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RESUMO

O protozodrio intracelular obrigatério Leishmania infantum podem ter uma ampla distribui¢do
em tecidos de caes, o que pode resultar em manifesta¢des clinicas atipicas, como desordens
neuroldgicas, decorrentes do envolvimento do Sistema Nervoso Central (SNC). Essas
manifestacoes costumam ser resultantes de uma resposta inflamatéria exacerbada frente a
infeccdo, o que determina a deposi¢do de imunocomplexos nesses 6rgados, sugerindo que esses
sinais sejam resultantes de um desequilibrio da resposta imunoldgica do hospedeiro. H4 poucos
trabalhos na literatura que demonstram o envolvimento do SNC em caes com leishmaniose
visceral, logo, buscou-se caracterizar as alteracdes imunopatoldgicas teciduais ocorridas na
medula espinhal de caes com LVC naturalmente infectados, determinando e caracterizando as
possiveis alteracdes histopatoldgicas, dando €nfase nas caracteristicas imuno-histoquimicas,
histopatoldgicas e moleculares. Para tanto, foram coletados fragmentos da medula espinhal
correspondentes as por¢des cervical, tordcica e lombar de 20 cdes de ambos os sexos,
naturalmente infectados por L. infantum, aos quais foram submetidos as técnicas de histologia,
imuno-histoquimica e qPCR. Macroscopicamente, ndo foram observadas lesdes na medula
espinhal em nenhum dos animais avaliados neste estudo. A andlise histopatolégica demonstrou
alteracdes em tecidos de medula espinhal de 13 animais, sendo que as lesdes observadas foram
caracterizadas como discretas e multifocais e, a maioria, de natureza degenerativa,
caracterizadas como cromatolise central, satelitose e vacuolizacao do neurdpilo (degeneracdo
Walleriana). Na imuno-histoquimica, foi possivel detectar antigenos de Leishmania sp. na
medula espinhal de 5 cées e, por meio da qPCR, foi detectado o DNA do parasito em, pelo
menos, duas por¢des (cervical, tordcica e/ou lombar) da medula espinhal de todos os animais
analisados. Este trabalho demonstra que a medula espinhal de cies pode ser acometida durante
a infeccdo por Leishmania e que lesdes microscOpicas sdo comuns em todas as porcoes da
medula espinhal, ndo apresentando predilecdo significativa por nenhuma das regides desse
orgao.

Palavras chave: LVC. Patologia. SNC.
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ABSTRACT

The mandatory intracellular protozoan Leishmania infantum can have a wide distribution in
dog tissues, which can result in atypical clinical manifestations, such as neurological disorders,
resulting from the involvement of the Central Nervous System (CNS). These manifestations are
usually the result of an exacerbated inflammatory response to infection, which determines the
deposition of immune complexes in these organs, suggesting that these signs are the result of
an imbalance in the host's immune response. There are few studies in the literature that
demonstrate the involvement of the CNS in dogs with visceral leishmaniasis, therefore, we
sought to characterize the tissue immunopathological changes that occurred in the spinal cord
of dogs with naturally infected CVL, determining and characterizing the possible
histopathological changes, emphasizing the possible histopathological changes.
immunohistochemical, histopathological and molecular. For this purpose, fragments of the
spinal cord corresponding to the cervical, thoracic and lumbar portions of 20 dogs of both sexes,
naturally infected with L. infantum, were collected and submitted to the techniques of histology,
immunohistochemistry and qPCR. Macroscopically, no spinal cord injuries were observed in
any of the animals evaluated in this study. Histopathological analysis showed alterations in
spinal cord tissues of 13 animals, with the lesions observed being characterized as discrete and
multifocal and, most of them, of a degenerative nature, characterized as central chromatolysis,
satellitosis and vacuolization of the neuropile (Wallerian degeneration). In
immunohistochemistry, it was possible to detect antigens from Leishmania sp. in the spinal
cord of 5 dogs and, using qPCR, the parasite's DNA was detected in at least two portions
(cervical, thoracic and / or lumbar) of the spinal cord of all animals analyzed. This study
demonstrates that the spinal cord of dogs can be affected during Leishmania infection and that
microscopic lesions are common in all portions of the spinal cord, with no significant
predilection for any of the regions of this organ.

Keywords: CVL. Pathology. CNS.
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CAPITULO 1

CONSIDERACOES SOBRE LESTHMANIOSE
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1. INTRODUCAO

As leishmanioses sdo doencas parasitarias disseminadas no Velho e Novo Mundo
com grande diversidade epidemioldgica, sendo uma enfermidade comum nas regides do
Mediterraneo, China, Oriente Médio, Africa do Sul e na América Latina (VAN GRIENSVEN
& DIRO, 2019). A doenga é causada por protozodrios do género Leishmania e cerca de 53
espécies foram descritas até o momento, destas, 31 sdo parasitas de mamiferos e 20 sdo
consideradas patogénicas para os humanos (ARANSAY et al., 2000; KAUFER et al., 2017).

Dentre as leishmanioses, a Leishmaniose Visceral Canina (LVC), causada pela
Leishmania infantum, ¢ uma doenca grave, muitas vezes fatal, de caréter sist€mico cronico, que
representa um grave problema de satide publica, considerada uma zoonose de importincia
mundial (TORRES-GUERRERO et al., 2017).

Esse agente etioldgico é um protozodrio intracelular obrigatério, que afeta células
do sistema mononuclear fagocitico de mamiferos, se apresentando na forma amastigota (PITTA
et al., 2009); e, nos vetores biologicos (flebotomineos do género Lutzomyia, do qual cerca de
90% das espécies ocorrem nas regides tropicais) sdo encontrados nas formas promastigotas
(TORRES-GUERRERO et al., 2017).

Dessa forma, a doenga apresenta ciclo heteréxeno e as interagcdes entre o parasito,
vetores e os hospedeiros vertebrados estdo relacionadas ao mecanismo de transmissdo da
doenca, o qual ocorre através da picada de fémeas de flebotomineos, infectadas apds repasto
sanguineo (DANTAS-TORRES et al., 2012; SHAW, 2003).

Os reservatdrios vertebrados incluem uma variedades de animais silvestres, animais
domésticos e ser humano. Dentre os animais silvestres estdo roedores, marsupiais, primatas e
canideos e, quanto aos animais domésticos podemos citar caes e gatos (DANTAS-TORRES,
2007).

Devido ao processo de urbanizacdo, a transmissao das leishmanioses, dos animais
sinantropicos aos domésticos ocorreu, fato que promoveu o processo zoondtico de transmissao,
tornando os cdes os principais reservatorios do agente causador (OPAS, 2009; OLIVEIRA et
al., 2017).

Clinicamente, a LVC pode apresentar-se tanto de forma assintomadtica quanto de
forma sintomatica, na qual ocorre o envolvimento de 6rgdos como linfonodos, baco, figado,
pele e, até mesmo de olhos, levando a um amplo espectro de sinais clinicos, que incluem
linfadenomegalia  superficial =~ generalizada, = hepatoesplenomegalia,  oftalmopatias,
dermatopatias caracterizadas por onicogrifose, alopecia, descamacdo, ulceras cutineas,

principalmente no focinho e orelha, e hiperceratose (DIAS et al., 2008). Contudo, € preciso
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enfatizar que, tanto animais sintomdticos quanto assintomaticos infectados por L. infantum sao
importantes fontes de infeccdo para os flebotomineos e funcionam como reservatérios do
parasito, logo, animais assintomdticos também participam do ciclo de transmissdo da doenga
(MOHAMMADIHA et al., 2012).

Adicionalmente, formas amastigotas de L. infantum podem se distribuir
amplamente no organismo do hospedeiro, resultando em manifestacdes clinicas atipicas
(TAFURI et al., 2004), tais como nefropatias (COSTA et al.,, 2003), cardiopatias e
pneumopatias (TORRENT et al., 2005), envolvimento do sistema genital (AMARA et al.,
2009) e, também, desordens neuroldgicas (BLAVIER et al., 2001). Essas manifestacoes,
geralmente, resultam de uma resposta imune exacerbada frente a infeccdo, que determina a
deposicdo de imunocomplexos nesses Orgdos causando nefrites, glomerulonefrites,
insuficiéncia renal, hepatite cronica e insuficiéncia renal dentre outros sintomas (FERRER,
1992; NOLI, 1999). Portanto, manifesta¢des atipicas observadas no curso da infec¢do por L.
infantum sao resultantes de um desequilibrio da resposta imunolégica do hospedeiro (BANETH
et al., 2008; PACIELLO et al., 2009; NARANIJO et al., 2010).

Logo, a variacdo de sinais clinicos possui relacio com o tipo de resposta
imunolégica que o hospedeiro apresenta durante a infeccdo. Essa resposta pode variar da
diminui¢do da carga parasitaria ou eliminacdo do parasito, até a propagacdo do parasito e
apresentacdo das manifestacdoes clinicas variadas da doenca (ALBUQUERQUE, 2013;
BRUNO et al., 2019).

Apesar dos hospedeiros sintomdticos, foi relatado que, mesmo na auséncia de
sintomas neurolégicos, alteragdes histopatoldgicas no sistema nervoso de caes acometidos pela
doenca ja foram descritas (SCHWARDT et al., 2012). Dentre elas, cita-se a ocorréncia de
leptomeningite, coroidite, congestdo vascular, infiltrado de células inflamatorias, gliose,
satelitose, neuronofagia e degeneracdo neuronal (GARCfA—ALONSO et al., 1996; NIETO et
al., 1996). Nesse mesmo contexto, ja foram demonstradas formas amastigotas de Leishmania
sp. em células ependimadrias, linfécitos e macréfagos do plexo coroide e em histidcitos nas
meninges de cdes acometidos pela doenga, sendo estas lesdes sempre relacionadas a respostas
ou mecanismos de a¢do do sistema imunoldgico (NIETO et al., 1996; MARQUEZ etal., 2013).

Visto isso, os estudos realizados, ainda ndo sdo suficientes para explicar o
aparecimento de sinais neurolégicos como resultantes da infeccao por L. infantum. Diante do
exposto, o objetivo deste trabalho foi caracterizar as alteracdes ocorridas na medula espinhal de

caes com LVC naturalmente infectados, através de histopatologia, imuno-histoquimica e qPCR.
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2. OBJETIVOS

2.1. GERAL
e (Caracterizar as alteragdes imunopatoldgicas ocorridas na medula espinhal de caes com

LVC.

2.2. ESPECIFICOS
e Determinar as lesdes na medula espinhal de cdes com leishmaniose visceral,
naturalmente infectados;
e (Caracterizar os tipos celulares encontrados nos tecidos de medula espinhal de caes
com LV naturalmente infectados;
e Identificar antigenos in situ de Leishmania na medula espinhal de caes naturalmente
infectados;

e Detectar e quantificar o DNA do cinetoplasto da L. infantum na medula espinhal.

3. REVISAO DE LITERATURA

3.1 Dados epidemiolégicos mundiais sobre Leishmaniose

A leishmaniose consiste em uma doenga parasitaria sist€émica de cardter cronico
causada por protozodrios intracelulares do género Leishmania, considerado o patdgeno mais
comum do mundo (WILHELM, 2019), os quais sdo transmitidos através da picada de insetos
vetores do género Lutzomyia no Brasil e no Novo Mundo e do género Phlebotomus na Europa
e Velho Mundo (CARVALHO et al., 2019).

A leishmaniose visceral € endémica em mais de 60 paises ao redor do mundo.
Consiste em uma doenca tropical negligenciada e representa um grave problema de satde
publica, podendo ser encontrada em todos os continentes, exceto a Oceania. Sua ocorréncia
estd vinculada, diretamente, a imunossupressao, pobreza, deslocamentos populacionais, falta
de saneamento bdsico e escassez de recursos para controle e tratamento (WHO, 2018;
WILHELM, 2019).

Estima-se que, aproximadamente, 1 milhdo de novos casos humanos ocorram por
ano, dos quais 300.000 sdo viscerais e 1 milhdo sdo cutdneos ou mucocutaneos, causando cerca
de 30.000 mortes por ano em todo o mundo (ALMEIDA-SOUZA et al., 2016; SOUZA et al.,
2019).

Recentemente, a Organizacdo Pan-Americana de Saude (Pan American Health

Organization — PAHO, 2018) publicou uma estimativa que afirma que cerca de 90% dos casos
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de leishmaniose visceral documentados ocorrem em seis paises, sendo eles o Brasil, Etidpia,
India, Bangladesh, Sudado e Sudao do Sul. Em 2016, o niimero de casos confirmados de LV em
humanos no Brasil girou em torno de 3.200 (SUNDAR & SINGH, 2018).

Segundo o Ministério da Sadde, no ano de 2017, foram registrados, no Brasil, 4.103
casos confirmados de LV, sendo 1.824 na regido nordeste e, desse total, 714 no estado do
Maranhdo que, no ano anterior, havia registrado 645 casos da doen¢a em humanos (BRASIL,
2018).

Como visto, dos Estados brasileiros, o Maranhao se destaca como endémico para a
enfermidade e, no ranking de mortalidade da doenca, ocupa a segunda posicdo, precedido
apenas pelo estado do Tocantins. Esse indice equivale a quantidade representada pelos anos de
vida perdidos em decorréncia de morte prematura devido a leishmaniose visceral (BEZERRA
et al., 2018).

Com relacdo aos cdes, a prevaléncia da LVC no Brasil, em média, varia de 1,9 a
35% em areas endémicas (PIMENTEL et al., 2015; FUJIMORI et al., 2016; LOPES et al.,
2017). Localidades como Rio de Janeiro, Belo Horizonte, Aragatuba, Santarém, Corumba,
Teresina, Natal, Sdo Luis, Fortaleza, Camacari, Trés Lagoas, Campo Grande e Palmas,
destacam-se pela ocorréncia de surtos da doenca (BRASIL, 2014; LOPES et al., 2010).

A LVC apresentava-se como uma doenca eminentemente rural, no entanto, nos
ultimos tempos, expandiu-se para dreas urbanas (BRASIL, 2014). Acredita-se que a adaptacdo
das espécies vetoriais a0 meio urbano ocorreu devido a ocupacdo antrépica desordenada do
espaco geografico, contribuindo, assim, para a distribuicdo da Leishmaniose em diversas

regides do Brasil e do mundo (CARVALHO et al., 2019).

3.2 Aspectos gerais sobre a Leishmaniose Visceral Canina

A leishmaniose visceral canina é considerada um problema de saidde publica por
ndo ser curdvel e, a sua morbidade nos hospedeiros, principalmente, em caes e humanos

(FREITAS, 2010).

3.2.1 CARACTERIZACAO DO PARASITA

Os protozodrios do género Leishmania sao eucariotos unicelulares flagelados
pertencentes ao reino Protozoa, filo Euglenozoa, ordem Kinetoplastida e familia
Trypanossomatidae (CAVALIER-SMITH, 2016; MASLOV et al., 2013; FONSECA et al.,

2014). Caracterizam-se por apresentar cinetoplasto (kDNA), localizado na regido mitocondrial
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constituida por moléculas circulares de DNA, encontradas na base do flagelo, contendo DNA
mitocondrial (SIMPSON, 1987; STUART & FEAGIN, 1992).

As espécies de Leishmania estao distribuidas no Velho e Novo Mundo. Na América
Latina se dividem em dois grupos: o do subgénero Viannia, cujas espécies sdo L. (V)
brasiliensis, L. (V) panamensis e L. (V) guyanensis - responsdveis por infec¢des cutineas e
mucocutaneas — e, o do subgénero Leishmania constituido pelas espécies L. (L.) mexicana e L.
(L.) amazonenses responsaveis pelas lesoes cutaneas difusas (LOPES et al. 2017).

Ja a Leishmaniose Visceral ¢ causada por espécies do “complexo donovani”,
atualmente formado por L. donovani, L. infantum e L. chagasi (MAURfCIO et al., 2000;
LUKES et al., 2007; KUHLS et al., 2011). Essas espécies encontram-se distribuidas nas regidoes
da India, Bangladesh, Nepal, Paquistdo, Mediterrineo, compreendendo Europa e Africa e
paises das Américas (WILHELM, 2019).

Nas tltimas décadas, estudos reanalisaram a taxonomia da espécie causadora de
leishmaniose visceral nas Américas, sugerindo, portanto, o uso da nomenclatura L. (L.)
infantum chagasi, visto que, com base nas técnicas de biologia celular e molecular, ndo foi
possivel apontar distin¢cdes entre L. infantum e L. chagasi (MAURICIO et al., 1999;
MAURICIO et al., 2000; KUHLS et al., 2005; QUISPE-TINTAYA et al., 2005; KAUFER et
al., 2017).

O parasito se apresenta nos hospedeiros de duas formas: promastigotas que sao
células alongadas, flageladas e mdveis encontradas no intestino do hospedeiro invertebrado e,
as foras amastigotas que sdo células ovoides, imdveis e sem flagelo, encontradas em células

fagocitarias de mamiferos e responsaveis pela patologia da doenca (FREITAS, 2010).

3.2.2 VETOR

Dipteros pertencentes ao gé€nero Lutzomyia sdo os vetores responsdveis pela
transmissao da doenca no Novo Mundo (CARVALHO et al., 2019). Acredita-se que 90% das
espécies de Lutzomyia veiculam agentes patogénicos e sdo encontradas nas regides tropicais
(AKHOUNDI et al., 2016).

No Brasil, Lutzomyia possui ampla distribui¢do geografica podendo ser encontrada
em todas regides. Esses insetos medem cerca de 1 a 3 mm de comprimento, tendo o corpo
revestido por pelos e de coloracdo clara (castanho claro ou cor de palha). As espécies
encontradas sdo Lutzomyia longipalpis, Lutzomyia cruzi e Lutzomyia migonei essa ultima, foi
relatada com uma alta densidade em locais com auséncia de L. longipalpis e L. cruzi e com

registro de casos autdctones da doenca (BRASIL, 2016).

Processo Associado: 23129.000645/2024-87 Pagina 23/73



21

A espécie mais comum e considerada principal na transmissdao do agente da
leishmaniose € o L. longipalpis, possuindo facil adaptacdo ao peridomicilio e variagdes de
temperatura, podendo ser encontrada também no intradomicilio e abrigos de animais
domésticos por conta das fontes de alimento. E possivel que o periodo de maior transmissio da
LV seja apds a estacdo chuvosa, devido ao aumento da densidade populacional do inseto
(BRASIL, 2016).

O ciclo biolégico da L. longipalpis ocorre no ambiente terrestre € possui quatro
fases de desenvolvimento: ovo, larva, pupa e adulto. As fémeas pdem seus ovos em substrato
umido e rico em matéria organica, garantindo a alimentacdo das larvas (BRASIL, 2014). A
eclosdo ocorre de 7 a 10 dias apds a postura. O desenvolvimento das larvas ocorrem entre 20 a
30 dias em condi¢des favordveis. Em condicdes adversas, as larvas podem entrar em estado de
diapausa, momento de pausa no metabolismo até que o ambiente esteja favoravel novamente
para continuacdo do desenvolvimento. Apds, as larvas transformam-se em pupas, estigio mais
resistente a variacdes ambientais e que dura cerca de uma ou duas semanas, tornando-se entiao
insetos adultos (MINISTERIO DA SAUDE, 2006).

De forma geral, a alimentagdo dos insetos adultos € crepuscular e noturna e, durante
o dia, fica em repouso em lugares sombreados e imidos protegidos do vento, calor elevado e
de predadores. As fémeas sdo obrigatoriamente hematéfagas ja que o sangue € um recurso
necessdrio para o desenvolvimento dos ovos, devido a isso, elas s@o responsdveis pelo repasto
sanguineo e, consequentemente, pela transmissdo do agente da leishmaniose para vdrias
espécies de animais vertebrados (AKHOUNDI et al., 2016; BRASIL, 2016; TORRES-
GURRERO et al., 2017).

3.2.3 HOSPEDEIROS

Ha, aproximadamente, 70 espécies de mamiferos, incluindo os seres humanos
considerados hospedeiros de diferentes espécies de Leishmania pelo mundo. Nesse grupo
incluem-se animais que podem ser encontrados tanto no meio silvestre quanto no meio urbano
(FRANCA & SILVA et al., 2005).

Dentre os reservatorios silvestres, podem se destacar roedores, edentatos, primatas
e alguns carnivoros, como exemplos podem ser citados sdo tamanduds, preguicas, raposas
(Dusicyon vetulus e Cerdocyon thous) e marsupiais (Didelphis albiventris) (SHAW, 2003;
ROQUE —JANSEN, 2014).

Por conta do crescente processo de urbanizacdo, o ciclo zoondtico de transmissao

das leishmanioses ocorreu com maior propor¢do, pois além dos animais sinantropicos, os
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domésticos assumiram um papel importante como reservatorios de infeccdo, sendo eles o cao,
felinos domésticos e humano (SHAW, 2003; BRASIL, 2014; DANTAS-TORRES, 2007).

O cao (Canis familiaris) é considerado o principal reservatorio, ja que a infeccdo
desses animais, normalmente, precede a ocorréncia de casos em humanos (CAMPINO, 2003;
FRANCA-SILVA, 2005). Esse hospedeiro possui uma maior susceptibilidade a infec¢do por L.
infantum por apresentarem uma reducdo de células T dos seus 6rgdo linfoides, enquanto as

células B se proliferam, apresentando, assim, um intenso parasitismo. A transmissao ao homem,

se deve ao convivio no mesmo ambiente (DANTAS-TORRES et al., 2007).

3.2.4 CICLO BIOLOGICO

O ciclo biolégico da Leishmaniose Visceral se inicia quando os flebotomineos
fémeas, ao picarem o animal infectado, ingerem as formas amastigotas do sangue do
reservatorio e, em seu intestino, o parasito inicia um processo de transformacdo, no qual as
amastigotas mudam para promastigotas pro-ciclicas e, depois, para promastigotas metaciclicas,
formas infectantes aos hospedeiros vertebrados (VERA-IZAGUIRRE et al., 2006).

No momento dos repasto sanguineo, o flebotomineo regurgita as promastigotas
metaciclicas presentes em sua saliva na pele do hospedeiro (NEVES, 2016). O protozodrio é
fagocitado pelos macréfagos e, dentro do fagossoma, se transforma em amastigota, forma
intracelular do parasito nos vertebrados. As amastigotas entdo, se multiplicam por divisdo
binaria até que a célula se rompa e libere-as, para a infeccdo de novos macréfagos bem como
outras células fagociticas ou ndo fagociticas (NADERER & MCCONVILLE, 2008;
OLIVEIRA, 2016).
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Figura 1. Ciclo da Leishmaniose Visceral
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A partir desse evento, hd um aumento significativo da populagdo de amastigotas de
L. infantum, que pode alcancar vdrios 6rgdos do organismo hospedeiro, no entanto, o fator
determinante para diminui¢do ou propagacio da infeccdo € o tipo de resposta imune que sera
desencadeada pelo individuo, sendo Thl ou Th2, e estas dependem também de fatores de
natureza desconhecida como fatores genéticos, resposta efetiva de células natural killer,

produgdo de citocinas, entre outros (CARLI, 2007).

3.3 Aspectos imunolégicos do hospedeiro

Os parasitos e as lesdes por eles causadas podem ser encontrados em todo o
organismo do hospedeiro, sendo consideradas resultantes de reagdes inflamatorias
proliferativas, causando um desequilibrio imunolégico. Nesse sentido, acredita-se que uma
resposta humoral exacerbada e leva a deposicao de complexos imunes provavelmente sao os
fatores responsdveis pela patogénese. Assim, a geracao de resposta imunoldgica torna-se crucial
para a eliminacao ou propagacdo do parasito, visto que hd variacdes relacionadas a presenca de
manifestacoes clinicas, baixa resposta imune celular e elevada resposta imune humoral que
determinardo elevados niveis de anticorpos anti-Leishmania circulantes, fatos relacionados a
susceptibilidade da LV entre os individuos acometidos (PARANHOS-SILVA et al. 1996;
BANETH et al., 2008; ALBUQUERQUE, 2013). Dessa forma, a diversidade de evidéncias
clinicas e experimentais mostram o papel fundamental das células tipo Th1, que desenvolvem

uma fungdo protetora em relagdo as do tipo Th2.
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E importante destacar que hd dois tipos de respostas imune que podem ser
demonstradas pelo organismo de um hospedeiro no momento de uma infec¢do, a saber: a
imunidade inata, que consiste em uma reposta inespecifica para distinguir antigenos, e 0s
mecanismos ativados sdo as barreiras quimicas e fisicas naturais que o hospedeiro possui, como
mucosas e substancias antimicrobianas existentes nela, bem como células fagociticas do
sistema imunoldgico, como macréfagos, neutréfilos e as natural killer — determinadas como
“matadoras profissionais”; e a imunidade adaptativa, que consiste em uma resposta especifica,
na qual pode-se apresentar de duas formas no hospedeiro: Th1 e Th2, reconhecidas, usualmente
como respostas celular e humoral (LARANGEIRA, 2008; ALMEIDA-SOUZA, 2018).

Com relagdo a imunopatologia da LV, ap6s a ocorréncia de coestimulos, inicia-se
a producdo de IL-12 por células dendriticas, que fagocitam os parasitos no sitio de inoculagdo
e orientam a diferenciacdo de linfécitos T naives em Thl, que induzira a producio de IFN- y e
IL-2 e TNF-a (BIRON e GAZZINELLI, 1995; SCHARTON-KERSTEN et al., 1995;
ALEXANDER e BRYSSON, 2005). Essas citocinas recrutam macréfagos para eliminarem
amastigotas intracelulares, pois ativam a enzima 6xido nitrico sintase induzivel (iNOS) que
induz a producio de 6xido nitrico (FREITAS et al., 2010). Respostas do tipo Thl ocorrem a
partir do contato inicial com o antigeno, podendo ser por exposicao natural ou vacinagdo. Esse
mecanismo aumenta o processo de fagocitose e induz a morte 0s microrganismos presentes nos
fagolisossomas, culminando com a producdo de anticorpos IgG, que opsonizam os
microrganismos para a fagocitose (MESQUITA JUNIOR et al., 2010). Baneth et al. (2008)
apontam que animais que apresentam padrdo de resposta do tipo Thl conseguem controlar a
infeccdo, reduzir a carga parasitdria e ndo manifestar sinais clinicos caracteristicos da doenca.

Respostas do tipo Th2 estao associadas a producdo de anticorpos IgE, que atuam
contra parasitos, € seu aumento esté relacionado a problemas alérgicos. Estas imunoglobulinas
recrutam eosindfilos e mastdcitos para combater os agentes causadores desses problemas
(CAMARA, 2013). Brachelente et al. (2005) evidenciaram em seu estudo que a elevada
producdo de citocinas do tipo Th2 como IL-4, IL-10, IL13 e TGF-B, influenciam na
susceptibilidade da infeccao por Leishmania sp., por desativar os macrofagos e, dessa forma,
contribuir para a génese desse tipo de resposta que promove o desenvolvimento da doenga e
apresentacdo de sinais clinicos graves. Taxas elevadas de IL-4 e IL-13 culminam na promocgao
da doenca, pois ha uma maior propagagdo do parasito no organismo do hospedeiro e baixa
resposta a tratamentos, refletindo em sinais clinicos variados (NOBEN-TRAUTH, 2003;
ALBUQUERQUE, 2013).
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Além da resposta imune resultante dos processos de resposta Th2, existem,
também, fatores relacionados a propria Leishmania, pois, apresentam Proteinas Moleculares
Associadas ao Patégeno (PAMPs) que sdo produzidas pelos préprios microrganismos. Essas
proteinas podem ser expressas tanto na forma amastigota (proteinas A2) quanto promastigota
(LMPK) e estdo relacionadas a sobrevivéncia do parasito no hospedeiro vertebrado (WIESE e
GORCKE, 2001).

A estrutura celular do protozodrio apresenta proteinas com grande ndmero de
aminodcidos sendo consideradas isoformes por serem produzidas por diversos genes e, dessa
forma, proporcionam a adaptabilidade do parasito favorecendo a infec¢do e a geracdo de
sintomas no hospedeiro (KUBAR e FRAGAKI, 2006; FREITAS, 2010).

Outras moléculas presentes na membrana do parasito sdo o glicofosfoglicano ou
LPG, LACK (Receptor de Leishmania hommol6go a Quinase C Ativada) e metalproteinase
gp63. Elas facilitam a introducdo do parasito nas células dos sistema imune do hospedeiro de
forma que elas ndo sejam destruidas (FREITAS, 2010).

O LPG inibe a fusdo do lisossomos ao fagossoma, evitando que enzimas
proteoliticas e o pH 4cido destruam as promastigotas, facilitando a transformacdo para a forma
amastigota (BOGDAN E ROLLINGHOFF, 2000).

A LACK liga-se a receptores presentes nas células TCD4*, ativando a IL-4
favorecendo a suceptibilidade do hospedeiro ao parasito (SCHILLING e GLAICHENHAUS,
2001), enquanto a gp63 é capaz de acelerar a conversao da proteina de completo C3b para C3bi
que € um fator de opsonizacdo da Leishmania, facilitando o englobamento pelo macréfago sem
ativar substancias microbicidas (BRITINGHAM et al., 1995).

Observa-se, entdo, que diversos fatores contribuem para o a infeccdo e

desencadeamentos de reagdes no organismo hospedeiro durante a infeccao por Leishmania.

3.4 Leishmania spp. no Sistema Nervoso Central

O Sistema Nervoso (SN) divide-se em dois tipos: o Sistema Nervoso Central (SNC)
e o Sistema Nervoso Periférico (SNP). O SNC é composto por érgdos como o encéfalo e a
medula espinhal. Essas estruturas estdo protegidas pela caixa craniana e canal vertebral e sdo
envolvidas por membranas de tecido conjuntivo chamadas meninges (FARIA, 2012).

O SNC tem como fun¢do principal processar as informacdes enviadas pelos orgaos
dos sentidos e elaborar respostas que resultam em ac¢des do organismo, como contragao
muscular, secrecdo de glandulas, sensacdes, pensamentos, dentre outras. Esse sistema ¢é

composto por uma variedade de células que s@o responsaveis por realizar essas fungdes, tais
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como neurdnios e células da glia, que incluem astrécitos, oligodendrécitos, micrdglia e células
ependimarias (ROJAS, 2011).

Os neurdnios no SNC se comunicam por meio de sinais quimicos e elétricos e
regulam o microambiente i0nico local através de sinapses e axonios que auxiliam na sinaliza¢do
neural. As camadas de barreira existentes no SNC desempenham um papel importante nesse
sistema (ABBOTT, 2006). H4 duas camadas de barreiras que limitam e regulam a troca
molecular nas interfaces entre o sangue e o tecido neural: a barreira hematoencefélica (BHE),
formada por células endoteliais cerebrovasculares; e a barreira sangue - liquido
cefalorraquidiano (BSLCR), constituida pelo plexo coroide, a membrana aracnoide com os
vasos sanguineos e o liquido cefalorraquidiano expelido pelo epitélio do plexo coroide nos
ventriculos (ABBOTT et al., 2010; ROJAS et al., 2011).

Individuos com um SNC desenvolvido possuem uma BHE bem desenvolvida
(ABBOTT, 2005). No cérebro e medula espinhal de mamiferos, a BHE € originada de células
endoteliais que formam as paredes dos capilares e constituem uma interface importante para a
troca de nutrientes no sentido sangue-cérebro. No entanto, € valido salientar que a
permeabilidade nessa regido € altamente seletiva, impedindo a passagem de substancias nocivas
ao tecido nervoso, como agentes quimicos, toxinas, antibiéticos e até agentes infecciosos (NAG
e BEGLEY, 2005; JUNQUEIRA e CARNEIRO, 2006).

A regulacdo na BHE fornece um ambiente estavel para a fun¢@o neural e auxilia na
combinacdo de canais e transporte de ions especificos, mantendo a composi¢do i0nica ideal
para a funcdo de sinalizacdo sindptica (BRADBURY et al., 1963). Logo, torna-se um meio
eficiente de combinar as atividades da BHE aos requisitos do cérebro, seja para protecao contra
agentes circulantes, ajuste do suprimento de nutrientes ou modificagdo para facilitar o reparo
local, a fim de manter a satude e auxiliar na recuperacdo de lesdes ou infeccoes (ABBOTT et
al., 20006).

Apesar dos mecanismos de regulacdo, podem ocorrer disfun¢des da BHE devido a
abertura ligeira das juncdes oclusivas até a ruptura cronica da barreira (FORSTER, 2008), bem
como do mau funcionamento dos mecanismos enziméticos e de transporte. Esses problemas
podem ser sinalizados pelo aumento de células da glia nos tecidos, presenga de neutréfilos e
leucécitos mononucleares circulantes, além de mondcitos e macréfagos que atuam em uma
resposta imune coordenada (BECHMANN et al., 2001; PERSIDSKY et al., 2006; KONSMAN
et al., 2007). Portanto, a falha da BHE € um evento de cardter critico, visto que o seu

desenvolvimento pode progredir para a concessdo de varias doengas cerebrais, incluindo
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acidente vascular cerebral, trauma, epilepsia, doengas neurodegenerativas, tumores e infec¢des
(FORSTER, 2008).

A BSLCR consiste no plexo coroide, que também é formado por células endoteliais
e tem como fungdo secretar o Liquido Cefaloraquidiano (LCR). A secrecdo ocorre do plexo
coroide para o sistema ventricular cerebral (BROWN et al., 2004). O plexo coroide é composto
por uma camada de células epiteliais altamente vascularizadas conectadas por juncdes
oclusivas. Macréfagos e leucdcitos também podem ser encontrados no plexo coroide, sugerindo
seu papel como porta de entrada para o trafego de células imunoldgicas em resposta a doengas
e traumas (PRAGER et al., 2017).

Em todas as barreiras, a fun¢@o resulta em uma combinacdo de barreira fisica
(Juncdes entre células reduzindo o fluxo através da via intercelular ou paracelular), barreira de
transporte (mecanismos de transporte especificos mediadores do fluxo de soluto) e barreira
metabolica (enzimas metabolizando moléculas em transito). Entretanto, a fun¢do de barreira
ndo € fixa, mas pode ser modulada e regulada, tanto em fisiologia como em patologia
(ABBOTT et al., 2006).

Durante muito tempo, acreditava-se que o SNC ndo estava dentro da rota da
infeccdo por Leishmania, em virtude de vérias peculiaridades desse sistema e da existéncia de
barreiras que promovem maior protecdo aos 6rgaos que o compdem. Entretanto, Prasad e Sen
(1996) descreveram pela primeira vez o envolvimento do SNC, com o desenvolvimento de
meningite e a detec¢do de formas amastigotas de Leishmania donovani no LCR em um paciente
humano com LV. A partir de entdo, o SNC passou a ser alvo de muitos estudos, a fim de
comprovar a capacidade das espécies de Leishmania em atravessar a BHE, causando alteracoes
patoldgicas e o desenvolvimento de sinais clinicos neurolégicos.

No mesmo ano, Garcia-Alonso et al. (1996) detectaram, pela primeira vez,
anticorpos anti-Leishmania no LCR de caes positivos para LV. Nesse mesmo periodo, foi
relatado um cdo com leishmaniose apresentando coroidite caracterizada por infiltrado
inflamatério de linfécitos e polimorfonucleares, além da detec¢do de formas amastigotas de
Leishmania dentro de macréfagos revelados apos impressdo do plexo coroide em lamina
(NIETO et al., 1996). Nos ultimos anos, estudos demonstraram alteracdes em tecidos do
Sistema Nervoso Central de caes, nos quais foram descritas nodulacdes, massas ou granulomas
associados a presenca do parasito em medula espinhal de caes (FONT et al., 2004; CAUDURU
et al., 2011; MARQUEZ et al., 2013; JOSE-LOPEZ et al., 2014).

Em alguns relatos de casos, as alteracdes histopatoldgicas observadas no SNC de

cdes com LV foram caracterizadas principalmente por um infiltrado inflamatério composto de
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linfécitos, plasmoécitos, macréfagos e neutréfilos, em varias regides do SN, como plexo coroide,
meninges e parénquima cerebral, sem obrigatoriamente a detec¢do de formas amastigotas de
Leishmania no tecido nervoso e manifestacio de sintomas neuroldgicos (IKEDA et al., 2007;
MELO & MACHADO, 2009; MELO et al., 2009; MELO & MACHADO, 2011; MARQUEZ
et al., 2012; MELO et al., 2013). Mesmo na auséncia do parasito, lesdes inflamatérias sdao
comumente observadas, como leptomeningite e coroidite, com acimulo de células
mononucleares (VINUELAS et al., 2001; IKEDA et al., 2007). Especificamente em relagdo ao
cérebro, Melo et al. (2015) observaram importantes alteracdes inflamatdrias, com diferentes
intensidades, variando de discretas a intensas, em cdes portadores de LVC, os quais ndo
apresentavam sintomatologia neuroldgica.

Alguns sinais neuroldgicos em uma cadela foram relatados por Font et al. (2004),
que apontaram a presen¢a de paraplegia aguda associada a vasculite, com extensa drea de
hemorragia no corddo espinhal, associada a presenga de trombo e um infiltrado misto de células
inflamatérias. Ikeda et al. (2007) observaram em um estudo minucioso com 21 caes acometidos
por Leishmaniose visceral alguns sinais neurolégicos como convulsdes, cegueira, sinais de
envolvimento vestibular e cerebelar (cabeca inclinada, nistagmo, incoordenacao motora, queda,
tremor), paraparesia, tetraparesia, tetraplegia e mioclonias.

Bargui et al. (2017), em pesquisa envolvendo a medula espinhal de camundongos
experimentalmente infectados com L. amazonenses, demonstram a participagdo de moléculas
relacionadas a inflamagdo, como TNF-a e fatores de transcrigdo génica durante curso da doenca
no Sistema Nervoso Central. Esse perfil de citocinas pré-inflamatérias, tais como IL-10, IFN-
vy ¢ TNF-a também ja foram relatados pontualmente no cérebro de caes positivos para a
leishmaniose (MELO et al., 2013). Oliveira et al. (2017), em um estudo feito com 48 caes
infectados com LV, detectaram o agente L. infantum por meio de cultura parasitologica em 25%
dos animais para amostras de LCR, medula espinhal e cérebro.

Contudo, ja foi provado na literatura que o protozodrio L. infantum pode atravessar
a BHE e expandir-se através do LCR, causando infec¢des no cérebro e medula espinhal de caes
naturalmente infectados, adicionalmente, pode causar encefalomielite granulomatosa ndo
supurativa, uma condi¢do que pode levar a sinais clinicos neurolégicos com progressao da
doenca. Portanto, a medula espinhal € um importante local de infec¢ao por L. infantum no SNC
e deve ser investigada em casos de cdes com e sem sinais clinicos neurolégicos de éareas
endémicas para a doenca (OLIVEIRA et al., 2017).

Diante disso, apesar de ja ser relatado o envolvimento do SNC na infec¢do por

Leishmania, estas informagdes ainda ndo sdo suficientemente esclarecedoras para a
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compreensdo dos mecanismos de acdo do agente nesse sistema e nos 6rgaos que o compdem,
principalmente na medula espinhal, sendo portanto necessarios mais estudos para melhorar a

compreensdo da infec¢do nesse sistema em seus aspectos parasitarios e moleculares.

REFERENCIAS

ABBOTT, N. J. Evidence for bulk flow of brain interstitial fluid: significance for physiology
and pathology. Neurochemistry International, v. 45, p. 545-552, 2005.

ABBOTT, N. J.. RONNBACK, L.: HANSSON, E. Astrocyte—endothelial interactions at the
blood—brain barrier. Nature Reviews Neuroscience, v. 7, p. 41-53, 2006.

ABBOTT, N. J.; ADJANIE, A. K.; PATABENDIGE, D. E. M.; DOLMAN, S.R. Y.; DAVID,
J. B. Structure and function of the blood-brain barrier. Neurology of Disease. Elsevier, 37, 13-
25, 2010.

AKHOUNDI, M.; KUHLS, K.; CANNET, A.; VOTYPKA, J.; MARTY, P.; DELAUNAY, P.;
SERENO, D. A historical overview of the classification, evolution, and dispersion of
Leishmania parasites and sandflies. PLoS neglected tropical diseases, v. 10, n. 3, p. €0004349,
2016.

ALBUQUERQUE, T. D. R. Correlacido entre a resposta imunoldgica e as manifestacoes
clinicas na Leishmaniose Visceral Canina. Dissertacdo (Mestrado) - Centro de Biociéncias,
Universidade Federal do Rio Grande do Norte, 2013.

ALEXANDER, J.; BRYSON, K. T helper (h)1/Th2 and Leishmania: paradox rather than
paradigma. Immunology letters, v.99, n.1, p.17-23, 2005.

ALMEIDA-SOUZA, F.; TANIWAKI, N. N., AMARAL, A. C. F.; DE SOUZA, C. S. F S.;
CALABRESE, K. S.; ABREU-SILVA, A. L. Ultrastructural changes and death of Leishmania
infantum promastigotes induced by Morinda citrifolia Linn. fruit (Noni) juice
treatment. Evidence-Based Complementary and Alternative Medicine, 2016.

ALMEIDA-SOUZA, F. Imunologia Basica. Instituto Oswaldo Cruz. 2018.

AMARA, A.; MRAD, 1.; MELKI, M. K.; M RAD, M.B.; REJEB, A. Estude histologique des
lésions testiculaires chez les chiens leishmaniens. Revue de Médecine Vétérinaire, v. 160, n.
1, p. 54-60, 2009.

ARANSAY, A. M.; SCOULICA, E.; TSELENTIS, Y. Detection and identification of
Leishmania DNA within naturally infected sand flies by seminested PCR on minicircle
kinetoplastic DNA. Appl. Environ. Microbiol. 66, 1933-1938, 2000.

BANETH, G.; KOUTINAS, A.; SOLANO-GALLEGO, L.; BOURDEAU, P.; FERRER, L.
Canine leishmaniosis—new concepts and insights on an expanding zoonosis: part one. Trends
in Parasitology, v. 24, n.7, p.324-330, 2008.

BECHMANN, I.; PRILLER, J.; KOVAC, A.; BONTERT, M.; WEHNER, T.; KLETT, F. F.;
BOHSUNG, J.; STUSCHKE, M.; DIRNAGL, U.; NITSCH, R. Immune surveillance of mouse
brain perivascular spaces by blood-borne macrophages. European Journal of Neuroscience,
v. 14, p. 1651-1658, 2001.

Processo Associado: 23129.000645/2024-87 Pagina 32/73


https://www.hindawi.com/94586304/
https://www.hindawi.com/57863139/
https://www.hindawi.com/87313497/
https://www.hindawi.com/29095426/
https://www.hindawi.com/26317837/

30

BEZERRA, J. M. T.; DE ARAUJO, V. E. M.; BARBOSA, D. S.; MARTINS-MELO, F. R ;
WERNECK, G. L.; CARNEIRO, M. Burden of leishmaniasis in Brazil and federated units,
1990-2016: Findings from Global Burden of Disease Study 2016. PLoS neglected tropical
diseases, v. 12, n. 9, 2018.

BLAVIER, A.; KEROACK, S.; DENEROLLE, P.; GOY-THOLLOT, I.; CHABANNE, L.;
CADORE, J. L.; BOURDOISEAU, G. Atypical forms of canine leishmaniosis. The
Veterinary Journal, v. 162, n. 2, p. 108-120, 2001.

BIRON, C. A.; GAZZINELLI, R. T. Effects of IL-12 on immune responses to microbial
infections: a key mediator in regulating disease outcome. Current opinion in immunology,
v.7, n.4, p.485-496, 1995.

BOGDAN, C.; ROLLINGHOFF, M.; DIEFENBACH, A. Reactive oxygen and reactive
nitrogen intermediates in innate and specific immunity. Curr Opin Immunol, 12, 64-76, 2000.

BRACHELENTE, C.; MULLER, N.; DOHERR, M. G.; SATTLER, U.; WELLE, M.
Cutaneous leishmaniasis in naturally infected dogs is associated with a T helper-2-biased
immune response. Vet Pathol, v. 42, n. 2, p. 166-75, Mar 2005.

BRADBURY, M. W.; STUBBS, J.; HUGHES, 1. E.; PARKER, P. The distribution of
potassium, sodium, chloride and urea between lumbar cerebrospinal fluid and blood serum in
human subjects. Clin. Sci. 25, 97-105, 1963.

BRASIL. Ministério da Saudde. Secretaria de Vigilancia em Sadde. Coordenacdo-Geral de
Desenvolvimento da Epidemiologia em Servicos. Guia de Vigilancia em Sadde: [recurso
eletronico] / Ministério da Saude, Secretaria de Vigilancia em Satde, Coordenacdo Geral de
Desenvolvimento da Epidemiologia e Servicos. — 1. ed. atual. — Brasilia: Ministério da Saude,
2016.

BRASIL. Ministério da Sadde. Secretaria de Vigilancia em Sadde. Departamento de Vigilancia
Epidemioldgica. Casos confirmados de Leishmaniose Visceral, Brasil, Grandes Regioes e
Unidades Federadas, 1990 a 2017. 2018. Disponivel em: <
http://portalms.saude.gov.br/saude-de-a-z/leishmaniosevisceral/l 1334situacao-epidemiologi
ca-dados >. Acesso: 08 dez 2018.

BROWN, P. D.; DAVIES, S. L.; SPEAKE, T.; MILLAR, I. D. Molecular mechanisms of
cerebrospinal fluid production. Neuroscience, v.129, p. 957-970, 2004.

BRUNO, B.; ROMANO, A.; ZANATTA, R.; SPINA, S.; MIGNONE, W.; INGRAVALLE, F.;
BARZANTI, P.; CECCARELLI, L.; GORIA, M. Serum indirect immunofluorescence assay
and real-time PCR results in dogs affected by Leishmania infantum: evaluation before and after

treatment at different clinical stages. Journal of Veterinary Diagnostic Investigation, v. 31,
n. 2, p. 222-227, 2019.

CAMARA, B. Linfécitos T CD4: Thl e Th2. Biomedicina Padrdo. 2013. Disponivel em:
https://www.biomedicinapadrao.com.br/2010/10/linfocitos-th1-e-th2.html. Data de acesso:
08/09/2019.

CAMPINO, L. M. In: FARREL 1J., ed., World Class Parasites: Leishmania, v.4, Kluwer
Academic Publishers. Boston, Dordrecht, London, 2003.

CARLI, G. A. Parasitologia Clinica Selecao de Métodos e Técnicas de Laboratoério para
Diagnéstico das Parasitoses Humanas. Editora Atheneus, Sdo Paulo: 2007.

Processo Associado: 23129.000645/2024-87 Pagina 33/73


https://www.biomedicinapadrao.com.br/2010/10/linfocitos-th1-e-th2.html

31

CARVALHO, A. G.; LUZ, J. G. G.; RODRIGUES, L. D.; DIAS, J. V. L.; FONTES, C. J. F.
Factors associated with Leishmania spp. infection in domestic dogs from an emerging area of
high endemicity for visceral leishmaniasis in Central-Western Brazil. Research in Veterinary
Science, 2019.

CAVALIER-SMITH, T. Higher classification and phylogeny of Euglenozoa. European
Journal of Protistology, 56:250-276, 2016.

CAUDURU, A.; FAVOLE, P.; LORENZO, V.; SIMONETTO, L.; BARDA, B.; CANTILE, C.
; ASPERIO, R. M. Paraparesis caused by vertebral canal leishmaniotic granuloma in a dog. J.
Vet Intern Med, v. 25, p. 398-399, 2011.

COSTA, L. B.; BERTULIO, M. A.; RODRIGUES, H.; MACIEL, G. B.; FILHO, V. C.;
RAMOS, S. R.; SOUZA, C. O.; SILVA, A. M.; BARROS, I. M. Ocorréncia de Flebotomineos
Vetores da Leishmaniose Visceral nos Municipios do Estado de Mato Grosso. Congresso de
Satde Coletiva, Brasilia, Distrito Federal. Revista Abrasco 8 (supl 2): 639, 2003.

DANTAS-TORRES, F. The role of dogs as reservoirs of Leishmania parasites, with emphasis
on Leishmania (Leishmania) infantum and Leishmania (Viannia) braziliensis. VetParasitol

149: 139-146, 2007.

DANTAS-TORRES, F.; SOLANO-GALLEGO, L.; BANETH, G.; RIBEIRO, V. M.
CAVALCANTI, M. P.; OTRANTO, D. Canine leishmaniosis in the Old and New Worlds:
unveiled similarities and differences. Trends in Parasitology, v. 28, n. 12, p. 531-538, 2012.

DIAS, E. L.; BATISTA, Z. S.; NOGUEIRA, R. M. S.; CALABRESE, K. S.; LIMA, T. B.;
ABREU-SILVA, A. L. Canine Visceral Leishmaniasis (CVL): Seroprevalence, clinical,
hematological ande biochemical findings of dogs naturally infected in na endemic drea of Sao
José de Ribamar municipality, Maranhdo State, Brazil. Ciéncia Animal Brasileira, v. 9, n. 3,
p. 740-745, jul./set. 2008.

FARIA, A. R.; ANDRADE, H. M. Diagndstico de la Leishmaniasis Visceral Canina: grandes
avances tecnolégicos y baja aplicacion préctica. Revista Pan-Amazonica de Satde, v. 3, n. 2,
p. 47-57, 2012.

FERRER, L. Leishmaniasis. In: KIRK, R. W.; BONAGURA, J. D. Kirk’s Current Veterinary
Therapy XI. Philadelphia: W. B. Saunders, p. 266-270, 1992.

FONSECA, A.M.; FARIA, AR.; RODRIGUES, F.T.G.; NAGEM, R.A.P.; MAGALHAES,
RDM, CUNHA, J.L.; BARTHOLOMEU, D.C.; ANDRADE, H.M. Evaluation of three

recombinant Leishmania infantum antigens in human and canine visceral leishmaniasis
diagnosis. Acta Tropica, 137, 25-30p., 2014.

FORSTER, C. Tight junctions and the modulation of barrier function in disease.
Histochemistry and Cell Biology, v. 130, p. 55-70, 2008.

FRANCA-SILVA, J. C.; BARATA, R. A.; COSTA, R. T.; MONTEIRO, E. M.; MACHADO-
COELHO, G. L. L.; VIEIRA, E. P.; FORTES-DIAS, C. L. Importance of Lutzomyia longipalpis
in the dynamics of transmission of canine visceral leishmaniasis in the endemic area of
Porteirinha Municipality, Minas Gerais, Brazil. Veterinary Parasitology, 131(3-4):213-220,
2005.

Processo Associado: 23129.000645/2024-87 Pagina 34/73



32

FREITAS, J. C. C; PINHEIRO, D. C. S. N. Aspectos celulares e moleculares da resposta
imunitdria a Leishmania spp. Cellular and molecular aspects of immune response to Leishmania
spp. Revista Portuguesa de Ciéncias veterinarias, v. 109, n. 55, p. 11-20, 2010.

FONT, A.; MASCORT, J.; ALTIMIRA, J.;CLOSA, J. M.; VILAFRANCA, M. Acute
paraplegia associated with vasculitis in a dog with leishmaniasis. Jornal of Smal Animal
Pratic, 45, 199-201, 2004.

FUJIMORI, M.; ALMEIDA, A. B. P. F.; DIAS, A. F. L. R.; RODRIGUES, J. Y
NAKAZATO, L.; MADEIRA, M. F.; SOUSA, V. R. F. Prevalence and associated factors of

canine visceral leishmaniasis in na endemic area or Maro Grosso, Brazil. Acta Sci Vet, v. 44,
n. 1424, dez. 2016.

GARCIA-ALONSO, M.; NIETO, A. G.; BLANCO, A.; REQUENA, J. M.; ALONSO, C.;
NAVARRETE, I. Presence of antibodies in the aqueous humour and cerebrospinal fluid during
Leishmania infections in dogs. Pathological features at the central nervous system. Parasite
Immunology, v. 18, n. 11, p. 539-546, 1996.

IKEDA, F. A.; LAURENTI, M. D.; CORBETT, C. E.; FEITOSA, M. M.; MACHADO, G. F,;
PERRY, S. H. V. Histological and immunohistochemical study of the central nervous system
of dogs naturally infected by Leishmania (Leishmania) chagasi. Brazilian Journal of
Veterinary Research and Animal Science, v. 44, p. 5-11, 2007.

JOSE-LOPEZ, R.; DE LA FUENTE, C.; PUMAROLA, M.; ANOR, S. Intramedullary spinal
cord mass presumptively associated with leishmaniasis in a dog. Journal of the American
Veterinary Medical Association, v. 244, n. 2, p. 200-204, 2014.

JUNQUEIRA, L. C.; CARNEIRO, J. Histologia basica: texto e atlas. 10.ed. Rio de Janeiro:
Guanabara Koogan, pp. 155 — 171, 2006.

KAUFER, A.; ELLIS, J.; STARK, D.; BARRAT, J.. The Evolution of Trypanosomatid
Taxonomy. Parasites & Vectors. 10: 287, 1-17, 2017. DOI: 10.1186/s13071-017-2204-7.

KONSMAN, J. P.; DRUKARCH, B.; VAN DAM, A. M. (Peri)vascular production and action
of pro-inflammatory cytokines in brain pathology. Clinical Science, v. 112, p. 1-25, 2007.

KUBAR, J.; FRAGAKI, K. Leishmania proteins derived from recombinant DNA: current status
and next steps. Trends Parasitol, 22, 111-116, 2006.

KUHLS, K.; MAURICIO, I. L.; PRATLONG, F.; PRESBER, W.; SCHONIAN, G. Analysis
of ribosomal DNA internal transcribed spacer sequences of the Leishmania donovani complex.
Microbes Infect. 7: 1224 — 1234, 2005.

KUHLS K., ALAM, M. Z.; CUPOLILLO, E.; FERREIRA, G. E. M. F.; MAURICIO, I. L
ODDONE, R. Comparative microsatellite typing of New World Leishmania infantum reveals

low heterogeneity among populations and its recent Old World origin. PLoS Negl Trop Dis.
5:el155, 2011.

LARANGEIRA, D. F. Avaliacao da imunidade humoral e celular em caes naturalmente
infectados com Leishmania (L.) chagasi e sua correlacao com a transmissibilidade para o
vetor. 2008. 94 f. Tese (Doutorado) - Curso de Programa de Pds- Graduagdo em Patologia
Experimental e Comparada, Patologia, Universidade de Sao Paulo, Sao Paulo, 2008.

Processo Associado: 23129.000645/2024-87 Pagina 35/73



33

LOPES, E. G. P.; MAGALHAES, D. F.; SILVA, J. A.; HADDAD, J. P. A.; MOREIRA, E.C.
Distribuicdo temporal e espacial da leishmaniose visceral em humanos e cdes em Belo

Horizonte — MG, 1993 a 2007. Arquivo Brasileiro de Medicina Veterinaria e Zootecnia,
v.62, n.5, p.1062- 1071, 2010.

LOPES, J. V.; MICHALSKY, E. M.; SILVA, F. O. L.; LIMA, A. C. V. M. R.; AVELAR, D.
M. COSTA, A., A. ].; FRANCA-SILVA, J. C.; REGINA-SILVA, S.; FORTE-DIAS, C. L.;
DIAS, E. S. Seroprevalence and molecular characterization of Leishmania in dogs from na
endemic drea of zoonotic leishmaniais in Brazil. Inter J Vet Med Sci, v. 5, n. 1, p. 70-74, jun.
2017.

LUKES, J.; MAURICIO, I. L.; SCHONIAN, G.; DUJARDIN, J.; SOTERIADOU, K.; DEDET,
J. Evolutionary and geographical history of the Leishmania donovani complex with a revision
of current taxonomy. Proc Natl Acad Sci USA. 104(22): 9375-80, 2007.

MARQUEZ, M.; PEDREGOSA, J. R.; LOPEZ, J.; MARCO-SALAZAR, P.; FONDEVILA,
D.; PUMAROLA, M. Leishmania amastigotes in the central nervous system of a naturally
infected dog. Journal of Veterinary Diagnostic Investigation, v. 25, p. 142-146, 2013.

MASLOV, D. A.; VOTYPKA, J.; YURCHENKO, V. LUKES, J. Diversity and phylogeny of
insect trypanosomatids: all that is hidden shall be revealed. Trends Parasitol. 29 (1):43-52,
2013.

MAURICIO, I. L.; STOTHARD, J. R.; MILES, M. A. The strange case of Leishmania chagasi.
Parasitol Today, 16:188-98, 2000;

MAURICIO, I. L.; HOWARD, M. K.; STOTHARD, J. R.; MILES, M. A. Genomic diversity
in the Leishmania donovani complex. Parasitology, 119 ( Pt 3):237-246, 1999.

MELO, G. D.; MACHADO, G. F. Choroid plexus involvement in dogs with spontaneous
visceral Leishmaniasis: a histopathological investigation. Brazilian Journal of Veterinary
Pathology, v. 2, p. 69 — 74, 2009.

MELO, G. D.; MARCONDES, M.; VASCONCELOS, R. O.; MACHADO, G. F. Leukocyte
entry into the CNS of Leishmania chagasi naturally infected dogs. Vet Parasitol, v. 162, p.
248-256, 20009.

MELO, G. D.; MACHADO, G. F. Glial reactivity in dogs with visceral leishmaniasis:
correlation with T lymphocyte infiltration and with cerebrospinal fluid anti-Leishmania
antibody titres. Cell Tissue Res, v. 346, p. 293-304, 2011.

MELO, G. D.; SERAGUCI, T. F.; SCHWEIGERT, A.; SILVA, J. E. S.; GRANO, F. G;
PEIRO, J.R; LIMA, V. M. F.; MACHADO, G. F. Pro-inflammatory cytokines pre-dominate
in the brains of dogs with visceral leishmaniasis. A natural model of neuroinflammation during
systemic parasitic infection. Veterinary Parasitology, v. 192, p. 57-66, 2013.

MELO, G. D.; SILVA, J. E. S.; GRANO, F. G.; SOUZA, M. S. B.; MACHADO, G. F.
Leishmania infection and neuroinflammation: specific chemokine profile and absence of
parasites in the brain of naturally-infected dogs. Journal of Neuroimmunology, v. 289, p. 21-
29, 2015.

MESQUITA JUNIOR, D.; ARAUIJO, J. A. P.; CATELAN, T. T. T.; DE SOUZA, A. W. S.:
CRUVINEL, W. M.; ANDRADE, L. E. C.; SILVA, N. P. Sistema imunitdrio-parte II:

Processo Associado: 23129.000645/2024-87 Pagina 36/73



34

fundamentos da resposta imunolégica mediada por linfécitos T e B. Revista Brasileira de
Reumatologia, 2010.

MINISTERIO DA SAUDE. Manual de vigilancia e controle da leishmaniose visceral. Série A.
Normas e Manuais Técnicos, 2006.

MOHAMMADIHA, A.; HAGHIGHI, A.; MOHEBALI, M.; MAHDIAN, R.; ABADIE, A.R.;
ZAREIB, Z.; YEGANEHF, F.; KAZEMIA, B.; TAGHIPOURA, G. N.; AKHOUNDIB, B.;
BARATIB, M.; MAHMOUDIA, M. R. Canine visceral leishmaniasis: A comparative study of
real-time PCR, conventional PCR, and direct agglutination on sera for the detection of
Leishmania infantum infection. Veterinary Parasitology, 2012.

NADERER T.; MCCONVILLE, M. J. The Leishmania-macrophage interaction: a metabolic
perspective. Cell Microbiol, 10 (2):301-8, 2008.

NAG, S.; BEGLEY, D. J. Pathology and Genetics. Cerebrovascular Diseases. 2005.

NARANIJO, C.; FONDEVILLA, D.; LEIVA, M.; ROURA, X.; PENA, T. Detection of
Leishmania spp. and associated inflammation in ocular-associated smooth and striated muscles
in dogs with patent leishmaniosis. Veterinary Ophthalmology, v. 13, n. 3, p. 139-143, 2010.

NEVES, David Pereira. MELO, Alan Lane de; LINARDI, Pedro Marcos; VITOR, Ricardo
W. Almeida. Parasitologia Humana. Editora Atheneu Rio, 2016.

NIETO, C. G.; VINUELAS, J.; BLANCO, A.; GARCIA-ALONSO, M.; VERDUGO, S. G.;
NAVARRETE, I. Detection of Leishmania infantum amastigotes in canine choroid plexus.
Veterinary Record, v. 139, p. 346347, 1996.

NOBEN-TRAUTH, N.; LIRA, R.; NAGASE, H.; PAUL, W. E.; SACKS, D. L. The relative
contribution of IL-4 receptor signaling and IL-10 to susceptibility to Leishmania major.
Journal of immunology, v. 170, n.10, p. 5152-5158, 2003.

NOLI, C. Leishmaniosis canina. Waltham Focus, v. 9, n. 2, p. 16-24, 1999.

OLIVEIRA, V. C. Ocorréncia de Leishmania infantum em sistema nervoso central de caes
naturalmente infectados: lesoes associadas e isolamento parasitologico de tecidos e liquor.
82 f. Mestrado (Mestrado em Pesquisa Clinica em Doencgas Infecciosas)-Funda¢do Oswaldo
Cruz, Instituto Nacional de Infectologia Evandro Chagas, Rio de Janeiro, 2016.

https://www.arca.fiocruz.br/handle/icict/25391

OLIVEIRA, V.; BOECHAT, V.; MENDES JUNIOR, A.; MADEIRA, M.; FERREIRA, L. et
al. Occurrence of Leishmania infantum in the central nervous system of naturally infected dogs:
Parasite load, viability, co-infections and histological alterations. Plos One, v. 12, n. 4, 2017.

ORGANIZACAO PAN AMERICANA DE SAUDE - OPAS. Encuentro sobre vigilancia,
prevencion y control de leishmaniasis visceral (LV) en el Cono Sur de Sudamérica. Foz do
Iguazi, Brasil. 2009. Disponivel em: <http://new.paho.org/hg/index.php?option=com_
docmané&task=doc_view&gid=16961&Itemid=>. Acesso em: 28 jan. 2017.

Processo Associado: 23129.000645/2024-87 Pagina 37/73


https://www.arca.fiocruz.br/handle/icict/25391

35

PACIELLO, O.; OLIVA, G.; GRADONI, L.; MANNA, L.; MANZILLO, V. F.; WOJCIK, S.;
TRAPANI, F.; PAPPARELLA, S. Canine inflammatory myophaty associated with Leishmania
infantum infection. Neuromuscular Disorders, v. 19, n. 2, p. 124-130, 2009.

PAN AMERICAN HEALTH ORGANIZATION (PAHO). Leishmaniasis: Epidemiological
Report in the Americas. Leishmaniais Report, n. 6, 2018. Disponivel em:
<http://iris.paho.org/xmlui/bitstream/handle/123456789/34856/LeishReport6_eng.pdf?sequen
ce=1&isAllowed=y>. Acesso em: 21 out 2018.

PARANHOS-SILVA, M.; FREITAS, L. A.; SANTOS, W. C.; GRIMALDI Jr, G.; PONTES-
DE-CARVALHO, L. C.; & OLIVEIRA-DOS-SANTOS, A. J. A cross-sectional serodiagnostic
survey of canine leishmaniasis due to Leishmania chagasi. The American journal of tropical
medicine and hygiene, 55(1), 39-44, 1996.

PERSIDSKY, Y., RAMIREZ, S.H., HAORAH, J., KANMOGNE, G.D. Blood-brain barrier:
structural components and function under physiologic and pathologic conditions. Journal of
NeuroIlmmune Pharmacology, v. 1, p. 223-236, 2006.

PIMENTEL, D. S.; RAMOS, R. A. N.; SANTANA, M. A.; MAIA, C. S.; CARVALHO, G. A.;
SILVA, H. P.; ALVES, L. C. Prevalence of zoonotic visceral leishmaniasis in dogs in endemic
area of Brazil. Rev Soc Bras Med Trop, v. 48, n. 4, p. 491-493, jul-ago. 2015.

PITTA, M. G.; ROMANO, A.; CABANTOUS, S.; HENRI, S.; HAMMAD, A. et al. IL-17 and
IL-22 are associated with protection against human kala azar caused by Leishmania donovani.
The Journal of Clinical Investigation, v. 119, n.8, p. 2379-87, 2009.

PRAGER, O.; FRIEDMAN, A.; NEBENZAHL, Y. M. Role of neural barriers in the
pathogenesis and outcome of Streptococcus pneumoniae meningitis. Experimental and
therapeutic medicine, v. 13, n. 3, p. 799-809, 2017.

PRASAD, Lala SN; SEN, Sandeep. Migration of Leishmania donovani amastigotes in the
cerebrospinal fluid. The American journal of tropical medicine and hygiene, v. 55, n. 6, p.
652-654, 1996.

QUISPE-TINTAYA, K. W.; LAURENT, T.; DECUYPERE, S.; HIDE, M.; BANULS, A. L.;
DE DONCKER, S.; RIJAL, S.; CANAVATE, C.; CAMPINO, L.; DUJARDIN, J. C.
Fluorogenic Assay for Molecular Typing of the Leishmania donovani Complex: taxonomic and

clinical applications. The Journal Of Infectious Diseases, [S.L.], Oxford University Press
(OUP). v. 192, n. 4, p. 685-692, 15 ago. 2005. http://dx.doi.org/10.1086/432077.

ROJAS, H.; RITTER, C.; DAL PIZZOL, F. Mecanismos de disfuncdo da barreira
hematoencefdlica no paciente criticamente enfermo: €nfase no papel das metaloproteinases de
matriz. Revista Brasileira de Terapia Intensiva, v. 23, n. 2, p. 222-227, 2011.

ROQUE, A.L.R.; JASEN, A.M. Reservatérios do Trypanosoma cruzi € sua relacdo com os
vetores. In: GALVAO, C., org. Vetores da doenca de chagas no Brasil [online]. Curitiba:
Sociedade Brasileira de Zoologia, pp. 75-87. Zoologia: guias e manuais de identificacdo series.
ISBN 978-85-98203- 09-6, 2014.

SCHARTON-KERSTEN, T.; AFONSO, L. C.; WYSOCKA, M.; TRINCHIERI, G.; SCOTT,
P. IL-12 is a required for natural killer cell activation and subsequente T helper 1 cell
development in experimental leishmaniasis. Journal of immunology, v. 154, n.10, p. 5320-
5330, 1995.

Processo Associado: 23129.000645/2024-87 Pagina 38/73


http://dx.doi.org/10.1086/432077

36

SCHILLING, S.; GLAICHENHAUS, N.. T Cells That React to the Immunodominant
Leishmania major LACK Antigen Prevent Early Dissemination of the Parasite in Susceptible
BALB/c Mice. Infection and immunity, 69.2: 1212-1214, 2001.

SCHWARDT, T. F.; VIDES, J. P.; PACHECO, A. D.; LANGONI, H.; GENEROSO, D.;
MACHADQO, G. F.; LAURENTI, M. D.; MARCONDES, M. Estudo da imunopatogenia das
lesdes no sistema nervoso central de caes naturalmente acometidos por leishmaniose visceral.
Brazilian Journal of Veterinary Research and Animal Science, p. 442-451, 2012.

SHAW, J. J. Animal reservoirs of Leishmania in differents ecological situations and their
importance in the epidemiology of the disease. In: FARREL J., ed., World Class Parasites:
Leishmania, v.4, Kluwer Academic Publishers. Boston, Dordrecht, London, 2003.

SIMPSON, L. The mitochondrial genome of kinetoplastid protozoa: Genomic Organization,
Transcription, Replication, and Evolution. Rev Microbiol (online). 29;41:363-62, 1987.
Available  from:  http://dna.kdna.ucla.edu/simpsonlab/Lab  publications/Scanned/The
mitochodiral Genome of.pdf

SOUZA, C. S. F.; SILVA, V. L.; LABARTHE, N. Evaluation of DPP® and SNAP® Rapid
Tests for diagnosis of Leishmania infantum canine infections. Revista da Sociedade Brasileira
de Medicina Tropical, v. 52, 2019.

STUART, K.; FEAGIN, J. E. Mitochondrial DNA of Kinetoplastids. International Review Of
Cytology, [S.L.], Elsevier, p. 65-88, 1992. http://dx.doi.org/10.1016/s0074-7696(08)62063-x.

SUNDAR, S.; SINGH, O. P. Molecular Diagnosis of Visceral Leishmaniasis. Molecular
Diagnosis & Therapy, [S.L.], v. 22, n. 4, p. 443-457, 19 jun. 2018. Springer Science and
Business Media LLC. http://dx.doi.org/10.1007/s40291-018-0343-y.

TAFURI, W. L.; DE LIMA SANTOS, R.; ARANTES, R. M. E.; GONCALVES, R.; DE
MELO, M. N.; MICHALICK, M. S. M.; TAFURI, W. L. An alternative immunohistochemical
method for detecting Leishmania amastigotes in paraffin-embedded canine tissues. Journal of
immunological methods, v. 292, n. 1-2, p. 17-23, 2004.

TORRENT , E., LEIVA , M., SEGALE , J. Myocarditis and generalized vasculitis associated
with leishmaniosis in a dog . Journal of Small Animal Practice, 46 , 549 — 552, 2005.

TORRES-GUERRERO, E.; QUINTANILLA-CEDILLO, M. R.; RUIZ-ESMENJAUD, 1J.;
ARENAS, R. Leishmaniasis: a review [version 1; referees: 2 approved]. F1000 Research, v.6,
n. 750, 2017.

VAN GRIENSVEN, J.; DIRO, E. Visceral leishmaniasis: recent advances in diagnostics and
treatment regimens. Infectious Disease Clinics, 33.1: 79-99, 2019.

VERA-IZAGUIRRE, D. S.; VEGA-MEMIJE, E.; QUINTANILLA-CEDILLO, M. R
ARENAS, R. Leishmaniasis revisiéon. Dermatologia Cosmética, Médica y Quiruargica, v. 4,
n. 4, p. 252-260, 2006.

VINUELAS, J.; GARCIA-ALONSO, M.; FERRANDO, L.; NAVARRETE, I.; MOLANO, I;
MIRON, C.; CARCELEN, J.; ALONSO, C.; NIETO, C.G. Meningeal leishmaniosis induced
by Leishmania infantum in naturally infected dogs. Veterinary Parasitology, v. 101, p. 23-27,
2001.

Processo Associado: 23129.000645/2024-87 Pagina 39/73


http://dx.doi.org/10.1016/s0074-7696(08)62063-x

37

WIESE, M.; GORCKE, I. Homologues of LMPK, a mitogen-activated protein kinase from
Leishmania mexicana, in different Leishmania species. Med Microbiol Immunol, 190, 19-22,
2001.

WILHELM, T. J. Viszerale Leishmaniose. Der Chirurg, p. 1-5, 2019.

WORLD HEALTH ORGANIZATION (WHO). The leishmaniases: timeline of facts and the
formidable quest for disease control. 2018. Disponivel em: <
http://www.who.int/neglected_diseases/news/Leishmaniasis-timeline-of-facts-and-the-quest-
disease-control/en/>. Acesso em: 21 out 2018.

Processo Associado: 23129.000645/2024-87 Pagina 40/73



38

CAPITULO 2

DETECCAO IMUNO-HISTOQUIMICA E MOLECULAR DE LEISHMANIA NA
MEDULA ESPINHAL DE CAES NATURALMENTE INFECTADOS.
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ABSTRACT

The involvement of the spinal cord by Leishmania sp. is evident and studies that demonstrate
the interaction of the parasite in the different portions of this organ are scarce, therefore, this
work aims to detect the DNA of Leishmania sp. and the possible alterations in the portions of
the spinal cord of naturally infected dogs. For this purpose, bone marrow fragments were
collected from the cervical, thoracic and lumbar portions of 20 dogs seropositive for Leishmania
sp. The samples were submitted to the qPCR, immunohistochemistry and histopathology
techniques. All animals were positive for Leishmania sp. and the highest parasite average was
0.83 parasites/ngDNA. The thoracic region showed greater dispersion and the cervical portion
had a high average of parasites in symptomatic individuals. Fourteen dogs showed lesions, with
a predominance of degenerative lesions. Five animals, four symptomatic and one
asymptomatic, presented immunostaining of Leishmania sp. Therefore, symptomatic
individuals have a greater dispersion of parasites between the spinal cord portions; the lesions
can be found in the different portions of the spinal cord regardless of clinical symptoms, in
addition, the antigens found suggest transport through the circulatory pathways. However,
Leishmania sp. can infect all portions of the spinal cord, with predominantly microscopic

lesions in both symptomatic and asymptomatic dogs.

Keywords: Canine Visceral Leishmaniasis, Pathology, Central Nervous System
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RESUMO

O acometimento da medula espinhal por Leishmania sp. é evidente e estudos que demonstrem
a interacdo do parasito nas diferentes por¢des desse 6rgao sio escassos, logo, esse trabalho tem
por objetivo detectar o DNA de Leishmania sp. e as possiveis alteracdes nas por¢cdes da medula
espinhal de caes naturalmente infectados. Para tanto, foram coletados fragmentos da medula
nas porgdes cervical, tordcica e lombar de 20 cdes soropositivos para Leishmania sp. As
amostras foram submetidas as técnicas qPCR, imuno-histoquimica e histopatologia. Todos os
animais foram positivos para Leishmania sp. e a média de parasitos mais elevada foi de 0,83
parasitos/ngDNA. A regido torédcica apresentou maior dispersio e a por¢ao cervical uma média
elevada de parasitos em individuos sintomaticos. Quatorze cdes apresentaram lesdes, com
predominéncia de lesdes degenerativas. Cinco animais quatro sintomaticos € um assintomatico,
apresentaram imuno-marcacdo de antigenos de Leishmania sp. Portanto, individuos
sintomdticos possuem maior dispersdo de parasitos entre as por¢des de medula espinhal; as
lesdes podem ser encontradas nas diferentes por¢cdes da medula independentemente da
sintomatologia clinica, adicionalmente, os antigenos encontrados sugerem transporte pelas vias
circulatérias. Contudo, Leishmania sp. pode infectar todas as porcdes da medula espinhal,
apresentando lesdes predominantemente, microscopicas tanto em cdes sintomdticos, quanto

assintomaticos.

Palavras-chaves: Leishmaniose Visceral Canina, Patologia, Sistema Nervoso Central

Introduction

Visceral Leishmaniasis (VL) is a zoonosis caused by intracellular protozoa of the genus
Leishmania, which can infect different species of mammals, with domestic dogs being the main
reservoirs of this disease (Torres-Guerrero et al., 2017). According to the World Health
Organization (WHO), leishmaniasis is one of the seven most important and neglected tropical
diseases, and represents a serious global health problem, and can be found on all continents
except Oceania (WHO, 2018). In the Americas of the total reported cases, about 84% are
registered in Brazil, followed by Colombia and Peru (PAHO, 2018).

VL is a chronic systemic disease and its clinical signs are variable (Ciaramella et al,
2007; Silva et al., 2017). Research carried out in recent decades has shown involvement of the
Central Nervous System in dogs and addressed the appearance of neurological changes as a
result of infection by L. infantum (Abreu-Silva et al. 2003; Cauduro et al. 2011; Grano et al.,
2014; Macau et al., 2017).
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These changes have been described as the occurrence of leptomeningitis, choroiditis,
vascular congestion, infiltration of inflammatory cells, gliosis, satellitosis, neuronophagia and
neuronal degeneration (Garcia-Alonso et al., 1996; Nieto et al., 1996; Schwardt et al., 2012).
In this same context, amastigote forms of Leishmania sp. were found in ependymal cells,
lymphocytes and macrophages of the choroid plexus and in histiocytes in the meninges of dogs
affected by the disease and these lesions are always related to immune system responses or
mechanisms of action (Nieto et al., 1996; Marquez et al., 2013).

Despite this, studies that analyze the presence of L. infantum in the central nervous
system are mostly performed in portions of the brain and in the spinal cord, the cervical portion
is the most used or a pool of the three portions is made. According to our knowledge, there are
no reports that discuss parasitism in the three portions separately, which assess both
histopathological changes and the parasitic burden.

Thus, the aim of this study was to detect the DNA of L. infantum and characterize the
changes that occurred in the different portions of the spinal cord of dogs with naturally infected
VL, showing the possible differences in parasitism between portions and individuals with

different clinical signs.
Material and Methods

Ethical issues

This study was approved by the Animal Ethics and Experimentation Committee /
UEMA, CEEA No. 013/2018.

Animals and inclusion criteria

Twenty dogs from the city of Sdo Luis, an endemic area in the state of Maranhdo, were
selected from the Hospital Veterinario Universitdrio (HVU) “Francisco Edilberto Uchoa
Lopes” and the Zoonosis Surveillance Unit - UVZ. All animals were serologically positive for
Leishmania sp. in the techniques of immunochromatography (DPP®), RIFI or ELISA, acquired
from January 2018 to May 2019.

The dogs were aged 7 months to 12 years, thirteen were males and seven were females.
Fourteen (14) of these dogs were crossbred, two (2) Poodle, one (1) Pinscher, one (1) Shih Tzu,
one (1) German Shepherd and one (1) Pit Bull.

Criteria considered for the classification of the groups were: positive dogs for
leishmaniasis that presented at least three classic clinical signs of VL and dogs positive for
leishmaniasis without presenting classic symptoms of the disease. Thus, ten dogs were

classified as symptomatic and another ten asymptomatic.

Processo Associado: 23129.000645/2024-87 Pagina 44/73



42

Sample collection

Blood samples were stored in vacuum tubes with EDTA to obtain whole blood and
without EDTA to obtain serum. After these procedures, the dogs were euthanized in accordance
with Resolution N° 1000 of the Federal Council of Veterinary Medicine. The tutors authorized
the donation of the corpse, by signing the consent form.

During necropsy, the spinal cord was assessed macroscopically and fragments of the
cervical, thoracic and lumbar portions were collected. Those destined for the qPCR technique
for the analysis of parasitic load were immediately stored in sterile microtubes free of nucleases
and stored at -200C until the technique was performed. While the fragments destined for
histopathology and immunohistochemistry were fixed in 10% buffered formalin for 24 hours
and kept in 70% alcohol.

Additional tests were again carried out such as RIFI (Oliveira et al., 2008), ELISA (EIE,
Biomanguinhos) and conventional PCR (Lachaud et al., 2002) in blood/serum samples both for
confirming the diagnosis and for the differential diagnosis for Toxoplasma gondii (Homan et

al., 2000).

Histopathology and Immunohistochemistry

After fixation, the fragments were processed by the histological technique described by
Luna (1968), and then the paraffinized blocks were sectioned at a thickness of Sum and the
histological slides were stained with hematoxylin and eosin (HE) technique. The
immunohistochemistry technique for the detection of Leishmania sp. was performed according
to Tafuri et al. (2004) with changes. The reaction was revealed by diaminobenzidine (DAB)
and, the slides, counterstained with Mayer's hematoxylin. Negative controls consisted of tissues

known to be free from amastigotes and with replacement of the primary antibody by PBS

DNA extraction and parasite burden quantification by gPCR

For the DNA extraction process, the commercial kit Wizard® Genomic DNA
Purification (Promega) was used, according to the manufacturer's instructions. The
concentration and quality of the extracted DNA were determined by reading on a
spectrophotometer and visualizing on 1.5% agarose gel.

The procedures for quantifying the parasitic load and diagnosing VL in the spinal cord
fragments were performed using the quantitative real-time PCR technique, in which duplicates
of 20 pL reactions were used with samples at a concentration of 5 ng/puL of DNA and amplified
in a 7500 Real-Time PCR System thermocycler (Applied Biosystems), using primers KDNA3
F (sense: 5-GGGTAGGGGCGTTCTGC-3 ') and KDNA3 R (antisense: 3'-
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TACACCAACCCCCAGTTTGC-5"), previously described by Weirather et al. (2011) and
whose target is a conserved region of the parasite kinetoplast, and the GAPDH FW (sense: 5'-
TTCCACGGCACAGTCAAG -3 ) and GAPDH REV  (antisense:  3'-
ACTCAGCACCAGCATCAC- 5") (GenBank n°® AB038240.1), used as endogenous control of
the reaction.

The standard curve was constructed from serial dilutions to one tenth of the known
concentration of Leishmania DNA, extracted from in vitro culture of L. infantum promastigote
forms, previously characterized by the National Reference Laboratory for Leishmania typing
(CLIOC) at the Oswaldo Cruz Institute. The reactions were prepared with the addition of 1.0
pL of each primer at a concentration of 2.5 pmoles/uL, 10uL of Sybr Green PCR master mix
(Applied Biosystems), 4 uLL of DNA at a concentration of 5 ng, and 4.0 puL. of DPEC water to
complete the final reaction volume of 20 pL. The amplification occurred under the following
conditions: an initial denaturation at 95 °C for 10 minutes; followed by 40 cycles of 95 °C for
15 seconds and 60 °C for 1 minute.

The results were analyzed using the 7500 Real-Time PCR program (Applied
Biosystems), in which the dissociation curve formed and the quantification of the number of

DNA copies were evaluated according to the standard curve.

Statistical analysis

The parasitic load data were submitted to non-parametric statistical analysis using the
Mann Whitney test (Graphpad Prism 8.0, USA). Differences were considered significant when
p <0.05.

Results

The twenty dogs used were positive for Canine Visceral Leishmaniasis, confirmed by
the diagnostic tests RIFI, ELISA and conventional PCR. According to the presentation of
clinical signs, ten (50%) were classified as symptomatic, with symptoms compatible for CVL.
The frequency of the main signs observed is shown in table 1. Additionally, one of the animals
in the study presented paralysis of the pelvic limbs, without associated orthopedic changes.

Another ten (50%) animals did not show any symptoms related to the disease.

Histopathological analysis

No macroscopic lesions were observed in the dogs' spinal cord. Regarding microscopic
analysis, 14 (70%) animals showed lesions in at least a portion of the spinal cord evaluated, of

these, eight, are part of the symptomatic group. Mainly, degenerative changes were observed,
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such as gliosis, mild satellitosis, chromatolysis, neuropilic vacuolization, astrocytosis, neuron
retraction, and necrosis (figures 1a, 1b and 1c¢). In addition, in two symptomatic animals it was
possible to detect inflammatory lesions, such as localized lymphocytic perivascular cuff,
cerebrospinal canal necrosis and discrete and focal areas of hemorrhage in the gray matter
(figures 1d, le and 1f). Histopathological changes were not observed in the three portions of
the dog's spinal cord that presented paralysis of the pelvic limbs, which makes it impossible for
us to state that the paralysis had any relationship with the LVC.

As for the location of the lesions, the frequencies of involvement of the spinal cord
portions were eight animals (40%) for the cervical portion, ten animals (50%) for the thoracic
portion and nine animals (45%) for the lumbar portion. Table 2 summarizes the distribution of

lesions according to the classification of symptoms.

Labeling of Leishmania antigens on the spinal cord

There was positive labeling for specific antigens of Leishmania sp. (Figure 2) in the
spinal cord of five different animals, among the three portions studied. Three of the five animals
positive in this technique showed changes in histopathological analysis. Only one of the five
animals positive for IHC belongs to the asymptomatic group. Therefore, the highest index of
positivity in the labeling of anti-Leishmania antigens was in the symptomatic group. The

frequency of immunostaining by portions and by symptomatology is summarized in table 3.

DNA detection and quantification of the parasitic burden of L. infantum in the spinal cord

Seventeen (85%) of the twenty animals were positive for L. infantum in all portions of
the spinal cord (cervical, thoracic and lumbar) and only three (15%) were positive in two
portions.

Analyzing the groups of this study separately, it can be observed that in the
asymptomatic group there was little dispersion between the average values in the portions,
however, one (1) animal manifested with a high average parasitic load in the lumbar portion
(approximately 0, 83). In the symptomatic group, the dispersion was greater (figure 3). One
animal had a high load in the cervical portion (approximately 0.07) and, about five animals, in
the thoracic and lumbar portions were slightly above average. When comparing the
quantification in general for both groups, it is observed that there was little dispersion in the
cervical and lumbar portions, however, the thoracic portion presented a high average in relation
to the others. The thoracic portion stands out with the greatest dispersion among the others.

Despite this, the observed differences were not statistically significant for both groups.
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According to these results, it can be inferred that the presence of the parasite can be
detected in any portion of the spinal cord, since the differences were not statistically relevant
as to the amount of parasites found in the animals in both groups.

Regarding the spinal cord portions, it was noticed that there is a slight variation in the
quantification of the parasitic load between the portions for both groups. The thoracic and
lumbar portions do not differ from each other in both symptomatic and asymptomatic
individuals, however, the cervical region has a certain tendency to the presence of parasites,
since it presented a value of p =0.0535, close to the estimated value for a statistically significant

difference. (Figure 4).

Discussion

A wide variety of clinical signs were observed in the animals in this study, especially
dermatological signs, which was similar to that described by Saridomichelakis et al. (2009) and
Contreras et al. (2018) when defining canine visceral leishmaniasis as a disease characterized
by a wide and variable spectrum of clinical signs, with dermatological alterations being the
most frequent lesions in dogs.

Likewise, the distribution of lesions in this random sampling of dogs was similar to the
research by L. infantum on the central nervous system of 48 naturally infected dogs carried out
by Oliveira et al. (2017) and, in studies by Macau et al. (2017) that accounted in percentages
for the main clinical signs related to CVL, such as furfuraceous desquamation of the skin, by
opaque skin, regional and generalized lymphadenomegaly, skin ulcers, splenomegaly,
hepatomegaly and ophthalmic changes.

These clinical variations occur due to pathological mechanisms involved in the
disease process such as the triggering of immunological processes resulting in inflammatory
reactions resulting from the destruction of cells and tissues by the presence of the parasite
and/or the formation of immune complexes (Baneth et al., 2008; Bruno et al., 2019).

On the other hand, the absence of symptoms in serologically positive animals, as
occurred in part of the experimental group in this study, is also described in the literature as a
possibility, based on the dichotomy and/or different immunological responses that dogs can
develop against infection. In this sense, the asymptomatic animals included in this study
confirm the hypothesis already well established by Baneth et al. (2008) who describe the
presentation of clinical signs during CVL, directly related to the type of immune response

manifested by the host.
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Regarding histopathological changes, the percentages of lesion distribution per spinal
cord portion were not discrepant, so any portion of the spinal cord is predisposed to have lesions
and can be chosen to perform histopathological analyzes. The alterations frequently observed
in the animals' spinal cord were mild degenerative alterations, without the presence of structures
suggestive of Leishmania sp., or severe inflammatory lesions, suggesting that this portion of
the Central Nervous System is less affected.

The degenerative lesions in this study are similar to histopathological findings in studies
carried out by other authors (Ikeda et al., 2007; Macau et al., 2017) that show that degenerative
lesions are common during infection by L. infantum. Most of the degenerative lesions were
marked by the presence of glial cells, which play an important role in the destruction of
pathogens, support and nutrition to neurons, therefore, it is frequently found in brain changes
and, in an active stage in canine visceral leishmaniasis (Grano, 2016).

Few inflammatory changes were found in this study. Similar to reported by Oliveira
(2016), evaluating 50 dogs with VL, only one (7%) animal had a lymphocytic perivascular cuff.
These types of lesions are associated with reactions by lymphocyte cells that are frequent in
diseases that affect the neurological system, as well as cells that appear in the subacute
inflammatory phase of infections, thus, they can appear in chronic cytological conditions
(Giannuzzi et al., 2017). In addition, inflammatory lesions can be triggered when peripheral
stimuli, such as DNA, parasitic antigens or inflammatory mediators, reach the CNS and activate
the inflammatory process (Oliveira et al., 2017).

However, Lianza (2001) points out that, even slight injuries, can progress to severe
stages and result in permanent disabilities, since most cells of the central nervous system do not
regenerate, they can weaken the hosts. Problems can evolve to focal or systemic changes
resulting in biomechanical and pathological changes, resulting in functional deterioration and
impaired structural integrity of the spinal cord. Although in our study we cannot determine how
animals were affected clinically, since there were no animals with nervous symptoms.
However, it is known that changes in the spinal cord can affect different parts of the body,
considering that each portion has nerves associated with the development of certain body
functions (Giacomini, 2007).

Amastigotes were absent in the tissue samples analyzed, which can refer to the
chronicity of the disease, as the presence of the parasite forms is associated with early infection
in dogs (Ikeda et al., 2007; Melo & Machado, 2009). This may also be associated with the
distribution of the parasite through the tissues, which does not occur homogeneously in the

body due to the tropism of the parasite and the stage of the disease (Faria et al., 2012; Moreira
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et al., 2007). This predilection is greater for organs of the hematopoietic system and dermal
regions, and is associated with a considerable number of leukocytes in these organs, a
characteristic that the organs of the nervous system do not have (Braga, 2007; Kumar, 2010).

Although not a site of classic Leishmania tropism, previous studies have reported the
presence of amastigote forms in the central nervous system associated mainly with
inflammatory changes (Vifiuelas et al., 2001; Marquez et al., 2013; Oliveira et al., 2017). In this
study it was not possible to identify tissue forms of the parasite by histopathological analysis,
however, the marking by immunohistochemistry was efficient to identifying of leishmania
antigens. This technique is much more sensitive and is able to mark parasitic antigens and or
even inflammatory mediators present in the tissues due to deposition of immune complexes
transported through the bloodstream to the CNS (Borges, 2008).

Similar evidence was found in the studies by Oliveira et al. (2017), which associated the
immunostaining of Leishmania sp. the presence of parasitic DNA or antigens, as well as
inflammatory mediators that reach the CNS and activate the inflammatory process; Ikeda et al.
(2007) and Barros and Magalhdes (2011) suggested that the obtained mark was associated with
antigens circulating through the tissue. Studies indicate that this situation can occur due to
lesions in the Blood-Brain Barrier (BBB) that allow antigens or even antibodies against the
parasite to have access to cerebrospinal fluid and the CNS. This process seems to be associated
with the host's immune response since the pathogen's passage becomes facilitated due to the
fragility of the defense system (Lima et al., 2003; Saridomichelakis, 2009; Rocha, 2012;
Oliveira et al., 2017).

Infected individuals become more vulnerable and, depending on the host's
susceptibility, the mechanisms used by the parasite to camouflage and evade the immune
system can make even the protective barriers present in the CNS, previously considered
“armored” susceptible and functioning as a gateway for the entry of these agents and antigens.

Regarding the quantification of the parasitic burden, the values obtained were compared
between the groups and the portions of the spinal cord. We observed that any portion of the
spinal cord can be used in a study with symptomatic and asymptomatic groups naturally
infected by Leishmania sp. as demonstrating by our results since there was no statistical
difference between the portions.

The highest average obtained in the parasite quantification in this study was 0.833
parasites/ngDNA, a value similar to that found by Oliveira et al. (2017) in a study on the
occurrence of Leishmania sp. in the CNS of naturally infected dogs, detected the DNA of the

parasite in spinal cord samples by means of quantitative PCR in real time, with a parasitic load
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in this tissue superior to that found in the brain, presenting average of 0.823 and -2.302
respectively.

The highest average and greatest dispersion of parasites in this study was presented in
the group of symptomatic individuals, an expected and common fact, since high amounts of
parasites are associated with the type of immune response. According to Noben-Trauth, (2003)
and Albuquerque (2013) the humoral response is caused by Th2-type cells that influence the
susceptibility of the infection and culminate in the promotion of the disease due to the spread
of the parasite in the host organism and the low response to treatments, reflecting on varied
clinical signs.

This is a pioneering work in quantifying the parasitic load in the different portions of
the spinal cord, since, to date, no studies have been found in the literature that have done this
type of study, which report differences in the parasitic load between the portions of the spinal
cord in dogs positive for Leishmania sp. and compared to the type of symptoms. The existing
reports pooled the portions (cervical, thoracic and lumbar) or used only the cervical portion of
the spinal cord (Oliveira, 2016; Oliveira et al., 2017). Since the nerves are attached to the spinal
cord and performs communication between the brain and the body. Each portion is associated
with a type of tissue or organ. So, studying the interaction of the parasite in the spinal cord is
important, as injuries can also result in symptoms such as weakness, sensory loss or loss of
tissue or organ function and even paralysis (Giacomini, 2007).

The absence of neurological signs in the dogs in this study may be related to the
evolution of Leishmania sp. Infection, since the appearance of these signs may take longer to
occur, due to the action of immune cells, inflammatory mediators, components of the parasite
and, necessarily, by the protozoan itself (Grano et al., 2014).

In this context, the only animal that presented paralysis of the pelvic limbs and that was
considered symptomatic for leishmaniasis, would not have this clinical manifestation related to
parasitosis, because the parasitic load of this dog was very low, when related to that of the other
animals of the symptomatic group. the highest averages were 0.07, 0.05 and 0.03
parasites/ngDNA, even lower than for some asymptomatic individuals, with the highest average
being 0.83 parasites/ngDNA and the lowest 0, 0001 parasites/ngDNA. A differential diagnosis
was made for Toxoplasma gondii, ruling out the possibility of co-infection by this agent,
possibly, the lesion found in this dog may have been acquired mechanically or even because of

its age, since it was an elderly animal.
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Conclusions

The results allow us to infer that the diagnostic tests applied were efficient in the
detection of Leishmania sp. infection in the spinal cord tissues of naturally infected dogs
evaluated in this research and that, regardless of the clinical signs presented or not by the
animals, the DNA of Leishmania sp. could be detected in the spinal cord.

Degenerative lesions can be found in the three portions of the spinal cord of dogs
naturally infected with Leishmania sp. Additionally, parasite antigens, through
immunohistochemistry, can be detected, associated or not with inflammatory processes in the
spinal cord of naturally infected dogs.

Finally, the detection of Leishmania sp. in the spinal cord confirms studies that report
the parasite's ability to overcome the BBB, and reach the Central Nervous System of dogs,
showing, therefore, that the pathogenic mechanisms used by the parasite to overcome the
immune barriers work , and that additional studies are needed to fully understand the
pathogenesis of infection in the CNS, as well as infection control, especially in the prophylactic

context for the protection of both dogs and humans.
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Tablel. Frequency of clinical signs observed in symptomatic dogs positive for Visceral
Leishmaniasis. !Includes changes such as blepharitis, corneal ulcers, periocular alopecia and
eye discharge; 2Includes changes such as onicogriffosis, alopecia, ulcerative lions and epithelial

peeling.

Table 2. Frequency of lesions in the spinal cord portions of dogs with VL and according to the

classification of symptoms.

Table 3. Frequency of immunostaining in portions of the spinal cord of dogs with VL and

according to the classification of symptoms.

Figure 1. Light microscopy, spinal cord, dog. A, cervical portion of the spinal cord showing
slight gliosis (arrowhead). B, chromatolysis of neuron cell body in gray matter (arrow) and
satellite (arrowhead) HE, 40x. C, neuron retraction (arrow). D, Necrosis in the ependymal canal

(arrow). And, focal hemorrhage in the gray matter (arrows). F, focal and discrete lymphocytic
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perivascular cuff in the thoracic portion of the spinal cord (arrow). HE, Scale bar 50 pm.

Objective 40x.

Figure 2. Immunohistochemistry in spinal cord tissue of dogs naturally infected with LV. In
A, Marking of Leishmania sp. by immunohistochemical reaction (arrows), located in the gray
matter. Scale bar 50pum. Objective 40x (B) Positive marking of Leishmania sp. in the ependymal

channel (arrows). Scale bar 20um. Objective 100x.

Figure 3. Parasitic burden between symptomatic and asymptomatic groups of dogs with VL.
A, mean values of parasites per portion of the spinal cord in the asymptomatic group, mean of
the high lumbar portion, without showing dispersion between the portions. B, mean values of
parasites per portion of the bone marrow in the symptomatic group, with greater dispersion in
the thoracic and animal portions with a high parasitic load in the cervical portion. C, values
from both groups for all portions of the spinal cord, greater dispersion in the thoracic portion

and high mean in the lumbar portion.

Figure 4. Parasitic burden per spinal cord portion in symptomatic and asymptomatic dogs for
VL. A, cervical portion showing high mean parasite value. B and C, there was no differentiation

between the average amount of parasites.

Processo Associado: 23129.000645/2024-87 Péagina 58/73



56

TABLES

Sinais Clinicos Frequéncia
N %
Linfadenomegalia 8 80
Alteragdes oculares! 5 50
Alteragdes dermatoldgicas? 10 100
Anorexia 7 70
Esplenomegalia 6 60
Hepatomegalia 8 80
Sinais neuroldégicos 1 10

TECIDO FREQUENCIA SINTOMATICOS  ASSINTOMATICOS

Cervical 2/20 (10%) 1/2 1/2
Toracica 2/20 (10%) 2/2 -—-
Lombar 3/20 (15%) 2/3 1/3

TECIDO FREQUENCIA SINTOMATICOS ASSINTOMATICOS

Cervical 8/20 (40%) 4/8 4/8
Toracica 10/20 (50%) 6/10 4/10
Lombar 9/20 (45%) 5/9 4/9
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