensibility and specificity.
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Macroscopic and microscopic analysis of spleens

In order to evaluate the enlargement of spleens as a result of the presence of nodules in the
parenchyma, spleens of hamsters were submitted to macroscopic inspection and weighed in a
precision balance. Dissemination of parasites from the inoculation site to spleens was
confirmed by visualization of Leishmania or histopathological alterations (presence of

granumloma) through histopathological analysis of spleens.

Histopathological analysis

Fragments from the skin of the infected paw and spleens were fixed in 10% buffered formalin
and processed for paraffin embedding. Sections of 4 pum thickness were stained with
haematoxylin-eosin and then observed by light microscopy (Nikon Eclipse E600, Microscope,
Tokyo, Japan). The images were captured in CoolSNAP-ProcCF and edited by ImagePro Plus
4.5.1.29 (Media Cybernetics, Maryland, EUA). The results were expressed in a score criteria
according to Xiao-giang Yang (2013), based on a semiquantitative analysis that evaluated the
intensity of each histopathological feature occurrence, varying from no observation (score=0),
slight observation (score=1), moderate observation (score=2) and intense observation
(score=3). Final results were given by mean of the four independent experiments per
inoculum, each one representing the sum of individual animal’s scores. The histopathological
features analyzed were: Granuloma extension, vacuolated macrophages, presence of

Leishmania amastigotes, Schaumann’s bodies and necrosis.

Tissue cytokine mMRNA expression by real time RT PCR

The samples (skin of paws and popliteal lymph nodes) were collected in RNA later (Ambion,
Life Technologies, Carlsbad, California, USA) and frozen at -80°C until use. Total RNA was
extracted from 20 mg of tissue using the RNeasy kit (Qiagen, Austin, Texas, USA). All RNA
samples were treated with RQ1 RNase-free DNase (Promega Corporation, Madison WI,
USA) and quantified using the pl Spectophotometer Pico 200 (Picodrop Ltd., Saffon Walden,
United Kingdom) and kept at -80°C until ready to use. RNA (0,8 ug) was reverse transcribed
using High Capacity Reverse Transcription kit (Applied Biosystems, Foster City, CA, USA).
For real-time PCR reaction of each target gene, 2 ul of RNA were used in a final volume of 15
pL, in duplicate, using TagMan Universal PCR Master in Applied Biosystems 7500 Fast
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Real-Time PCR equipment (Applied Biosystems, USA). The sequences of primers and probes
for specific target genes of hamster as well as denaturation, annealing and extension
temperatures used in this study have been described previously by Espitia and collaborators
(2010). Results were calculated by relative quantification formula using the comparative
method of Ct (threshold cycle) to calculate the ACt, having as endogenous control the
expression of the constitutive gene GAPDH. Subsequently, we calculated the AACt based on
calibrator, represented by uninfected animals. Final results was expressed by the formula 2
AACt

, representing the number of times that there was a change in cytokines gene expression in

relation to calibrator (fold change).

Statistical analysis

Statistical tests were performed with GraphPad Prism software version 5.00 for Windows
(GraphPad Software, San Diego, CA, USA). Comparison between experimental groups was
performed using one-way ANOVA. A parametric or non-parametric test was selected
according the distribution of the raw data, followed by a post-test analysis for multiple groups
as appropriate. The results were expressed as the mean + standard deviation and median.

Significant differences were considered when p<0.05.
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RESULTS

The inoculum burden of Leishmania (Viannia) braziliensis influences the clinical course

of skin lesions

The kinetics of lesions development over approximately 105 days revealed a chronic and
progressive course of evolution. No animal evolved with spontaneous resolution of lesion.
The lesion sizes of animals infected with 10* parasites were significantly smaller when
compared with 10° and 10° infected animals during all period of clinical evolution (p<0.05).
These two last groups of animals showed similar lesions size in all points of the kinetic curve,
once no statistical difference was observed (Figure 1A). The inoculum burden directly
influenced the time onset of lesions, been inversely proportional. Animals infected with 10*
promastigotes presented longer time onset (mean=25.7 + 6.1 days post infection) than animals
infected with 10° (mean=18.3 + 4.2) or 10° parasites (mean=13.2 + 2.2 days post infection).
Statistical differences were observed among 10* and 10°groups (p<0.05), 10°and 10° (p<0.01)
and between 10%and 10° (p<0.0001) (Figure 1B). The mean of lesion size at end point was
significantly lower in animals infected with 10* parasites (1.24 + 0.63 mm, median=1.18,
n=20, p <0.0001) than those infected with 10° (2.32 + 0.85 mm, median = 2.22; n = 20) or 10°
parasites (2.25 £ 0.74 mm, median = 2.35, n = 19) (Figure 1C).

The clinical aspect of the lesions also varied with the inoculum: 37% of animals infected
with 10* inoculum exhibited nodular lesions and 58% exhibited nodular and ulcerated lesions,
with only 5% of ulcerated ones. Animals infected with 10° parasites developed 15% of
nodular lesions, 60% of nodular and ulcerated lesions and 25% ulcerated ones, while the
majority of 10° infected animals showed nodular and ulcerated lesions (63%) and ulcerated
ones (32%), with only 5% of them presenting nodular lesions. Of note, all 10° and 10°
inoculated animals presented clinical lesions while between 10 infected ones, only one
animal did not present skin lesion. Clinical aspects of the lesions are shown in Figure 1D.

The variability pattern of lesion increment was determined by the variance coefficient in
each experiment. All 4 experiments in which the animals were infected with 10* inoculum
load presented a heterogenous pattern (VC > 30%). This pattern was observed in two
experiments using 10° and 10° inoculum load each and finally, an intermediary pattern (VC >
15% and < 30%) was observed in 2 out of 4 experiments using 10°> and 10° parasites.
Homogenous pattern (VC < 15%) was not observed in any one experiments with any
inoculum load.
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Figure 1: Evaluation of golden hamsters skin lesions after infection by Leishmania (Viannia)
braziliensis promastigotes in three different inoculum burden (10%, 10° and 10° parasites).
Lesions size were given by dorsum-ventral thickness difference between infected and
uninfected paw, and expressed in millimeters. A- Kinetics of skin lesions development along
105 days post infection. Graphs represents four independent experiments (Median and
standard error, n=59, p<0.05 related to 10* compared with10° and 10°% # p<0.05 related to 10*
compared with 10°). B- Onset of skin clinical lesions of each inoculum, given in days post
infection (Mean = SD); C- Final measurement of skin lesions after 105 days of evolution,
given by the difference between infected and uninfected paw, expressed in millimeters (mm),
n=59 (Mean = SD, p<0.0001). D- Clinical aspects of final lesions after 105 days of
inoculation (Nodular lesion in 1, nodular and ulcerated lesion in 2 and ulcerated lesion in 3).
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Skin lesions and lymph node presented similar parasite load independent of the number
of Leishmania (Viannia) braziliensis parasites in inocula

Animals infected with 10* parasites presented median of 1 x 10° parasites/g, whereas
10° animals showed 3.6 x 10° parasites/g. In 10° animals was observed a median of 11 x 10°
parasites/g. Although it was observed an increase of parasite load according to inocula, it was
not significant (Figure 2A). Adjascent lymph node also did not present significant difference
between the median values of the three groups: 10* = 7.4 x 10° parasites/g, 10° = 2.9 x 10°
parasites/g and 10° = 2.6 x 10° parasites/g (Figure 2B). The skin parasite load was positively
correlated with lesion size (r=0.57, p<0.0001). Of note, figure 2C shows a region (represented
between dotted lines), which 58.7% of animals of the three inocula present lesions size
between 1.2 to 2.6 mm (interquartile range:25%-75%), independent of inoculum and final

parasite load.

The different number of Leishmania (Viannia) braziliensis in inoculum versus anti-

Leishmania IgG levels

All groups of animals presented high levels of anti-Leishmania IgG, independently of
different parasite burden in inoculum. Still, there was not observed statistical difference
between inocula groups. 10* infected group presented mean = 20.1 + 10.8 (median = 19.4),
10° mean = 25.2 + 12.1 (median = 22.7) and 10° group mean = 26.6 +11.2 (median = 27.6)
(Figure 2D). Animals that developed small lesions or did not develop lesions showed lower
IgG levels or no production, respectively. A weak but positive correlation was observed

between lesion size and anti-Leishmania IgG (r= 0.31, p= 0.02, data not shown).
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Figure 2: Parasite load and anti-Leishmania immunoglobulin levels in goldenhamsters infected
by Leishmania (Viannia) braziliensis promastigotes. Animals were infected with three
different inocula (10%, 10° and 10° parasites). Final skin parasite load (A) and final lymph node
parasite load (B) after 105 days of infection (Median and interquartile range); (C) Correlation
between final skin parasite load and lesion size (r=0.57, p<0.0001) ; D- Anti-Leishmania IgG
serum levels after 105 days of infection. The dotted line represents the cut off value. Each
point represents one animal. The horizontal bars represent median value.
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Spleens weight varied with the highest inocula burdens and were correlated with lesion

increment

To evaluate the enlargement of spleens as a result of the presence of nodules in the
parenchyma (Figure 3A), the measurement of spleen weights was performed. Animal infected
with 10* (median: 0.289 g) did not exhibit a significant spleen enlargement in comparison to
uninfected animals (median: 0.240 g). The spleen size of both 10° (median: 0.326 g) and 10°
(median: 0.380 g) were higher than controls animals (p<0.05). Of note, seven out of 19 in
both groups presented spleens weight equal or larger than 0.500 g. There was positive
correlation among spleen weight and lesion size (Spearman, r=0.57, p<0.0001) (Figure 3B

and 3C).
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Figure 3: Spleen weight in grammas (g) of golden hamsters infected by Leishmania (Viannia)
braziliensis promastigotes in three different inocula load (10%, 10° and 10° parasites) after 105
days of infection. A- Macroscopic aspect of enlarged spleen with parenchyma nodules
(representative of a 10° infected animal); B- Spleen weights in the control and in the three
inoculum groups, * p<0.05, ** p<0.01; C- Spearman correlation between spleen weight and
lesion thickness (r=0.57, p<0.0001). Each point represents one animal; horizontal bars
represents median.
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Despite different inocula burden, Leishmania infection leads to high production of
Interferon gamma in skin lesions and popliteal lymph node but does not modulate IL-10

expression in these compartments

High expression of IFN-y was observed in skin of animals infected with L. braziliensis
compared with control group (p<0.0001), independent of inocula burden. However, no
statistical difference was observed between the three groups infected with 10% 10° and 10°
parasites (Table 1, Figure 4A). Adjacent lymph node also presented high levels of IFN-y
expression when compared with control group (p<0.01 with 10° group and p<0.0001 with 10*
and 10° groups) (Figure 4B), with no difference between the inocula groups. Of note, IFN-y
expression in lymph nodes was at least ten times lower than IFN-y expression in skin. The
fold increase of IL-10 expression in the skin of animal infected with 10*, 10° and 10° parasites
was similar to that presented by uninfected control group (Figure 4C). In comparison to skin,
adjacent lymph nodes also presented lower levels of IL-10 expression. Statistical difference
was observed only in lymph nodes from 10° infected group, when compared with control
group (p<0.05) (Figure 4D). Positive correlation was observed between IFN-y expression in
lymph node and parasite load in lymph node (Pearson, r=0.46, p<0.007), and parasite load in
skin (Pearson, r=0.41, p<0.008) (data not shown).

30



>

K%k |

= 100000+ | Kokk |
o I 1
g 10000+ kx| R
=~ A
5T 1000- " s vt
& g A, Wu:
<8 100+ [
Z _S " AA
X5 101
€5 ° v
z 11 ——
L
c 0.1 °
£
m 001 L] L] T T
N Y © o
O $ $ $
OO
Promastigotes per inoculum
C.
T 50~
(o))
c
2
% G 401 v
xS
EL "
o ~ 30'
85 ) '
cwm
204
£0 = v
£8 = A
S u A Vv
= o 104 A
o —=—— LAl
= AAA
= 0 —.#— ._.-_. A ‘:‘E‘ V;W
N > c; o
& $ S $
00

Figure 4: Cytokine mRNA expression in organs of goldenhamsters infected with different
parasite burden of Leishmania (Viannia) braziliensis 105 days post infection determined by
RT gPCR. Results are expressed as relative fold change between experimental samples and
skin or lymph node of an uninfected animal to which the value 1 was arbitrarily assigned.
Interferon gamma mRNA expression in skin lesions (A) and lymph nodes (B); IL-10 mRNA
expression in skin lesions (C) and lymph nodes (D). Each point represents one animal and
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Different parasite burden in inoculum contributes to higher tissue damage and is

associated with spleen visceralization of dermotropic Leishmania

Pathological parameters of Leishmania infection and tissue damage were
semiquantitatively evaluated and ranked in scores. These scores of histopathological features
of each inoculum in four independent experiments are shown on Figure 5A. Statistical
differences was observed between groups 10* and 10° (p<0.05) and between 10* and 10°
(p<0.05) (Figure 5B). Positive correlation was observed between lesion increment and
histopathological features score, associating higher tissue damage with greater lesion size
(Figure 5C) and between skin parasite load and histopathological features (Pearson, r=0.47,
p<0.008), (data not shown).

Animals infected with the three different inocula showed a similar histopathological
pattern, represented by a granulomatous reaction surrounded and/or interspaced by
neutrophils, eosinophils, lymphocytes and plasma cells. Intensity of Leishmania, in majority
of animals, was scarce. The main difference at histopathological level between the three
different inocula was the extension of granuloma and the degree of tissue damage, represented
by the parameters analyzed, usually greater as higher inocula. Parameters such as granuloma
extension (Figure 6A and B), intensity of vacuolated macrophages (Figure 6C), presence of
amastigotes (Figure 6C), Schaumann’s bodies (Figure 6D) were considered as pathological
alterations due to Leishmania infection.

The histopathological analysis of spleen showed, in enlarged organs with nodules in
parenchyma (Figure 2D), extensive areas presenting granulomas (Figure 6E), which some
granulomas showed vacuolated macrophages with Leishmania inside (Figure 6F arrow). The
visceralization of Leishmania was observed in 16% of 10* infected animals (4/25 animals), in
23.3% of 10° infected animals (7/30 animals) and in 69.2% of 10° infected animals (18/26

animals).
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Figure 5: Histopathological analysis of skin lesions of golden hamsters infected with different
parasite burden of Leishmania braziliensis 105 days post infection. A- Histopathological
features measured by scores in the groups of animals infected with 10*, 10° and 10° parasites
(Median and interquartile range, four independent experiments, Mann-Whitney, p<0.05); B-
Correlation between score of histopathological features and lesion sizes of animals infected
10 10° and 10° parasites (r=0.66, p<0.0001). Each point represents one animal.
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Figure 6: Photomicrography of organs from hamsters infected with different parasite burden
of Leishmania braziliensis 105 days post infection. A- Localized granuloma in dermis from a
10 representative infected animal (Hematoxilin and Eosin, 10X); B- Spread granulomatous
reaction in dermis of a 10° representative infected animal (arrow- necrosis; arrow head-
Schaumann’s Bodies), (Hematoxilin and Eosin, 20X); C- Macrophage vacuoles with
amastigotes (arrow) inside a granuloma (Hematoxilin and Eosin, 100X); D- Schaumann’s
bodies inside granuloma (arrows) (Hematoxilin and Eosin, 10X), Schaumann’s bodie inside
Multinucleated Giant Cell (square, 40X); E- Granulomas in spleen parenchyma (Hematoxilin
and Eosin, 10X); F- Vacuolated macrophage in spleen with Leishmania inside
(Arrow),(Hematoxilin and Eosin, 100X).
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Table 1: Data from golden hamsters infected with different parasite burden of Leishmania
(V.) braziliensis 105 days post infection.

Control 10°* 10° 10°
Skin lesion
parasite load
- 1x10° 3.6 x 10° 1.1 x10°
(parasites per
gltissue) [8 x 10%-7.7 x 10°] [1.8 x 10°-2.0 x 10°]
[2.0 x 10*-3.0 x 10°]
Lymph node
parasite load
- 7.4 % 10° 2.9x10° 2.6 x 10°
(parasites per
gltissue) [300-1.9 x 107] [2850-1.9 x 10°] [2.7 x 10%-2.4 x 10°]
Spleen weight 0.240¢g 0.289 0.326 0.380
(@)
[0.204-0.265] [0.257-0.361] [0.273-0.697] [0.270-0.547]
Skin IFN-y 1.0 229 723.6 454.8
expression
(fold change) [0.1-3.1] [137.8 — 1158] [357,4 — 1502] [247 — 975]
Lymph node 15 39.3 30.2 411
IFN-y
expression [0.9-1.6] [28.6 — 55.9] [20.6 — 45] [24.1 - 46.9]
(fold change)
Skin IL-10 1.0 7.3 3.7 5.3
expression
(fold change) [0.2-2.7] [1.9-14] [2.4-8.8] [1.6-12.8]
Lymph node 0.9 1.2 2.6 3.2
IL-10
expression [0.7-2.3] [0.7-2.5] [0.57-5.5] [2.0-8.2]

(fold change)

Note: Data are median (interquartile range) values
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DISCUSSION

The golden hamster model presents many advantages to be applicable to study
L. braziliensis infection, especially due to clinical and immunopathological similarities to
human disease. Previous results of our group have shown that experimental infection with 10°
parasites produced a considerable variability on the final lesion size as well as spleen
Leishmania visceralization that is not observed in human cutaneous leishmaniasis (Gomes-
Silva et al, 2013). Taking these facts into account and hypothesizing that this inoculum also
can mask a possible protective effect in vaccine candidate trials and the effectiveness of new
drugs in development, this study aimed to diminish visceralization by using lower and
standardized inocula. Besides, we investigated the immune mechanism involved in the
infection and lesion development when animals were infected with lower inocula burden. We
showed that in the chronic phase, infected animals with lower parasite inoculum (10*) assured
disease development producing smaller lesions and less histopathological damage, although
no difference in terms of tissue parasite load, 1gG levels or IFN-g and IL-10 production in
comparison to 10° or 10° inocula.

The number of parasites in the infection dose is proven to be essential to the outcome
of disease in both murine (Doherty & Coffman, 1996; Belkaid et al, 1998; Kimblin et al,
2008) and hamster model (Wilson et al., 1979). In the present study L. braziliensis infection
was performed using three different inocula and in a standardized protocol of infection,
controlled for the following parameters: the same batch of frozen parasites, 3" (third) in vitro
passage, known metacyclogenesis percentage and inocula pH. The time onset of lesions was
inversely proportional to inoculum load which can reflect the ability of immune response to
control higher or lower Leishmania infective burdens. Our results reproduced previous reports
showing that hamsters infected with 10° L. braziliensis last around 10 to 15 days to develop
lesions while longer period is required when 10* inoculum is used (25 to 30 days) (Wilson et
al. 1979, Kahrl et al. 1991). The kinetic of lesion development observed in our animals were
quite similar to that of L. major mice infection, in which 10° and 10° inoculum produced the
same pattern of curve increment and final lesion size. Interestingly, 10* produced small lesion
size while 10% generated a protective immunity, leaving mice resistant to a further Leishmania
infection. Then, immunomodulated effector response can be dependent on the initial parasite
inocula burden (Brestcher et al. 1992), influencing the establishment of the chronic phase of
infection. However, why 10° and 10° inoculum lead to similar clinical course clearly differing
from 10* inoculum is not clearly understood.
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The mechanisms triggered in the initial phase of infection, i.e. before lesion onset,
characterized as silent phase, seems to shape the progression of the disease. It was
hypothesized that a threshold limit of dermal infected macrophages or parasites released was
not reached in the early phase of infection in animals infected with lower inoculum. It may
renders a quiescent development of parasites restricted to macrophages of the inoculation site
without stimulation of IL 12 and IFN production by lymph node T cells and then lesion
development (Belkaid et al. 2000). This phenomenon could explain the longer onset of lesions
in 10* infected animals observed in the present work. From this same point of view 10° and
10° infected animals, on the other hand could have reached this threshold limit earlier,
eliciting cytokines production with an earlier lesion development.

Final lesion size also presented significant difference between 10* and 10° or 10°
lesions, although 10° and 10° had no differences in lesions sizes. The variance coefficient of
lesions size showed a heterogeneous pattern in 10* inoculum while 10° and 10° tended to an
intermediary variability in lesions size. Once differences in lesions size could be present even
in inbred mice (Brestcher et al. 1992, Pereira et al. 2009), it seems that the outbred genetic
background of the hamster model is not contributing for this variability.

Despite differences in the onset and size of lesions, it was observed that in the chronic
phase of disease, the same final parasite load was observed in lesions and lymph nodes of
animals infected with the three inocula. This phenomenon was also observed in L. major mice
infected with low and high inoculum dose. Skin of inoculation site and draining lymph node
of animals infected with low dose presented more parasite load than the high dose inoculated
animals in the chronic phase of infection (Kimblin et al. 2008). It seems that an equilibrium is
established on the chronic phase between the parasite and the host, which neither parasites nor
the cellular infiltrate induces any additional tissue damage (Belkaid et al. 2000).

Clinical aspect of lesion and histopathological features also varied according to
inocula. The nodular ulcerated lesions were the most common clinical presentation in all
groups (around 60%). However, animals infected with 10* parasites presented a higher
percentage of nodular lesions (37%) while the group 10° presented a higher percentage of
more severe ulcerated lesions (32%). A reduced in situ inflammatory commitment was
observed in the 10* animals group in comparison to 10° or 10° groups. In accordance, only
minor skin pathology was seen in mice infected with low number of L. major parasites while
severe pathologies resulted of a very high inoculum (Klimbin et al 2008). It prompt us to think
that parasite replication during the silent phase of infection also dictates the magnitude of
inflammatory reaction in the infection site. In accordance, the onset of lesion was more
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precocious in animals infected with higher inoculum. Afterward, the parasite-specific effector
response triggered by the highest inoculum (10° or 10° should sustain a unregulated
inflammatory response until the chronic phase. On the other hand, we can hypothesize that the
longer onset of clinical lesions and less tissue damage observed in 10* animals can be
explained by the longer time to achieve the parasite replication threshold, consequently
recruiting less inflammatory cells to the inoculation site.

Another possible explanation for this difference in tissue damage, lesion onset and
clinical presentation could be the cytokine profile. Previous reports in human L. braziliensis
infection related a positive correlation between larger and ulcerated lesions and IFN-y and
TNF levels, suggesting that these cytokines were contributing for tissue injury (Antonelli et al.
2005). Recent results also have shown that tissue damage in cutaneous lesions is attributed to
CD8" Granzyme B T cells, while CD4" T cells producing IFN-y is not correlated with lesion
size but with parasite killing (Santos et al. 2013).

Given the known importance of Thl cytokines in the pathogenesis of L. braziliensis,
there was high level expression of IFN-y in the period of chronic phase in the three inocula
used. Skin lesion had no differences in IFN-y or IL-10 cytokine expression according to lesion
size or clinical presentation and inocula burden. Besides, IFN-y or IL-10 expression was not
associated with different inocula. Of note, there was no detectable IFN and IL-10 expression
in skin of the only 10* animal which presented no lesion, suggesting the role of IFN -y in
lesion development and in the innate immune response in the resolution of infection in the
early phase.

This high IFN-y expression in comparison to uninfected animals, despite the number
of final parasite load in the infection site gave rise to think that IFN-y was not sufficient to
control parasite replication, because an inefficient effector cell response elicited by this
cytokine, rather than absence of cytokine production. In hamster visceral leishmaniasis, a
diminished IFN-y activity in macrophages activation was attributed to a limited well binding
with IFN receptor, compensated by an increasing in the IFN expression (Melby et al. 1998,
Zhao et al. 2006). Later studies proved that this impairment in parasite killing was not due to
IFN-y activity but to a diminished production of NO due to a low expression and activity of
INOS, despite the strong Th1l response observed (Melby et al. 2001, Perez et al. 2006). A non
polarized mixed type 1 and type 2 cytokine pattern conferred by high levels of IFN and IL-
12p40 as well as IL-4, 1L-10, IL-13 and IL-21 was detected in skin in the early phase
experimental L. panamensis infection (Espitia et al. 2010). The co expression of type 1 and
tipe 2 cytokines was also observed in chronic lesions of hamsters infected with L. panamensis
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(Osorio et al. 2003). This inflammatory response can contribute to the skin tissue damage but
the role of another cytokines has to be taken into account.

Increased levels of IL 17 were observed in lymphocytes from patients with CL and
ML, but not in healthy subjects, suggesting the participation of this cytokine in pathogenesis
(Bacellar et al. 2009). IL 17 play a pivotal role in recruitment of neutrophils in early stages of
infectious diseases, as well as autoimmunity and chronic inflammatory diseases In ML, there
was found elevated levels of IL 17 and neutrophils recruitment that could be associated with
tissue injury. These studies showed that regulated production of IL 17 is related to Leishmania
control and exacerbated production is associated with neutrophil influx and tissue damage
(Melby et al 2012). Studies in murine model of L. major infection attributed to neutrophils the
generation of necrotic lesions in IFN and iNOS deficient mice (Belkaid et al. 2000). Hamsters
infected with L. panamensis in the snout presented more severe lesions, when compared with
foot lesions, and a prominent local infiltration of polimorphonuclear cells, suggesting their
participation in the pathological process (Osorio et al. 2003).

Another important mechanism of parasite killing impairment by macrophages is the
alternative activation of macrophages (AAM) (Gordon and Martinez 2010). It was shown that
impairment of NO production in the hamster model of VL is mediated by alternative activated
macrophage (AAM) in which arginase production, that compete with the same substrate of
INOS to generate NO, was stimulated by L. donovani via STAT6 with no participation of Th2
cytokines (Osorio et al. 2012).

Visceralization of dermotropic Leishmania distant from inoculation site is considered
a common finding in hamster and mice experimentally infected with high inoculum of
parasites (Kahl et al. 1991, Almeida et al. 1996, Abreu-Silva et al. 2004, Soliman, 20086,
Gomes-Silva et al 2013), correlated with lesion size and consequently with severity of
infection (Gomes-Silva et al. 2013). Herein, spleen involvement was observed in only 16% of
10* animals against 70% of spleen commitment in 10° infected animals.

Curiously, well organized granulomas with amastigotes inside are easily detectable in
these spleens, while no granulomatous reaction is observed in spleen of mouse model of
L. donovani infection. Although granulomatous reaction is related to an effective resolution of
Leishmania infection, it seems that this response in the hamster model is attributed to a type
of granuloma which presents normal structure but no function, since it is considered a well
organized granuloma but has amastigotes, suggesting no effective response of macrophages in

killing Leishmania (Kaye et al. 2004). It reinforce the presence of the Th1 response generated
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by the hamster, since granuloma formation requires IL-12, INF gamma and TNF alfa (Murray
2001), but a deficiency in generation of NO, required to kill parasites within granulomas.

The high anti-Leishmania IgG production and its positive correlation with lesion size
observed in animals infected in response to Leishmania infection is a common find in
dermotropic Leishmania infection in the hamster model (Osorio et al. 2003, Gomes-Silva et
al. 2013) and in human been (Gomes-Silva et al. 2009) and could be considered an biomarker
of the active cutaneous disease. The similar production observed between inoculum groups
could be attributed to the established chronic phase, maybe in precocious moments of
infection lower antibodies production were present in 10* infected animals, given the longer
onset of lesions. In hamsters infected with L. infantum, there was observed increased levels of
anti-Leishmania 1gG with the time of infection (Requena et al. 2000).

In summary, different innocula influences disease outcome, clinical presentation, final
lesion size and degree of tissue damage but not final parasite load, cytokine expression and
lgG anti-Leishmania levels, which 10* inoculum generated more benign lesions and less
systemic commitment. These results indicates that in the early phase of infection, during the
innate immune response, differences observed between different parasite inocula burden
dictates the establishment and magnitude of the adaptative immune response thus determining

the chronic phase of disease.
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DISCUSSAO

O uso de modelos experimentais no estudo de doencas infecciosas é de suma
importancia para o entendimento dos mecanismos imunopatogénicos, bem como para o
desenvolvimento de novos farmacos e vacinas (Awashti et al. 2004, Oliveira et al. 2005,
Hommel et al. 1995). Particularmente no contexto das leishmanioses, a aplicabilidade de
modelos experimentais é fundamental dada a crescente resisténcia as drogas observada nos
ultimos anos (Kedzierski, 2010) e a falha na resposta terapéutica de algumas espécies de
Leishmania (Romero et al. 2001). Além disso, a antiga préatica da leishmanizacdo aponta para
a possibilidade de se estabelecer uma resposta de memoria protetora a doenca (Kedzierski,
2010).

A escolha do animal experimental ideal baseia-se na sua capacidade em reproduzir 0s
aspectos patoldgicos e a resposta imunolédgica observados na doenca humana. Nesse contexto,
0 goldenhamster apresenta-se como um modelo bastante adequado para ser utilizado por
apresentar alta susceptibilidade a Leishmania, em particular a espécies do subgénero Viannia,
de grande importancia epidemioldgica no Brasil, e por apresentar varias das caracteristicas
observadas na doenca humana (Hommel et al. 1995, Awasthi et al. 2004, Garg & Dube,
2006). Contudo, poucos sdo os trabalhos que abordam a infec¢do por L. braziliensis no
modelo hamster, em grande parte devido a falta de insumos imunoldgicos e moleculares
disponiveis para 0 modelo, que auxiliariam na elucidacdo dos mecanismos imunopatolégicos
envolvidos na infecgéo.

Em estudos recentes de nosso grupo o modelo goldenhamster mostrou-se bastante
aplicavel ao estudo da leishmaniose causada por L. braziliensis uma vez que reproduziu
muitos dos aspectos clinicos e imunopatologicos observados na doengca humana (Gomes-Silva
et al. 2013). Porém, apesar da utilizacdo de um protocolo de infeccdo bem padronizado, foi
observada uma grande variancia na medida final das lesdes quando experimentos
independentes foram comparados. Essa grande variancia pode ser atribuida em parte ao
background genético do modelo, uma vez que ele é outbread. Além disso, a utilizacdo do
indculo de 10° considerado muito alto se comparado & infeccdo natural, foi associado a
visceralizacdo da Leishmania para o bago e o figado, fenbmeno que ndo é observado na
leishmaniose cutanea humana. A partir desses estudos, hipotetizou-se que a utilizacdo de um
inéculo com um elevado numero de parasitos poderia mascarar um possivel efeito protetor de

um candidato vacinal ou mesmo a eficacia de novas drogas em desenvolvimento.
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Diante desses fatos, o presente estudo teve como objetivo investigar o inoculo ideal de
L. braziliensis a ser utilizado no modelo hamster de infeccdo com L. braziliensis que ndo s6
garantisse a infeccdo e o desenvolvimento da lesdo, mas que ndo evoluisse para uma doenca
exacerbada com consequente visceralizagdo do parasito. Para isso, foram realizados quatro
experimentos independentes onde grupos de cinco animais foram infectados com trés
diferentes indculos: 10, 10° e 10° promastigotas na fase estacionaria de L. braziliensis. Na
tentativa de diminuir as possiveis variagdes entre 0s experimentos, o inéculo foi padronizado
utilizando-se uma cepa proveniente do mesmo lote de congelamento, além do conhecimento
da taxa de metaciclogénese e do pH do meio de cultura no momento de preparo do inoculo.
Os resultados do presente estudo mostraram a influéncia do indculo de infecgdo no inicio do
desenvolvimento das lesdes, na cinética de crescimento, no tamanho final e no aspecto clinico
das lesbes. Na fase cronica da infeccdo, as diferencas mais marcantes foram observadas nos
animais infectados com o menor inéculo (10%), que desenvolveram lesdes menores com menor
dano tecidual, apesar de ndo ter havido diferenca em termos de carga parasitaria final,
producdo de citocinas e de IgG anti-Leishmania quando comparados com 0s animais
infectados com 10° e 10° parasitos.

Ja é sabido que o numero de parasitos no indculo inicial de infeccdo é essencial para o
estabelecimento da doenca tanto no modelo murino (Doherty & Coffman, 1996, Belkaid et al.
1998, Kimblin et al. 2008) como no modelo hamster de infec¢do experimental por espécies de
Leishmania (Wilson et al. 1979). No presente estudo, foi observado que o aparecimento das
lesGes clinicas foi inversamente proporcional ao nimero de parasitos inoculados, o que pode
refletir a habilidade da resposta imune inata em controlar a carga de parasitos no inicio da
infeccdo. Nossos resultados reproduziram trabalhos anteriores que mostraram que animais
infectados com 10° promastigotas de L. braziliensis levaram cerca de 10 a 15 dias para
desenvolver leses aparentes, enquanto periodos maiores foram necessarios para o surgimento
de lesBes em animais infectados com 10* parasitos (25 a 30 dias) (Wilson et al. 1979, Kahl et
al 1991).

A cinética de desenvolvimento das leses ao longo de 105 dias de acompanhamento
mostrou diferenca marcante entre as medidas dos animais infectados com 10* com as dos
animais infectados com 10° e 10° enquanto estes apresentaram cinéticas similares. Em
infeccdo com L. major em modelo murino utilizando diferentes inoculos, também foram
observadas similaridades nas cinéticas de crescimento de leséo entre animais infectados com
10° e 10° parasitos, com tamanhos finais de lesdo também iguais. Nesse mesmo estudo,
animais infectados com 10* apresentaram lesdes pequenas enquanto que o inéculo de 10°
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levou a uma resposta imune protetora, tornando-os resistentes a infeccdo subsequente
(Brestcher et al., 1992). Portanto, parece que uma resposta imune inicial efetora e modulada
influencia no estabelecimento e na fase cronica da doenca. Porém, o motivo pelo qual os
indculos de 10° e 10° apresentaram curso clinico e tamanho de lesdo final igual apesar da
grande diferenca de parasitos (900.000) em comparagdo com 10* e 10° (90.000), ainda n&o foi
compreendido.

Em outro trabalho utilizando diferentes cargas parasitarias de Trypanosoma cruzi em
infeccdo de camundongos, foi observado que o comprometimento inflamatério e o dano
tecidual foi diretamente proporcional ao tamanho do inoculo. Porém, diferente do observado
no presente trabalho, os indculos mais baixos (300 e 3.000 parasitos) apresentaram taxa de
mortalidade, comprometimento inflamatorio e carga parasitaria final similares, diferentes do
inéculo mais alto (30.000), sugerindo que existe um numero minimo de parasitos para
desencadear uma resposta especifica, levando a uma resposta descontrolada e ao dano tecidual
(Borges et al. 2012).

Os mecanismos desencadeados no inicio da infeccdo, antes do surgimento da leséo,
caracterizada como fase silenciosa da infeccdo, parecem ser decisivos na progressdo da
doenca. Acredita-se que exista um limite de infeccdo dos macrofagos da derme ou de
parasitos liberados no meio extracelular para desencadear uma resposta adaptativa e entdo o
inicio da lesdo. Em infec¢bes com baixo indculo, esse limite ndo atingido nesta fase inicial
leva a um desenvolvimento quiescente desses parasitos nesses macrdéfagos locais, sem
estimulacdo de IL-12, que levaria a producdo de citocinas por linfécitos T do linfonodo
drenante, sobretudo IFN-y, com consequente desenvolvimento da lesdo. Essa fase, onde tem
inicio a resposta adaptativa com consequentemente inicio da lesdo, é considerada como sendo
a de resolucdo da infeccdo, uma vez que ai se inicia a morte dos parasitos (Belkaid et al.,
2000). Esse fenbmeno pode explicar o periodo de desenvolvimento da lesdo mais longo
observado nos animais infectados com 10*. Da mesma forma, os animais infectados com 10° e
10° provavelmente atingiram esse limite de macréfagos infectados mais cedo, desencadeando
mais precocemente a resposta adaptativa, com consequente producdo de citocinas e lesdo
tecidual.

O tamanho final das lesdes dos animais infectados com 10* apresentou diferencas
significativas com o dos animais infectados com 10° e 10°, embora estes ndo tenham diferido
entre si. O coeficiente de variacdo das lesdes dos animais infectados com 10* mostrou um
padrdo heterogéneo, evidenciando uma maior variagdo nas lesfes quanto mais baixo o
inculo, enquanto que os indculos de 10° e 10° produziram lesdes que tenderam a um padréo

49



intermediario em termos de variacdo de tamanho. Uma vez que diferentes tamanhos de leséo
também sdo observados em camundongos inbred infectados com Leishmania (Brestcher et al.
1992, Pereira et al. 2009) podemos sugerir que a variabilidade observada no presente estudo
ndo se deve ao carater outbred do modelo hamster

Apesar das diferencas observadas no tempo de surgimento das lesbes clinicas e no
tamanho final dessas lesfes, uma vez estabelecida a fase cronica da infecgdo ndo foram
observadas diferencas na carga parasitaria final nos trés grupos de inoculos. O mesmo foi
visto em camundongos infectados com indculo baixo e alto de L. major. A pele do local de
inoculacéo e o linfonodo drenante da lesdo dos animais infectados com os diferentes indculos
apresentaram um periodo onde as cargas parasitarias se equivaleram (Kimblin et al. 2008).
Parece que um equilibrio é estabelecido na fase cronica da doenca entre 0 parasito e 0
hospedeiro, onde nem os parasitos nem a resposta inflamatoria induzem a danos teciduais
adicionais (Belkaid et al. 2000).

O aspecto clinico das lesbes também variou de acordo com o indculo usado. Lesdes
nodulares e ulceradas foram as apresentacdes clinicas mais comuns nos trés grupos de
inoculos (aproximadamente 60% dos animais). Porém, os animais infectados com 10*
apresentaram um alto percentual de lesdes nodulares (37%), enquanto os animais infectados
com 10° apresentaram maior percentual de lesdes ulceradas mais graves (32%). Uma possivel
explicacdo para as diferentes apresentacdes clinicas seria o perfil de citocinas expresso no
local de infec¢do induzida pelo indculo na fase inicial de infeccdo. Em um estudo que avaliou
o perfil fenotipico de células presentes em lesbes cutaneas causadas por L. braziliensis em
humanos, foi observado que o tamanho das lesdes estava positivamente correlacionado com
uma maior frequéncia de células produtoras de IFN-y e TNF, sugerindo que estas citocinas
estivessem envolvidas no dano tecidual (Antonelli et al. 2005).No presente trabalho, apesar
dos trés inoculos utilizados terem levado a diferentes apresentagdes clinicas, ndo foram
observadas diferencas entre a expressdo de IFN-y ou IL-10 entre os grupos de animais, bem
como ndo foi observada correlagcdo destas citocinas com o tipo de lesdo. Porém, outras
citocinas pro inflamatorias estdo envolvidas na resposta imune a Leishmania, como a IL-2 e 0
TNF, além da quimiocina considerada “leishmanicida”, CXCL10 (Kim & Soong, 2013).
Estudos recentes atribuem aos linfocitos T CD8 granzyme B como responsaveis pela lesdo
tecidual observada em lesBes cutineas, enquanto linfécitos T CD4" produtores de IFN-y ndo
estariam envolvidos com o tamanho da lesdo e sim com a morte dos parasitos (Santos et al.
2013).
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A andlise histopatologica das lesdes geradas pelos diferentes indculos mostrou um
menor comprometimento inflamatério local nos animais infectados com 10* parasitos em
comparagdo com os infectados com 10° e 10° que apresentaram o mesmo padrdo
inflamatorio. Esse menor comprometimento referiu-se principalmente a extensdo da reacdo
granulomatosa, onde a maioria dos animais infectados com inéculo de 10* apresentou uma
reacdo mais localizada, podendo ser observadas areas sem granuloma. Em contrapartida,
animais infectados com 10° e 10° parasitos apresentaram granulomas que se estendiam por
toda a derme analisada. Além deste parametro, a presenca de necrose foi outra alteracdo
histopatoldgica observada com alta frequéncia em animais infectados com 10° e 10° parasitos
do que nos infectados com 10%. A presenca de corpisculos de Shaumann e de amastigotas
também foi mais frequente nos inéculos de 10° e 10° em comparacdo com o inéculo de 10%.

Para a quantificacdo das alteragdes histoldgicas utilizamos a medida por escores, onde
a intensidade da alteracdo € pontuada de 1 a 3, e o somatorio reflete 0 grau do conjunto das
alteracbes teciduais observadas (Yang et al. 2013). Essas alteracGes observadas a
histopatologia conferiram maiores escores as lesdes dos animais 10° e 10° que ndo
apresentaram diferencas entre si, e menores scores no inéculo de 10*. Escores mais altos,
portanto, eram indicativos de maior dano tecidual, que correlacionou-se positivamente com o
tamanho das lesbes. Essas alteraces histopatologicas observadas nos trés indculos,
caracterizada entdo pela presenca de granuloma, rodeado e/ou intercalado por linfocitos,
plasmacitos, neutréfilos e eosinofilos, além da presenca de corplsculos de Shaumann, ja
foram observadas e bem caracterizadas em outros trabalhos envolvendo o modelo hamster na
infeccdo por L. braziliensis (Wilson, 1979, Laurenti et al. 1990, Kahl et al. 1991, Sinagra et al.
1997).

A presenca de corpusculos de Schaumann observados a histopatologia merece
destaque. Essas estruturas sdo formadas a partir de debris celulares e micro organismos
mortos que sofrem calcificagdo distrofica, muito comum no modelo hamster, e estéo
associadas a infecgbes que levam a uma reagdo granulomatosa (Kahl et al. 1991, Essayag et
al. 2002). Particularmente na infecgéo por L. braziliensis, essas estruturas séo frequentemente
encontradas (Wilson, 1979, Laurenti et al. 1990, Sinagra et al. 2007, Gomes-Silva et al. 2013)
e sua presenca no interior de granulomas sugere um sistema fagocitico mononuclear fragil do
hamster (Laurenti et al. 1990). No presente trabalho, a maior frequéncia desses corpusculos
foi associada com um maior parasitismo tecidual, apesar de ndo observada correlacéo

estatistica com a carga parasitaria.

51



A formacdo de granuloma mediado pela infeccdo por L. braziliensis € o principal
achado histopatolégico observado na doenca humana (Magalhées et al. 1986, Pirmez et al.
1990 em Souza-Lemos et al. 2008), além da presenca de infiltrado histiolinfoplasmocitéario,
podendo haver também células gigantes multinucleadas e necrose (Mehegan et al. 1999,
Hepburn 2000). Alguns estudos propuseram uma classificacdo histopatologica das lesdes de
leishmaniose cutdnea humana em padrdes histopatoldgicos, de acordo com a presenga ou
auséncia de determinados tipos celulares, necrose e célula gigante multinucleada numa
tentativa de se prever o progndstico da doenca (Ridley, 1980, Magalhdes et al.1986). Porém,
essa classificacdo foi contestada, uma vez que ja foi visto que diversos padrées podem estar
presentes em uma mesma leséo (Bittencourt & Barral, 1991). Esses estudos mostram que o ser
humano e o hamster compartilham varias caracteristicas histopatoldgicas na leishmaniose
cutanea causada por L. braziliensis.

A reacdo inflamatdria tecidual menos intensa observada nas lesGes dos animais
infectados com 10* parasitos em comparacdo com os infectados com 10° e 10° parasitos
também foi observada em infeccdo experimental de camundongos com indculos baixo e alto
de L. major, onde as lesGes oriundas do inoculo baixo apresentaram poucas alteraces
histopatoldgicas enquanto que nas lesGes do indculo alto, alteracbes mais severas foram
observadas (Klimbin et al. 2008). Essas diferentes caracteristicas inflamatorias observadas
entre o inéculo de 10* e os indculos de 10° e 10° na fase cronica da doenca nos levou a pensar
que a reacao inflamatoria gerada durante a fase inicial, ou fase silenciosa de replicacdo dos
parasitos, determina a magnitude da reacdo inflamatdria que perdura na fase crdnica da
doenca. A resposta especifica aos parasitos desencadeada apds a fase silenciosa pelos inculos
mais altos (10° ou 10°%) gerou uma resposta inflamatéria mais desregulada, que se manteve até
a fase cronica da infecgéo.

Outra possivel explicagdo para a magnitude do dano tecidual seria o perfil das
citocinas presentes nas lesdes. Trabalhos prévios em humanos com leishmaniose cutanea
localizada causadas por L. braziliensis relacionou lesdes mais graves com maiores niveis de
IFN-y e TNF (Antonelli et al. 2005). Pacientes com lesdes mucosas também apresentaram
uma relacdo IFN-y/IL-10 mais elevada, com alta producdo de IFN-y e baixa de IL-10,
sugerindo que a incapacidade em modular uma producéo exacerbada de IFN-y contribuem
para maior dano tecidual (Gomes-Silva et al. 2007).

Corroborando a importancia dessas citocinas na patogénese da L. braziliensis, o
presente trabalho mostrou uma alta expressédo de IFN-y nas lesdes durante a fase cronica da
infeccdo, nos trés diferentes indculos, apesar de ndo ter havido diferenca na expressédo entre 0s
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indculos. Embora algumas lesdes de alguns animais tenham apresentado diferencas no
tamanho e no aspecto clinico, sugerindo uma relagdo entre uma maior expressdo de IFN-y
e/ou menor expressao de IL-10 nas lesGes mais ulceradas e portanto consideradas mais graves,
como observado na doenga humana, ndo houve diferenga na expresséo de IFN-y ou IL-10 nem
com relacdo ao tamanho nem a apresentacao clinica. 1sso nos levou a concluir que talvez,
nesse caso ou nesse momento da infecgdo, 0 IFN-y ndo seja o mais fator mais determinante
para o dano tecidual, uma vez que os animais infectados com 10 parasitos tiveram menor
dano tecidual comparados aos animais infectados com 10° e 10° parasitos, porém apresentou
expressao de IFN-y semelhante aos demais indculos.

Estudos recentes mostraram o papel de linfocitos T CD8*, mais especificamente
células CD8 granzima B*, no dano tecidual em lesdes cutineas de L. braziliensis em
humanos. A presenca dessas células foi correlacionada com a necrose tecidual e a apoptose
das células-alvo, porém ndo foi correlacionada com a diminuicdo da carga parasitaria. A
morte dos parasitos foi atribuida as células TCD4" produtoras de IFN-y (Santos et al. 2013). O
papel dos linfocitos T CD8" ja foi associado a cura na leishmaniose cutanea (Da-Cruz et al.
2005), embora a resposta citotoxica exacerbada esteja envolvida na patogénese da
leishmaniose mucosa (Brodskyn et al. 1997).

Curiosamente, o uUnico animal que ndo desenvolveu lesdo no presente estudo,
inoculado com 10 parasitos, apresentou niveis indetectaveis de expresséo de IFN-y e de IL-
10. Isto também ocorre na pele sadia, cuja expressdo dessas citocinas € muito baixa ou, na
maioria das vezes, indetectavel. Diante desses fatos, concluiu-se que a infeccdo por
L. braziliensis no modelo hamster leva a alta expressdo de IFN-y na fase cronica da doenga,
independente de diferencas de inéculo utilizado (10%, 10° e 10°), apresentacdo clinica ou
tamanho da lesdo. O ndo desenvolvimento da doenca, observado em um dos animais, néo foi
associado a expressdo de IFN-y. Pode ser que na fase inicial da infeccdo tenha havido
diferenca na expressdo dessas citocinas e que esta tenha tido participacdo na evolugédo da
doenca ate a fase crénica.

A alta expressdo de IFN-y observada na pele e linfonodo dos animais infectados com
os diferentes indculos, comparados com os animais controle, concomitante com a presenca de
parasitos nesses 0rgaos, parece ser contraditéria uma vez que essa citocina esta relacionada a
ativacdo de macrdfagos, com consequente producdo de Oxido nitrico e morte dos parasitos
(Awashti et al. 2004, Cummings et al. 2010). Esses achados sugerem uma resposta efetora
ineficiente e insuficiente para controlar a replicagdo dos parasitos a despeito da presenca desta
citocina.
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Poucos séo os trabalhos que abordam o perfil de citocinas no modelo hamster dada a
escassez de insumos imunolédgicos. O primeiro estudo molecular da imunopatogenia da
leishmaniose visceral em hamsters mostrou um controle parasitario ineficiente apesar da forte
resposta Thl, com alta expressdo génica de IL-2, IL-12 e TNF, além da expressdo substancial
de IL-10 e TGF beta, indicando um perfil misto e ndo polarizado de resposta imune. A
progressdo da doenca, a despeito da alta expresséo de IFN-y, foi atribuida a diminui¢do da
atividade biolégica do IFN-y na ativacdo de macrofagos devido a presenca de uma cauda
adicional de amino&cidos que leva a uma ligac&o ineficiente com o receptor de IFN-y nas
células-alvo, compensada pelo aumento da expressdo desta citocina. Estudos posteriores do
mesmo grupo mostraram que esse controle parasitario deficiente ndo era decorrente da baixa
capacidade biologica do IFN-y, uma vez que a cascata de sinalizagdo desta citocina
encontrava-se intacta. Na verdade, a baixa expressdo de NO era consequente a uma baixa
expressao e atividade da iNOS, provavelmente devido a uma falha na regido promotora do
gene (Melby et al. 1998, Melby et al. 2001, Zhao et al.2006, Perez et al. 2006).

Osorio e colaboradores (2003) observaram lesdes de hamsters infectados com L.
panamensis apresentaram coexpressao de citocinas do tipo 1 (1L12p40, IFN-y) e do tipo 2 (IL-
10 e TGF-P) na fase cronica da infec¢do. Em um estudo mais recente que avaliou a expressao
de citocinas em lesbes de hamsters apos sete dias deinfecgdo por L. panamensis, onde foram
estabelecidas sequéncias génicas de outras citocinas e quimiocinas, também foi observado um
padrdo misto de resposta nessa fase inicial de infecgdo. Essa ndo polarizagéo para o tipo 1 ou
tipo 2 de resposta foi caracterizada por alta expresséo de IFN-y e 1L-12p40 assim como de IL-
4, 1L-10, IL-13 e IL-21, atribuindo a esse perfil inicial de resposta inflamatéria o caréater
crbnico da doenca observado neste modelo (Espitia et al. 2010).

No presente trabalho, a alta expressdo de IFN-y concomitante com a presenca de
parasitos, tanto no linfonodo quanto na pele infectada, reforca a teoria da ineficiéncia da
resposta efetora dos macréfagos na morte dos parasitos, apesar da presenca de IFN-y, como
observado no modelo de leishmaniose visceral da doenca (Melby et al.2001, Melby et al.
2006). Porém, o fato de s6 termos avaliado IFN-y e IL-10, de uma certa forma limita o
raciocinio a respeito da imunopatogenia da doenca no modelo, ndo permitindo conclusdes
mais robustas. Assim, seria necessaria a avaliagdo de outras citocinas, especialmente TNF,
gue podem estar envolvidas na resposta imune a L. braziliensis no modelo hamster. Além
disso, o estudo tanto da fase inicial de infeccdo quanto da fase crénica podera elucidar néo so
0s mecanismos que desencadearam o processo inflamatdrio, bem como os que possibilitam a
perpetuacao da infeccgéo.
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Outro mecanismo importante que pode contribuir para a morte ineficiente dos
parasitos por macrofagos € a ativacdo alternativa de macréfagos (Gordon & Martinez 2010).
Foi mostrado que a diminuicdo na producdo de éxido nitrico no modelo hamster de
leishmaniose visceral foi mediada pela produgdo de arginase por L. donovani, estimulada
diretamente via STAT-6, sem a participacdo de citocinas do tipo 2. A producédo de arginase
compete com 0 mesmo substrato necessario para a sintese de iNOS, a L-arginina, ou seja, com
a sintese de arginase, ndo occorre a sintese de iINOS. Alem do mais, durante a sintese de
arginase, ocorre 0 aumento de poliaminas, que também favorecem o crescimento dos parasitos
(Osorio et al. 2012).

Estudos recentes relacionados a imunopatogénese da LC e LM chamaram a atencéao
para outra citocina que pode estar envolvida no dano tecidual. Além de altos niveis de IFN-y e
TNF, niveis aumentados de IL-17 também foram observados em pacientes com LC e LM
ativa. Estes foram maiores no PBMC de pacientes com lesGes mucosas em relacdo as lesdes
cuténeas, sugerindo sua participacdo na patogénese e no dano tecidual (Bacellar et al. 2009).
A IL 17 estimula a producdo de citocinas pré-inflamatorias, além de exercer papel
fundamental no recrutamento de neutrofilos na fase inicial de infecgdo, conforme
demonstrado também em doencas autoimunes e doencas inflamatorias crénicas (Hirota et al.
2010).

Em estudo com o modelo murino de infeccdo por L. major, Belkaid e colaboradores
(2000) j& haviam apontado a importancia dos neutrofilos na patogénese da lesdo tecidual.
Camundongos deficientes em IFN-y ou iNOS mostraram lesdes mais graves quando
comparados com animais selvagens, e esse maior dano tecidual foi atribuido aos neutrofilos,
uma vez que foi observado maior influxo dessa célula nas lesdes desses animais (Belkaid et
al. 2000).

Na imunopatogénese da leishmaniose mucosa, niveis elevados de IL 17 e o maior
recrutamento de neutrofilos podem estar associados com a injuria tecidual. Por outro lado,
além deste papel deletério, outros estudos mostraram niveis mais altos de IL-17 em pacientes
com infeccdo subclinica comparados com pacientes com leishmaniose visceral ativa,
sugerindo um papel protetor desta citocina. Esses estudos mostraram que uma producgdo
regulada de IL-17 esta relacionada ao controle de Leishmania e a producao exacerbada dessa
citocina estaria associada ao influxo de neutrofilos, contribuindo com o dano tecidual (Melby
et al. 2012).

A visceralizagdo de Leishmania dermotrépica no modelo hamster e murino de
leishmaniose cutanea é um achado comum (Kahl et al. 1991, Almeida et al. 1996, Abreu-Silva
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et al. 2004, Soliman 2006), sendo correlacionada com o tamanho da leséo e consequentemente
com a gravidade da doenca (Gomes-Silva et al. 2013). A esplenomegalia presente em alguns
animais no presente trabalho, conferida pela presenca de nédulos no parénquima do 6rgéo que
levaram a um consequente aumento do seu peso, foi indicativa da visceralizacdo da
Leishmania, confirmada pelos achados histopatolégicos do baco. Foi observada uma maior
tendéncia a visceralizagdo quanto maior o nimero de parasitos no inoculo. Quase 70% dos
animais infectados com 10° apresentaram Leishmania no bago, enquanto somente 16% dos
animais infectados com 10* parasitos apresentaram visceralizacéo.

A confirmacdo da presenca dos parasitos no 6rgdo foi feita através da analise
histopatologica, cujos nddulos observados macroscopicamente constituiam-se em
aglomerados de macrofagos epitelidides, formando granulomas organizados, com a presenca
de numeros variados de amastigotas no interior de vacuolos. Curiosamente, hamsters
infectados com L. donovani ou L. infantum apresentam esplenomegalia, porém a presenca de
nddulos no baco nunca foi relatada (Requena et al. 2000, Dea-Ayuela et al. 2007) bem como a
presenca de granulomas. Nestes, as principais alteracfes histopatoldgicas foram a hipoplasia
da polpa branca e a presenca de macréfagos parasitodos isolados ou em pequenos agregados
dispersos em todo o érgdo (Binhazim et al. 1993, Almeida et al. 1996, Rica-Capela et al.
2003). Em contrapartida, hamsters infectados com Leishmania (Leishmania) chagasi na pele,
desenvolveram granuloma no local de inoculacdo na fase mais tardia da infeccdo (Laurenti et
al. 1990). Essas observac6es sugerem diferencas na resposta imune especifica de cada érgéo
frente as diferentes espécies de Leishmania, provavelmente devido ao tropismo tecidual de
cada espécie.

Apesar da reacdo granulomatosa estar relacionada com a contencdo e a resolucdo da
infeccdo, sua presenca no baco concomitante com parasitos sugere uma resposta ineficiente
neste sentido. De acordo com a classificacdo dos diferentes tipos de granuloma proposto por
Kaye e colaboradores (2004), os granulomas observados nos bacos dos animais do presente
estudo se enquadraram como um granuloma que apresenta estrutura normal mas ndo é
funcional, uma vez que se apresenta bem organizado, porém com Leishmania no seu interior,
sugerindo uma resposta ineficiente dos macrofagos na morte dos parasitos (Kaye et al. 2004).
Uma vez que para a formacdo do granuloma sdo necessarias citocinas como IL-12, IFN-y e
TNF (Murray 2001), sua formacao poderia ser justificada pela expressédo aumentada de IFN e
outras citocinas no baco, ja que alta expressédo de IFN é encontrada na pele e linfonodo desses

animais. A presenca de Leishmania no interior do granuloma, sugerindo uma falha na
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atividade microbicida dos macrofagos, pode ser atribuida a baixa expressdo de iNOS e dxido
nitrico, como observado em hamsters infectados com L. donovani (Melby, 2001).

Altos niveis de IgG total anti-Leishmania é um achado comum em hamsters infectados
por L. (V.)panamensis (Osorio et al. 2003), bem como por L.(V.) brazliensis,
correlacionando-se com o tamanho da lesdo e consequentemente com a gravidade da doenca
(Gomes-Silva et al. 2013). No ser humano, essa alta producdo de IgG pode ser considerada
como um biomarcador da infeccdo cutanea ativa (Gomes-Silva et al. 2009). No presente
trabalho, altos niveis de 1gG total também se correlacionaram com o tamanho da pata, o que
pode indicar também um marcador da gravidade da doenca.

Apesar da alta producdo de IgG em todos os grupos infectados, ndo houve diferenca
entre 0s grupos, que pode ser atribuida a fase crénica em que se encontra a doenca. Talvez em
momentos mais precoces da infeccdo, niveis mais baixos de anticorpos estivessem presentes
nos animais infectados pelo inéculo de 10%, uma vez que eles demoraram mais tempo para
desenvolver as lesbes clinicas. Em hamsters infectados com L. infantum, foram observados
niveis crescentes de IgG anti-Leishmania de acordo com o tempo de infec¢do (Requena et al.
2000).
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6. CONCLUSOES

v Golden hamsters infectados com diferentes indculos de L. braziliensis foram capazes
de desenvolver lesbes no local de inoculacdo, reafirmando sua susceptibilidade a

espécie em questao;

v" O numero de promastigotas de L. braziliensis no in6culo influenciou no tempo de
manifestacdo clinica da doenga, no aspecto clinico, no curso evolutivo e no tamanho

final das les0es;

v Independente do nimero de parasitos de L. braziliensis no inéculo, ndo houve

diferenca na carga parasitéria final na lesdo e no linfonodo drenante;

v Os niveis de IgG anti-Leishmania pruduzidos frente a infeccdo por L. braziliensis

foram iguais apesar da diferenca no niumero de parasitos no inoculo inicial;

v A visceralizacdo dos parasitos para 0 baco foi mais frequente nos animais infectados
com o maior indculo, e 0 peso do baco teve correlacdo direta com o tamanho da leséo

e consequentemente com a gravidade da doenca;

v A infeccdo de hamsters com L. braziliensis leva a alta expressdo de IFN-y na pele
infectada e no linfonodo drenante, independente do inoculo inicial utilizado na

infeccdo;

v" O inéculo mais baixo (10%) levou a um menor comprometimento local e sistémico

enquanto os inéculos maiores (10° e 10°) levaram a um maior dano tecidual;

v" O indculo a ser preferencialmente utilizado em testes de candidatos vacinais e novos
farmacos seria o de 10° parasitos, uma vez que o inéculo de 10* pode levar a ndo

manifestac&o da doenca e o inéculo de 10° a uma doenca exacerbada;

v' Em sintese, os resultados obtidos neste presente estudo sugerem que na fase inicial da
infeccdo, durante a resposta imune inata, a diferenca no numero de parasitos
inoculados ira ditar o inicio do desenvolvimento da resposta imune adaptativa, com
consequente manifestacdo clinica da doenca, e a mangitude dessa resposta,
determinando entdo a fase cronica da infegccao.
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7. PERSPECTIVAS

Acreditamos que os resultados obtidos no presente trabalho tenham contribuido para
um maior entendimento da imunopatogénese da LTA, uma vez que foi pioneiro na
caracterizacdo molecular do perfil de citocinas em infecgdo por L. braziliensis no modelo
hamster. Além disso, as alteracGes imunopatologicas frente aos diferentes indculos utilizados
nos mostraram a importancia da fase inicial da infeccdo para o desfecho da doenca. Porém,
algumas perguntas a respeito da contribuicdo de outros fatores, como por exemplo outras
citocinas envolvidas na patogénese, ficaram sem respostas. Para solucionar essas questdes,

hipotetizamos a realizacdo de experimentos futuros que abrangeriam:

v' Avaliacdo da expressdo génica de um maior painel de citocinas que podem

estar relacionadas a imunopatogénese como TNF-a, IL-12, TGF-B e IL-4;

v' Investigar os eventos imunopatolégicos que occorrem no inicio da infecgéo.

Além dessas conclusGes, o presente trabalho contribuiu para a aplicabilidade do
hamster como modelo para a avaliacdo de candidatos vacinais, uma vez que 0S prametros
analisados e as técnicas estabelecidas ja estdo sendo utilizadas por nosso grupo em estudo de
candidato vacinal para L. braziliensis no modelo hamster, cujos reultados estdo em fase final

de analise, com publicacdo de artigo prevista ainda para este ano.

60



8. REFERENCIAS BIBLIOGRAFICAS

Abreu-Silva AL, Calabrese KS, Cupolilo SMN, Cardoso FO, Souza CSF, Gongalves da Costa
SC 2004. Histopathological studies of visceralized Leishmania (Leishmania)

amazonensis in mice experimentally infected. Vet Parasitol 121: 179-187.

Alvar J, Veléz ID, Bern C, Herrero M, Desjeux P, Cano J, Jannin J, den Boer M., “The WHO
Leishmaniasis Control Team” 2012. Leishmaniasis worldwide and global estimates of its
incidence. Plos One 7: 1-12.

Andrade A., Pinto S, Oliveira R, Eds. Animais de Laboratorio Criacdo e Experimentacdo. Rio

de Janeiro: Fiocruz ed. 2006.

Antinori S, Schifanella L, Corbellino M 2012. Leishmaniasis: new insights from an old and
neglected disease. Eur J Clin Microbiol Infect Dis 31:109-118

Antonelli LRV, Dutra WO, Almeida RP, Bacellar O, Carvalho EM, Gollobh KJ 2005.
Activated inflammatory T cells correlate with lesion size in human cutaneous
leishmaniasis. Immunol Lett 101:226-230.

Almeida M, Cuba-Cuba C, Moraes M, Miles M 1996. Dissemination of Leishmania (Viannia)
braziliensis. J Comp Pathol 115:311-316.

Awasthi A, Mathur RK, Saha B. 2004. Immune response to Leishmania. Indian Journal of
Medical Research. 119:238-258.

Bacellar O, Faria D, Nascimento M, Cardoso TM,.Gollob KJ, Dutra WO, Scott P,
CarvalhoEM 2009. IL-17 production in patients with American cutaneous leishmaniasis.
J Infect Dis. 200: 75-78.

Belkaid Y, Kamhawi, Modi G, Valenzuela J, Noben-Trauth N, Rowton E, Ribeiro J, Sacks
DL 1998. Development of a natural model of cutaneous leishmaniasis: powerful effects
of vector saliva and saliva preexposure on the long-term outcome of Leishmania major
infection in the mouse ear dermis. J Exp Med 188:1941-1953.

Belkaid Y, Mendez S, Lira R, Kadambi N, Milon G, Sacks D 2000. A natural model of
Leishmania major infection reveals a prolonged “silent” phase of parasite amplification
in the skin before the onset of lesion formation and immunity. J Immunol 165:969-977.

61



Bilate AMB, Salemi VM, Ramires FJ, Brito T, Russo M, Fonseca SG, Fae KC, Martins DG,
Silva AM, Mady C, Kalil J, Cunha-Neto E 2007. TNF blockade aggravates experimental
chronic Chagas disease cardiomyopathy. Microbes and Infection 9: 1104-1113.

Bittencourt AL, Barral A. Evaluation of the histopathological classifications of American

cutaneous leishmaniasis. Mem Inst Oswaldo Cruz 86: 51-56.

Borges DC, Aratjo NM, Cardoso CR, Chica JEL 2012.Different parasite inocula determine
the modulation of the immune response and outcome of experimental Trypanosoma cruzi
infection. Immunol 138: 145-156.

Brasil. Ministério da Saude. Secretaria de Vigilancia em Saude, Departamento de Vigilancia
Epidemioldgica. Atlas de leishmaniose tegumentar Americana: diagnostico clinico e
diferencial. 2006. Série A. Normas e Manuais Técnicos. Brasilia, Editora do Ministério da
Saude, 136p

Bretscher PA, Wei G, Menon JN, Bielefeldt-Ohmannt H 1992. Establishment of stable, cell-
mediated immunity that makes "susceptible” mice resistant to Leishmania major. Science
257.

Carvalho LP, Passos S, Schriefer A, Carvalho EM 2012. Protective and pathologic immune

responses in human tegumentary leishmaniasis. Front Immunol 4: 3:301.

Choi CM, Lerner EA. Leishmaniasis as an emerging infection. J Invest Dermatol 6: 175-182.

Costa NC, Peters NC, Maruyama SR, Brito Jr EC, Santos IKFM 2011. Vaccines for the

leishmaniasis: proposals for a research agenda. Plos Negl Trop Dis 5: 943.

Costa JM, Saldanha AC, Nascimento D, Sampaio G, Carneiro F, Lisboa E, Silva ML, Barral
A. Clinical modalities, diagnosis and therapeutic approach of the tegumentary
leishmaniasis in Brazil 2009. Gazeta Médica da Bahia 79:70-83.

Corréa JR, Brazil RP, Soares MJ 2007. Leishmania (Viannia) lainsoni (Silveira et al. 1987):
ultraestructural aspects of the parasite and skin lesions in experimentally infected hamster
(Mesocricetus auratus). Parasitol Res 100: 1227-1232.

Coutinho S, Pirmez C, Mendonga S, Concei¢do-Silva F, Dérea R 1987. Pathogenesis in
immunopathology of leishmaniasis. Mem Inst Oswaldo Cruz 82: 214-228.
62


http://www.ncbi.nlm.nih.gov/pubmed?term=Carvalho%20LP%5BAuthor%5D&cauthor=true&cauthor_uid=23060880
http://www.ncbi.nlm.nih.gov/pubmed?term=Passos%20S%5BAuthor%5D&cauthor=true&cauthor_uid=23060880
http://www.ncbi.nlm.nih.gov/pubmed?term=Schriefer%20A%5BAuthor%5D&cauthor=true&cauthor_uid=23060880
http://www.ncbi.nlm.nih.gov/pubmed?term=Carvalho%20EM%5BAuthor%5D&cauthor=true&cauthor_uid=23060880
http://www.ncbi.nlm.nih.gov/pubmed/23060880

Da-Cruz AM, Pirmez C 2012. Leishmaniose tegumentar Americana. In: Coura JR (eds).

Dinamica das Doengas Infecciosas. 2%, Edicdo. Guanabara Koogan. Rio de Janeiro.

Dea-Ayuela MA, Rama-liiiguez S, Alunda JM, Bolas-Fernandes F 2007. Setting new
immunological parameters in the hamster model of visceral leishmaniasis for in vivo

testing of antileishmanial compounds. Vet Res Comm 31: 703-717.

Desjeaux P 2004. Leishmaniasis: Current situation and new perspectives. Comparative

Immunology, Microbiology & Infectious Diseases 27: 305-318.

Doherty TM, Coffman RL 1996. Leishmania major: effect of infectious dose on T Cell subset
sevelopment in BALB/c Mice . Exp Parasitol 84: 124-135.

De Moura TR, Novais FO, Oliveira F, Claréncio J, Noronha A, Barral A, Brodskyn C, de
Oliveira CI 2005. Toward a novel experimental model of infection to study American

cutaneous leishmaniasis caused by Leishmania braziliensis. Infect Immun 73: 5827-5834.

Dekrey GK, Lima HC, Titus RG 1998. Analysis of the immune responses of mice to infection

with Leishmania braziliensis. Infect Immun. 66: 827- 829.

Den Boer M, Argaw D, Jannin J, Alvar J 2011. Leishmaniasis impact and treatment access
Clin Microbiol Infect 17: 1471-1477.

Espitia CM, Zhao W, Saldarriaga O, Osorio Y, Harrison LM, Cappello M, Travi BL, Melby
PC 2010. Duplex real-time reverse transcriptase PCR to determine cytokine mRNA
expression in a hamster model of New World cutaneous leishmaniasis. BMC Immunol 22:
11-31.

Essayag SM, Landaeta ME, Hartung C, Magaldi S, Spencer L, Suarez R, Garcia F, Pérez E
2002. Histopathologic and histochemical characterization of calcified structures in

hamsters inoculated with Paracoccidioides brasiliensis. Mycoses 45: 351-357.

Gamboa D, Torres K, De Doncker S, Zimic M, Arevalo J, Dujardin JC 2008. Evaluation of an
in vitro and in vivo model for experimental infection with Leishmania (Viannia)

braziliensis and L. (V.) peruviana. Parasitology 135:319-326.

Garg R. e A. Dube 2006. Animal models for vaccine studies for visceral leishmaniasis. Indian

J. Med. Res 123:439-454.
63


http://www.ncbi.nlm.nih.gov/pubmed?term=de%20Moura%20TR%5BAuthor%5D&cauthor=true&cauthor_uid=16113301
http://www.ncbi.nlm.nih.gov/pubmed?term=Novais%20FO%5BAuthor%5D&cauthor=true&cauthor_uid=16113301
http://www.ncbi.nlm.nih.gov/pubmed?term=Oliveira%20F%5BAuthor%5D&cauthor=true&cauthor_uid=16113301
http://www.ncbi.nlm.nih.gov/pubmed?term=Clar%C3%AAncio%20J%5BAuthor%5D&cauthor=true&cauthor_uid=16113301
http://www.ncbi.nlm.nih.gov/pubmed?term=Noronha%20A%5BAuthor%5D&cauthor=true&cauthor_uid=16113301
http://www.ncbi.nlm.nih.gov/pubmed?term=Barral%20A%5BAuthor%5D&cauthor=true&cauthor_uid=16113301
http://www.ncbi.nlm.nih.gov/pubmed?term=Brodskyn%20C%5BAuthor%5D&cauthor=true&cauthor_uid=16113301
http://www.ncbi.nlm.nih.gov/pubmed?term=de%20Oliveira%20CI%5BAuthor%5D&cauthor=true&cauthor_uid=16113301
http://www.ncbi.nlm.nih.gov/pubmed?term=de%20Oliveira%20CI%5BAuthor%5D&cauthor=true&cauthor_uid=16113301
http://www.ncbi.nlm.nih.gov/pubmed/16113301
http://www.ncbi.nlm.nih.gov/pubmed?term=DeKrey%20GK%5BAuthor%5D&cauthor=true&cauthor_uid=9453649
http://www.ncbi.nlm.nih.gov/pubmed?term=Lima%20HC%5BAuthor%5D&cauthor=true&cauthor_uid=9453649
http://www.ncbi.nlm.nih.gov/pubmed?term=Titus%20RG%5BAuthor%5D&cauthor=true&cauthor_uid=9453649
http://www.ncbi.nlm.nih.gov/pubmed/?term=analysis+of+the+immune+response+of+mice+to+infection+with+leishmania+braziliensis+1998
http://www.ncbi.nlm.nih.gov/pubmed?term=Espitia%20CM%5BAuthor%5D&cauthor=true&cauthor_uid=20569429
http://www.ncbi.nlm.nih.gov/pubmed?term=Zhao%20W%5BAuthor%5D&cauthor=true&cauthor_uid=20569429
http://www.ncbi.nlm.nih.gov/pubmed?term=Saldarriaga%20O%5BAuthor%5D&cauthor=true&cauthor_uid=20569429
http://www.ncbi.nlm.nih.gov/pubmed?term=Osorio%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=20569429
http://www.ncbi.nlm.nih.gov/pubmed?term=Harrison%20LM%5BAuthor%5D&cauthor=true&cauthor_uid=20569429
http://www.ncbi.nlm.nih.gov/pubmed?term=Cappello%20M%5BAuthor%5D&cauthor=true&cauthor_uid=20569429
http://www.ncbi.nlm.nih.gov/pubmed?term=Travi%20BL%5BAuthor%5D&cauthor=true&cauthor_uid=20569429
http://www.ncbi.nlm.nih.gov/pubmed?term=Melby%20PC%5BAuthor%5D&cauthor=true&cauthor_uid=20569429
http://www.ncbi.nlm.nih.gov/pubmed?term=Melby%20PC%5BAuthor%5D&cauthor=true&cauthor_uid=20569429
http://www.ncbi.nlm.nih.gov/pubmed/?term=Espitia++2010+leishmania
http://www.ncbi.nlm.nih.gov/pubmed?term=Gamboa%20D%5BAuthor%5D&cauthor=true&cauthor_uid=17961284
http://www.ncbi.nlm.nih.gov/pubmed?term=Torres%20K%5BAuthor%5D&cauthor=true&cauthor_uid=17961284
http://www.ncbi.nlm.nih.gov/pubmed?term=De%20Doncker%20S%5BAuthor%5D&cauthor=true&cauthor_uid=17961284
http://www.ncbi.nlm.nih.gov/pubmed?term=Zimic%20M%5BAuthor%5D&cauthor=true&cauthor_uid=17961284
http://www.ncbi.nlm.nih.gov/pubmed?term=Arevalo%20J%5BAuthor%5D&cauthor=true&cauthor_uid=17961284
http://www.ncbi.nlm.nih.gov/pubmed?term=Dujardin%20JC%5BAuthor%5D&cauthor=true&cauthor_uid=17961284
http://www.ncbi.nlm.nih.gov/pubmed/?term=Gamboa+2008+leishmania

Ghersetich I, Mechini G, Teofoli P, Lotti T 1999. Immune response to Leishmania infection in
human skin. Clin Dermatol 17: 333-338.

Gomes DCO, Souza BLSC, Guedes HLM, Lopes UG, Rossi-Bergmann B 2011. Intranasal
immunization with LACK-DNA promotes protective immunity in hamsters challenged
with Leishmania chagasi. Parasitol :138, 1892-1897.

Gomes-Silva A., R. De Cassia Bittar, R. Dos Santos Nogueira, V. Amato, M. Da Silva
Mattos, M. Oliveira-Neto, S. Coutinho e A. Da-Cruz 2007. Can interferon-gamma and
interleukin-10 balance be associated with severity of human Leishmania (Viannia)

braziliensis infection? Clin Exp Immunol 149:440-44.

Gomes-Silva A, Pereira-Carvalho R, Fagundes-Silva GA,Oliveira-Neto MP, Da-Cruz AM
2009. Homeostasis of specific immune response in clinically cured cutaneous
leishmaniasis subjects due to Leishmania (Viannia) braziliensis. Rev Soc Bras Med Trop
42: 147-150.

Gomes-Silva A, Valverde JG, Ribeiro-Roméo RP, Placido-Pereira RM, Da-Cruz AM 2013.
Golden hamster (Mesocricetus auratus) as an experimental model for Leishmania

(Viannia) braziliensis infection. Parasitology 140: 771-779.

Gordon S, Martinez FO 2010. Alternative activation of macrophages: mechanism and
functions. Immunity 32: 593-604.

Goulding D, Thompson H, Emerson J, Fairweather NF, Dougan G, Douce GR 2009.
Distinctive profiles of infection and pathology in hamsters infected with Clostridium
difficile strains 630 and B1. Infect Immun 77: 5478-5485.

Gupta S, Nishi 2011. Visceral leishmaniasis: Experimental models for drug discovery. Indian
J Med Res 133: 27-39. Hepburn NC 2000. Cutaneous leishmaniasis. Clin Dermatol
25:363-370.

Hommel M, Jaffe CL, Travi B, Milon G. 1995. Experimental models for leishmaniasis and for

testing anti-leishmanial vaccines. Annals of Tropical Medicine and Parasitol 89:55-73.

Jeronimo SM, Duggal P, Ettinger NA, Nascimento ET, Monteiro GR, Cabral AP, Pontes
NN, Lacerda HG, Queiroz PV, Gomes CE, Pearson RD, Blackwell JM,Beaty TH, Wilson
64


http://www.ncbi.nlm.nih.gov/pubmed?term=Jeronimo%20SM%5BAuthor%5D&cauthor=true&cauthor_uid=17955446
http://www.ncbi.nlm.nih.gov/pubmed?term=Duggal%20P%5BAuthor%5D&cauthor=true&cauthor_uid=17955446
http://www.ncbi.nlm.nih.gov/pubmed?term=Ettinger%20NA%5BAuthor%5D&cauthor=true&cauthor_uid=17955446
http://www.ncbi.nlm.nih.gov/pubmed?term=Nascimento%20ET%5BAuthor%5D&cauthor=true&cauthor_uid=17955446
http://www.ncbi.nlm.nih.gov/pubmed?term=Monteiro%20GR%5BAuthor%5D&cauthor=true&cauthor_uid=17955446
http://www.ncbi.nlm.nih.gov/pubmed?term=Cabral%20AP%5BAuthor%5D&cauthor=true&cauthor_uid=17955446
http://www.ncbi.nlm.nih.gov/pubmed?term=Pontes%20NN%5BAuthor%5D&cauthor=true&cauthor_uid=17955446
http://www.ncbi.nlm.nih.gov/pubmed?term=Pontes%20NN%5BAuthor%5D&cauthor=true&cauthor_uid=17955446
http://www.ncbi.nlm.nih.gov/pubmed?term=Lacerda%20HG%5BAuthor%5D&cauthor=true&cauthor_uid=17955446
http://www.ncbi.nlm.nih.gov/pubmed?term=Queiroz%20PV%5BAuthor%5D&cauthor=true&cauthor_uid=17955446
http://www.ncbi.nlm.nih.gov/pubmed?term=Gomes%20CE%5BAuthor%5D&cauthor=true&cauthor_uid=17955446
http://www.ncbi.nlm.nih.gov/pubmed?term=Pearson%20RD%5BAuthor%5D&cauthor=true&cauthor_uid=17955446
http://www.ncbi.nlm.nih.gov/pubmed?term=Blackwell%20JM%5BAuthor%5D&cauthor=true&cauthor_uid=17955446
http://www.ncbi.nlm.nih.gov/pubmed?term=Beaty%20TH%5BAuthor%5D&cauthor=true&cauthor_uid=17955446
http://www.ncbi.nlm.nih.gov/pubmed?term=Wilson%20ME%5BAuthor%5D&cauthor=true&cauthor_uid=17955446

ME 2007. Genetic predisposition to self-curing infection with the protozoan Leishmania

chagasi: a genomewide scan. J Infect Dis 196: 1261-1269.

Kahl L, Byram J, David J, Comerford S, Von Lichtenberg F 1991. Leishmania (Viannia)
braziliensis: Comparative pathology of GoldenHamsters infected with isolates from
cutaneous and mucosal lesions of patientes residing in Tres Bracos, Bahia, Brazil. Am. J.
Trop. Med. Hyg.44:218-32.

Kaye PM, Svensson M, Ato M, Maroof A, Polley R, Stager S, Zubairil S, Engwerda CR.
2004. The immunopathology of experimental visceral leishmaniasis. Immunol Rev 201:
239-253.

Kimblin N, Peters N, Debrabant A, Secundino N, Egen J, Lawyer P, Fay MP, Kamhawi S,
Sacks D 1998. Quantification of the infectious dose of Leishmania major transmitted to
the skin by single sand flies. PNAS 105:10125-10130.

Kedzierski L, Zhu Y, Handman E 2006. Leishmania vaccines: progress and problems.
Parasitol 133: 87-112.

Kedzierski L 2010. Leishmaniasis vaccine: where are we today? J Glob Infect Dis 2: 177-185.

Lainson R, Shaw J 1970. Leishmaniasis in Brazil. V. Studies on the epidemiology of
cutaneous leishmaniasis in Mato Grosso State, and observations on two distinct strains of
Leishmania isolated from man and forest animls. Trans R Soc Trop Med Hyg.64: 654-
667.

Laurenti MD, Sotto MN, Corbett CEP, Matta VLR, Duarte MIR 1990. Experimental visceral
leishmaniasis: sequential events of granuloma formation at subcutaneous inoculation site.
Int J Exp Pathol 71: 791-797.

Magalhdes AV, Moraes MAP, Raick AN, Llanos-Cuentras A, Costa JML, Cuba CC, Marsden
PD 1986. Histopatologia da leishmaniose tegumentar Americana por Leishmania
braziliensis braziliensis: padrbes histopatologicos e estudo evolutivo das lesdes. Rev Inst
Med Trop 28: 253-262.

Martinez J, Travi B, Valencia A, Saravia N 1991. Metastatic capability of Leishmania
(Viannia) panamensis and Leishmania (Viannia) guyanensis in golden hamsters. J
Parasitol 77:762-68.

65


http://www.ncbi.nlm.nih.gov/pubmed/17955446

Mehregan DR, Mehregan AH, Mehregan DA 1999. Histologic diagnosis of cutaneous
leishmaniasis. Clin Dermatol 17: 297-304.

Melby PC, Tryon VV, Chandrasekar B, Freeman GL 1998. Cloning of Syrian hamster
(Mesocricetus auratus) cytokine cDNAs and analysis of cytokine mRNA expression in

experimental visceral leishmaniasis. Infect Immun 66: 2135-2142.

Melby PC, Chandrasekar B, Zhao W, Coe E 2001. The hamster as a model of human visceral
leishmaniasis: progressive disease and impaired generation of nitric oxide in the face of a

prominent th1-like cytokine response. J. Immunol 166: 1912-1920.

Mendez S, Valenzuela JG, Wu W, Hotez PJ 2005. Host cytokine production,
lymphoproliferation, and antibody responses during the course of Ancylostoma

ceylanicum infection in the Golden Syrian hamster. Infect Immun 73: 3402-3407.

Murray HW 2001. Tissue granuloma structure-function in experimental visceral
leishmaniasis. Int J Exp Path 82: 249-267.

Naiff R, Freitas R, Naiff M, Arias J, Barrett T, Momen H, Grimaldi Janior G 1991.
Epidemiological and nosological aspects of Leishmania naiffi Lainson & Shaw, 1989.
Mem Inst Oswaldo Cruz 86: 317-21.

Neal RA, Hale C 1983. A comparative study of susceptibility of inbred and outbred mouse
strains compared with hamsters to infection with New World leishmaniasis. Parasitology,
87: 7-13.

Oliveira CI, Teixeira MJ, Gomes R, Barral A, Brodskyn C 2004. Animal models for

infectious diseases caused by parasites: Leishmaniasis. Drug Discovery Today 1: 81-86.

Oliveira CI, Barral-Netto M 2005. O modelo experimental nas infecgdes causadas por L.

amazonensis e L. braziliensis. GM Bahia 75: 35-45.

Osorio Y, Melby PC, Pirmez C, Chandrasekar B, Guarin N, Travi BL 2003. The site of
cutaneous infection influences the immunological response and clinical outcome of

hamsters infected with Leishmania panamensis. Parasite Immunol 25:139-148.

66


http://www.ncbi.nlm.nih.gov/pubmed/9573100
http://www.ncbi.nlm.nih.gov/pubmed/9573100
http://www.ncbi.nlm.nih.gov/pubmed/9573100
http://www.ncbi.nlm.nih.gov/pubmed?term=Osorio%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=12911522
http://www.ncbi.nlm.nih.gov/pubmed?term=Melby%20PC%5BAuthor%5D&cauthor=true&cauthor_uid=12911522
http://www.ncbi.nlm.nih.gov/pubmed?term=Pirmez%20C%5BAuthor%5D&cauthor=true&cauthor_uid=12911522
http://www.ncbi.nlm.nih.gov/pubmed?term=Chandrasekar%20B%5BAuthor%5D&cauthor=true&cauthor_uid=12911522
http://www.ncbi.nlm.nih.gov/pubmed?term=Guar%C3%ADn%20N%5BAuthor%5D&cauthor=true&cauthor_uid=12911522
http://www.ncbi.nlm.nih.gov/pubmed?term=Travi%20BL%5BAuthor%5D&cauthor=true&cauthor_uid=12911522
http://www.ncbi.nlm.nih.gov/pubmed/?term=osorio+2003+leishmania

Osorio Y, Bonilla D, Peniche A, Melby P, Travi B 2008. Pregnancy enhances the innate
Immune response in experimental cutaneous leishmaniasis through hormone-modulated
nitric oxide production. J Leukoc Biol 83:1413-1422.

Osorio EY, Zhao W, Espitia C, Saldarriaga O, Hawel L, Byus CV, Travi BL, Melby PC 2012.
Progressive visceral leishmaniasis is driven by dominant parasite-induced STAT6

activation and STATG6-dependent host arginase 1 expression. PloS Pathog 8: 1-17.

Pereira CG, Silva AL, de Castilhos P, Mastrantonio E C, Souza RA, Ribeiro-Roméo RP,
Rezende RJ, Pena JD, Beletti ME, Souza MA 2009. Different isolates from Leishmania
braziliensis complex induce distinct histopathological features in a murine model of
infection. Veterinary Parasitol 165: 231-240.

Perez L, Chandrasekar B, Saldarriaga O, Zhao W, Arteaga L, Travi B, Melby P 2006.
Reduced nitric oxide synthase 2 (NOS2) promoter activity in the Syrian hamster renders
the animal functionally deficient in NOS2 activity and unable to control an intracellular
pathogen. J Immunol 176:5519-5528.

Reithinger R, Dujardin JC, Louzir H, Pirmez C, Alexander B, Brooker S 2007. Cutaneous

leishmaniasis. Lancet Infect Dis 7; 581-596.

Requena JM, Soto M, Doria MD, Alonso C 2000. Immune and clinical parameters associated
with Leishmania infantum infection in the goldenhamster model. Vet Immunol
Immunopathol 76: 269-271.

Rey JA, Travi BL, Valencia AZ, Saravia NG 1990. Infectivity of the subspecies of
the Leishmania braziliensis complex in vivo and in vitro. Am J Trop Med Hyg 43: 623-
631.

Rica-Capela MJ, Cortes S, Leandro C, Peleteiro MC, Santos-Gomes G, Campino L 2003.
Immunological and histopathological studies in a rodent model infected with Leishmania

infantum promastigotes or amastigotes. Parasitol Res 89: 163-169.

Rojas E, Scorsa JV 1995. Leishmania braziliensis: aislamiento de lesiones por inoculacién de
hamsters com e sin adicion de lisado de glandulas de Lutzomia youngi. Rev Saude
Publica 29: 1-5.

67


http://www.ncbi.nlm.nih.gov/pubmed?term=Reithinger%20R%5BAuthor%5D&cauthor=true&cauthor_uid=17714672
http://www.ncbi.nlm.nih.gov/pubmed?term=Dujardin%20JC%5BAuthor%5D&cauthor=true&cauthor_uid=17714672
http://www.ncbi.nlm.nih.gov/pubmed?term=Louzir%20H%5BAuthor%5D&cauthor=true&cauthor_uid=17714672
http://www.ncbi.nlm.nih.gov/pubmed?term=Pirmez%20C%5BAuthor%5D&cauthor=true&cauthor_uid=17714672
http://www.ncbi.nlm.nih.gov/pubmed?term=Alexander%20B%5BAuthor%5D&cauthor=true&cauthor_uid=17714672
http://www.ncbi.nlm.nih.gov/pubmed?term=Brooker%20S%5BAuthor%5D&cauthor=true&cauthor_uid=17714672
http://www.ncbi.nlm.nih.gov/pubmed/17714672
http://www.ncbi.nlm.nih.gov/pubmed?term=Rey%20JA%5BAuthor%5D&cauthor=true&cauthor_uid=2267967
http://www.ncbi.nlm.nih.gov/pubmed?term=Travi%20BL%5BAuthor%5D&cauthor=true&cauthor_uid=2267967
http://www.ncbi.nlm.nih.gov/pubmed?term=Valencia%20AZ%5BAuthor%5D&cauthor=true&cauthor_uid=2267967
http://www.ncbi.nlm.nih.gov/pubmed?term=Saravia%20NG%5BAuthor%5D&cauthor=true&cauthor_uid=2267967
http://www.ncbi.nlm.nih.gov/pubmed/?term=infectivity+of+the+subspecies+of+the+leishmania+braziliensis

Romero GAS, Guerra MVF, Paes MG, Macédo VO 2001. Comparison of cutaneous
leishmaniasis due to Leishmania (viannia) braziliensis and L. (V.) guyanensis in Brazil:

therapeutic response to meglumine antimoniate. Am J Trop Med Hyg 65: 456-465.

Salay G, Dorta ML, Santos NM, Mortara RA, Brodskyn C, Oliveira ClI, Barbiéri
CL, Rodrigues MM 2007. Testing of four Leishmania vaccine candidates in a mouse
model of infection with Leishmania (Viannia) braziliensis, the main causative agent of

cutaneous leishmaniasis in the New World. Clin Vaccine Immunol 14: 1173-1181.

Samant M, Gupta R, Kumari S, Misra P, Khare P, Kushwaha PK, Sahasrabuddhe AA, Dube
A 2009. Immunization with DNA-Encoding N-Terminal domain of proteophosphoglycan
of Leishmania donovani generates Thl-Type immunoprotective response against

experimental visceral leishmanasis. J Immunol 183: 470-479.

Santos CS, Boaventura V, Ribeiro Cardoso C, Tavares N, Lordelo MJ, Noronha A, Costa
J, Borges VM, de Oliveira CI, Van Weyenbergh J, Barral A, Barral-Netto M, Brodskyn
Cl 2013. CD8 (+) granzyme B (+)-mediated tissue injury vs. CD4 (+) IFNy (+)-mediated

parasite killing in human cutaneous leishmaniasis. J Invest Dermatol 133: 1533-1540.

Saravia N, Hazbén M, Osorio Y, Valderrama L, Walker J, Santrich C, Cortazar T, Lebowitz
J, Travi B 2005. Protective immunogenicity of the paraflagellar rod protein 2 of

Leishmania mexicana. Vaccine 23:984-95.

Schriefer A, Schriefer AL, Goes-Neto A, Guimardes LH, Carvalho LP, Almeida RP, Machado
PR, Lessa HA, de Jesus AR, Riley LW, Carvalho EM 2004. Multiclonal Leishmania
braziliensis population structure and its clinical implication in a region of endemicity for

American tegumentary leishmaniasis. Infect and Immun 72: 508-514.

Shaw J 2007.The leishmaniasis- survival and expansion in a changing world. A mini-review.
Mem Inst Oswaldo Cruz 102:541-547.

Sinagra, A, Luna C, Abraham D, lannella MC, Riarte A, Krolewiecki A 2007. The activity of
azithromycin against Leishmania (Viannia) braziliensis and Leishmania (Leishmania)

amazonensis in the golden hamster model. Rev Soc Bras Med Trop 40: 627-630.

Silveira F, Ishikawa E, De Souza A, Lainson R 2002. An outbreak of cutaneous leishmaniasis

among soldiers in Belém, Para State, Brazil caused by Leishmania (Viannia)
68


http://www.ncbi.nlm.nih.gov/pubmed?term=Salay%20G%5BAuthor%5D&cauthor=true&cauthor_uid=17626159
http://www.ncbi.nlm.nih.gov/pubmed?term=Dorta%20ML%5BAuthor%5D&cauthor=true&cauthor_uid=17626159
http://www.ncbi.nlm.nih.gov/pubmed?term=Santos%20NM%5BAuthor%5D&cauthor=true&cauthor_uid=17626159
http://www.ncbi.nlm.nih.gov/pubmed?term=Mortara%20RA%5BAuthor%5D&cauthor=true&cauthor_uid=17626159
http://www.ncbi.nlm.nih.gov/pubmed?term=Brodskyn%20C%5BAuthor%5D&cauthor=true&cauthor_uid=17626159
http://www.ncbi.nlm.nih.gov/pubmed?term=Oliveira%20CI%5BAuthor%5D&cauthor=true&cauthor_uid=17626159
http://www.ncbi.nlm.nih.gov/pubmed?term=Barbi%C3%A9ri%20CL%5BAuthor%5D&cauthor=true&cauthor_uid=17626159
http://www.ncbi.nlm.nih.gov/pubmed?term=Barbi%C3%A9ri%20CL%5BAuthor%5D&cauthor=true&cauthor_uid=17626159
http://www.ncbi.nlm.nih.gov/pubmed?term=Rodrigues%20MM%5BAuthor%5D&cauthor=true&cauthor_uid=17626159
http://www.ncbi.nlm.nih.gov/pubmed/17626159
http://www.ncbi.nlm.nih.gov/pubmed?term=Santos%20Cda%20S%5BAuthor%5D&cauthor=true&cauthor_uid=23321919
http://www.ncbi.nlm.nih.gov/pubmed?term=Boaventura%20V%5BAuthor%5D&cauthor=true&cauthor_uid=23321919
http://www.ncbi.nlm.nih.gov/pubmed?term=Ribeiro%20Cardoso%20C%5BAuthor%5D&cauthor=true&cauthor_uid=23321919
http://www.ncbi.nlm.nih.gov/pubmed?term=Tavares%20N%5BAuthor%5D&cauthor=true&cauthor_uid=23321919
http://www.ncbi.nlm.nih.gov/pubmed?term=Lordelo%20MJ%5BAuthor%5D&cauthor=true&cauthor_uid=23321919
http://www.ncbi.nlm.nih.gov/pubmed?term=Noronha%20A%5BAuthor%5D&cauthor=true&cauthor_uid=23321919
http://www.ncbi.nlm.nih.gov/pubmed?term=Costa%20J%5BAuthor%5D&cauthor=true&cauthor_uid=23321919
http://www.ncbi.nlm.nih.gov/pubmed?term=Costa%20J%5BAuthor%5D&cauthor=true&cauthor_uid=23321919
http://www.ncbi.nlm.nih.gov/pubmed?term=Borges%20VM%5BAuthor%5D&cauthor=true&cauthor_uid=23321919
http://www.ncbi.nlm.nih.gov/pubmed?term=de%20Oliveira%20CI%5BAuthor%5D&cauthor=true&cauthor_uid=23321919
http://www.ncbi.nlm.nih.gov/pubmed?term=Van%20Weyenbergh%20J%5BAuthor%5D&cauthor=true&cauthor_uid=23321919
http://www.ncbi.nlm.nih.gov/pubmed?term=Barral%20A%5BAuthor%5D&cauthor=true&cauthor_uid=23321919
http://www.ncbi.nlm.nih.gov/pubmed?term=Barral-Netto%20M%5BAuthor%5D&cauthor=true&cauthor_uid=23321919
http://www.ncbi.nlm.nih.gov/pubmed?term=Brodskyn%20CI%5BAuthor%5D&cauthor=true&cauthor_uid=23321919
http://www.ncbi.nlm.nih.gov/pubmed?term=Brodskyn%20CI%5BAuthor%5D&cauthor=true&cauthor_uid=23321919
http://www.ncbi.nlm.nih.gov/pubmed?term=Schriefer%20A%5BAuthor%5D&cauthor=true&cauthor_uid=14688132
http://www.ncbi.nlm.nih.gov/pubmed?term=Schriefer%20AL%5BAuthor%5D&cauthor=true&cauthor_uid=14688132
http://www.ncbi.nlm.nih.gov/pubmed?term=G%C3%B3es-Neto%20A%5BAuthor%5D&cauthor=true&cauthor_uid=14688132
http://www.ncbi.nlm.nih.gov/pubmed?term=Guimar%C3%A3es%20LH%5BAuthor%5D&cauthor=true&cauthor_uid=14688132
http://www.ncbi.nlm.nih.gov/pubmed?term=Carvalho%20LP%5BAuthor%5D&cauthor=true&cauthor_uid=14688132
http://www.ncbi.nlm.nih.gov/pubmed?term=Almeida%20RP%5BAuthor%5D&cauthor=true&cauthor_uid=14688132
http://www.ncbi.nlm.nih.gov/pubmed?term=Machado%20PR%5BAuthor%5D&cauthor=true&cauthor_uid=14688132
http://www.ncbi.nlm.nih.gov/pubmed?term=Machado%20PR%5BAuthor%5D&cauthor=true&cauthor_uid=14688132
http://www.ncbi.nlm.nih.gov/pubmed?term=Lessa%20HA%5BAuthor%5D&cauthor=true&cauthor_uid=14688132
http://www.ncbi.nlm.nih.gov/pubmed?term=de%20Jesus%20AR%5BAuthor%5D&cauthor=true&cauthor_uid=14688132
http://www.ncbi.nlm.nih.gov/pubmed?term=Riley%20LW%5BAuthor%5D&cauthor=true&cauthor_uid=14688132
http://www.ncbi.nlm.nih.gov/pubmed?term=Carvalho%20EM%5BAuthor%5D&cauthor=true&cauthor_uid=14688132

linlindenbergi n. sp. A new leishmanial parasite of man in the Amazon region. Parasite
9: 43-50.

Sirois M, Ed. Medicina de Animais de Laboratorio Principios e Procedimento. Sdo Paulo:
Rocaed. 2008.

Souza-Lemos C, De-Campos S, Teva A, Corte-Real S, Fonseca E, Porrozzi R, Grimaldi GJ
2008. Dynamics of immune granuloma formation in a Leishmania braziliensis-induced

self-limiting cutaneous infection in the primate Macaca mulatta. J Pathol 216: 375-386.

Soon L, Henard C, Melby PC 2012. Immunopathogenesis of non-healing American cutaneous

leishmaniasis and progressive visceral leishmaniais. Semin Immunopathol 34:735-751.

Soliman MFM 2006. The persistence, dissemination and visceralization tendency of

Leishmania major in Syrian hamsters. Acta Tropica 97: 146-150.

Stockdale L, Newton R, 2013. A review of preventative methods against human leishmaniasis
infection. Plos Negl Trop Dis 7: e2278.

SVS (Secretaria de Vigilancia em Salde- Ministério da Saude-Brasil) 2011. Casos de
leishmaniose tegumentar americana. Brasil, grandes regides e unidades federadas. 1990 a
2010. Sinan/SVS/MS, 23/08/2011.

Travi B, Rey-Ladino J, Saravia N 1988. Behavior of Leishmania braziliensis s.I. in golden
hamsters: evolution of the infection under different experimental conditions. J Parasitol
74:1059-62.

Travi B, Martinez J, Zea A 1993. Antimonial treatment of hamsters infected with Leishmania
(Viannia) panamensis: assessment of parasitological cure with different therapeutic
schedules. Trans R Soc Trop Med Hyg.87: 567-5609.

Travi B, Osorio Y, Melby P, Chandrasekar B, Arteaga L, Saravia N 2002. Gender is a major
determinant of the clinical evolution and immune response in hamsters infected with

Leishmania spp. Infect. Immun 70:.2288-2296.

69



Wilson H, Dieckmann B, Childs B 1979. Leishmania braziliensis and Leishmania mexicana:
Experimental cutaneous infections in Golden Hamsters. Experimental Parasitology 47:
270-283.

Zhao W, Valencia AZ, Melby PC 2006 . Biological activity of hamster interferon-gamma is
modulated by the carboxyl-terminal tail. Cytokine 34:243-251.

Zeledon R, Blanco E, De Monge E 1969. Comparative experimental infections with Costa

Rican strains of Leishmania braziliensis Vianna, 1911. Acta Trop.26: 136-155.

70



ANEXO 1: Artigo (publicado)

Titulo: “Golden hamster (Mesocricetus auratus) as an experimental model for Leishmania
(Viannia) braziliensis infection”.
Parasitology, fevereiro de 2013.

Autores: ADRIANO GOMES-SILVA, JOANNA GARDEL VALVERDE, RAQUEL PERALVA
RIBEIRO-ROMAO, ROSA MARIA PLACIDO-PEREIRA e ALDA MARIA DA-CRUZ.

RESUMO

A falta de um modelo adequado para infeccdo por Leishmania (Viannia) braziliensis infeccéo
é um fator limitante para o estudo da leishmaniose tegumentar Americana. O golden hamster
(Mesocricetus auratus) € um modelo promissor, pois além de ser altamente susceptivel a
infecgdo por Leishmania dermotropica, desenvolve lesdes muito semelhantes as observadas na
leishmaniose cutanea (CL) humana. No entanto, é sabido que diferentes espécies e/ou isolados
de Leishmania e também diferentes protocolos de infeccdo resultam em diferentes evolucdes
da doenca, ao passo que nenhum estudo avaliou a reprodutibilidade da infeccdo por L.
braziliensis neste modelo. A histéria natural da infeccdo por L. braziliensis em 34 hamsters
foi avaliada usando um Unico isolado de parasito em oito experimentos independentes sob as
mesmas condi¢cBes experimentais. Analises clinica, histolégica e imunoldgica foram
realizadas. Os animais apresentaram lesdes ulceradas semelhantes as observados na ATL. O
tamanho das lesdes doas animais infectados mostrou uma tendéncia para uma variacdo
intermediéria intra-experimento. A analise histolégica da pele infectada mostrou reacdo
granulomatosa, poucas amastigotas, e a presenca de Corpusculos de Schaumann. Linfocitos
do sangue periférico proliferaram em resposta a antigenos de Leishmania. A gravidade da
infeccdo foi positivamente correlacionada com o peso do bago e com os niveis de 1gG anti-
Leishmania. Nossos resultados mostraram que o hamster € um modelo adequado para os
estudos de imunopatogénese da LC causada por L. braziliensis e o seu uso é indicado em
protocolos experimentais para avaliacdo da eficacia de vacinas e novos farmacos.
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SUMMARY

The lack of an adequate model for Lelshmania (Viannia) brasiliensis infection is a limiting factor for studying American
tegumentary leishmaniasis (ATL). The golden hamster (Mesocricetus auratus) 1s a promising model because besides being
highly susceptible to dermotropic Leishmania infection, the lesions are very similar to cutaneous leishmaniasis (CL) in
humans. However, different Leishmania solates or species and/or protocols have resulted in different outcomes, whereas no
study has evaluated the reproducibility of L. braziliensis infection in this model. The natural history of L. braziliensis
infection in 34 hamsters was evaluated by using a single parasite isolate in 8 independent experiments under similar
experimental conditions. Clinical, histological and immunological analyvses were performed. The hamsters presented skin
ulcers similar to those observed in ATL. The intra-experiment lesion increment tended to show an intermediary variance.
Histological analysis of infected skins showed granulomatous reaction, scarce amastigotes, and Schaumann’s bodies. Blood
lvmphocytes proliferated in response to leishmanial antigens. The severity of the infection was positively correlated to
spleen weight, and the titres of anti-Leishmania 1gG antibodies. Our findings indicate that the hamster is an appropriate
model for immunopathogenesis studies of CL caused by L. braziliensis, supporting its use in clinical, vaccine and
chemotherapy experimental protocols.

Kev words: golden hamster, American tegumentary leishmaniasis, Leishmania (Viannia) braziliensis, immunoglobulin,
Ivmphocyte, clinical outcome, histopathology.

INTRODUCTION There are quite a few reports employing a Balb/c
model in vaccination studies that successfully
obtained chronic ulcerated lesions after infection by
L. braziliensis promastigotes (Salay et al. 2007).
Other experimental models such as non-human
primates (Souza-Lemos et al. 2008) and dogs
(Pirmez et al. 1988) require complex logistics for
their maintenance under experimental conditions.

The hamster is highly susceptible to dermotropic
Leishmania infection and has been largely used as a
model for visceral leishmaniasis (Goto and Lindoso,
2004; Dea-Avuela et al. 2007). The animal develops
skin lesions when infected by one of the Viannia or
Leishmania species including L. (1)) braziliensis
(Brazil, 1976; Wilson et al. 1979; Morais-Teixeira
et al. 2008), L. (L.) amazonensis (Figueiredo et al.
1999), L. (V.) guyanensis, L. (V) panamensis (Rey
et al. 1990; Osorio et al. 2003), L. (V.) lainsoni
(Corréa et al. 2007) and L. (1)) peruviana (Gamboa
et al. 2008). Indeed, the skin lesions developed bv
these animals are very similar to the CL ulcers
observed in humans (Hommel et al. 1995). This turns
the golden hamster into a promising model for the
study of ATL.

A number of experimental protocols using
Leishmania-infected hamsters have been described.

Leishmania (Viannia) braziliensis is the most preva-
lent species associated with American tegumentary
leishmaniasis (ATL). ATL is a public health
problem with approximately 25000 cases reported
annually in Brazil (SVS-MS, 2011). Nevertheless,
there is no vaccine for ATL and only a limited
number of drugs are available for treating patients.
Most of our knowledge on the immunopathogenesis
of L. braziliensis infection comes from studies in
patients and in asymptomatic individuals (Reithinger
et al. 2007; Carvalho et al. 2012). The lack of an
adequate experimental model for L. braziliensis is a
limiting factor for the development of biological and
pharmacological health inputs to A'T'L.

Although relevant for cutaneous leishmaniasis
(CL) studies, murine models (Balb/c and C57B1/6)
are naturally resistant to L. braziliensis (DeKrey et al.
1998; Rocha et al. 2007). When infected by
L. braziliensis, animals develop small non-ulcerated
lesions that show a progression to spontaneous
healing (DeKrey et al. 1998; Rocha et al. 2007).

* Corresponding author: Av. Brasil 4365, Pavilhio
Lednidas Deane 4° andar, Manguinhos, Rio de Janeiro- - . X
RJ, ZIP 21040-360, Brazil. Tel: +55 21 3865 8147. Fax: I'hese protocols differ on several parameters, includ-
+355 21 2290 0479. E-mail: alda@ioc.fiocruz.br ing the Leishmania strains (Wilson et al. 1979;

Parasitology (2013), 140, 771-779.  © Cambridge University Press 2013
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Rev et al. 1990; Kahl et al. 1991), number of
inoculated parasites (Wilson et al. 1979; Martinez
et al. 1991), route and site of inoculation (Wilson
et al. 1979; Osorio et al. 2003), animal gender or age
(Wilson et al. 1979; T'ravi ef al. 2002) and biological
characteristics of inoculated parasites such as the
number of in witro passages, growth phase, develop-
mental stages or rate of metacyclic forms (Rey et al.
1990; Gamboa et al. 2008). Most of the studies using
dermotropic strains involved L. guyanensis, but
the outcome of L. braziliensis infection was poorly
studied. T'o date, no study has evaluated the
reproducibility of the clinical aspects of the infection
in the hamster model for CL caused by L. braziliensis.

Here we studied the natural history of L. brazi-
liensis infection in a hamster model by using a single
parasite isolate in independent experiments under
similar experimental conditions. Our findings indi-
cate that the hamster is an appropriate model for
L. braziliensis infection studies.

MATERIALS AND METHODS
Animals and ethics statement

Outbred golden hamsters (Mesocricetus auratus),
adult females (6—8 weeks old), weighing 80-90 g,
from the animal facilities at Fundac¢io Oswaldo Cruz,
were used. Thirty-four infected animals and 13 un-
infected animals were analysed. This study was
specifically approved by the Ethics Committee on
Animal Use (CEUA) of Fundacio Oswaldo Cruz —
FIOCRUZ, by the number of protocol P-0281/06.

Parasites for infection and immunological studies

Leishmania braziliensis promastigotes (MCAN/BR/
98/R619) in stationary growth phase until the third
in witro passages in supplemented Schneider’s
Drosophila medium were used (Sigma Chemical
Co., 5t Louis, MO, USA). Promastigotes were
washed in phosphate-buffered saline, 0-15 M, pH 7-2
(PBS) and 1x10° parasites were inoculated intra-
dermally in the dorsal hind paw of hamsters.
Disrupted antigens of L. braziliensis (MHOM/BR/
75/2903) promastigotes (Lb-Ag) were obtained for
immunological studies.

Clinical course of Leishmania braziliensis infection

To determine the natural history of L. braziliensis
infection in hamsters, 8 independent experiments
were performed during a period of 2 years. The lesion
increment was monitored weekly from day 7 up to
approximately 110 days post-infection. This was
done by measuring the paw dorsum-ventral thickness
with a digital thickness gauge (Mitutoyo America
Corporation, Sdo Paulo, Brazil) with the thickness
expressed in millimetres. The lesion increment was
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determined as the difference of measurements be-
tween the infected and the non-infected paw of the
same animal. The discrepancies in lesion increment
were determined by the variance coefficient [VC=
(standard deviation X mean)/100)]. For this VC ana-
lysis, 5 experiments with 5 or 6 animals per group
were used. Once a week animals were checked
for skin macroscopic changes and for cutaneous
metastasis.

Quantification of anti-Leishmania antibodres

The anti-Leishmania 1gG levels were determined in
plasma samples by ELISA assay as described else-
where (Gomes-Silva et al. 2008). Plasma samples
were diluted 1:200 and horseradish peroxidase-
labelled goat anti-hamster IgG was used as detector
system (Santa Cruz Biotechnology, Santa Cruz,
CA, USA). The results were expressed as optical
density (OD).

Lymphocyte proliferative responses to
Leishmania antigens

Peripheral blood mononuclear cells were collected
for lymphocyte proliferative response analysis in
response to Leishmania antigens as described else-
where (Da-Cruz et al. 2002). The cells (3 X ]05/'well)
were plated in triplicate and cultured in vitro with
concanavalin A (1 ug/well) (Sigma, USA), Lb-Ag
(10 pg/well), or in the absence of any stimulus as the
negative control. The cell cultures were maintained
for 72h at 37°C in a humidified atmosphere of
5% CO; in air. Then 16h before harvesting, 1 Ci
(3H)thymidine (Amersham International, UK) was
added to each well, and the radioactivity uptake was
measured in a scintillation counter (1600CA, Packard
Instrument Company, Downers Grove, 1L, USA).
Results were expressed as stimulation indices (SI=
average counts per minute [cpm] of stimulated
triplicates with Lb-Ag/ average cpm of negative
control) where values equal to or higher than 2-5 were
considered as positive.

Macroscopie analysis of lymphoid organs

The spleens of 30 hamsters were excised and weighed
in a precision balance. Spleens were visualized
macroscopically and registered by digital photo-
graphs. Dissemination of parasites to spleens and
other anatomic structures beyvond the inoculation site
was evaluated by macroscopic inspection (anatomical
alterations) and confirmed by visualization of
Leishmania through histopathological analysis of
lymphoid organs. The draining popliteal lymph
nodes of 10 animals and the spleens of 14 animals
were subjected to microscopic evaluation.
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Histopathological analysis

Fragments from the skin (#=24) and the draining
lymph nodes (popliteal, n=10) of the infected paw, as
well as from spleen (n=14) and liver (n=14) were
fixed in 10% buffered formalin and processed for
paraffin embedding. Sections of 2—4 um thickness
were stained with haematoxylin-eosin and then
observed by light microscopy (Nikon Eclipse E600
Microscope, Tokyo, Japan). The images were cap-
tured in CoolSNAP-Procerand edited by Image-Pro
Plus program (Media Sybernetics, GA, USA). The
results were expressed as a semi-quantitative analysis
in which the main histopathological features were
scored according to the number of animals in which
the features were observed s the number of animals
analysed (given in parentheses) and scored according
to the intensity of occurrence of the feature, varying
from (—) absence; (%) slight presence of the histo-
pathological feature; (+) moderate presence of the
histopathological feature; to (++) full occurrence of
the histopathological feature.

Statistical analysis

The data were analysed by Mann—Whitney test and
Spearman’s rank-correlation with the GraphPad
Prism software version 4.00 for Windows (GraphPad
Software, San Diego, CA, USA). The results were
expressed as the meanztstandard deviation and
median. Significant differences were considered

when P<0-05.

RESULTS

Variances for cutaneous lesion increment
post-Leishmania braziliensis infection

All L. developed
cutaneous lesions during the observational period
(~ 110 days). The observation started at 2 weeks after
infection, when characteristic inflammatory signs
(erythema and oedema) were observed. After that
there was a significant lesion increment. The first
mean measure was 0-30mmz0-:30 mm (median=
022 mm, n=34);
was 2:12mmz1-16 mm (median=1-9mm, n=34)
(P<0-001) (Fig. 1A). No spontaneous healing was
observed in any animal.

A cutaneous ulcerated lesion was the most frequent
clinical presentation (I'ig. 1B and C). Elevated
ervthematous borders, granular aspect, with a necro-
tic surface (Fig. 1B), or recovered by crusts (Fig. 1C)
were also commonly seen.

"The variable pattern of lesion increment was
quantified by a variance coefficient. We observed
homogeneous (VC<15%, n=1 experiment),
intermediary (VC = 15% and VC<30%, n=2
experiments) or heterogeneous (VC=>30%, n=2
experiments) patterns.

braziliensis-infected hamsters

and the final mean measure
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Histopathological findings of hamster cutaneous lesion

The skin histopathological findings (n=24) are
summarized in Table 1. An intense inflammatory
infiltrate reaching all over the dermis (Fig. 1D),
consisting predominantly of macrophages in epithe-
lioid arrangements, and large amounts of lympho-
cytes, characterizing a granulomatous
(Fig. 1E) was visualized in all animals. Neutrophils,
plasma cells and eosinophils (sometimes
macrophage vacuoles) were also seen (data not
shown). Cytoplasmic vacuoles were observed in
most macrophages (22/24),
were seen in all of them (Fig. 1F). Areas of necrosis
with calcification (11/24) (IFig. 1D) and Schaumann’s
bodies (22/24)
(Fig. 1E and F) were seen. A positive association
between lesion increment and the frequency of
amastigotes was detected (Table 1).

reaction

inside

whereas Leishmania

(lamellar basophilic  structures)

Parasite dissemination to other
anatomical compartments

No clinical evidence of cutaneous metastasis was
observed. Draining popliteal lymph nodes (n=10
infected animals) were grey, with swollen and
enlarged aspects in comparison to non-infected
hamsters. T'hey all presented disrupted architecture
(10/10) with macrophages in epithelioid arrangement
(Fig. 2A). Schaumann’s bodies were often seen
dispersed through the organ (9/10) (I'ig. 2A).
Macrophages exhibited vacuoles (10/10), and some
of them showed moderate amounts of Leishmania
(6/10), few amastigotes, or even degenerated parasites
(4/10) (Fig. 2B).

Spleens were severely affected and some animals
presented nodules (n=8) with a consistent aspect
upon macroscopic visualization (Fig. 2C). The mean
spleen weight was significantly higher (P <0-001) in
infected animals (0-47 g2 0-32 g; median=0-35 g;
n=20) than in non-infected ones (0-13g+0-04g;
median=0-12 g; n=10). Indeed, a significant positive
correlation between the spleen weight and lesion
increment was observed in infected hamsters
(r=062; P<0-01; n=20) (Fig. 2D). The spleen
histopathology (n=14) showed mixed inflammatory
infiltrate in all animals analysed, white pulp rare-
faction (13/14),
(Fig. 2E), vacuolated macrophages (11/14) and
presence of Leishmania amastigotes (6/14) (Fig. 2F).

Although the macroscopic aspect of the liver
seemed normal, we observed a number of histological
abnormalities. The main findings were the presence
of mixed inflammatory infiltrate (10/14), composed
predominantly of mononuclear cells, mainly around
the perivascular area (Fig. 3A).
Letshmania parasites were not seen but vacuolated
macrophages with acidophilic contents suggestive of
amastigote forms were detected (5/14) (Fig. 3A).

presence of granuloma (11/14)

In these cases
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Fig. 1. Evaluation of the clinical course, macroscopic and histopathological aspects of skin lesions from golden hamsters
infected with Leishmania (Viannia) braziliensis. (A) Lesion increment development in each of 8 independent
experiments. Each line represents 1 experiment and the points indicate the average of lesion increments in each group.
(B and C) Macroscopic aspect of the infected paw at approximately 110 days after Leishmania infection. Slides of
representative lesions localized at the site of parasite inoculation (dorsal face of back right paw) taken at the end of the
observational period (110 days). (D) Mixed inflammatory infiltrate reaching all over the dermis; pointed arrows indicate
areas with calcification necrosis (skin, 20X). (E) Macrophages in epithelioid arrangement; arrowheads indicate
Schaumann’s bodies; pointed arrows indicate vacuolated macrophages with Leishmania inside (skin, 40X).

(F) Granuloma; pointed arrows indicate cytoplasmatic vacuoles containing amastigotes inside; arrowheads indicate

Schaumann’s bodies (skin, 100X).

Blood lymphocyte proliferation response (LPR)
to leishmanial antigens may relate to the skin
lesion severity

A total of 21 out of 22 infected hamsters had a positive
LPR. The stimulation index (SI) to Lb-Ag was quite
variable and ranged from 4-2 to 137 (mean=233-8%+

42-3; median=15-9; n=22) (Fig. 3B). SI to Lb-Ag
were negatively associated with lesion increments of
infected animals at the end of the monitoring period
(P<0-05; r=—0-50) (Fig. 3C). The mean SI to
mitogen was similar when infected (147 £ 120; median
=100; n=22) and non-infected hamsters (1981 168;
median=199; n=9) were compared (Fig. 3B).
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Table 1. Histopathological features of spleen and skin lesions from Leishmania (IViannia) braziliensis
infected golden hamsters
Independent experiments
Exp 1 Exp 2 Exp 3 Exp 4 Exp 5
Histopathological aspects Tissues (n=135) (n=15) (n=4) (n=35) (n=35)
Mixed inflammatory infiltrates Skin ++ (5/5)" ++(5/5) ++ (4/4) ++ (5/5) ++ (5/5)
Spleen na () na () ++ (4/4) + (5/5) +(5/5)
Granulomatous reactions Skin ++ (5/5) ++(5/5) ++ (4/4) ++ (5/5) ++ (5/5)
Spleen na () na () ++ (4/4) + (3/5) + (4/5)
Vacuolated macrophages Skin +(5/5) +(5/5) + (4/4) + (4/5) + (4/5)
Spleen na () na () ++ (4/4) + (4/5) +(3/5)
Leishmania amastigotes Skin +(5/5) +(5/5) ++ (4/4) + (5/5) *(5/5)
Spleen na () na () + (3/4) + (2/5) +(1/5)
Schaumann’s bodies Skin +(3/5) +(5/5) *(3/4) + (3/5) +(3/5)
Spleen na () na () +(1/4) —(5/5) —(5/5)
Necrosis with calcification Skin +(2/5) = (5/5) *(1/4) +(2/5) *(1/5)
Spleen na () na () — (4/4) —(5/5) —(5/5)
Tissue disarrangement architecture Skin ++ (5/5) ++(5/5) ++ (4/4) ++ (5/5) ++ (5/5)
Spleen na () na () ++ (3/4) + (4/5) + (4/5)
Clusters of macrophages Skin ++ (5/5) ++ (5/3) ++ (4/4) ++ (5/5) ++(5/5)
Spleen na () na () ++ (3/4) + (3/5) + (4/5)
White pulp rarefaction Spleen na () na () ++ (4/4) + (5/5) + (4/5)
Paw lesion increment at final measure 2-30 1-34 427 1-36 144

{mm)

n, Number of animals per group.

* Number of animals in which the histopathological feature was observed / number of animals analysed.
(—)Absence; (+) shight presence of the histopathological feature; (+) moderate presence of the histopathological feature;

(+ +) full occurrence of the histopathological feature.
na, Not analysed.

Levels of anti-L.eishmania IgGG correlated with
infection severity

Anti-Letshmania 1gG was detected in all infected
animals. As expected, the OD values were signifi-
cantly higher in infected (3-41£0-22; median=3-47;
n=29) than non-infected animals (0-58%0-27;
median=0-5; n=13; P<0-001). "T'he anti-Leishmania
IgG levels positively correlated with lesion incre-
ments in the hamsters’ paws (r=0-45; P<0-05;
n=25) (Fig. 3D) and with spleen weight (r=0-66;
P<0-01; n=20) (Fig. 3E).

DISCUSSION

The fact that the golden hamster presents suscepti-
bility to dermotropic Leishmania (Viannia) species
makes this species a better experimental model for
A'T'L studies than the murine model, as the latter is
naturally resistant to these strains (Rey et al. 1990; De
Oliveira et al. 2004). However, different Leishmania
isolates or species and/or protocols have been used
that do not allow prediction of the outcome of
infection in this animal model as opposed to other
well-established mouse/Leishmania models. Herein,
all infected animals were susceptible to L. braziliensis
and developed skin-ulcerated lesions. The severity of
the infection in this model correlated to spleen
weight, the intensity of lymphocyte proliferation to

leishmanial antigens, and the titres of anti-
Leishmania antibodies.

The [Leishmania infection protocol used in this
study was able to generate cutaneous lesions in all
animals. Thus, it could be recommended for clinical,
vaccine or therapeutic studies. 'The inflammatory
signs appeared early in the course of the disease and
were already observed within the first 3 weeks after
infection. At 60 days post-infection all animals
presented signs of disease. Shorter or longer pre-
patent periods were observed by others (Wilson et al.
1979; Kahl et al. 1990, 1991). In our study, ulcerated
lesion was the main macroscopic clinical presentation
after 4 months of infection. This aspect, together
with the chronic state of the disease, closely resembles
non-healing human CL and possibly reproduces
some of the immunopathological aspects of the
human disease.

Although all animals developed skin lesions, the
final measures of infected paws differed among intra-
or inter-independent experiments. The variability
coeflicient analysis tended to show an intermediary
variance when animals under the same experimental
infection conditions were compared. This result is
expected to occur in hamsters because of the outbred
genetic background. However, variability is also
observed even when isogenic mice are used in experi-
mental leishmaniasis (Pereira et al. 2009). Therefore,
variability in lesion increment has to be taken into
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Fig. 2. Macroscopic and histopathological aspects of secondary lymphoid organs from golden hamster infected by
Leishmania (Viannia) braziliensis. (A) Pointed arrows indicate macrophages in epithelioid arrangement; arrowheads
indicate Schaumann’s bodies (lymph node, 20x). (B) Granulomatous reaction; pointed arrows indicate vacuolated
macrophages containing amastigotes (lymph node, 100x). (C) Slide of representative picture of spleen from infected
animal. White arrows point to some of the several nodules found in infected spleen. (D) Correlation between spleen
weight and lesion increment in paws from 20 infected animals after approximately 110 days of infection. The correlation
graph shows fit line with confidence curve. r=correlation coeflicient; P=significance level. (E) Pointed arrows indicate
epithelioid macrophages characterizing granulomatous reaction (spleen, 20x). (F) Pointed arrows indicate Leishmania

inside vacuolated macrophage in granuloma (spleen, 100X).

consideration when lesion size is a parameter to
evaluate drug response or vaccine protection.
Besides the skin macroscopic aspects, another
striking finding is the similarity of the skin histo-
pathological changes when L. braziliensis-infected
hamsters were compared (Laurenti et al. 1990; Kahl
et al. 1991; Sinagra et al. 1997) with human lesions
(Magalhies et al. 1986). As observed in CL lesions,
granulomatous reactions consisting predominantly of

epithelioid macrophages, lymphocytes and moderate
amounts of plasma cells and scarce amounts of
amastigotes were consistently seen in our experimen-
tal model. On the other hand, moderately parasitized
macrophages were detected in severely clinically
compromised animals. A limitation of this study
was not to include the parasitic load results. The high
bacterial contamination levels (probably from lesion
origin) in the axenic cultures did not enable
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Fig. 3. Histopathological aspects of liver and immunological responses to leishmanial antigens of golden hamster
infected with Leishmania (Viannia) braziliensis. (A) Mixed inflammatory infiltrate around perivascular area (window,
liver, 20X); macrophages in epithelioid arrangement; pointed arrows indicate forms of amastigotes inside vacuolated
macrophage (liver, 100X). (B) Lymphocyte proliferative assays using peripheral blood mononuclear cells (PBMC)
obtained from uninfected and infected animals. Cells were stimulated in vitro with L. braziliensis antigens (LLb-Ag) or
mitogen concanavalin A (Con-A). The results were expressed as a stimulation index (SI). *¥* P<0-001. ns, not
statistically significant. Each point represents 1 animal and the horizontal bar indicates the median. Dotted line indicates
the cut-off SI=2-5. (C) Correlation between lesion increment and lymphocyte proliferation intensity (stimulation index)
under Leishmania antigen (LLb-Ag) stimuli. (D) Association between lesion increment in hamster paws and anti-
Leishmania 1gG levels (optical density values). (E) Correlation between spleen weight (in grams) and the anti-
Leishmania 1gG levels (optical density values). The correlation graphs (C, D and E) show fit lines with confidence

curves. r=correlation coeflicient; P=significance level.

calculation of the frequency of parasites in skin-
infected tissues by limited dilution assay. In the
future, molecular assays such as real-time PCR to
quantify Leishmania DNA products can be used.
Schaumann’s bodies were a frequent finding
especially in skin and lymph nodes, as observed by
other authors (Kahl et al. 1990, 1991; Laurenti et al.
1990). This structure has been associated with a
deficient phagocytic macrophage system (Laurenti

etal.1990). Curiously, although Schaumann’s bodies
are commonly seen in infected hamsters, they are not
usually described in humans or in other experimental
animals with leishmaniasis (Essayag et al. 2002). In
any case, the presence of Schaumann’s bodies even in
the absence of parasites strongly suggests Leishmania
infection (Ribeiro-Romaio et al. unpublished data).
In our experimental protocol, a greater cutaneous
lesion increment was accompanied by systemic
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clinical abnormalities observed in the spleen, lymph
nodes, and liver involvement (data not shown).
Leishmania visceralization has been reported in
hamsters infected by ianmia and Leishmania
dermotropic Leishmania species (Rey et al. 1990;
Almeida et al. 1996; Sinagra ef al. 1997; Soliman,
2006) especially
high. Although skin metastases were detected in
L. braziliensis infected hamters (Brazil, 1976; Wilson

when infective inoculum is

and Lollini, 1980), the parasite isolate used herein
did not induce metastases, agreeing with previous
reports (T'ravi et al. 1988).

The LLPR assay has become an alternative for
immunological studies in hamster models because of
the low availability of anti-hamster monoclonal
antibodies against cytokines or surface molecules.
Although spleen and lymph node compartments have
been frequently used as the source of mononuclear
cells for LLPR assays (Osorio ef al. 2003; Dea-Ayuela
et al. 2007), we have chosen blood cells. Our rationale
was to rule out the possibility that Leishmania
antigens coming from these lymphoid organs may
cause in wvitro cell stimulation, prejudicing stimu-
lation index calculation. As far as we know, blood
cells for analysing the immune response to leishma-
nial antigens have not been previously used in the
hamster model.

The intensity of LPR under leishmanial stimuli
inversely correlated with disease severity. Similarly,
snout infection by L. panamensis is accompanied by a
low lymphoproliferation intensity (Osorio et al.
2003). However, animals with small lesion incre-
ments also presented low LPR results whereas CL
patients presenting low LPR stimulation indices are
at high risk for cutaneous lesions relapses (Mendonga
et al. 1986). This suggests that anv deficiency in the
effector cellular immune response could impair the
parasite clearance.

The detection of anti-Leishmania antibodies has
been used as a promising biomarker to assess the
clinical course of leishmaniasis (Gomes-Silva et al.
2009). Here, we showed an association between IgG
anti-Leishmanta levels and disease severity, similar
to the results previously shown in L. panamensis
infection (Osorio et al. 2003). In our study, the anti-
Leishmania antibody titres directly correlated with
lesion increment and also with spleen weight.

Recently a molecular assay based on quantification
of RNA transcripts has been used for the detection
of cytokines, chemokines and cell-surface markers in
hamster models (Espitia et al. 2010) as an important
strategy for evaluating the immune response. This
model may also allow associations between clinical
outcome and more reliable immunological findings.

Here we showed that the clinical and immuno-
logical reactions can vary among independent exper-
iments even when a single isolate of L. braziliensis is
used to infect golden hamsters. Also, skin lesion
increments, splenomegaly and the proliferative
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capacity of lymphocytes reactive to Leishmania and
I1gG anti-Leishmania levels correlated with disease
severity. Our results indicate that the golden hamster
is an appropriate model for immunopathogenesis
studies, and support its use in clinical, vaccine and
chemotherapy experimental protocols of cutaneous
leishmaniasis caused by L. braziliensis.
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