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Resumo

A Leishmaniose Visceral Canina (LVC) no Brasil é causada por
Leishmania (Leishmania) chagasi a qual € relatada em varias regides. O
objetivo desta pesquisa foi verificar a prevaléncia, analisar a correlacao
espacial entre a Leishmaniose Visceral Canina e fatores ambientais, avaliar e
comparar os niveis de citocinas (IL-12, IFN-y, IL-2 e IL-4) expressdes por PCR
em tempo real em diferentes tecidos/érgaos, determinar os padrées bio-
guimicos e hematologicos em cédes naturalmente infectados por L. (L.) infantum
/ chagasi e também avaliar os niveis de 1gG2 especificos para Leishmania
chagasi em caes sintomaticos e assintomaticos naturalmente infectados
utilizando-se a proteina CPX2. Cées do Municipio de Tamandaré, Pernambuco,
Brasil, foram investigados quanto aos sinais clinicos relacionados a
Leishmaniose Visceral Canina. Os soros foram analisados pelo teste ELISA
para anticorpos anti-Leishmania, e de acordo com a sorologia, para 0s caes
positivos e negativos foram atribuidas coordenadas através da utilizacdo de um
GPS portatil. Os pontos foram registrados no municipio e analisados no ArcGIS
utilizando-se a “Correlagao Espacial de Moran’s ", para distinguir agrupamento
com base nas variaveis da vegetacdo e hidrologia. A avaliacdo dos niveis de
citocinas (IL-12, IFN-y, IL-2 e IL-4) foi feita por PCR em tempo real em
diferentes tecidos/6rgaos de cédes adultos naturalmente infectados por L. (L.)
infantum/chagasi, e foram determinados o0s parametros bioquimicos e
hematolégicos em cées sintomaticos e assintomaticos com LVC. O inquérito
sorologico apresentou 20,40% dos animais positivos sendo que 80,1% dos
cdes positivos eram assintomaticos. Por outro lado, as correlagdes entre todos

0S pontos e fatores ambientais, tipo de vegetacdo e hidrologia que foram
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agrupados apresentaram menos de 1% de probabilidade, ndo mostrando
relacdo. Os animais sintomaticos apresentaram expressao aumentada de IL-
12, IFN-y, IL-2 e IL-4, quando comparado com cédes do grupo controle,
enquanto que animais assintomaticos e os caes tratados para LVC revelaram
aumento significativo de IL-4. A expressao da IL-12 e IL-2 foi signifivamente
aumenta nos linfonodos de caes assintomaticos. Os animais tratados
apresentaram niveis significativamente mais altos de IL-12 na medula 6ssea
quando comparados com caes do grupo controle, infectados sintomaticos ou
assintomaticos. A determinacdo dos parametros bioguimicos e hematoldgicos
em cdes sintomaticos e assintomaticos mostrou que, 0s caes do grupo
sintomético além dos sinais clinicos também apresentavam anemia normocitica
e normocromica, hipergamaglobulinemia e azotemia. O resultado do teste
ELISA utilizando a proteina CPX2 mostrou positividade para anticorpos 1gG2
em 41,01% dos caes, contudo foi observada reacdo cruzada com outras
doencas infecciosas. Como o cdo é o principal reservatorio no Brasil e a
infecg@o canina precede os casos em humanos, os resultados aqui observados
indicam que medidas de controle devem ser aplicadas na popula¢do canina no

municipio de Tamandaré a fim de evitar casos humanos.
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Abstract

Canine Visceral Leishmaniasis (CanL) in Brazil is caused by Leishmania
(Leishmania) chagasi and it has been reported in some cities. The goal of this
research was to verify the prevalence, analyze the spatial correlation between
CanL and environmental factors, evaluate and compare the levels of cytokine
(IL-12, IFN-y, IL-2 and IL-4) expressions by Realtime-PCR in different
tissues/organs and also determination of hematological and biochemical
patterns in dogs naturally infected by L. (L.) infantum/chagasi and also evaluate
the levels of Leishmania chagasi specific lgG2antibodies in symptomatic and
asymptomatic dogs naturally infected using CPX2. First of all the dogs from
Tamandare county, Pernambuco, Brazil were investigated for clinical signs
related to Canine Visceral Leishmaniasis (CanL) and sera were analyzed by
ELISA test for anti-Leishmania antibodies. According to serology, the positive
and negative cases in were each assigned coordinates through the use of a
handheld GPS. The cases were plotted throughout the county, and the points
were loaded into arcGIS and the layers were analyzed using “Moran’s | Spatial
Autocorrelation” to distinguish clustering based on the variables vegetation and
hydrology. Later the evaluation of cytokine levels (IL-12, IFN-y, IL-2 and IL-4)
was made by Realtime-PCR in different tissues/organs from adult dogs
naturally infected by L. (L.) infantum/chagasi, and determination of
hematological and biochemical parameters in symptomatic and asymptomatic
dogs and after of CanL was performed. The serological survey showed 20.40%
of animals were positive to serological test and 80.1% of positive dogs were
asymptomatic animals. On the other hand the correlations between all points

and environmental factors, such vegetation and hydrology were found to be
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clustered with less than 1% likelihood due to random chance. Symptomatic
animals showed increased expression of IL-12 IFN-y, IL-2 and IL-4 when
compared with healthy dogs. Asymptomatic animals and dogs that had been
subject to treatment against CanL revealed significant augments of IL-4.
Significantly increased in lymph nodes of IL-12 and IL-2 expression was
observed in asymptomatic dogs. Treated animals showed significant high levels
of IL-12 in bone marrow when compared with healthy, symptomatic and
asymptomatic dogs. The determination of hematological and biochemical
parameters in symptomatic and asymptomatic dogs and after of CanL showed
that dogs of symptomatic group exhibited not only clinical signs compatible with
leishmaniasis but also normocytic and normochromic anaemia,
hypergammaglobulinemia and increase of blood urea. The results of the CPX2
ELISA showed 41.01%) of dogs were positive to IgG2 antibodies, but cross
reaction with non-leishmaniasis disease was observed. As the dogs is the
reservoir in Brazil and the canine infection precedes the human cases, these
findings indicate that control measures must be apply in dog population from

Tamandaré County in order to prevent human cases.
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1. Reviséo de Literatura
A Leishmaniose Visceral (LV) € uma antropozoonose que esta presente em
mais de 72 paises e que 90% dos casos em todo mundo estdo presentes em

Bangladesh, india, Nepal, Sud&o e Brasil (OLIVEIRA et al., 2006).

A numero de Obitos da doenca é estimado em 59.000 por ano, em todo o
mundo, sendo considerada pela Organizacdo Mundial de Saude (OMS) um grave

problema para a saude publica (SILVA et al., 2008).

No Brasil, sabe-se que a doenca ocorre em 19 dos 27 estados da federacao
(NAVEDA et al., 2006, ANDRADE et al., 2007, JULIAO et al., 2007, NUNES et al.,
2007), com excecdo dos estados da regido sul (NAVEDA et al. 2006,
KRAUSPENHAR et al., 2007), sendo a maior concentracdo de casos humanos
registrados na Regido Nordeste (LANGONI et al., 2005, ANDRADE et al., 2007,

SILVA et al., 2008).

O inseto implicado como vetor da LV na América Latina e no Brasil é o
Lutzomyia longipalpis (LUTZ E NEIVA, 1912) diptero, flebotominio, também

denominado fleb6tomo (SILVA, 2007).

A transmissdo se da através da picada do inseto infectado (SILVA e
BRAGA, 2008). Outras formas de transmissdo incluem as vias sanguinea
(OTERO et al.,, 2000, OWENS et al., 2001) , placentaria (MASUCCI et al.,
2003, DUBEY et al., 2005) e via sémen (DINIZ et al., 2005) sem, entretanto

importancia do ponto de vista epidemiologico.

Os hospedeiros silvestres da L. chagasi até agora conhecidos séo as
raposas e 0s marsupiais. Duas espécies de raposas foram encontradas

naturalmente infectadas e sdo implicadas como reservatérios nas areas nao
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urbanas: raposa do campo (Lycalopex vetulus) e a raposa (Cerdocyun thous)
(SILVA, 2007, LUPPI et al., 2008) além de marsupiais do género Didelphis. O fato
destes animais possuirem habitos sinantrépicos, poderia promover a ligacdo entre

os ciclos silvestres e domésticos (GONTIJO e MELO, 2004).

Silva, (2007) afirma que existem também relatos indicando roedores como
reservatorios da LV em areas rurais e peri-urbanas e que outros animais podem
compor o cenario epidemioldgico da LV em areas endémicas, pois, mesmo com a
retirada de todos os caes soropositivos, o0 ciclo de transmisséo da doenga ainda

pode existir.

O cédo doméstico (Canis familiaris) desempenha grande importancia na
epidemiologia da LV em areas endémicas, pois € o Unico reservatério doméstico da

LV em &reas urbanas (SILVA et al., 2005, SILVA, 2007).

Do ponto de vista epidemiolégico, a infec¢cao canina € mais importante que a
infeccdo humana, pois as precede, além de ser mais prevalente e apresentar
grande contingente de animais assintomaticos albergando parasitos na derme

(BONATES, 2003).

Sendo assim, em areas urbanas endémicas para LV, os cdes domésticos
representam o principal reservatério para a infeccdo por Leishmania sp.
(PARANHOS-SILVA et al.,, 1996, TAFURI et al., 1996, SAVANI et al.,, 2003,
BARBOSA DE DEUS et al., 2002, BARROUIM-MELO et al., 2004, CANELA et al.,
2004, LANGONE et al., 2005, DANTAS-TORRES, 2006, MOREIRA et al., 2007,

SILVA et al., 2008).
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2. Etiologia

A Leishmaniose Visceral tem como agente estiolégico um protozoério
dimoérfico, (POCAI et al, 1998), da ordem Kinetoplastidae, familia
Trypanossomatidae, e género Leishmania (POCAI et al., 1998, WILSON et al.,
2005, KRAUSPENHAR et al., 2007, COSTA et al., 2007, TAVORA et al., 2007),
espécie Leishmania chagasi/Leishmania infantum (QUINNELL et al., 2001,
LANGONI et al., 2005, STRAUSS-AYALI et al., 2005, DANTAS-TORRES, 2006,

SHAW, 2006, LAGE et al., 2007, STRAUSS-AYALI et al., 2007).

No passado considerava-se L. infantum e L. chagasi como duas espécies
diferentes (MARTIN-SANCHEZ et al., 2004, SHAW, 2006), apesar de ainda
existirem controvérsias em relacdo a sua real classificacdo (SILVA, 2007), estas
espécies atualmente sdo consideradas sinonimias e ndo subespécies, devido ao
fato de ndo haver diferencas na biologia molecular destas (GONTIJO e MELO,

2004, WILSON et al., 2005, DANTAS-TORRES, 2006, SILVA, 2007),

A L. infantum/chagasi € um parasito intracelular obrigatério (MARTIN-
SANCHEZ et al., 2004), possui ciclo biolégico heteroxénico, necessitando assim de
dois hospedeiros, um vertebrado (KAMHAWI, 2006), representado por canideos
silvestres ou domésticos, além de roedores e humanos, e de um invertebrado

representado pelo inseto vetor (KAMHAWI, 2006, SILVA, 2007).
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3. Leishmaniose Visceral Canina

3.1 Inquéritos soroepidemioldgicos

A Leishmaniose Visceral Canina (LVC) € uma doenca sistémica cronica,
presente na Europa, Asia, Norte da Africa e América do Sul (TRAVI et al., 2002,

LIMA et al., 2003, CARDOSO et al., 2007).

Na Espanha, Franca, Itdlia e Portugal, estima-se que 2,5 milhdes de caes
estejam infectados por Leishmania sp, ndo existindo nas Américas estimativas da

infecgcao (ALMEIDA et al., 2009).

No Brasil, recentes estudos mostram que a doenca tem adquirido,
caracteristicas peri-urbanas devido ao éxodo rural, que teve com consequéncia o
aumento da populagdo sem condigbes financeiras, degradacdo de florestas e
assentamentos da populacao nestas regides (SILVA et al., 2008 e LANGONI et al.,

2005, RONDON et al., 2008).

Na regido Centro Oeste, Almeida et al., (2009) e Azevedo et al., (2008)
observaram prevaléncia de 3,4% em bairros de Cuiaba (MT) e 7,8% na populacéo
canina proveniente de em Poxored (MT) respectivamente, sendo observado fatores
como presenca de cdes na regido peridomiliciar, moradias em proximidades a

terrenos baldios e presenca de outros animais domésticos como galinhas..

No sudeste brasileiro, particularmente no estado de Minas Gerais, a
soroprevaléncia variou de 1,4% em Pedro Leopoldo utilizando-se RIFI, 3% na
cidade de Bom Sucesso, 5% em Monte Claros até 64% na cidade de Belo
Horizonte, na dependéncia da cidade e tipo de teste diagnéstico utilizado (NAVEDA

et al., 2006; SILVA et al., 2008; MONTEIRO et al., 2005; SILVA et al., 2001).

23



Ja no estado de Séo Paulo, Savani et al., (2003) determinaram ser de 0,57%
(12/2104) a prevaléncia da infeccdo em cées da cidade de S&o José do Rio Preto
utilizado-se o RIFI, e 9% em Aracatuba —SP sendo a maior concentragdo em
bairros de periferia onde a reposicdo de animais apos eliminacdo dos casos
positivos ocorre com grande frequéncia (ANDRADE et al., 2007). Em Barra Mansa
no Rio de Janeiro foi verificada soropositividade de 10,5% utilizando-se RIFI e
ELISA (Figueiredo et al., 2009), j& no municipio de Barra de Guaratiba-Rio de
Janeiro, Silva et al., (2005) observaram durante o periodo de 2001 a 2002,

prevaléncia superior a 25%.

A semelhanca da leishmaniose visceral, a LVC registra o maior nimero de
casos na regido Nordeste. Em Sdo José de Ribamar (MA) a soroprevaléncia variou
de 21 até 25% (GUIMARAES et al., 2005); em Fortaleza, o primeiro estudo
soroepidemioldgico realizado por Alves et al. (1998) registrou 1,59 de positividade,
ja em 2008 a soroprevaléncia observada foi 26,2%, periodo onde foram
eutanaziados 1136 cdes (RONDON et al., 2008); Na cidade de Mossoré-RN,
comsieferada area endémica, com prevaléncia de 33,7% até 2004, foi verificada
soroprevaléncias de 45% e 34% na zona urbana e rural respectivamente (AMORA
et al., 2006); Ja na Bahia h4 uma grande variacdo da soroprevaléncia sendo em
Feira de Santana — BA 0,6% (OLIVEIRA e ARAUJO 2003) e Camacari , 21,7%
(JULIAO et al., 2007). Acredita-se que o aumento desta soroprevaléncia esteja
associado a fatores como migracdo populacional do homem, ocupacédo
desordenada, falta de saneamento basico, degradacdo do ambiente e adaptacéo

do parasita ao novo nicho ecoldgico (AMORA et al., 2006, RONDON et al., 2008)

No estado de Pernambuco, a frequéncia da infeccdo foi observada no
municipio de S&o Vicente de Ferrer, agreste Pernambucano, onde a prevaléncia
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variou de 4,8% a 33%, utlizando-se métodos sorolégicos e moleculares
respectivamente (CARVALHO et al., 2005). No municipio de Itamaraca as taxas de
prevaléncia variaram de 27,78% (MARINHO, 1996) a 9,09% (SANTOS, 2006) e

40,3% na cidade de Paulista, Regido Metropolitana do Recife.

4. Imunologia

4.1 Papel dos neutrofilos e macrofagos

Awashi et al., (2004) afirmaram que na infeccdo pela Leishmania major as

células polimorfomucleares (neutréfilos) possuem papel contraditério.

Estas células sdo as primeiras a chegarem ao local da infeccdo e
desempenham papel importante na fagocitose do parasito, o que implica na
secrecdo de quemoquinas que recrutam mais neutréfilos para o local de infeccéo,
porém nao recrutam outras células como as natural killer (NK) e mondcitos, o que
pode ser um fator importante para a manutencao da infeccdo (VAN ZANDBERGEN

et al., 2002)

Os neutrofilos desempenham a funcao de secretar substancias quimiotéaticas
para o inicio de atividade anti-leishmania de células T (VAN ZANDBERGEN et al.,

2002, AWASTHI et al., 2004).

Leishmania spp parasitam e replicam-se nos macréfagos na pele, no local
da infeccdo, podendo ser disseminados via linfatica ou sanguinea, infectando desta
forma macrofagos da medula éssea, linfonodos, figado, baco, rins e trato intestinal

de caes (LAGE et al., 2007).
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Apbs a infeccao os linfocitos T induzem a producado de citocinas que ativam
macréfagos para eliminar estes parasitas intracelulares (PINELLI et al., 2000),
ocorrendo entéo, producéo de algumas substancias antimicrobianas como oxigénio
reativo intermediario (ORI), juntamente com nitrogénio reativo intermediario (NRI),
hidrolases lisossomais, peptidases neutras e o 0xido nitrico (ON) (PINELLI et al.,
2000, AWASTHI et al., 2004), sendo esta Ultima a mais importante substancia

leishmanicida (PINELLI et al., 2000).

N&o obstante, uma variedade de estimulos pode induzir mudancas
funcionais, morfolégicas e bioquimicas dos macréfagos ativados, que produzem
citocinas como TNF-aq, IL-6, IL-18, IL-12 e IFN-y, que sédo adjuvantes efetivos e pré-
requisitos para a resposta Thl nas infeccoes (MUNDER et al., 1998, AWASTHI et
al., 2004). Sendo assim a sobrevivéncia da Leishmania spp intracelular dependem

da habilidade desta em escapar destes mecanismos (COSTA-VAL et al., 2007).

Apesar dos macrofagos serem responsaveis pelo controle da replicacdo de
parasitos, podem causar injarias nos hepatdcitos devido a liberacédo de substancias

anti-leishmania (WILSON e WEINSTOCK, 1996, GOMES-PERERIRA et al., 2004).

4.2 Linfécitos T

Na leishmaniose visceral humana e experimental em animais, a imunidade

mediada pelos linfocitos T é predominante (GOTO e LINDOSO, 2004).

Existem evidéncias clinicas e experimentais que a resolucdo da infeccdo

pela Leishmania spp esta relacionada com a resposta as células T, mediada por

26



macréfagos ativados e citocinas derivadas destas células (SANTOS-GOMES et al.,

2002).

Sendo assim, individuos que tem capacidade de controlar a infeccao
possuem uma resposta Thl com producdo especifica de citocinas do eixo Thl
enquanto pacientes com LV mostram resposta Thl deficiente e producéao de IL-10

(LAGE et al., 2007).

Na LVC, animais assintomaticos tem sido associados com resposta
proliferativas e producédo de citocinas especificas Thl, além de baixos titulos de
anticorpos, ao contrario, animais doentes apresentam depressdo na resposta
mediada por células e altos niveis de anticorpos anti-Leishmania spp (SANTOS-

GOMES et al., 2002, LAGE et al., 2007).

Os primeiros estudos com ratos BALB/6 mostraram a importancia dos
linfécitos T e das células T CD4+ e CD8+ na protecdo do hospedeiro contra a
Leishmania spp e na formacdo de granulomas hepaticos (GOTO e LINDOSO,

2004) e esplénicos (WILSON e WEINSTOK, 1996).

Em estudos experimentais, observou-se em ratos infectados com L.
donovani, um sincronismo dos linfocitos T CD4+ com a ativacdo dos CD8+,
possivelmente devido a producéo de IL-2 pelas células T CD4+ e producéo de IFN-
Y, € que os linfécitos CD8+ estdo envolvidos com resisténcia a doenca (GOMES-
PEREIRA et al.,, 2004). Em caes assintomaticos, experimentalmente infectados
com L. infantum, linfécitos CD8+ sdo detectados, porém ndo sdo encontrados em

animais sintomaticos (GOMES-PEREIRA et al., 2004).

Sendo assim, os linfocitos T CD8+ podem desempenhar papel importante na

imunidade primaria tanto contra a L. major quanto a L. donovani, estando
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relacionado com a producéo de linfocinas para ativacdo de macréfagos, INF-y em
tecidos linféides e na imunidade de memoria contra reinfeccdo por L. major

(MULLER et al., 1993).

4.3 Linfécitos B

A ativacdo de células B policlonais pode ser observada na leishmaniose
visceral humana e experimental, porém o papel das células B na imunidade da LV
ainda é pouco esclarecido. Sabe-se, entretanto que a resisténcia a doenca esta
relacionada com a deplecdo destas células enquanto a susceptibilidade esta

relacionada ao aumento destas (GOTO e LINDOSO, 2004).

4.4 Papel das imunoglobulinas na imunidade da Leishmaniose Visceral

Canina

Atualmente, considera-se a LVC como uma enfermidade imunomediada,
(SLAPPENDEL E FERRER, 1990, LOPEZ et al.,, 1996, STRAUSS-AYALI et al.,
2005, FERRER, 2002; FERRER, 2003). Numa infeccdo por Leishmania sp, as
células do sistema fagocitico mononuclear infectadas, atuam como células
apresentadoras de antigenos, estimulando os linfécitos T (SLAPPENDEL e

FERRER, 1990, FERRER et al., 1995, LOPEZ et al., 1996, NOLI, 1999).
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Segundo Mathias et al., (2001) na LV ocorre hipergamaglobulinemia, devido
a ativacao de linfocitos B policlonais, como consequéncia do desequilibrio na
regulacdo de linfocitos T (LOPEZ et al., 1996; SLAPPENDEL e FERRER, 1990),
com consequente geracdo de anticorpos anti-Leishmania os quais, ndo sao
primariamente importantes para a protecéo, e sim, envolvidos com a patogénese
(MATHIAS et al., 2001), em funcdo da grande quantidade de anticorpos, ocorrera
assim a formacdo de complexos antigeno anticorpo circulantes, que se depositam
nas paredes dos vasos sanguineos, principalmente olhos, pele, articulagdes e rins

(LOPEZ et al., 1996; SLAPPENDEL e FERRER, 1990).

Provavelmente a resposta a infeccdo pela Leishmania spp ndo é
exclusivamente uma resposta celular ou humoral, mas sim uma combinagéo de
respostas Thl e Th2 com um grande espectro de respostas presentes (INIESTA et

al., 2007).

A associacao entre os niveis de IgG1 e IgG2 e os linfocitos Thl e Th2 deve
ser feita de maneira cuidadosa uma vez que a polarizacdo da resposta imunitaria
(Th1, Th2) em cées ndo é clara, além da natureza do tipo de citocinas produzida

(AWASTHI et al., 2004)

O desenvolvimento de imunidade celular estd relacionado com a
imunocompeténcia do hospedeiro enquanto que o aparecimento dos sinais clinicos
esta associado com a imunidade humoral apresentando altos niveis de anticorpos
(PINELLI et al., 1994, LEANDRO et al., 2001, SOLANO-GALLEGO et al., 2003,

CARDOSO et al., 2007).

Estudos soroepidemioldgicos realizados em areas endémicas demonstraram

gque muitos cdes assintomaticos apresentam anticorpos anti-Leishmania sp que
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podem ser mantidos durante anos sem o0 desenvolvimento da doenca

(ABRANCHES et al., 1991).

Varios estudos tém demonstrado niveis elevados de IgGl e IgG2 anti-
Leishmania spp especificos em cédes com infec¢cdo natural e/ou experimental

(DEPLAZES et al., 1995; LEANDRO et al., 2001; SOLANO-GALLEGO et al., 2001).

Cardoso et al., (2007) e Iniesta et al., (2007) observaram niveis altos de
IgG2 em cdes com doenca clinica, quando comparados com animais
assintomaticos, da mesma forma observado por Santos-Gomes et al., (2002) em
infeccdo natural e experimental, enquanto que o0s niveis de IgGl obtidos

apresentaram elevada variabilidade.

Entretanto, Iniesta et al., (2007) registraram que a resposta a LV em caes,

consta de uma associacao de anticorpos das classes IgG1, IgG3 e IgG4.

Nieto et al., (2009) afirmaram que a presenca de anticorpos anti- Leishmania
sp ndo € conclusivo para determinar o progresso da doenca, porque todos 0s
animais infectados possuem uma resposta humoral intensa. Contudo, ainda
observaram em animais sintomaticos altos niveis de IgG, ressaltando que o

dicétomo da resposta IgG1 pode estar associada a doencga crénica.

4.5 Citocinas

Estudos realizados em infecgbes humanas e em modelos roedores sugerem
que a completa resolucdo da doenca depende da habilidade do hospedeiro na

liberacao de células T com ativacdo de macrofagos mediados por citocinas
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derivadas da resposta Th1(BRACHELENTE et al.,, 2005, PINELLI et al., 1994,

1995, NOLI, 1999, PINELLI et al., 1999, CORREA et al., 2007).

Todavia, tanto na LV humana quanto na canina, ainda n&o se pode afirmar
que a resposta Thl esta relacionada com a resisténcia e possivel cura da doenca e
a resposta Th2 com o desenvolvimento dos sinais clinicos. No entanto, um
equilibrio de ambas as respostas Thl e Th2 podem ser importantes no controle da
replicacdo de parasitos, resisténcia a infeccdo e até mesmo cura (STRAUSS-

AYALI et al., 2005).

Strauss-Ayali et al., (2007) encontraram resposta Thl e Th2 no baco de caes
infectados, oligossintoméaticos e polissintomaticos, e sugeriram que esta resposta

nao foi capaz de controlar a multiplicacdo de parasitos neste 6rgao.

A resposta elucidada pelos linfécitos Thl confere protecdo ao hospedeiro
pela producao de IL-2, TNF-a e IFN-y e IL-12 (CABRAL et al., 1992; PINELLI et al.,
1994 e 1995; LIEW et al., 1999, NOLI et al., 1999, HABIBI et al., 2001, STRAUSS-
AYALI et al., 2005) que estimulam a producdo de células citotoxicas especificas
para o parasito, ativacdo de macrofagos pelo IFN-y resultante da producdo de
oxido nitrico (LAGLER et al., 2002; MANNA et al., 2006), e baixos titulos de
anticorpos anti-Leishmania sp (CHAMIZO et al., 2005) desempenhando um papel
importante para o controle da doenca (D"OLIVEIRA JUNIOR et al.,, 2002). Caes
assintomaticos tém sido associados com resposta proliferativa especifica Thl

(PINELLI et al., 1999, QUINELL et al. 2001).

A IL-12 é produzida por células inflamatérias como mondcitos, neutréfilos e
células dendriticas em resposta a parasitas intracelulares, induzindo a producgéo de

INF-y pelas células natural killer (STRAUSS-AYALI et al., 2005). Linfocitos T CD8+
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também induzem a producdo de INF-y desempenhando papel importante na

manutencao da resposta Thl (AWASHI et al., 2004).

Apesar de varios estudos citarem o INF-y como pega chave na resisténcia a
infeccdo (GOTO e LINDOSO, 2004, STRAUSS-AYALI et al., 2005). Quinnell et al.,
(2005) e Lage et al., (2007) afirmam que a expressao de IFN-y ndo € um indicador
de resisténcia a doenca, visto que pacientes assintométicos e polissintométicos

apresentam expressdes similares em seus tecidos.

No entanto, cdes com sintomatologia clinica apresentam uma diminuicdo da
funcao dos linfocitos Thl (MANNA et al., 2006), devido a acdo da IL-10, reducéo da
expressdo de INF-y e IL-2 e elevados titulos de anticorpos (SANTOS-GOMES et
al., 2002, STRAUSS-AYALI et al., 2005), além de expresséo de IL-4 (QUINNELL et

al., 2001).

Desta forma, a susceptibilidade dos cdes a doenca esta relacionada com as
células Th2, que produzem IL-4, IL-5, IL-6 e IL-10 as quais inibem a acdo dos
macrofagos, promovem a acdo de plasmadcitos, promovem a proliferacédo de células
B (PINELLI et al., 1999) e geracéo de anticorpos (NOLI, 1999; SOLANO-GALLEGO

et al., 2001).

O papel da IL-4 na leishmaniose visceral ainda permanece inexplicado
(GOTO e LINDOSO, 2004, STRAUSS-AYALI et al., 2007). No entanto Strauss-
Ayali et al., (2007) associaram cdes com sinais clinicos graves a presencga de maior
expressao desta citocina (CHAMIZO et al., 2005), sugerindo assim que a IL-4 pode
ter papel fundamental na inabilidade do hospedeiro em produzir resposta Thl
devido a inativacdo de macréfagos nos estagios iniciais da doenca, facilitando a

replicacéo do parasito.
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5. Sinais Clinicos

De acordo com a literatura, podem-se agrupar os cées infectados em trés
categorias de acordo com os sinais clinicos apresentados. Os assintomaticos, 0s
oligossintomaticos, apresentando linfadenopatia, perda de peso, e/ou alopecia
(COSTA-VAL et al, 2007), e os polissintomaticos (SANTA ROSA e
OLIVEIRA,1997, BARROUIN-MELO et al., 2004, COSTA-VAL et al.,, 2007,

MOREIRA et al., 2007).

Os cées assintomaticos possuem variabilidade a proliferacdo linfocitica e
pesquisa de anticorpos anti-Leishmania sp., podendo permanecer sem sinais
clinicos ou desenvolver poucos sintomas que desaparecem espontaneamente
(ALMEIDA et al., 2005). Estima-se que 50% dos caes infectados ndo apresentam
sinais da doenca (ABRANCHES et al., 1991, CHAMIZZO et al., 2005, FERREIRA

et al., 2007, LAGE et al., 2007), porém sendo fontes de infec¢édo para o vetor.

Os sinais clinicos observados em animais portadores de LVC sao lesdes
cutaneas, especialmente nas regiées da cabeca, ponta de orelha e abdémen, além
de alopecia periorbital, dermatite seborréica, hiperqueratose, nédulos subcutaneos
e erosdes (ALMEIDA et al., 2005), lesbes oculares, notadamente conjuntivite e
uveites (BRITO et al. 2004, INIESTA et al, 2005), linfadenomegalia,
esplenomegalia, hepatomegalia, emagrecimento e morte (SLAPPENDEL, 1998,
CIARAMELLA et al., 1997, BARRECA et al., 2000, PENA et al., 2000, BLAVIER et
al.,, 2001, TAFURI et al., 2001, TRAVI et al.,, 2001, BARBOSA de DEUS et al.,
2002, LIMA et al., 2003, SOLANO-GALLEGO et al., 2003, BARROUIN-MELO et al.,
2004, SOLANO-GALLEGO et al., 2004, CHAMIZZO et al., 2005, GUIMARAES et

al., 2005, LAGE et al., 2007, CARDOSO et al., 2007, NIETO et al., 1999)
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A LVC possui extraordinario pleomorfismo de sinais clinicos e semelhancas
com outras doencas mostrando sinais ndo especificos e lesbes microscépicas
como observado em outras doencas de carater imunomediado (MOREIRA et al.,

2007).

Sinais inespecificos podem estar presentes tais como febre intermitente,
epistaxe, anemia, ictericia, émese, enterite, nefrite (NOLI, 1999, INIESTA et al.,
2005, CARDOSO et al.,, 2007) poliatrite imunomediada, polidipsia, polimiosites,
lesbes Osseas, alteracdes cardiacas (NOLI, 1999) colite crbnica sintomatica ou
assintomatica (ADAMAMA-MORAITOU et al, 2007), e raramente sinais
neurolégicos (LIMA et al., 2003), caquexia, podem estar presentes, e morte no
estagio final (LONGSTAFFE et al., 1983; MARZOCHI et al., 1985; GENARO, 1993,
SANTA ROSA E OLIVEIRA, 1997, VALLADARES et al., 1997, BARBOSA DE

DEUS et al., 2002).

Animais com sinais neuroldgicos da doenca apresentam formas amastigotas
de Leishmania sp no fluido cérebro espinhal (FCE) (LIMA et al., 2003) além de

anticorpos anti-Leishmania sp (NOLI, 1999, LIMA et al., 2003).

A epistaxe, normalmente unilateral e freqientemente observada, €
considerada consequéncia de formacédo de Ulceras na mucosa nasal ou problemas

de coagulacao devido a hiperglobulinemia e trombocitopenia (NOLI, 1999).

Insuficiéncia renal de grau moderado a grave pode ser observada em cées
infectados por Leishmania spp devido a glomerulonefrites membranosas e
extramembranosa, ambas por formagdo de imunocomplexos, ocasionando

proteindria, uremia que consequentemente leva o animal a morte (NOLI, 1999).
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A proteinuria é freqiientemente observada em doencas glomerulares devido
ao aumento da permeabilidade capilar glomerular as proteinas do plasma
especialmente  albumina. Em todos o0s tipos de glomerulonefrites
membranoproliferativas, € comum observar-se proteindria e hematuria. A maioria
das causas de 6bito em cdes com Leishmaniose visceral é devido a insuficiéncia

renal aguda que leva a um quadro urémico (SOARES et al., 2005)

6. Diagnostico

O diagnostico da LVC pode ser feito com base nas caracteristicas clinicas
apresentadas pelos animais, através da demonstracdo do parasito em puncdes
aspirativas de orgdos linféides, provas soroldégicas e métodos moleculares
(GENARO, 1993, NOLI, 1999). O diagnéstico da infeccao é importante para a

saude publica e a manutencdo de doenca (ROSATI et al., 2003).

A pesquisa parasitologica pode ser feita de forma direta, em esfregacos de
material proveniente de aspirado esplénico, de medula éssea, linfonodos ou de
bidpsia hepatica corados pelos métodos de Giemsa, Wrigth, Leishman ou pelo
Pandtico (SANTA-ROSA e OLIVEIRA, 1997).

Também pode ser realizado isolamento em meios de cultura especificos, tais
como Novy, McNeal, Nicolle (NNN) e Liver Infusion Triptofane (LIT), além de
inoculacdo em animais de laboratorio (CASTRO et al., 1996; BRASIL, 2003).
Barroin-Melo et al., (2004) afirmam que a bidpsia dos linfonodos popliteos é
considerada mais sensivel para o diagnostico da doenca, quando comparados a

outros tipos de amostras como aspirados de baco e figado.
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De acordo com Marzochi et al., (1985); Slappendel e Ferrer, (1990); Ferrer
et al., (1995); Santa Rosa e Oliveira, (1970); Noli, (1999), ainda podem ser
utilizados para o diagnéstico da LVC provas soroldgicas realizadas, através dos
testes de imonofluorescéncia indireta (RIFI) (BARBOSA de DEUS et al., 2002),
teste de imunoadsorcao enzimética (ELISA) ou teste de aglutinagdo direta (TAD),

imunocromatografia e “immunoblot”.

A Reacdo de Imunofluorescéncia Indireta (RIFI) pode ser utilizada
rotineiramente para a deteccdo de anticorpos especificos e é facilmente utilizada
quando em grande escala. J& o ELISA € muito facil de ser executado, possui
sensibilidade maior (FERREIRA et al., 2007, TAVORA et al., 2007), chegando até
100% em cdaes parasitologicamente positivos (FERREIRA et al., 2007), porém sua
eficAcia depende da qualidade do antigeno empregado (ROSATI et al., 2003). O
ELISA é mais indicado, por ser menos oneroso e rapido, em estudos
epidemioldgicos com um grande nimero de amostras (TAVORA et al., 2007).

Apesar de Tavora et al., (2007) afirmarem que a RIFI é considerada o teste
padrdo ouro para o diagnodstico de LVC e LVH, devido a sua especificidade
elevada, Barbosa de Deus et al., (2002) e Ferreira et al., (2007) afirmam que o0s
testes soroldgicos ainda sdo problematicos devido a baixas especificidade e
sensibilidade e que a RIFI pode apresentar reacdes cruzadas com outros
tripanossomatideos. Segundo Ferreira et al., (2007) a RIFI pode apresentar reacao

cruzada com Ehrlichia canis e Leishmania brasiliensis.

Lachaud et al.,, (2001) alertaram que a reacdo em cadeia de polimerase
(PCR) é uma prova diagnéstica extremamente sensivel e especifica, sendo

possivel identificar e ampliar seletivamente o DNA do parasito em amostras com
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pequena quantidade, porém este método é bastante oneroso sendo por iSSo pouco

utilizado na rotina clinica veterinaria.
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8. Objetivos

8.1 Geral:

Avaliar a prevaléncia da Leishmaniose Visceral Canina e sua
distribuicdo espacial, avaliar a resposta imune humoral e celular em céaes
naturalmente infectados com Leishmania (Leishmania) chagasi provenientes do

municipio de Tamandaré, Estado de Pernambuco, Brasil.

8.2 Especificos:

Verificar a prevaléncia, analisar a correlacdo espacial entre a
Leishmaniose Visceral Canina e fatores ambientais de caes naturalmente

infectados com Leishmania (Leishmania) chagasi.

Avaliar e comparar os niveis de citocinas (IL-12, IFN-y, IL-2 e IL-4)
expressdes por PCR em tempo real em diferentes tecidos/6rgdos e também a
determinacao dos padrdes bioquimicos e hematologicos em cées naturalmente

infectados por L. (L.) infantum / chagasi.

Avaliar os niveis de anticorpos 1gG2 especificos anti-Leishmania
chagasi em cades sintomaticos e assintométicos naturalmente infectados

utilizando a proteina CPX2.
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CAPITULO 1

PREVALENCIA DA LEISHMANIOSE VISCERAL EM CAES (Canis familiaris)
(LINNAEUS, 1758) INFECTADOS POR Leishmania (Leishmania) chagasi
(Cunha & Chagas, 1937) PROVENIENTES DO MUNICIPIO TAMANDARE,

ESTADO DE PERNAMBUCO, BRASIL.
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PREVALENCIA DA LEISHMANIOSE VISCERAL EM CAES (Canis familiaris)
(LINNAEUS, 1758) INFECTADOS POR Leishmania (Leishmania) chagasi
(Cunha & Chagas, 1937) PROVENIENTES DO MUNICIPIO TAMANDARE,

ESTADO DE PERNAMBUCO, BRASIL.

A Leishmaniose Visceral Canina (LVC) também conhecida como kala-
azar, é uma importante zoonose que pode representar um grande problema de
salude publica com a presenca de animais assintomaticos. Atualmente, varias
ocorréncias desta parasitose tém sido relatadas na regido sudoeste do Estado
de Pernambuco, Brasil. O objetivo deste trabalho foi diagnosticar casos de LVC
no Municipio de Tamandaré, estado de Pernambuco, empregando-se exame
sorologico pelo ensaio de imunoadsorcdo enzimatica (ELISA). O estudo de
frequéncia de anticorpos anti-Leishmania em caes pesquisado no Estado de
Pernambuco, Brasil, a partir de levantamento efetuado em uma area endémica,
foi realizado através da caracterizacdo da populacdo canina assintoméatica e
sintomatica. Das 299 amostras sanguineas utilizadas, 20,40% foram positivas
ao ELISA, sendo 56,10% machos, 69,30% animais sem raca definida, 78,40%
entre um e cinco anos de idade e 80,26% assintomaticos. Os resultados
sugeriram gque medidas de controle da LVC sdo necessarias no municipio de
Tamandaré — PE que apresenta um processo de expansao desta enfermidade
e que o cao desempenha uma fungdo importante na transmissdo dessa

doenca.

Palavras chave: Doenca Parasitaria, Epidemiologia, Kala-azar
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Abstract

Visceral leishmaniasis also known as kala-azar represents a serious
problem of public health in the World, particularly in poverty countries. In Brazil
dogs remain as the major reservoir in urban area. The goal of this research was
to evaluate the prevalence and the clinical signs in dogs infected by Leishmania
(Leishmania) chagasi from Tamandaré County, Pernambuco Brazil. A total of
299 dogs were investigated for clinical signs related to Canine Visceral
Leishmaniasis (CanL) and sera were analyzed by ELISA test for anti-
Leishmania antibodies. The serological survey showed 20.40% (61/299) of
animals were positive to serological test, 80.26% of positive dogs were
asymptomatic animals, 56,10% males, 69,30% mixed breed, 78,40% with one
to five years old. As the dogs is the reservoir in Brazil and the canine infection
precedes the human cases, these findings indicate that control measures must
be apply in dog population from Tamandaré County in order to prevent human

cases.

Keywords: Parasitic Disease, Epidemiology, Kala-azar
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1. Introducéo

A leishmaniose visceral é uma doenca crbnica, presente em varios
continentes (TRAVI et al., 2002, LIMA et al., 2003, CARDOSO et al., 2007)
tendo como agente etiolégico o protozoario Leishmania (Leishmania) chagasi
(Cunha e Chagas, 1937) (POCAI et al., 1998; SANTA ROSA e OLIVEIRA,
1997), e os caes representam o principal reservatorio no ambiente urbano
(LANGONI et al., 2005, IKEDA et al., 2003, POCAI et al., 1998, CIARAMELLA

et al., 1997).

No Brasil a prevaléncia da infec¢do canina tem sido registrada em varios
estados da federacdo com diferentes indices na dependéncia do teste
diagnoéstico utilizado, nivel de endemicidade local e populagdo canina

analisada.

Na regidao Centro-Oeste, Almeida et al., (2009) e Azevedo et al., (2008)
observaram prevaléncia de 3,4% e 7,8% na populacdo canina proveniente de

Cuiaba-MT e Poxore6 (MT) respectivamente.

No sudeste brasileiro, particularmente no estado de Minas Gerais, a
prevaléncia da infec¢do variou de 1,4% a 64,0%, na dependéncia da cidade e
tipo de teste diagndstico utilizado (NAVEDA et al., 2006, SILVA et al., 2008,

MONTEIRO et al., 2005, SILVA et al., 2001).

J& no estado de Séo Paulo, Savani et al., (2003) determinou ser de
0,57% a prevaléncia da infec¢cdo em cées da cidade de S&o José do Rio Preto
e 9% em Aracatuba (ANDRADE et al., 2007). No municipio de Barra de
Guaratiba-Rio de Janeiro, Silva et al., (2005) observaram durante o periodo de

2001 a 2002, prevaléncia superior a 25%.
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A semelhanca da leishmaniose visceral (LVH), a LVC registra 0 maior
namero de casos na regido Nordeste. Em S&o José de Ribamar (MA) a
prevaléncia variou de 21,0 até 25,0% (GUIMARAES et al., 2005); em Fortaleza
(CE), 26,2% (RONDON et al., 2008); na cidade de Mossoré (RN), 45,0% e
34,0% na zona urbana e rural respectivamente (AMORA et al., 2006); em Feira
de Santana (BA) e Camacari, a prevaléncia encontrada variou de 0,6% e

21,7% respectivamente (OLIVEIRA e ARAUJO 2003; JULIAO et al., 2007).

No estado de Pernambuco, a frequéncia da infeccdo observada no
municipio de S&o Vicente de Férrer, agreste Pernambucano, foi de 4,8% a
33%, utilizando-se métodos soroldgicos e moleculares respectivamente
(CARVALHO et al., 2005); no municipio de Itamaraca as taxas de prevaléncia
variaram de 27,78% (MARINHO, 1996) a 9,09% (SANTOS, 2006) e 40,3% na

cidade de Paulista, Regido Metropolitana do Recife.

Em funcdo da existéncia da Lutzomyia longipalpis na faixa litoranea do
estado de Pernambuco e da notificacdo de 1434 casos humanos da doenca no
periodo entre 1995 a 2000 (PAIXAO et al., 2004), aliados a auséncia dos dados
da doenca em cdes, o objetivo deste estudo foi determinar a prevaléncia de
anticorpos anti-Leishmania chagasi em cdes residentes no municipio de
Tamandaré, estado de Pernambuco — Brasil, e associar com fatores como

raca, idade e sexo.
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2. Material e métodos

2.1 Area estudada

O municipio de Tamandaré (08°46°01"Sul e 35° 06" 13""Oeste) esta
localizado na mesorregido da Zona da Mata e na Microrregido Mata Meridional
do Estado de Pernambuco e inserida na Reserva Ecologica de Saltinho. A

vegetacao é predominantemente do tipo Mata Atlantica.

2.2 Animais

Foram utilizados 299 cées idependentemente de sexos, raga ou idade,
residentes no municipio de Municipio de Tamandaré, litoral sul de Pernambuco,
Brasil. Para cada animal, foi confeccionada uma ficha de identificacdo
individual, com informacfes acerca das condi¢cbes sécio-ambientais dos
proprietarios residentes, como também a procedéncia e as condi¢fes clinicas

dos mesmos (Anexo 1 e Anexo 2).
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2.3 Avaliagéo Clinica

Inicialmente foi realizado anamnese com obtencdo de dados referentes
ao estado geral, raca, sexo, idade, porte, bem como dados referentes ao
proprietario e ao animal. O exame fisico constou principalmente da inspecéo
da pele e faneros além da palpagédo abdominal e dos linfonodos, com o bjetivo
de observar a existéncia ou ndo de sinais sugestivos de leishmaniose visceral
canina como perda de peso, onicogrifose, lesdes de pele, de acordo com

Ferrer, (1999).

2.4 Obtencéao do plasma para exame soroldgico

De todos os animais foram colhidos aproximadamente 3 mililitros (ml)
de sangue através da venopuncdo da veia cefélica, com seringa® e agulha® e
transferidos imediatamente para tubos de ensaio estéreis, contendo &cido
etilenodiaminotetracético de sédio® (EDTA) a 10% para obtencdo do plasma
para o processamento no Laboratorio de Doencas Parasitarias da Universidade

Federal Rural de Pernambuco.

2.5 Teste Sorolégico
O ELISA foi realizado no Laboratério de Imunoparasitologia do

Departamento de Imunologia do CPgAmM/FIOCRUZ. Para tanto foi utilizado o

. Seringa descartaveis 10 ml,, Becton Dickson
2 Agulhas descartaveis 25Xx7mm, Becton Dickson
Acido etilenodiaminotetracético de sédio, Reagen
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Kit EIE-Leishmaniose Canina* que utiliza um peptideo recombinante. O
protocolo foi realizado de acordo com as instru¢des do fabricante, se realizando

a leitura em espectrofotdmetro a 490 nanémetros.

2.6 Andlise estatistica

Os dados obtidos foram analisados atraves do Software Statistical
Package for the Social Sciences (SPSS 16.0). A analise da frequéncia da LVC
segundo idade e sexo dos animais e presenca de sinais clinicos foi realizada
por meio do teste Mann Whitney considerando-se o nivel de significancia de

5% (REIS, 2003).

3 Resultados e Discussao

O resultado do teste ELISA revelou que 20,4% (61/299) dos animais
provenientes do municipio de Tamandaré apresentaram anticorpos anti-

Leishmania chagasi.

A prevaléncia da LVC encontrada no municipio de Tamandaré foi
superior aquelas observadas na Regido Metropolitana do Recife (LIMA Jr. et
al., 2000), em Itamaraca-PE, (SANTOS, 2006), na cidade de Fortaleza (ALVES

et al.,, 1998), no municipio de Pedro Leopoldo-MG (NAVEDA et al., 2006) na

4 Kit EIE-Leishmaniose Canina , ELISA S7, lote 001/05 Biogene
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cidade de Santo Anténio do Amparo-MG (SILVA et al., 2008), no municipio de
Barra Mansa-RJ (FIGUEIREDO et al., 2009), em Sao José do Rio Preto-SP
(SAVANI et al., 2003), em Aracatuba (ANDRADE et al., 2007), em Cuiaba-MT
(ALMEIDA et al., 2009), em Poxoréo-MT (AZEVEDO et al., 2008), e na cidade
de Santa Maria-RS (POCAI et al., 1998), com indices de prevaléncia variando

de 0,57% a 10,5%.

Por outro lado, a prevaléncia aqui observada foi inferior aquelas
relatadas no municipio de S&o José de Ribamar-MA (GUIMARAES et al.,
2005), em Fortaleza (RONDON et al., 2008), em Mossor6-RN (AMORA et al.,
2006) na cidade de Camacari-BA (JULIAO et al., (2007), em Montes Claros-MG
(FRANCA-SILVA et al., 2003), em Belo Horizonte-MG (SILVA et al., 2001) e no
municipio de Barra de Guaratiba-RJ (CABRERA et al., 2003; SILVA et al.,

2005) com variacao na prevaléncia de 21% a 64%.

Provavelmente, as raz0es para diferencas entre as prevaléncias
observadas deve-se a varios fatores, entre eles aqueles inerentes ao
hospedeiro como idade, imunidade, raca (SOLLANO-GALLEGO et al., 2000),
natureza do antigeno, além da sensibilidade e especificidade dos testes

sorolégicos empregados.

Deve-se também levar em consideracdo que o nivel de endemicidade
de cada localidade estudada, ocupacdo desordenada da populacdo humana,
principalmente em &reas proximas a mata nativa, caracteristicas da regido
(CABRERA et al., 2003; GUIMARAES et al., 2005; LANGONI et al., 2005;
RONDON et al., 2008; SILVA et al., 2008), presenca de animais domeésticos

(GAMA et al., 1998; GUIMARAES et al., 2005), presenca e competéncia do
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vetor, além da populacdo canina susceptivel (GAMA et al., 1998; SILVA et al.,
2001; CABRERA et al., 2003; GUIMARAES et al., 2005; NAVEDA et al., 2006;
ALMEIDA et al., 2009) interferem diretamente com os diferentes indices de

prevaléncia relatados.

Nos locais onde foram realizadas as coletas foi possivel observar
condi¢bes de vida precaria, sem saneamento basico e acumulo de residuos
sélidos, fato este que se encontra associado com a presenca da infeccdo na
populacdo humana (AMORA et al., 2006, RONDON et al., 2008) devido ao

favorecimento da reprodurcao do inseto vetor.

Vale salientar a invasdo da populacao humana em locais de mata e o
deslocamento do flebotominio do seu habitat natural para o ambiente urbano.
Segundo os moradores, na regido estudada, existem relatos da presenca de
canideos silvestres que podem desempenhar um papel importante como fonte
de infec¢do do protozoario a diferentes populacdes do mosquito palha, o qual
esta presente em todo municipio (SECRETARIA DE SAUDE DO ESTADO DE

PERNAMBUCO).

Com relacdo a idade, sexo e raca dos animais sororreagentes, as

analises estatisticas ndo revelaram diferenca estatistica significativa (p>0,05).

No que se refere as caracteristicas clinicas dos animais soro-reagentes
80,26% (48/61) eram assintomaticos, esta diferenca foi estatisticamente

significante (p< 0,05).

A maior porcentagem de animais assintomaticos pode ser explicada pelo

longo periodo de evolugcdo da doenca além da resposta imune do animal (FISA
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et al., 1999), ressaltando desta forma a importancia do cado como reservatério

da doenca.

4. Concluséo

Diante dos resultados obtidos neste estudo podemos concluir que o
municipio de Tamandaré apresenta prevaléncia alta de Leishmaniose Visceral
Canina, o que expbe a populacdo a risco consideravel, necessitando de
medidas sanitarias como controle do vetor, controle de cdes doentes e

educacao da populacdo em relacdo a Leishmaniose Visceral Canina.
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CAPITULO 2

SPATIAL CORRELATION BETWEEN CANINE VISCERAL LEISHMANIASIS
AND ENVIRONMENTAL FACTORS IN TAMANDARE MUNICIPALITY,

PERNAMBUCO STATE, BRAZIL.

SHORT COMMUNICATION
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Spatial correlation between Canine Visceral Leishmaniasis and
environmental factors in Tamandaré municipality, Pernambuco State,

Brazil.

Short communication

Abstract

Canine Visceral Leishmaniasis (CanL) in Brazil is caused by Leishmania
(Leishmania) chagasi and it has been reported in some cities. The goal of this
research was to analyze the spatial correlation between CanL and
environmental factors in Tamandaré County, Pernambuco State, Brazil. A total
of 220 sera were analyzed by ELISA test for anti-Leishmania antibodies. The
positive and negative cases in Tamandare were each assigned coordinates by
the use of a GARMIN etrex handheld GPS device in the field. The cases were
plotted throughout the county, and the points were loaded into arcGIS 9.2 and
the layers were analyzed using “Moran’s | Spatial Autocorrelation” to distinguish
clustering based on the variables vegetation and hydrology. The results showed
the prevalence was 23.6% and the correlations between all points and
environmental factors, such vegetation and hydrology were found to be
clustered with less than 1% likelihood due to random chance. Although the
results did not show relationship with the hydrology and the vegetation, GIS and

RS technologies colud be important tools in study the spatial pattern of CanL.

Keywords: Global Position System, Epidemiology, Canine Kala-azar
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Visceral leishmaniasis (VL) in Brazil is a severe parasitic disease caused
by a protozoan parasite Leishmania chagasi which is transmitted by Lutzomia
longipalpis. In urban areas, dogs are reservoirs for the VL (LAINSON & SHAW
1987, LAINSON et al., 1987, GONTIJO, et al., 2004) and the Canine Visceral
Leishmaniasis (CanL) is a serious public health problem because the dog’s

infection usually precedes human cases.

Geographical Information Systems (GIS) and Remote Sensing (RS)
technologies are being used increasingly to study the spatial and temporal
patterns of disease (SHARMA, 1997) and some associations about the space-
time dynamics of leishmaniasis in Brazil have been reported (FRANKE et al.,

2002, ASSUNCAO et al., 2001, WERNECK et al., 2006)

Although VL was previously known as a rural disease, the urbanization of
the disease has been reported in Brazil. In Pernambuco State, VL is present in
almost all regions (DANTAS-TORRES & BRANDAO-FILHO, 2005, DANTAS-
TORRES & BRANDAO-FILHO, 2006) and autochthonous cases of VL and has

been reported on the coastal region (CARVALHO et al., 2007).

The goal of this paper was to evaluate the spatial correlation between

CanL and hydrology and vegetation in Tamandaré County, Pernambuco State.

A total of 220 dogs from both genders and different breeds and ages
from Tamandaré County, state of Pernambuco, Brazil, (08°46" 01"°S and 35°
06" 13""W) were used.

Before the procedures an informed consent was obtained from each dog
owner. The blood samples from each dog was obtained by venous puncture

and stored at 4°C. The sera were confirmed to be positive for CanL by using Kit
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of canine Calazar ELISA S7®° which uses recombinant peptides of Leishmania

chagasi according to manufacture instructions.

Coordinates of positive and negative dogs’ serology locations were
obtained from readings of a GARMIN etrex handheld global positioning system

device in the field and all cases were plotted by using of arcGIS 9.2 software.

Information on vegetation status was obtained from Google Earth and
local vegetation and hydrology was drawn as a feature class. The three
categories were joined in arcGIS 9.2. with vegetation and hydrology feature

classes separately to produce a total of six joined layers.

Statistical analysis

Correlation analysis was performed to determine the relationship
between the incidence of the disease and different environmental variables. The
layers were analyzed using “Moran’s | Spatial Autocorrelation” to distinguish
clustering based on the variables: (1) vegetation, and (2) hydrology. Inverse
distance and inverse distance squared were used for the spatial relationships,
and Euclidean distance and Manhattan Distance were used as the distance

methods. No standardization or weight was used for spatial analysis.

The results of ELISA showed 23.63% (52/220) of dogs were positive to

anti- Leishmania chagasi antibodies.

The results of this serology analysis require cautious interpretation,

because and the dog’s infection usually precedes human cases.

5 Diagnostic kit for Calazar ELISA/S7, Biogene Ind. e Com. Ltda, Recife/PE
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The distribution of CanL in relation to vegetation and hydrology are
shown in Figure 1. The correlations between all points and hydrology were
found to be clustered with less than 1% likelihood due to random chance,
except for positive points and hydrology, when using the inverse distance
squared and Euclidean and Manhattan distances, the points were less

clustered with a less than 5% likelihood of random chance.

The correlations between all points and vegetation were found to be

clustered with less than 1% likelihood due to random chance.

Figure 1 - General distribution of Canine Visceral Leishmaniasis prevalence
(red dots —positive cases and yellow dots negative cases) in Tamandaré Coutty

in relation to vegetation (green) and hydrology (blue)
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These results did not show the relationship with the hydrology and the
vegetation as the main environmental variables associated with the distribution
and prevalence of CanL in Tamandaré County. It is probable that the positive
cases are distributed along the county not only because the similarity of

environmental condition but also the distribution of the sand flies.

In the same way, Margonari et al., (2006) did not find vegetation areas

influencing on CanL transmission.

By using spatial analysis, Werneck and Maguire, (2002) have generated
models that showed positive associations between VL occurrence with poverty
and vegetation areas, and Neto et al., (2009), observed a strong correlation

with the presence of green areas and VL.

The results also demonstrated that there is a typically urban
characteristic of the CanL in Tamandare County. Various alterations may be
responsible for this pattern such as changes in the degree of the vector's

anthropophilia, vector species and also the presence of a silvatic reservoir.

Although the results did not showed the relationship with the hydrology
and the vegetation, GIS and RS technologies could be an important tool in

study the spatial pattern CanL
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Balance of cytokine expression in tissues of dogs where Leishmania

infantum /chagasi usually persists

Abstract

Canine leishmaniasis (CanL) caused by the protozoan parasite of genus
Leishmania is a systemic, chronic and endemic disease. The aim of this study is
to evaluate and compare the levels of cytokine (IL-12, IFN-y, IL-2 and IL-4)
expressions by Realtime-PCR in different tissues/organs from 64 adult dogs
naturally infected by L. (L.) infantum/chagasi, determination of Hematological
and Biochemical parameters with or without clinical signs and after treatment for
canine leishmaniasis. The results showed that dogs of symptomatic group
exhibited clinical signs compatible with leishmaniasis as normocytic and
normochromic anaemia, hypergammaglobulinemia and increase of blood urea
nitrogen (BUN). The physical examination of dogs from control and
asymptomatic groups did not reveal any clinical signs of canine leishmaniosis.
Dogs from treated group showed high levels of BUN, hypergammaglobulinemia
and decrease of albumin. On the other hand peripheral blood of symptomatic
animals showed increased expression of IL-12 IFN-y, IL-2 and IL-4 when
compared with healthy dogs. Asymptomatic animals and dogs that had been
subject to treatment against canine leishmaniasis revealed significant augments
of IL-4. Significantly increased in lymph nodes of IL-12 and IL-2 expression was
observed in asymptomatic dogs. Treated animals showed significant high levels
of IL-12 in bone marrow when compared with healthy, symptomatic and

asymptomatic dogs. Besides the difference in the intensity of the cellular
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immune response developed by each tissue, the relationship between L.
infantum and the immune system of the dog, make this specie of animal a good

reservoir for this parasite.

Keywords: Immunology, Cellular response, Clinical Pathology

1. Introduction

Canine leishmaniasis (CanL) caused by the protozoan parasite of genus
Leishmania is a systemic, chronic and endemic disease in approximately 50
countries in South of Europe, North Africa, Asia, and South America (Travi et
al., 2002, Lima et al., 2003). Dog, the most important reservoir of L. infantum
has been recognized as the main source of infection for other animals and for
the human population therefore representing a problem for both veterinary

medicine and public health (Quinnell et al., 2001, Travi et al., 2001).

Leishmania parasites are introduced in the skin through the bite of sand flys.
They are phagocyted by macrophages where they live and replicate as round,
non-motile amastigotes, leading to the lysis of macrophages (Noli, 1999). The
amastigotes released are taken up by additional macrophages dispersing the
infection for internal organs. Ultimately all the organs containing macrophages
and phagocytes are afected, particularly lymph nodes, spleen, liver and bone

marrow (Almeida et al., 2003, Awasthi et al., 2004).

The virulence of the parasite, the genetic background, the immunological status
and the immune response of the host are factors that interfere in the

development of clinical disease. In fact a large majority of the infected dogs
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does not develop clinical signs, remaining asymptomatic for variable periods of

time or even sometimes for life (Pinelli et al., 1994, Manna et al., 2006).

Several studies in humans and murine models indicated that the successful
resolution of Leishmania infections depends on the ability of the host to mount a
T cell-dependent response with activation of macrophages mediated by T cell-
derived cytokines (Brachelente et al., 2005). Resistance to infection depends on
a strong type 1 T-helper response (Th1), which involves production of cytokines
such as interferon gamma (IFN- y), tumor necrosis factor (TNF-a), interleukin
IL-2 and IL-12 (Pinelli et al., 1994, 1995, Noli, 1999, Pinelli et al., 1999, Corréa

et al., 2007).

Asymptomatic infected dogs have been associated with specific proliferative
responses, production of IL-2, TNF-a and IFN-y and low anti-leishmanial
antibodies titres (Pinelli et al., 1999, Quinell et al., 2001). In contrast, sick
animals presented depressed T cell-mediated functions and high levels of
specific antibodies (Santos-Gomes et al., 2002). Disease occurs as a
consequence of a Th2 response, with production of IL-4, IL-5 and, IL-6 (Pinelli
et al., 1999) which in turn promotes B-cell proliferation and antibody production.
Unfortunately these antibodies are not protective and may even be detrimental,
due to the formation of immune complexes and their subsequent deposition in

basement membranes (Noli, 1999, Pinelli et al., 1999).

Quinell et al.,, (2001) observed that the primary feature identified as
distinguishing CanL from L. infantum infection in man, mouse, and hamster is
the absence of high-level accumulation of IL-10 mRNA in infected tissues.

Other study performed in experimental infected dogs also showed reduced
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expression of IL-10mRNA in peripheral blood mononuclear cells (Santos-

Gomes et al., 2002).

Previous studies carried out in rodent models infected with L. infantum showed
that different organs/tissues harboring parasites elicit specific cellular
immunologic responses. In fact, Wilson e Weinstock, (1996), found different
cytokines patterns in hepatic granulomas and spleenic cells from BALB/c mice
infected with L. infantum, and Gomes-Pereira et al.,, (2004) observed
differences on dynamic of memory CD4" and CD8" T cell subpopulations in the

spleen and liver of infected mice.

The above considerations highlight the importance of understanding the
immune response to L. infantum infection raised by different organs were the
parasite replicates. The specificity of the local immune response should to be
taken into account when it is intended to develop therapeutic or prophylactics
products to control canine leishmaniasis. Therefore, the aim of this study is to
evaluate and compare the levels of cytokine (IL-12, IFN- vy, IL-2 and IL-4)
expressions in different tissues/organs of dogs naturally infected by L. (L.)
infantum/chagasi, with or without clinical manifestations and after treatment for
canine leishmaniasis to improve the understanding of local immunological
modulation during parasite evolution. These findings should contribute to a

better understanding of the factors leading to development and control of CanL.
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2. Material and Methods

2.1 Local

Samples were collected from animals living in two different endemic areas, the
metropolitan region of Lisbon (Portugal) and in Tamandaré (Brazil). Tamandaré
is a town located on Meridional Forest micro region, at south of State of
Pernambuco (northeast region of Brazil). This region has a hot climate with
annual average temperature around 27°C. The population is approximately of
18.000 habitants distributed by several villages. The city is recovered by a type
of seasonally Atlantic forest vegetation, manly palm tree and manguezal
(mangrove swamp). Twenty four animals were from Tamandaré city, and 40

dogs from Metropolitan Region of Lisbon.

2.2 Animals

The present study included 64 adult dogs of either gender aged between 1 and
15 years (average 5.7 years) and 8 to 40 kg body weight (average 22.5 kg).
Fourteen dogs were purebred, while two were crossbreed and 48 were

mongrels. Males and females were equally represented in this study.

Animals were submitted to physical examination (behaviour, measurement of
internal temperature, observation of skin and mucosa, palpation of lymph nodes
and abdominal palpation), followed by laboratorial routine analysis. Afterword

dogs were classified as symptomatic or asymptomatic.

Dogs treated for canine leishmaniasis with meglumine antimoniate

(Glucantime®, 100 mg/kg. SC or IM, during 28 days) plus allopurinol (Zyloric®
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10 mg/kg, twice a day, during six to eight months) were also included in this

study.

According to physical examination, laboratorial routine analysis and
immunofluorescence assay (IFAT) results, dogs were classified in four groups:

control (11), asymptomatic (13), symptomatic (29) and treated (11) dogs.

Prior to inclusion of animals in this study, the dog owners were informed of the
objectives of the study and of the nature of the interventions, and their consent

were obtained.

2.3 Biological samples

Samples of peripheral blood were obtained from cephalic or saphena vein
puncture into tubes with EDTA and heparin respectively and maintained at 4°C
and until being used for determination of haematological parameters and
isolation of leukocytes. Sera samples for IFI assay were obtained from total

blood collected into dry tubes.

White blood cells were separated using Ficoll-Hypaque gradients after
centrifugation at 1200 rpm, during 30’ at room temperature. The cells were
resuspended in Gey’s solution, during 10’ at 4 °C. After the rejection of
supernatant, pellet cells were washed with PBS and centrifuged at 370 gs at 4
°C. Afterwards cells were stored in RNA later (Qiagen, Germany) at -80°C until

use RTL buffer at -80°C until RNA extraction.

Samples from bone marrow (from distal areas of ribs) and lymph nodes

(popliteum or retrofaringeum) were collected by aspirative biopsy from all
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animals, into tubes with EDTA/RPMI with 10% of bovine fetal serum was added
to samples and these latter were centrifuged for 10 minutes at 4 °C. Cells were

washed and stored in RNA later (Qiagen,) at -80°C until use.

All procedures were made according to the International Guiding Principles for
Biomedical Research Involving Animals and European Union requirements
(86/609/CEE), recognized by Portuguese law (DR DL129/92 and Portaria

1005/92).

2.4. Immunologic tests

An enzyme-linked immunosorbent assay (ELISA commercial kit, Biogene,
Recife, Brazil) for canine leishmaniasis was used to detect antibodies against
Leishmania on 24 dog sera from Tamandare using a cut off = 0.214. An indirect
immunofluorescence antibody test (Kit Leishmania Spot IF®, bioMerieux,
France), was used to detect Leishmania antibodies in sera of 40 dogs from

Lisbon, using a cut-off of 1:80.

2.5. Hematological and Biochemical parameters

The complete blood count (CBC), was performed in a hematology analyser
(Cell Dyn 3700, Abbott, USA). Values of alkaline phosphatase (ALP), alanine
aminotranferase (ALT), aspartate aminotransferase (AST), creatinine, total
proteins (TP), albumin, globulin and blood urea nitrogen (BUN) were
determined using specific ELISA sets (Termo Electron Corporation, Finland).
The results were read in a spectrophotometer (Kone OPTIMA, Finland) adapt

to veterinary values.
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2.6. RNA extraction and reverse transcription.

Total RNA was extracted using RNeasy Mini Kit (Qiagen), treated with Dnase |
(Qiagen) according to manufacturer’s instructions. Briefly, homogenization was
performed in 700 ul of buffer RTL with a rotor stator after elution, the
concentration of purified total RNA was determined by measuring the optical
density at 260 nm. Samples were denatured at 65 °C for 5 minutes before being
reverse transcribed (RT) into cDNA using 200 U M-MLVRT (Life Technologies,
Gibco Brl, USA), at 37 °C for 60 min in the presence of 3 mM 5x M-MLV RT
Buffer (250 mM Tris—=HCI pH 8.3, 375 mM KCI and 15 mM MgCl,) (Life
Technologies, Gibco Brl), 10 mM BSA (Boehringer, Germany), 1 mM dNTPs
(Life Technologies, Gibco Brl), 40 U rRNAsin ribonuclease inhibitor and 10x
Oligo (dT)15 (Promega, USA). The samples were then heated 10 minutes at

95 °C for RT inactivation cooled and stored at =20 °C.

2.7. Real time PCR analysis

Real-time polymerase chain reaction (RT-PCR) quantitative method was
performed in the ABI GeneAmp 5700 (Perkin-Elmer/Applied Biosystems, USA)
to quantify the expression of $-actin, IL-2, IL-4, IL-12 and IFN-y mRNA. Diluted
cDNA (2.0 pl) was amplified with SYBER® Green | dye PCR Master Mix in a
total volume of 20 ul. Each PCR amplification was performed in duplicate wells,
using the following conditions: 10 minutes at 95° C for AmpliTag Gold
activation, followed by a total of 40 cycles (thermal profile for each cycle: 15s at
95°C, 1 minute at 60°C). External cDNA standards were constructed for all

target genes by cloning PCR fragments generated by the same primers, into a
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PpGEM — T Easy Vector according to the manufacturer’'s recommendations
(Promega, USA). Ligated fragments were transformed into JM103 competent
cells and plasmid DNA was prepared using the High Pure Plasmid Isolation Kit
(Roche, Applied Sciences, Germany). Concentrations of standards were
determinate by measuring the OD at 260 nm and the corresponding copy of
numbers were calculated and serial dilutions from the resulting clones were
used as standard curves, each containing known amount of input copy number
as previously described (Overbergh et al., 1999, Rosa et al., 2005, Rodrigues et
al., 2006). Copy numbers of target genes were normalized to housekeeping
gene B-actin, which is present at constant levels in all samples, therefore
correcting minor variations in RNA isolation and reverse transcription. Final
results were expressed as the copy number of each cytokine per 1000 copies of

housekeeping gene B-actin.

2.8. Primer sequences

The sense and anti-sense primer sequences for the amplification of IFN-y, IL-2,
IL-4, and IFN-y were previously described by Peeters at al., (2005). The primers

for B-actin were described by Sauter et al., (2005).

2.9. Statistical analysis

The non-parametric Mann—Whitney U test was used to compare health group
with the other groups of dogs and to establish comparisons between
symptomatic, asymptomatic and treated groups in relation to cytokine
expression levels. Differences was considered significant with 5% significance
level (p<0.05). Statistical analysis was performed with the SPSS 18.0 for

Windows software (SPSS Inc., USA).
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3. Results
3.1. Clinical examination and laboratorial findings

Dogs of symptomatic group exhibited one or more signs compatible with
leishmaniasis such as loss of weight, alopecia, skin ulcerations,
hiperqueratosis, exfoliative dermatitis, onychogryphosis, pale mucosa
membranes, enlarged lymph nodes, anorexia and epistaxis. These animals
presented a decrease in the number of total red blood cells (3.38 x10%ul ,
normal range 5.5-8.5x10%pl) with normal erythrocyte indices (MCV- 71.88 fL,
normal range 60-77 fL; MCH - 24.43 pg, normal range: 19.5-24.5 pg; MCHC -
34.04 g/dl, normal range 32-36 g/dl), revealing normocytic and normochromic
anaemia, and hypergammaglobulinemia (5.38 g/dl, normal range 2.5-4.5 g/dl)

and of blood urea nitrogen (35.35 mg/dl, normal range 7-27 mg/dl).

The physical examination of dogs from control and asymptomatic groups did not

reveal any clinical signs of canine leishmaniosis.

Dogs from treated group had high levels of blood urea nitrogen (38.53 mg/dl)
and globulins (5.71 g/dl) but lower amounts of albumin (2.10 g/dl, normal range:

2.3-4.0).

The values of blood urea nitrogen above normal range in the symptomatic and
treated groups suggest kidney lesion caused by leishmaniosis and/or toxic

secondary effects of meglumine antimoniate.
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3.2 Humoral immune response

Significant antileishmanial antibody titres detected by IFI were observed in five
asymptomatic (titres of 1:80), 11 symptomatic (titres > 1:320) and five treated
dogs (titres of 1:80 in three, 1: 160 in one and > 1:320 in one dog). All 24 dogs
from Tamandaré city was positive on Elisa test presenting titres over them

0,2140.

3.3 Levels of cytokine expressed by peripheral blood leucocytes

Peripheral blood of symptomatic animals showed increased expression of 1L-12
(p=0.030), IFN- y (p=0.001), IL-2 (p<0.001) and IL-4 (p=0.001) when compared
with healthy control dogs. Asymptomatic (p=0.016) dogs and dogs that had
been subject to treatment against canine leishmaniasis (p=0.006) revealed

significant augments of IL-4 expression (Fig 1).

When comparisons were established with treated group significant differences
in the expression levels of IFN-y (p=0.017), IL-2 (p<0.001) and IL-4 mRNA
(p=0.032) were evidenced in the symptomatic animals and in IL-2 levels of the

asymptomatic group (p=0.037).

3.4 Levels of cytokine expressed by lymph node and bone marrow

Expression of IL-12 (p=0.04) and IL-2 (p=0.01) was significantly increased in
lymph nodes of asymptomatic dogs. Symptomatic dogs revealed high levels of
IL-2 (p=0.002), IFN-y (p=0.045) and treated dogs showed an increased of IL-12
(p=0.043) and IL-4 (p= 0.030) (Fig 2). Furthermore the levels of IL-4 was
significantly high in treated dogs when compared to asymptomatic (p=0.008)

and symptomatic animals (p=0.016).
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Treated animals showed significant high levels of IL-12 in bone marrow when
compared with healthy (p=0.005), symptomatic (p=0.014) and asymptomatic

dogs (p=0.008) (Fig. 3).

4. Discussion

The clinical manifestations that develop following infection with Leishmania are
dependent of a complex net of interactions between the parasite and the
immune system of the host. The spectrum of clinical symptoms present in CanL
is related with macrophage activity, T cell kinetics and the profile of cytokines

release.

This study evaluates the in vivo balance of cytokine expression elicited by
different tissues that contact with the parasite. The in vivo expression levels of
IL-12, IFN-y, IL-2 and IL-4 were analyzed in dogs that have established contact
with the parasite but did not present symptoms compatible with canine
leishmaniasis, dogs suffering from leishmaniasis, dogs that have been treated

for CanL and in healthy dogs.

Different immune responses were observed in tissues where the parasite
persists. Significant increase of IL-12, IFN-y, IL-2 and IL-4 expressions detected
in peripheral blood leucocytes of symptomatic dogs evidence a balanced
expression of Thl and Th2 cytokines. IL-12 is the first cytokine released in the
microenvironment and is pivotal for the initiation and polarization of the immune
response and inhibition of the apoptosis of Thl cell population (Park et al.,
2002). This cytokine plays a critical role in the differentiation of naive T cells into
Thl and is involved in the inflammatory process mediating the production of

IFN-y a Th1 cytokine that activates macrophages and enhances their
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microbicidal activity (Trinchieri, 2003). Additionally, IL-2 has a dominant role for
T cell expansion and effector cell development (Malek et al., 2001). Although
the presence of the parasite in the peripheral blood may be controlled by these
two cytokines, IL-4, which is involved in the generation of a Th2 response and in
down regulation of macrophage activity may allow the presence of the parasite
in the blood and, eventually, its transmission. Studies in human leishmania
infections and in mice models have made clear the development of mixed
Th1/Th2 immune responses (Miralles et al., 1994, Zijlstra and el-Hassan, 2001)
High expression of IL-12, IFN-y, IL-2 and IL-4 were also reported by Sanchez-
Robert et al., (2008) in peripheral blood mononuclear cells of experimental sick
dogs. However, another study demonstrated high levels of IL-4 and lower levels
of IFN-y in the blood samples of symptomatic naturally infected dogs (Manna et
al., 2008). Previously in vitro studies carried out by our group showed that IFN-y
and IL-2 mRNA were only detected in cultured leucocytes from a reduced
number of symptomatic experimental infected dogs (Santos-Gomes et al.,
2002). Also the production of IL-2 by peripheral blood leucocytes from
symptomatic experimental and naturally infected dogs stimulated with
leishmania antigen was low (Pinelli et al., 1994). Besides the different
methodologies used, these studies demonstrated that cultured lymphocytes
reduce the levels of expression and, eventually production, of Thl cytokines.
These may be associated to the reduced proliferation levels exhibited by these
cells (Abranches et al., 1991, Moreno et al., 1999).

Peripheral blood leucocytes from asymptomatic dogs showed significant
increases of IL-4 expression evidencing a Th2 immune response. In contrast a

previous study reported by Chamizo et al., (2005) evidenced low expression of
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IL-4 mRNA in peripheral blood mononuclear cells from asymptomatic dogs.
Although, a more recent work demonstrated that the expression of IL-4
increases in asymptomatic dogs with the out coming of the infection (Manna et
al., 2006).

In these dogs the expression levels of IL-12, IFN-y and IL-2 were similar to
healthy dogs confirming the results obtained by Sanchez-Robert et al., (2008)
that reported low expression of IL-12 and IFN-y in blood leucocytes from
experimental infected dogs with reduced parasite loads and transient clinical
symptoms. In previously in vitro studies carried out by our group the expression
of these cytokines was only detected in leucocytes of few asymptomatic
experimentally infected dogs while an individual variation of IL-2 expression was

observed (Santos-Gomes et al., 2002).

The balance between high IL-4 levels together with the low expression of IL-12,
IL-2 and IFN-y should favor the presence of the parasite. The suppressive effect
of IL-4 on macrophage activation during the early stages of the infection may
favor parasite survival in peripheral blood allowing its transmission. In fact, it
was verified that asymptomatic naturally infected dogs are able to transmit L.

infantum to the sand fly (Molina et al., 1994, Travi et al., 2001).

Dermatological lesions, weight loss and lymphadenopathy are the signs more
commonly found in CanL (Ferrer, 1999, Amusategui et al., 2003, Jodo et al.,
2006). Significant increases of IFN-y and IL-2 expression was detected in lymph
node of sick dogs evidencing a predominant Thl immune response. On the
other hand asymptomatic dogs exhibited significant increases of IL-12 and IL-2
also pointing for the predomination of cytokines associated to a Thl immune
response. These results contrasts with a previously study showing high
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expression of IFN-y and low levels of IL-12 in lymph nodes of asymptomatic

dogs (Alves et al., 2009).

Bone marrow of asymptomatic and symptomatic dogs showed low levels of
IFN- vy, IL-2 and IL-4 expression suggesting absence of an immune response
against Leishmania. Although no significant different from healthy animals IL-12
was highly expressed in symptomatic dogs, pointing for the induction of antigen

presentation

The reduced expression of IL-4 are in accordance with the results obtained by
Quinnell et al., (2001) that reported low expression of IL-4, IL-10, and IL-18 in
bone marrow of naturally infected dogs. However, these authors also showed

increased IFN-g mRNA associated with antibody production.

Taken together the results obtained in present study clearly demonstrate a
specific expression of cytokines in each analyzed tissue. Blood leucocytes of
sick dogs evidenced a mixed Th1/Th2 and lymph node reveals IL-2 and IFN-y
MRNA accumulation while bone marrow seems to be unresponsive. On the
other hand blood leukocytes from asymptomatic dogs exhibited a Th2
associated cytokine and lymph node a Thl immune response. In these dogs
bone marrow also do not seem to be able to elicit a specific immune response

to leishmania infection.

Lymph node and bone marrow of treated animals revealed increased
expression of IL-12. Furthermore, a significant high level of IL-4, a Th2 cytokine,
was also verified on blood lymphocytes and lymph node. A previous study has
shown that dogs treated for canine leishmaniasis were able to reduce the

parasite populations. Even so, antileishmania chemotherapy does not
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completely eliminate the parasite and it is possible that Leishmania amastigotes
remain in lymph nodes (Jo&o et al., 2006). The balance between IL-12, which is
associated to antigen presentation and inhibition of T cells apoptosis (Park et
al., 2002), and IL-4 that inhibit pro-inflammatory immune responses, may
restrain parasite replication in lymph node and dispersion. Blood lymphocytes
express low levels of IL-12, IFN-y and IL-2. During treatment increased
expression of IFN-y in total blood was reported by Manna et al., (2008),
although six months after the treatment there was a significant reduction in the
levels of this cytokine. A significant higher expression of IL-4 mRNA was
detected in blood leukocytes, although the levels are very low pointing to an

incipient Th2 immune response.

The outcome of L. infantum infection depends on a complex interaction with the
dog, with the individual biological characteristics of the parasite and the host
contributing to the development of disease manifestations. The present
demonstrate that each tissue of the host develop a proper cellular immune
response. The immune response presented by each tissue seem to be
regulated by the parasite itself in order to assure their one survival and
transmission, avoiding, in simultaneous, the precocious death of dog. The
balance between Thl and Th2 cytokines patent in the blood of sick dogs may
regulate parasite uncontrolled replication, avoiding a faster dispersion of the
parasite, favoring dog fithess and, at the same time, allowing parasite survival
and transmission. In the asymptomatic dogs the reduced expression of IFN- y
does not seem to favor the efficient control of the parasite, neither the dog
develop a strong inflammatory reaction that could have harmful implications.

Therefore, IL-2 does not seem to be enough to control the infection. In fact IL-2
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regulates the production of immunoglobulins by B cells (Waldmann and Tagaya,
1999, Waldmann, 2006) and the differentiation of regulatory T cells (Sakaguchi
et al., 1995, Thornton and Shevach, 1998, Thornton et al., 2004) that may
abolish the activity of effector cells. Furthermore the accumulation of IL-2 and
IFN-y mRNA in blood and lymph node seem to increase with the severity of
infection pointing for a strong pro-inflammatory immune response. Besides the
difference in the intensity of the cellular immune response developed by each
tissue, the relationship that is established by L. infantum with the immune

system of the dog, in particular, make the dog a good reservoir for this parasite.
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Legends

Figure 1 - Levels of IL-12, IFN-y, IL-2 and IL-4 expressed by leucocytes isolated
from peripheral blood of healthy, asymptomatic, symptomatic and treated dogs.
*(p<0.05) indicates statistically significant differences in comparison to healthy

dogs.

Figure 2 - Levels of IL-12, IFN- v, IL-2 and IL-4 expressed by lymph nodes (A)
and bone marrow (B) of healthy, asymptomatic, symptomatic and treated dogs.
*(p<0.05) indicates statistically significant differences in comparison to healthy

dogs.
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11. CAPITULO 4

LEVELS OF Leishmania chagasi SPECIFIC IGG2 IN SYMPTOMATIC AND

ASYMPTOMATIC DOGS NATURALLY INFECTED USING CPX2 PROTEIN
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Levels of Leishmania chagasi specific IgG2 in symptomatic and

asymptomatic dogs naturally infected using CPX2

Abstract

Canine Visceral Leishmaniasis (CanL) is present all over the Brazilian states
with high prevalence ranges, particularly in northeast. Recently some
Leishmania sp. genes encoding parasite proteins have been characterized in
the diagnostic of Leishmania species. The goal of this study was to evaluate the
levels of Leishmania chagasi specific lgG2antibodies in symptomatic and
asymptomatic dogs naturally infected using CPX2. A total of 217 sera samples
from both sex and different breeds and ages were analyzed by CPX2 antigen
ELISA test. The results showed 41.01% (89/217) of dogs were positive to 1gG2
antibodies. The evaluation of the CPX2 antigen showed high levels of
Leishmania chagasi specific 1gG2 antibodies in asymptomatic, however
because of the cross reaction with non-leishmaniasis disease observed in
ELISA tests, it cannot be recommended for classify symptomatic and

asymptomatic dogs naturally infected.

Key-Words: Canine Visceral Leishmaniasis; Clinical disease, Antibodies Class

Production; Recombinant Protein.
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1. Introduction

Canine Visceral Leishmaniasis (CanlL) is caused by Leishmania infantum
(syn. L. chagasi), is a systemic, chronic, and even fatal disease characterized
by lymphadenopathy, hepatosplenomegaly, skin ulceration, onychogriposis,
weight loss, cachexia, conjunctivitis and renal dysfunction (WILSON et al.,
2005, ADAMA-MORAITOU et al., 2007). However the infection may remain
asymptomatic for years representing a public-health problem (CARDOSO et al.,
2007) due to the risk of infection in dogs and humans. Therefore to control this
disease is crucial to identify the asymptomatic animals.

At least two serological tests have been applied for antibody detection of
CanL diagnosis including Immunofluorescent antibody test (IFAT) and enzyme-
linked immunoabsorbent assay (ELISA). However some authors have been
demonstrated the possibility of using as antigen source intact lysed parasites or
recombinant proteins to increase the sensibility of tests have been

demonstrated (CASTRO el al., 2002, SANTAREM et al., 2005).

Recently some Leishmania sp. genes encoding parasite proteins as
LmS3a: LmSIR2, LImTXNPXx, LicTXnPx and LiTXN1 (SANTAREM et al., 2005)
have been characterized and the use of specific antibodies against the
recombinant proteins (LmSIR2, LmS3a and LImTxNPx) demonstrate their
expression by promastigotes and amastigotes of different Leishmania species

(ZEMZOUMI et al., 1998, ZEMZOUMI et al., 1999).
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Among these LmSIR2 protein antibodies was present in the majority of
asymptomatic and symptomatic naturally infected animals (CORDEIRO-DA-

SILVA, et al., 2003).

The goal of this study was to evaluate the level of Leishmania chagasi
specific 1IgG2 in symptomatic and asymptomatic dogs naturally infected using

CPX2 protein.

2.Material and methods

2.1 Animals
A total of 217 dogs from both genders and different breeds and ages
from Tamandaré County, state of Pernambuco, Brazil, (08°46" 01°S and 35°

06" 13""W) were used.

2.2 Clinical and serological examination

Before the procedures an informed consent was obtained from each dog
owner. All dogs were submitted to a clinical examination to evaluate signs of
CanL as lymphadenopathy, skin ulceration, onychogriposis, conjunctivitis,
according to Ferrer, (1999). The animals were classified as asymptomatic and
symptomatic. The serum samples from each dog was obtained by venous
puncture and stored at 4°C. The sera were confirmed to be positive for CanL by
using Kit of canine Calazar ELISA S7® which uses recombinant peptides of

Leishmania chagasi according to manufacture instructions.
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On the other hand, 13 samples from dogs with non-leishmaniasis
diseases, Babesia sp, Leptospira sp. Dypilidium caninum , Ancylostoma sp and
Sarcoptes sp., from Instituto de Higiene e Medicina Tropical, Portugal, obtained

from an endemic region of “Alto do d"Ouro were studied in parallel as controls.

2.3 Parasites, antigens and ELISA using CPX2 protein

The CPX2 antigen was obtained from L. infantum-like promastigotas
acquired from “Universidade do Porto - Portugal”. ELISA test was performed as
described by Leandro et al.,, (2001) with some modifications regarding the
dilution and conjugates used. Soluble antigen (10ul/ml was diluted in 0.1M
sodium carbonate buffer (pH 9), and 100ul per well were used, to coat flat
bottom 96-well polysorp microtitre plates (Nunc, Naperwille, USA) for 1 h at
4°C. Plates were washed two times with washing buffer [LOmM Tris pH 7/8;
0.1M NaCl containing 0.05% Tween 20 (Sigma, St Louis, USA)] and blocked for
30 min at 37°C with blocking buffer [ 50mM tris pH 7/8; 0.15M NaCl (TBS)
containing 1% bovine serum albumin (Boerhinger-Mannheim, Mannheim,
Germany)]. Dog sera were diluted (1:1000 for IgG2) with TBS containing 0.05%
Tween 20, and 100 pl per well were added to the plates. After 1 h incubation at
37° C, plates were washed two times. Diluted goat anti-dog IgG2-HRP
conjugates in TBS [0.05% Tween 20] were added to each well and incubated
for 1 h at +37°C. After three washes 100ul of tetramethyl-benzidine was added
to each well (Sigma, St Louis, USA). The reactions were stopped by addition of

50 ul of 2M H,SO, per well. Absorbance values were read at 450 nm in an
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automatic microELISA reader (Titertek MultiSkan Plus MK I1). Sera from healthy
dogs were used as a negative control. The concentrations of the Leishmania
infantum antigen CPX2 and the dog’s serum dilution were 0,125ug/ul for

antigen and 1:1000 for the serum dilution.

2.4 Statistical analysis

Data analysis was performed using the SPSS 16.0 statistical program
(SPSS Inc., USA). The t Student and Mann Whitney tests, with a 5 % level of
significance, were used to compare 1gG2 levels between different clinical

groups (asymptomatic and symptomatic) (REIS, 2003).

3. Results and discussion

The results of ELISA using the CPX2 antigen showed 41.01% (89/217) of

dogs were positive to IgG2 antibodies.

Among the positive animals, asymptomatic dogs showed higher 1gG2
antibody levels (68,53%) than symptomatic animals (31,46%), but no statistic

significance was found.

Some serological tests have been applied for antibody detection of CanL
with proteins expressed in stationary-phase promastigote and amastigote with

satisfactory results (SANTAREM et al., 2005, COELHO et al., 2009).
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Iniesta et al., (2005) observed significant high levels of antibodies of the
IgG2 subclass in asymptomatic and symptomatic dogs and suggested that this

is consequence of Th-cell response type.

The relationship between IgG2 expression with asymptomatic infections
have been described in several studies (PINELLI et al., 1994, DESPLAZES et
al., 1995, SOLLANO — GALLEGO et al., 2001, INIESTA et al., 2005), however
conflicting results regarding the up-regulation of IgG subclasses have been

reported (INESTA et al., 2007).

In despite of a large number of serological tests for CanL, it remains a

problem to elucidate the positive animals with non clinical signs.

On the other hand the presences of specific IgG2 in infected animals
have been suggested as a marker for the clinical status (DEPLAZES et al.,

1995, LEANDRO et al., 2001, SOLANO-GALLEGO et al., 2001).

From 13 samples from dogs with non-leishmaniasis disease tested as
controls on ELISA using CPX2 protein, 38.46% (5/13) showed cross reaction,
particularly, sera from animals with Babesia sp, Leptospira sp. Dypilidium

caninum , Ancylostoma sp and Sarcoptes sp.

Cross reaction have been reported in dogs infected with Ehrlichia canis
and Babesia canis (MANCIANTI et al.,, 1996, GOMES e CORDEIRO, 2004)
Toxoplasma gondii, Neospora caninum and Hepatozoon canis (METTLER et
al., 2005) Trypanosoma cruzi (VEXENAT et al., 1996; LUCIANO et al., 2009)

and Demodex canis (LIRA, 2005).
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The low specificity of immunological tests and the co-infection with other

diseases may be responsible for this kind of reaction.

4. Conclusion

The evaluation of the CPX2 antigen showed high levels of Leishmania
chagasi specific 1gG2 antibodies in asymptomatic, however because of the
cross reaction with non-leishmaniasis disease observed in ELISA tests, it
cannot be recommended for classify symptomatic and asymptomatic dogs

naturally infected.
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12. Conclusdes Gerais

Diante dos resultados obtidos neste estudo podemos concluir que o
municipio de Tamandaré, PE necessita de medidas sanitarias como controle do
vetor, controle de cdes doentes e educacdo da populacdo em relacdo a

Leishmaniose Visceral Canina.

Embora ndo tenha havido relacdo dos casos de Leishmaniose Visceral
canina com hidrologia e vegetacdo, no municipio de Tamandaré, a tecnologia

do GIS e 0 RS podem ser bastante Gteis no estudo da doenca.

Aliando-se a diferenca de intensidade da resposta immune cellular
desenvolvida por cada tecido a relagdo estabelecida pela L. infantum com o
sistema immune em particular, foi possivel concluir que o cdo € um bom

reservatério para o parasita.

O teste com a proteina CPX2 na quantificagdo de IgG2 no ELISA
mostrou que animais assintomaticos apresentam altos niveis de 1gG2
especificos muito embora, devido a reacdo cruzada com outras doencas

infecciosas, esta ndo € recomendada para diferenciar animais naturalmente

infectados, sintomaticos e assintomaticos.
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Como o cédo é o principal reservatério no Brasil e a infec¢cdo canina
precede a infeccdo humana, esses resultados indicam que medidas de controle
devem ser aplicaveis na populagéo canina no municipio de Tamandaré a fim de

evitar casos humanos.
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15. ANEXOS
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15.1 Anexo 1

AMBULATORIO DE LEISHMANIOSE

Data: Horario:

1. FICHA DE IDENTIFICACAO
Nome do proprietério:
Nome do animal:

Raca:

Porte: ( )pequeno ()médio ()grande Cor: ()branca ( )preta ()marrom ( )dourada ( )cinza

Procedéncia:
Endereco:
Bairro:

Médico Veterinario Responsavel:

2. AVALIACAO DO ANIMAL

Inicio da sintomatologia:

Vermifugado: ()sim
Apetite normal: ()sim
Perda de peso: ()sim
Oftalmologia presente: ()sim
Miccdo normal: ()sim
Epistaxe: ()sim
Problema articular: ()sim
Aumento de linfonodo: ()sim
Grifose: ()sim
Ulcera cutanea: ()sim

4. DADOS SOBRE O VETOR

Presenca de mosquito: ()sim ()n&o

6. LOCALIZACAO DAS LESOES

[
6™
3

Idade:

Responsavel:

Sexo: F() M()

Pelagem: ( )curta ()média ( )longa

Viagens: ()sim ()ndo

()néo
()néo
()néo
()néo
()néo
()néo
()néo
()néo
()néo

()néo

Fone:

Fone:

3. MATERIAL COLETADO

Puncéo de medula: ()sim
Esternal: ()sim
Raspado/pele integra: ()sim
Raspado/pele lesionada: ()sim
Soro: ()sim
Plasma: ()sim

5. RESULTADO

Parasitolégico de medula:

Esternal: () lliaca:

Parasitolégico/pele lesionada () ()

Sorologia/ELISA:

0 O

()néo
() lliaca
()néo
()néo
()néo

()néo

0

0

Parasitolégico/pele integra:

0 O
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15.1 Anexo 2

TERMO DE CONSENTIMENTO LIVRE E ESCLARECIDO (TCLE)

Eu:

, residente em

Portador do RG n° abaixo

assinado atesto que entendi o conteudo deste consentimento
informado e concordo de livre e espontanea vontade de participar do
projeto de pesquisa “Vigilancia epidemioldgica da Leishmaniose
Visceral Canina no municipio de Petrolina através do uso de
Sistemas de Informacdes Geograficas (SIG)”. Declaro, ainda, que
esclareci todas as minhas duavidas com os profissionais pela

pesquisa e autorizo a publicacdo dos dados e/ou as fotos.

Assinatura do Proprietario

data / /
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