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Epigrafe,

“A evolugdo do homem passa, necessariamente,

pela busca do conhecimento”.

Sun Tzu
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RESUMO

Avaliacido da funcio segmentar ventricular esquerda de cies naturalmente infectados com
leishmaniose visceral: aspectos ecocardiograficos e histopatolégicos

A leishmaniose visceral ¢ considerada uma doenca infecciosa provocada por
microrganismos protozoarios do género Leishmania que invadem células do sistema fagocitico
mononuclear de seres humanos, animais domésticos (incluindo o cdo) e silvestres. Além de
comprometimento cutaneo, alteracdes cardiacas ja podem ser identificadas em exames de rotina e
de imagem o que merece aprofundamento com a implementacdo de técnicas ecocardiograficas
avancadas correlacionadas com andlises histopatoldgicas com o intuito de contribuir para o
esclarecimento das transformagdes vivenciadas pelo 6érgao em infecgdes parasitarias. A pesquisa
foi realizada no Laboratério de Diagndstico por Imagem Veterinaria Especializada (LabDIVE) da
Universidade Federal do Piaui em parceria ao Unidade de Vigilancia em Zoonose (UVZ) de
Teresina — PI onde foram utilizados 20 (vinte) cdes com diagnostico confirmatdrio para
leishmaniose visceral. Os cdes foram submetidos a exame ecocardiografico para avaliacdo da
estrutura e funcionamento cardiaco consistindo na visualizagdo bidimensional (Modo B) e
unidimensional (Modo M) do coragdo. Foram obtidas imagens ecocardiograficas pelo método do
speckle tracking para andlise de deformidade miocardica dos caes infectados com Leishmania sp.
A histopatologia foi desenvolvida em parceria com o Hospital Universitario da UFPI. Os tecidos
removidos dos animais pos eutandsia fora fixados e submetidos a processamento histologicos para
confeccdo de laminas para andlise por patologista. As avaliagdes ecocardiograficas gerais
demonstraram que hd um perfil de disfun¢do diastolica em segmentos basais do ventriculo
esquerdo para os pacientes infectados com parasitas da leishmaniose visceral canina, mesmos
segmentos reafirmados pelo estudo de deformagdo miocérdica através de speckle tracking. A
avaliacdo segmentar do ventriculo esquerdo em funcdo da presenga de miocardite evidenciou
achados de infiltrados inflamatorios em baixa prevaléncia, se concentrando na regido apical septal.
Contudo, sugerem a presenga de alteracdes miocardicas em ventriculo esquerdo como sendo
comuns em caes com LVC. Novos estudos avaliando paralelamente a presenca de inflamagao
miocardica e o comportamento dessas citocinas circulantes em orgdos alvos, com atividade
imunoldgica sdo indicados para confirmagdo da resposta imunolédgica presente no miocardio de

caes acometidos por LVC.
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histopatologia.

ABSTRACT

Assessment of left ventricular segmental function in dogs naturally infected with visceral
leishmaniasis: echocardiographic and histopathological aspects
Visceral leishmaniasis is considered an infectious disease caused by protozoan microorganisms of
the Leishmania genus that invade cells of the mononuclear phagocytic system of humans, domestic
animals (including dogs) and wild animals. In addition to cutaneous involvement, cardiac
alterations can already be identified in routine and imaging exams, which deserves further
development with the implementation of advanced echocardiographic techniques correlated with
histopathological analyzes in order to contribute to clarifying the changes experienced by the organ
in parasitic infections. The research was conducted at the Laboratory of Specialized Veterinary
Imaging Diagnostics (LabDIVE) of the Federal University of Piaui in partnership with the
Surveillance Unit in Zoonoses (SUZ) of Teresina - P, where 20 (twenty) dogs with a confirmatory
diagnosis for visceral leishmaniasis were used. The dogs underwent echocardiographic
examination to assess the cardiac structure and functioning, consisting of a two-dimensional
(Mode B) and one-dimensional (Mode M) visualization of the heart. Echocardiographic images
were obtained using the speckle tracking method to analyze the myocardial deformity of dogs
infected with Leishmania sp. Histopathology was developed in partnership with the University
Hospital of UFPI. Tissues removed from animals after euthanasia were fixed and submitted to
histological processing to make slides for analysis by a pathologist. General echocardiographic
evaluations showed that there is a profile of diastolic dysfunction in basal segments of the left
ventricle for patients infected with parasites of canine visceral leishmaniasis, the same segments
reaffirmed by the study of myocardial deformation using speckle tracking. The segmental
evaluation of the left ventricle due to the presence of myocarditis showed findings of low
prevalence of inflammatory infiltrates, concentrated in the septal apical region. However, they
suggest the presence of myocardial alterations in the left ventricle as being common in dogs with
CVL. New studies evaluating in parallel the presence of myocardial inflammation and the behavior
of these cytokines circulating in target organs with immunological activity are indicated to confirm

the immune response present in the myocardium of dogs affected by CVL.



XVi

Key words: Cardiology, dogs, Doppler echocardiography, cardiac deformation, leishmaniasis,

histopathology.



© 00 N o U b~ W N R

[ERN
o

11
12
13
14
15
16
17

18
19
20
21
22
23
24

25
26
27
28
29
30
31

18

1. INTRODUCAO

Durante o século XX, a incidéncia de endemias virais e bacterianas foi subestimada por
episodios atipicos envolvendo protozoarios, em especial, aqueles pertencentes ao género
Leishmania, assim denominados em referéncia ao patologista escocés Willian Boog Leishman,
que mais tarde nomeou a sindrome provocada pelos parasitas de ‘Leishmaniose’ (VINCENT,
2016). A partir de entdo, pesquisadores passaram a se deparar com uma série de relatos que
apontavam para a mesma sindrome que recebia diferentes designacdes pelo mundo: calazar,
espundia, esplenomegalia tropical, botdo do oriente, ulcera de bauru, entre tantos outros nomes
que findavam por destacar o que a Organizagao Mundial de Saude (OMS) definiu como a 5* maior

endemia mundial (AMARAL, 2009).

Com o advento da globalizacdo e a evolu¢do de condigdes favoraveis a doenca, a
leishmaniose disseminou-se por cerca de 88 paises provocando danos a populagdo humana e
animal, considerando-a uma zoonose em expansdo (SILVA et al.,, 2017). Por anos, foram
desenvolvidos estudos cientificos que objetivaram esclarecer os questionamentos envolvendo a
patogénese do agente etioldgico e com isso, proporcionar o controle da enfermidade. No entanto,
com todo o progresso cientifico, ainda era possivel vivenciar epidemias de leishmaniose no mundo

(GONTIJO; MELO, 2004).

Clinicamente, a leishmaniose ¢ caracterizada em formas visceral (quando ha
acometimento sistémico) e cutanea (quando atinge o sistema tegumentar) sendo causada por
diferentes espécies do protozoario (KEVRIC; CAPPEL; KEELING, 2015). A leishmaniose
visceral ¢ considerada uma doenga infecciosa provocada por protozodrios do género Leishmania
que invadem células do sistema fagocitico mononuclear de seres humanos, animais domésticos e
silvestres, sendo transmitida através de vetores hematofagos e via iatrogénica (SILVA, 2007;

MARCONDES; ROSSI, 2013).

No Brasil, a leishmaniose visceral (LV) contribuiu para inclui-lo entre os paises mais
afetados no cenario global e mesmo com grande parte dos casos subnotificados, ¢ atualmente
responsavel por 90% dos relatos da América Latina (BRASIL, 2006). Dentre as regides mais
afetadas, o Nordeste vivenciou episodios de epidemia da doencga por agregar fatores favoraveis ao
agente, tais como clima tropical, altas temperatura, falta de saneamento basico. Em duas décadas,
a enfermidade passou por uma dispersao geografica no territorio brasileiro € os casos que até entao

ficavam restritos em areas de condi¢do socioecondmica reduzida atingem hoje grandes centros
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urbanos nas demais regides brasileiras (BAVIA et al., 2005; CERBINO-NETO; WERNECK;
COSTA, 2009)

Alguns fatores podem ter contribuido para tamanha propagacao, entre eles, a migragao
de reservatdrios para areas endémicas e ndo endémicas e as mudancas na ecologia dos vetores
(DANTAS-TORRES, 2009). Sob o ponto de vista epidemiologico, o cao ¢ o reservatorio mais
importante devido ao seu elevado parasitismo cutdneo. O comprometimento cutaneo ¢ apenas uma
das manifestagodes clinicas da LV que pode causar desde infecgdes inaparentes, oligossintomaticas
até lesdes destrutivas e desfigurantes fundamentando um importante problema na satde publica

(CALZADA et al., 2015).

As variaveis manifestagdes clinicas provocadas pelos parasitas do género Leishmania spp
refletem o seu envolvimento sistémico, demonstrando tropismo por integrantes do sistema
fagocitico mononuclear (figado, bago, linfonodos e medula 6ssea) onde a presenca do parasito ¢
abundante, no entanto, outros Orgdos também tém demonstrado comprometimento
morfofuncional, embora que pouco relatados (FALCAO et al., 2016). Pesquisas sobre as alteracdes
nos rins de pacientes cronicos tém destacado a ocorréncia de processo inflamatdrio infeccioso pela
deposicao de imunocomplexos levando a insuficiéncia renal (COSTA et al., 2003; COSTA et al.,
2010; BALTAZAR et al., 2016). O fato desencadeou profundo interesse no esclarecimento de

outras alteracdes clinicas ja noticiadas.

Além dos rins, o parasitismo pulmonar e cardiaco pela LV sdo realidades ja destacadas
nos hospitais veterindrios e humanos em pacientes com quadro clinico mais severo (ALVES et al.,
2010; DAHER et al., 2017). Em 2005, foi notificada a presenca de lesdes degenerativas e
necréticas no atrio direito de um cdo infectado com Leishmania chagasi, além de outros casos
relacionados a presenga do parasita no coragdo (TORRENT et al., 2005; ROSYPAL et al., 2005;
ROSA et al., 2013). Os relatos envolvendo aspectos morfoldgicos em cdes e humanos acometidos
tém apontado para a mesma evidencia clinica: miocardite (LOPES-PENA et al., 2009; MENDES
et al.,, 2014). Contudo, o emprego de métodos diagnodsticos que avaliam a estrutura e
funcionamento segmentar do corag@o in vivo € escasso e tende a contribuir com o preenchimento

de lacunas na ciéncia e minimizar os sinais clinicos cardiovasculares na LV.

O acometimento cardiaco tém sido alvo de estudos em outras doengas provocadas por
protozoarios, como ¢ o caso da doenca de Chagas. O Trypanossoma cruzi ciclo de vida

semelhantes ao de parasitas do género Leishmania spp, mas apresentam tropismo vascular
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atingindo principalmente o coracdo, levando ao quadro de cardiopatia chagasica cronica onde ha
alteragdes morfofuncionais (BESTETTI et al.,, 2016). Nessa enfermidade, o emprego da
ecocardiografia na identificagao das alteragcdes cardiacas estd bem estabelecida e conta inclusive
com a incorporagdo de novas tecnologias, como ¢ o caso da técnica de afericdo da deformidade
miocardica por mapeamento de pontos ou strain (speckle tracking) (SILVA et al., 2005;

FURTADO et al., 2015)

A andlise das alteragdes cardiacas induzidas pela leishmaniose visceral ¢ limitada e
merece aprofundamento com a implementacao de técnicas ecocardiograficas avangadas no intuito
de contribuir para o esclarecimento das transformacdes vivenciadas pelo 6rgdo. Partindo deste
pressuposto, propde-se avaliar a fun¢do segmentar cardiaca de caes naturalmente infectados com

leishmaniose visceral levando em consideracao seus aspectos morfoldgicos e ecocardiograficos.

A organizagdo estrutural dessa tese se apresenta da seguinte forma: Introducdo, Revisao
de literatura, Capitulo I, Capitulo II, Consideragdes Finais e Referéncias. O capitulo I, intitulado
“Ecocardiografia padriao, strain longitudinal bidimensional por speckle tracking do
ventriculo esquerdo em cides naturalmente acometidos com leishmaniose visceral” e o
capitulo II intitulado “Estudo de prevaléncia da miocardite em segmentos de ventriculo
esquerdo de cies naturalmente afetados com leishmaniose visceral”, ambos foram organizados
conforme as normas do periddico “Acta Scientia Veterinariae” Qualis Bl em Medicina

Veterinaria e Fator de impacto 0,222.

2. REVISAO DE LITERATURA

2.1 Leishmaniose visceral canina (LVC)

A leishmaniose visceral canina (LVC), historicamente, proporcionou transtornos
endémicos aos paises do Velho mundo (Europa, Asia e Africa) recebendo a denominagio indiana
Kala-azar (febre negra) referente ao aspecto ulcerativo das lesdes cutaneas formadas (CORREA;
CORREA, 1992). Mais tarde, os casos estenderam-se afetando paises do continente americano e
passaram a preocupar as autoridades médicas locais em razao da complexidade do parasita, e isto
despertou o interesse de grandes centros de pesquisa, entre eles, o Instituto Evandro Chagas
vigente desde 1936 atingiu importantes resultados acerca da doeng¢a no Brasil (LAISON et al.,

1985).
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Os agentes etioldgicos da LVC sdo protozoarios tripanossomatideos do género
Leishmania spp, dentre as principais espécies a Leishmania (leishmania) chagasi exerce maior
repercussao da doenca nas Américas. Tratam-se de parasitas intracelulares obrigatdrios das células
do sistema monocitico fagocitario podendo ser encontrados tanto no tubo digestivo de vetores
artropodes e meios de cultura laboratorial sob a forma flagelada ou promastigota, quanto em
tecidos de hospedeiros vertebrados com a formula circular imovel aflagelada ou amastigota
(BANETH; SOLANO-GALLEGO, 2012). As duas situagdes morfoldgicas integram o ciclo de
transmissdo da doenga juntamente com vetores, hospedeiros e diferentes bidtopos (DANTAS-

TORRES et al., 2012; DANTAS-TORRES et al., 2015).

No Brasil, o principal vetor de transmissdo da doenga ¢ o flebotomineo Lutzomyia
longipalpis conhecido popularmente como mosquito palha, birigui ou tatuquira, trata-se de um
inseto diptero pequeno (2 a 3 mm de comprimento) com habitos peridomésticos e intradomiciliares
que se alimenta de matéria organica, ambiente propicio para seus criadouros (MAROLI et al.,
2013). A baixa taxa de infec¢do do mosquito vetor com protozoarios Leishmania spp, assim como
a existéncia de casos autoctones onde nao ha L. longipalpis sugere a participagdo de outros vetores
na transmissao do agente L. () chagasi, como ¢ o caso de carrapatos, pulgas, transmissao venérea,
transplacentaria e por transfusdo sanguinea (COUTINHO et al., 2005; FREITAS et al., 2006;
SILVA et al., 2009; NAUCKE; LORENTZ, 2012).

A transmissao da doenga pelo mosquito esté relacionada ao fator sexual, os flebotomineos
machos alimentam-se de frutas maduras, seiva e néctar de plantas, enquanto que as fémeas sdo
hematofagas e possuem hébito alimentar diversificado, realizando repasto sanguineo em seres
humanos, caes, gatos, equideos, ruminantes, galinhas, marsupiais, roedores € animais silvestres
(PASSOS-DIAS; LOROSA; REBELO, 2003; MISSAWA; LOROSA; DIAS, 2008). O cdo, dentre
outras espécies, exerce importancia significativa na manutencdo da doenga residindo no fato do
mesmo apresentar alta prevaléncia de infec¢do e elevado nimero de casos assintomaticos

ultrapassando 70% da populagdo infectada (PALTRINIERI et al., 2010).

A participagdo do agente nos vetores e reservatorios € constatada através do ciclo de
transmissdo da LVC, que inicia quando o mosquito (L. longipalpis) pica o hospedeiro vertebrado
(por exemplo, o cao) infectado durante o repasto sanguineo ingerindo junto ao sangue células
fagociticas mononucleares (macrofagos e leucocitos) parasitadas pelas formas amastigotas do
protozoario. No mosquito, estes parasitas seguem para o trato intestinal onde sofrem sucessivas

multiplicagdes e adquirem aspecto flagelar (promastigotas). Ao exercer novamente o repasto
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sanguineo, o flebotomineo inocula as formas promastigotas infectantes que logo sdo fagocitadas
por macréfagos teciduais e neutrofilos retornando ao aspecto aflagelar ou amastigota (NEVES,

2000; BANETH; SOLANO-GALLEGO, 2012).

A invasdo de células fagociticas ¢ um artificio fundamental para a permanéncia do
parasita no hospedeiro possibilitando resisténcia aos mecanismos de defesa do sistema imune
(MONTALVO et al., 2012). A multiplicagcdo das formas amastigotas, a priori, ocorre no local da
picada e dissemina-se na corrente sanguinea causando danos de acdo direta sobre os tecidos de
caracter inflamatorio, ¢ de agdo indireta gerada pela deposi¢do de imunocomplexos nos olhos,
articulagdes, vasos sanguineos e rins. Os 0rgdos com elevado grau de parasitismo sdo aqueles
relacionados ao sistema monocitico fagocitario (pele, figado, bagco, medula 6ssea e linfonodos),
no entanto, isto ndo exclui a existéncia de macrofagos infectados ocasionais em outros tecidos
como: sangue, testiculos, meninges, rins, pulmoes e coragdo (NEVES, 2000; PANGRAZIO et al.,
2009; ALVES et al., 2010; COSTA et al., 2010).

Ao exame fisico dos pacientes sintomaticos ¢é possivel detectar sinais clinicos
inespecificos que se desenvolveram em consequéncias a patogénese diversificada do parasita, estes
incluem lesdes de pele (hiperqueratose, descamagdo cutanea, Ulceras e/ou leishmaniomas),
linfadenopatia, hepatoesplenomegalia, anemia, perda de peso corporal, intolerancia ao exercicio,
diminui¢do do apetite, poliaria, polidipsia, lesdes oculares, atrofia muscular, onicogrifose
(distrofia das unhas), claudica¢do, vomitos, diarreia, paresia de membros podendo evoluir para o
obito (LINHARES et al., 2005; FERNANDEZ-COTRINA et al., 2012). Por outro lado, em alguns
caes a infec¢do segue seu curso de forma assintomatica assim permanecendo por anos ou por toda
a vida bastando apenas uma alteragdo em seu sistema imune para levar ao aparecimento dos

sintomas (BANETH et al., 2008).

As lesdes histopatologicas atribuidas a LVC incluem infiltrados inflamatorios e deposig@o
de imunocomplexos nos tecidos. No rim, a glomerulonefrite intersticial resulta de mecanismos
imunomediados que desencadeiam danos irreversiveis aos glomérulos o que compromete a funcao
do néfron e evolui o quadro para uma insuficiéncia renal (COSTA et al., 2003; COSTA et al.,
2010). Pesquisadores constataram comprometimento pulmonar e cardiaco, através da identificacao
de lesdes mononucleares perivasculares acompanhadas de infiltrado inflamatério no musculo
cardiaco, ao passo que no tecido pulmonar houve espessamento de septos interalveolares devido

ao actimulo de células inflamatorias e epiteliais (ALVES et al., 2010).
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Os métodos diagndsticos da leishmaniose visceral canina sdo varidveis e empregam
multiplos antigenos a fim de proporcionar maior sensibilidade e/ou especificidade ao exame.
Atualmente, sdo utilizados o diagnostico clinico (baseado nos sinais clinicos da doenca),
parasitoldgico (possibilitam a visualizagdo do parasito através da puncao de orgaos relacionados
ao sistema monocitico fagocitario), histopatologico (detec¢do direta do parasita em secgdes
coradas de tecidos), molecular (baseia-se na amplificagdo de oligonucleotideos para formacao de
uma sequéncia génica conhecida do parasito, a exemplo da reacao em cadeia da enzima polimerase
- PCR) e sorologicos (pautado na reagdo antigeno/anticorpo, como exemplos, a fixacao do
complemento, a hemaglutinagdo, reagdo de imunofluorescéncia indireta, reacdo imunoenzimatica,
testes imunocromatografico) (PALTRINIERI et al., 2010; GRAMICCIA, 2011; FARIA;
ANDRADE, 2012).

Durante anos, o protocolo de tratamento para os caes infectados com LVC, baseou-se na
terapia humana mesmo ndo sendo regulamentada pelo Ministério da Satde e Ministério da
Agricultura Pecudria e Abastecimento através da portaria n® 1.426/2008 que proibe o tratamento
da LVC com medicamentos humanos (DANTAS-TORRES et al., 2012). Contudo, no ano de 2016
foi aprovada uma Nota Técnica Conjunta n° 001/2016 MAPA/MS permitindo a utiliza¢ao da
miltefosina no tratamento da LVC, em razdo dos resultados favoraveis em paises europeus
(FERNANDES, 2014; BRASIL, 2016). No entanto, os proprietarios ainda demonstram resisténcia
ao emprego deste farmaco nos tratamentos devido ao seu elevado custo no mercado contribuindo

para o uso indiscriminado de farmacos voltados para a terapia humana.

O Ministério da Satde preconiza como medidas de controle: o combate as condi¢des
favoraveis ao vetor e eliminacdo de reservatérios domésticos positivos. A primeira € possivel
gragas a utilizacao de inseticidas (piretroides, permetrina, deltametrina) e reducao de microhabitats
por meio de educacdo sanitiria. Em contrapartida, a eliminagdo dos caes positivos (considerados
principais reservatorios) como medida enfrenta discussdes acerca da sua eficicia no controle da
doenca. De maneira profilatica, a vacinagao tem proporcionado um elevado nivel de seguranca
favorecendo a produc¢ao de anticorpos para potencializar o sistema imune do hospedeiro e de certa
forma, proteger os caes do contagio e da condi¢do de reservatorios (SOLANO-GALLENO et al.,
2011; BANETH; SOLANO-GALLENO, 2012).

2.2 O coracio: aspectos morfofuncionais
O coragdo ¢ considerado o principal 6rgdo do sistema cardiovascular, popularmente ¢é

conhecido como uma ‘bomba cardiaca’ que impulsiona sangue para o organismo através de
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movimentos involuntarios de contragdo e relaxamento. Anatomicamente, compreende um arranjo
muscular multicavitario revestido externamente por um saco pericardico capaz de manter o 6érgao
em sua posi¢ao topografica (mediastino) e da ocorréncia de atritos externos (KLEIN, 2015).

Internamente, o coragdo ¢ constituido de cavidades receptoras e ejetoras de sangue: atrios
e ventriculos. Os atrios estdo localizados anterior aos ventriculos separados pelo septo interatrial,
possuindo parede muscular relativamente mais delgada e menor complacéncia sofrendo menos
alteracdes do seu volume durante as contra¢des cardiacas. O atrio do antimero direito recebe
sangue nao oxigenado dos tecidos do corpo (exceto do pulmao) e pelo seio coronario, langando-o
ao ventriculo direito por meio da valva atrioventricular direita ou tricispide. J& o atrio esquerdo
recebe sangue oxigenado das veias pulmonares e envia ao ventriculo esquerdo através da valva
atrioventricular esquerda, bictispide ou mitral (GUYTON, 2006; COSTANZO, 2007).

Ao passo que os ventriculos situados posteriormente aos atrios sao camaras piramidais
revestidos por uma extensa camada muscular permitindo elevada for¢a de propulsdo. O ventriculo
direito ¢ separado do esquerdo por um septo interventricular espesso e apresenta internamente
cordoalhas ou cordas tendineas (feixes fibrosos que unem as valvas aos musculos papilares),
trabéculas carneas (feixes irregulares do miocardio que se salientam na superficie interna do
ventriculo) e musculos papilares (projecoes do miocardio com fun¢do de manter as cordas
tendineas retesadas durante a sistole). Ao receber sangue ndo oxigenado do atrio direito, o
ventriculo direito contrai-se conduzindo o sangue recebido para o tronco da artéria pulmonar
através da valva pulmonar (CONTI, 2015).

Ja o ventriculo esquerdo, provido de uma extensa camada muscular, € maior e participa
da formagdo do apice cardiaco. Internamente, encontram-se musculos papilares e trabéculas
carneas que se fixam as valvas mitrais através de cordoalhas tendineas. O sangue oxigenado que
entra no ventriculo esquerdo ¢ ejetado para a artéria aorta mediante abertura da valva aortica. A
passagem do sangue dos atrios aos ventriculos se procede seguindo um gradiente de concentragao
que parte da camara com maior pressao interna (normalmente o atrio ao receber sangue das veias)
para a camara com menor pressdo interna (ventriculos em relaxamento) (GUYTON, 2006;
KONIG; LIEBICH, 2016).

O musculo cardiaco exerce fungdo essencial nos movimentos de contragdo e relaxamento
possibilitando o fluxo sanguineo continuo para os diferentes tecidos do corpo. Sua atividade ¢
controlada e conduzida pelo sistema elétrico do corag@o, que consiste em uma cadeia de células
musculares especializadas capazes de gerar e conduzir impulsos elétricos pelo musculo cardiaco

(KLEIN, 2015). Fazem parte desse sistema: nodo sinoatrial, nodo atrioventricular, feixe atrio
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ventricular e fibras condutoras terminais. Células especializadas cardiacas tem a propriedade de
despolarizar espontaneamente para a formagao de potenciais de agdo, € o caso das células presentes
no nodo sinoatrial (SA). Uma vez formado, o potencial de acdo rapidamente se espalha através
dos atrios promovendo sua contragdo e posteriormente mobiliza os ventriculos por um sistema
especial de células que se localizam entre os atrios e ventriculos, o nodo atrioventricular (AV),
favorecendo a contracao ventricular (CONTI, 2015).

A atividade muscular para formacao do ciclo cardiaco ¢ desempenhada pela sequéncia de
contragao (sistole) e relaxamento (diastole) do coragdo. Para a execucdo dessas tarefas, o coragao
organiza-se histologicamente em trés camadas musculares: epicardio, miocardio e endocardio. O
endocardio reveste internamente as camaras cardiacas consiste de endotélio e tecido conjuntivo
subendotelial, que abriga o sistema de conducdo do coragdo. O miocardio ¢ o componente
muscular principal formado por tecido muscular estriado cardiaco. E, o pericardio, mais externo
consiste em uma camada de células mesoteliais anexa ao tecido conjuntivo externo, o qual
acomoda vasos sanguineos e nervos cardiacos (ROSS; REITH; ROMRELL, 1993; EYNARD;
VALENTICH; ROVASIO, 2011).

A compreensdo das caracteristicas morfofisiologicas do coragdo torna-se de suma
importancia para o esclarecimento de eventuais anomalias cardiacas. Entre outras implicagdes
médicas, ¢ importante mencionar que todas as estruturas do coracdo podem ser afetadas em
numerosas situagdes patoldgicas e a detec¢do precoce dessas alteragdes pode direcionar o paciente

a um melhor prognostico.

2.3 Alteracoes morfofuncionais cardiacas na LVC

A leishmaniose visceral canina se destaca pela variabilidade de sinais clinicos que sdo
inespecificos e revelam os multiplos mecanismos patogénicos do parasita (FERNANDEZ-
COTRINA et al., 2012). Em suma, as lesdes podem ser de acao direta (principalmente sob os
tecidos relacionados ao sistema monocitico fagocitario) e de acdo indireta gerada pela deposi¢ao
de imunocomplexos. No primeiro caso, a carga parasitaria nos macrofagos teciduais ¢ alta o que
facilita a deteccdo do protozoario e seus produtos nos exames parasitologicos e soroldgicos

convencionais (RIFI e ELISA) (PANGRAZIO et al., 2009).

O envolvimento cardiaco em pacientes com LVC ¢ questionavel devido a caréncia de
pesquisas cientificas que aprofundem a relagdo do parasita com o 6rgao, até o momento foram

detectados Leishmania (I.) chagasi no tecido cardiaco em baixas concentragdes nao sabendo ao
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certo se as alteracdes encontradas se deram por acdo direta da Leishmania sp. ou pela resposta a
infeccdo sistémica (SILVA, 2007). Em contrapartida, alguns autores relatam auséncia de
comprometimento cardiaco, ao passo que outros fazem referéncia a uma reatividade inespecifica
do coragdo frente ao processo infecioso, ndo fundamentando uma patogénese inerente (MORAIS

et al., 1988; FERRARI et al., 2006; SILVA et al., 2009).

Dentre as alteracdes cardiacas ja descritas na literatura, o desenvolvimento de um
processo inflamatorio nas células do miocardio ou miocardite estd entre as mais comuns, podendo
agravar o segmento lesado a necrose ou degeneragdo celular. Destacam-se ainda, outras
modificacdes cardiacas relatadas com menor frequéncia, sendo elas, anatdmicas, histologicas,

eletrocardiograficas e ecocardiograficas (DOMINGUES et al., 2011; KUHL, 2014).

Através de analises anatomo-patoldgicas post-mortem em caes com quadro cronico para
LVC pesquisadores detectaram hipertrofia concéntrica ventricular esquerda com consequente
aumento atrial esquerdo. Ademais, também foram descritas petéquias no epicardio de um cao
alternadas com a ocorréncia de areas palidas lineares proeminentes com margens congestas, lesdes
detectadas com maior extensao no atrio direito. Neste caso, foram observadas formas amastigotas
do parasita no miocérdio por meio da Reagdo em Cadeia da Enzima Polimerase (PCR) (TORRENT
et al., 2005; PADUA, 2013). Loépez-Pefia e colaboradores (2009) descreveram a presenca de
palidez multifocal no miocéardio do ventriculo esquerdo e do septo interventricular de uma cadela
com 11 anos de idade, positiva para LVC. Em outro caso, foram detectados: dilatacdao ventricular
direita em 53,3% dos animais, hipertrofia ventricular concéntrica esquerda em 20% dos animais,
presenca de areas palidas na superficie epicardica em 10% e sufusdes no endocardio de ambos os

ventriculos em 3,3% dos casos (ROSA et al., 2012).

As principais alteragdes histoldgicas evidenciadas no tecido cardiaco de pacientes com
LVC ¢ a quimiotaxia celular inflamatdria, caracterizada pela presenca de infiltrado de células
inflamatérias no miocardio (LOPEZ-PENA et al., 2009; ALVES et al., 2010). Ja houve também
relatos da presenca de edema do endocardio, do miocardio e do epicadio, linfomondcitos no
miocardio e epicardio, e discreta fibrose e necrose observados em seres humanos com
leishmaniose (MORALIS et al., 1988). Ferrari e colaboradores (2006) e Alves (2010) encontraram
achados histopatologicos semelhantes no tecido dos caes analisados: miocardite multifocal severa
com degeneracao e necrose das fibras do musculo cardiaco. Por imunomarcacao foram detectadas,

no miocardio, formas amastigotas da Leishmania sp.
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Por sua vez, uma pesquisa com hamsters experimentalmente infectados por Leishmania
chagasi, foram encontrados: degeneracao discreta de fibras miocardicas em 55,56% dos animais,
edema intersticial em 44,45%, infiltrado inflamatorio mononuclear em 38,89% e congestao
vascular e deposi¢ao discreta de colageno no miocardio, ambos em 16,67% dos animais infectados.
Entretanto, os autores chegaram a conclusdo de que as lesdes cardiacas foram causadas por uma
reacgdo inespecifica do agente no organismo, visto que, nao foram detectadas formas amastigotas

no coracao (SILVA, 2007).

Os exames de eletrocardiograma de 105 caes positivos para LVC revelaram, dentre
outras alteracdes, arritmia sinusal, parada sinusal, marca-passo migratorio, bloqueio de ramo
direito incompleto e contragao atrial prematura (SOUSA et al., 2013). Em outra pesquisa avaliando
o ECG de cdes com LVC do estado do Tocantins, os resultados encontrados ndo revelaram
transtornos importantes na fungdo cardiaca (LIMA, 2013). No entanto, em pacientes com
miocardite ¢ comum encontrar bloqueio de primeiro grau com depressdo de segmento ST, fato

relatado no exame de uma cadela de trés anos infectada (TORRENT et al., 2005).

Ja no ecocardiograma, a disfuncdo diastdlica do ventriculo esquerdo ¢ a alteracdo mais
frequente envolvendo LVC, e foi detectada em caes com miocardite (DOMENICO et al., 2008;
PADUA, 2013). Outro estudo, em humanos com miocardite, foram evidenciados derrame pleural,
aumento da espessura do septo interventricular e da parede posterior do ventriculo esquerdo, assim
como, reduzida fragdo de eje¢ao do mesmo ventriculo (PINHO, 2012). A incorporagdo de métodos
diagnosticos avancados aos casos com LVC sdo capazes de reforcar os achados ja evidenciados

de lesdes cardiacas agregando confiabilidade aos resultados.

2.4 Métodos diagnosticos na cardiologia

Os parametros indicadores de cardiopatias podem ser obtidos utilizando-se de métodos
diagnosticos invasivos e ndo invasivos. Os ultimos sdo mais econdmicos, rapidos € ndo causam
tanto desconforto aos pacientes quando comparado aos invasivos, os quais na medicina veterinaria
sao levados em considera¢ao devido ao ‘bem-estar animal’ (SOARES et al., 2009; THRALL,
2014). Alguns dos métodos mais indicados na medicina veteriniaria para avaliagdo da
morfofisiologia cardiaca sdo: radiologia, eletrocardiograma e ecocardiograma (diagndstico por
imagem), histopatologia e soroldgicos (FARROW, 2006; THRALL, 2007).

Os métodos por imagem compreendem a utilizacdo de tecnologias de imagens para
realizagdo de diagndsticos. A radiologia convencional surgiu com a descoberta dos raios-X no

século XIX e nos anos seguintes dominou como método diagnostico de elei¢cdo, para tal, fez-se
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necessaria o uso de radiacdo através da penetracdo de raios no organismo, os quais chegam a um
filme revelando um aspecto de cores que variam entre o preto € o branco (raios absorvidos no
corpo). O emprego de radiagdo, assim como de outras formas de energia ionizante, tem carater
nocivo e quando exposto ao corpo por diversas vezes podem gerar danos celulares. No entanto, os
raiosX ainda s3o considerados métodos ndo invasivos e seguros no diagnostico de enfermidades,
e bastante explorados na medicina veterinaria (EISENBERG, 1992; THRALL, 2013).

O eletrocardiograma (ECG) compreende uma ferramenta de avaliacao da eletrofisiologia
cardiaca, através da indugdo de correntes elétricas que percorrem o miocardio durante a sistole e
diastole. O ECG ¢ preparado através da medi¢ao de potencial elétrico entre diferentes pontos do
corpo usando um galvandmetro (instrumento utilizado para medir e detectar correntes elétricas de
baixa intensidade), gerando um gréfico de tira continua representado por uma onda P, complexo
QRS e uma onda T. No entanto, o ECG como qualquer exame complementar, apresenta limitagdes,
¢ o caso das dificuldades em reconhecer intervalos e voltagens baixas, a dependéncia da analise
dedutiva e a probabilidade de diagnosticos multiplos. Contudo, o ECG ¢é capaz de diagnosticar
alteragOes cardiacas antes que ocorram mudangas estruturais observadas em outros exames, como
¢ o caso da radiologia e do ecocardiograma (THALER, 2008; MARTIN, 2010).

A ecocardiografia trata-se de um método de diagnostico para estudo cardiaco que consiste
na aquisi¢do de imagens bidimensionais e tridimensionais em tempo real e analise de fluxo
sanguineo através da utilizagdo de ultra-sons, permitindo detectar anomalias morfofuncionais de
suas estruturas. Para deteccdo e avaliacdo de estruturas em movimento, em especial, o fluxo
sanguineo, faz-se necessario a complementagdo da ultrassonografia cardiaca com a ferramenta
Doppler, trazendo consigo diferentes modalidades: continuo, pulsatil, colorido, tecidual e power
doppler (CARVALHO, CHAMMAS; CERRI, 2008; OTTO; CHWAEGLER; FREEMAN, 2012).
M¢étodos recentes de ecodoppler permitem refinar a andlise da fun¢do dos ventriculos direito e
esquerdo, € o caso do strain € strain rate, sdo indices clinicos de deforma¢ao miocardica regional
e global que podem ser aferidos pela técnica do rastreamento de pontos ou speckle tracking através
da ecocardiografia bidimensional (ALMEIDA et al., 2013).

As alteracdes cardiovasculares podem ser mensuradas através de diversas biomoleculas
que incluem o perfil lipidico (colesterol total, HDL, LDL, VLDL e triglicérides), a lipoproteina
(a), proteina C reativa (PCR) ultrassensivel e a mucroalbumintiria. Na medicina veterinaria, faz-
se maior utilidade dentre as biomoléculas, a avaliagdo das troponinas (TnT, Tnl, inibidora de actina
TnC) por serem altamente especificas em detectar dano celular no musculo cardiaco. E comum a

avaliacdo das troponinas juntamente com a isoenzima MB da proteina creatinina quinase, sendo a
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mesma encontrada no tecido cardiaco e ¢ a enzima de elei¢do para diagnostico de infarto agudo
do miocardio. (VASAN, 2006; MANGGE, 2016).

Por fim, além de exames de imagem e moleculares, destacam-se ainda exames
histopatologicos que buscam a andlise microscopica do tecido injuriado, sendo por isso
considerado um método invasivo em razao da sua abordagem, a qual se faz através da extracao de
um fragmento do tecido seja ele no organismo vivo por bidpsia ou pega cirurgica, ou post-mortem
apos a fixagao celular. Para tal analise, torna-se necessaria o preparo tecidual através de solugdes
que mantenham a integridade das células e a utilizacao de corantes acidobasicos que facilitem o
reconhecimento das estruturas e a identificagdo das possiveis lesdes (BANCROFT; GAMBLE,
2008; MCCANN et al., 2015).

2.5 Técnicas avancadas na Ecocardiografia: strain (speckle-tracking)

A ecocardiografia Doppler revolucionou os métodos de diagnosticos por imagem, por
possibilitar a visualizagdo das estruturas em tempo real e dos seus aspectos hemodinamicos
favorecendo a precisdo nos diagndsticos clinicos (CARVALHO; CHAMMAS; CERRI, 2008).
Diversas sdo as técnicas atualmente empregadas de efeito Doppler: o colorido, o pulsatil, o
continuo, ‘power doppler’ e o tecidual. O Doppler colorido baseia-se no mapeamento do fluxo em
cores variando em razao da escala de cores (designacao em cores para direcao e velocidade), faixa
de velocidade, posi¢do zero da linha de base na escala de cores e acréscimo da variagdo para a
escala de cores, devendo ser levado em consideragdao que o mesmo segue os principios do Doppler
pulsatil (REIS et al., 2011; EVANS; JENSEN; NIELSEN, 2011).

O Doppler pulsatil permite uma amostragem das velocidades do fluxo sanguineo em uma
determinada profundidade cardiaca, com um espectro de velocidade limitado. A medicdo ¢
realizada considerando os tempos de recep¢ao dos sinais de eco, permitindo visualizar os fluxos a
profundidades especificas, sendo a profundidade interesse denominada volume de amostra. Se as
velocidades excederem o limite maximo (limite de Nyquist) podem ocorrer erros de exatidao na
informagdo induzida (POPESCU; GINGHINA, 2011). Por outro lado, o Doppler continuo analisa
o somatorio das velocidades de todos os fluxos em uma determinada faixa do coragdo, porém
quando ha sobreposicao dos dados obtidos outros métodos podem ser utilizados para determinar a
profundidade da origem do sinal Doppler podendo ser empregados na medicao de altas velocidades
na estenose e regurgitacao das valvas (BOON, 2004; DROST, 2014).

A ecocardiografia ‘power doppler’ ganhou atencdo para uma técnica de imagem de fluxo

de cor adicional que supera as limitagdes do ultra-som Doppler colorido convencional (US).
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Devido a sua sensibilidade aumentada ao fluxo, a ecografia Doppler de poténcia ¢ valiosa em
estados de baixo fluxo e quando angulos Doppler 6ticos ndo podem ser obtidos. O ‘power Doppler’
aumenta a confianga diagnostica ao melhorar a avaliagao do fluxo parenquimatoso e diminui os
tempos de exame em casos tecnicamente desafiadores (BOON, 2004; ALCAZAR et al., 2008).

O Doppler tecidual ou tissular ¢ uma técnica capaz de complementar os métodos
anteriormente descritos, consiste na obten¢ao da velocidade de contracdo das fibras miocardicas.
A codificagdo em cores das velocidades de movimentagao dos midcitos nos permite enxergar as
diferencgas estruturais do musculo durante a contratilidade cardiaca, além disso o Doppler tecidual
pode aumentar a acuracia do ecocardiografia convencional, pois integra a informag¢ao da funcgao
regional para estimar a fun¢@o cardiaca global. Para avalia¢do da deformidade do musculo cardiaco
utiliza-se os indices clinicos ‘strain’ e ‘strain rate’, o primeiro consiste na mudanga fracional no
comprimento de um segmento do miocardio, normalmente € expresso em porcentagem, ja o ‘strain
rate’ € a velocidade na qual ocorre a deformagdao (CASTILLO; HERSZKOWICZ; FERREIRA,
2010; ABDUCH et al., 2014).

Métodos recentes do Doppler tissular permitem refinar analise da func¢ao dos ventriculos,
¢ o caso do speckle tracking (rastreamento de pontos), este por sua vez, possibilita o estudo do
strain e do strain rate por meio da escala da ecocardiografia bidimensional avaliando a deformagado
nos planos longitudinal, circunferencial e radial. Marcadores acusticos naturais, denominados
speckles representam padrdes especificos do tecido no miocardio rastreamento seus movimentos
em todas as diregdes. A relevancia clinica dos parametros de deformagdo emparelhados com um
modo de avaliagao facil despertou enorme interesse na comunidade ecocardiografica. Isso também
se reflete no crescente numero de publicagdes que se concentram em todos os aspectos da
ecocardiografia speckle tracking e que testam a potencial utilidade clinica desta nova modalidade

(ABRAHAM; DIMAANO; LIANG, 2007; HUNG et al., 2007; ALMEIDA et al., 2013).
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3. CAPITULO I*

* Artigo elaborado de acordo com as normas do periddico “Acta Scientiae Veterinariae” (Qualis

B1, Fator de impacto: 0,222).
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ABSTRACT
Background: Visceral leishmaniasis is considered an infectious disease caused by protozoan
microorganisms of the genus Leishmania, which invade cells of the mononuclear phagocytic
system of humans and domestic and wild animals. From an epidemiological point of view, the dog
is the most important reservoir and a risk factor for the occurrence of the disease in humans, due
to its high cutaneous parasitism. In addition to cutaneous involvement, cardiac alterations can

already be identified in routine and imaging exams, which deserves further development with the
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implementation of advanced echocardiographic techniques; correlated with histopathological
analyzes in order to contribute to the clarification of the transformations experienced by the organ
in infections parasitic.

Materials, Methods & Results: Seventeen adult dogs with positive serological diagnosis for CVL
were used. These underwent transthoracic echocardiographic examination to obtain standardized
morphological and hemodynamic variables for dogs and humans. The longitudinal myocardial
deformation of the left ventricle (LV) was evaluated. The software algorithm automatically
divided the cut plane of the short and long axes of the left ventricle into 7 segments, involving the
interventricular septum, the free wall and the apex, for tracking points in the myocardium
(speckles). The maximum values of the radial strain (ST) and strain rate (SR) profiles in the
longitudinal peak systolic were referenced using seven curves, and the mean values were
calculated to characterize the global ST and SR during the left ventricular systolic peak. In all, 17
myocardial segments were analyzed for each specimen, and the mean values, together with the
parameters obtained by the echocardiographic examination, were used for statistical analysis.
Among the analyzed cardiac levels, the basal one showed the highest mean value of -14.8,
followed by the medial one with -16, followed by the apical one with -17.8. Among the basal level,
the lower segment (INF) had the highest mean value, with -13.4; at the medial level, the highest
mean value was found in the anterior segment (ANT), with a value of -14.5; in the apical one, the
highest value was found in the anterosuperior segment (ANT-SUP), with a value of -16.8. Among
the segments, the one with the highest mean value was found in ANT, with a mean of -15.5,
followed by INF, with a mean value of -15.8.

Discussion: General echocardiographic evaluations showed that there is a profile of diastolic
dysfunction in basal segments of the left ventricle for patients infected with parasites of canine
visceral leishmaniasis, the same segments reaffirmed by the study of myocardial deformation

using speckle tracking. The segmental evaluation of the left ventricle due to the presence of
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myocarditis showed findings of low prevalence of inflammatory infiltrates, concentrated in the
septal apical region. However, they suggest the presence of myocardial alterations in LV as being
common in dogs with CVL. Segmental analysis in the LV longitudinal axis showed regional
(apical 3-chamber and 4-chamber) and global myocardial deformity, with greater numerical
variation in the basal segments. Studies in patients with chronic heart disease secondary to
protozoan infections have shown that deformities in basal segments have a strong diagnostic value
for myocardial fibrosis and myocarditis. The autoimmune process explains the presence of
microscopic lesions even in the absence of the parasite in the cardiac tissue, but it does not explain
the predilection of the basal areas for the occurrence of fibrosis. New studies evaluating in parallel
the presence of myocardial inflammation and the behavior of these cytokines circulating in target
organs with immunological activity are indicated to confirm the immune response present in the
myocardium of dogs affected by CVL.

Keywords: infectious diseases, diagnostic imaging, cardiology, dogs, cardiac deformation.

INTRODUCTION

Visceral leishmaniasis (VL) is an infectious disease caused by protozoa that invade cells
of the mononuclear phagocytic system of humans and animals [22,36]. From an epidemiological
point of view, the dog is the most important reservoir and risk factor for the occurrence of VL in
other species [5].

Cardiac parasitism by VL is a reality [3,7]. Reports of morphological changes in affected
dogs and humans pointed to the same clinical and histopathological evidence of myocarditis
[18,25].

The use of imaging tests to identify cardiac alterations is not widely established, however,
some techniques can assess cardiovascular co-involvement related to the presence of the parasite,
such as echocardiography [36]. Left ventricular dysfunctions have been reported in patients with

CVL and have been detected in dogs with myocarditis [9,28]. Other studies performed in humans
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with myocarditis showed pleural effusion, increased thickness of the interventricular septum and
the posterior wall of the left ventricle (LV), as well as a reduction in the ejection fraction [32].

The incorporation of advanced features to echocardiography, such as strain by speackle
tracking, allows to refine the analysis of ventricular function, enabling the assessment of clinical
indices of regional and global myocardial deformation [2,10]. The analysis of cardiac alterations
induced by canine visceral leishmaniasis is limited and deserves further investigation using
advanced echocardiographic techniques.

The aim of this study was to evaluate the segmental function of the left ventricle of dogs
naturally infected with canine visceral leishmaniasis by evaluating the myocardial deformity using
the speckle tracking strain method.

MATERIALS AND METHODS

This study was carried out at the Specialized Veterinary Diagnosis Nucleus (NUDIVE) of
the Federal University of Piaui at the Surveillance Unit in Zoonoses (SUZ) of Teresina-PI. The
research was previously approved by the ethics committee of the Teresina Municipal Health
Foundation through a declaration of authorization from the co-participating institution for access
to the CCZ and donation of animals to the project, as well as being approved by the Ethics
Committee on the Use of Animals (CEUA/UFPI) with registration No. 378/17, following the
precepts of Law No. 11.794, of October 8, 2008, of Decree No. 6.899, of July 15, 2009, and with
rules published by the National Council of Control of the Animal Experimentation (CONCEA).

Seventeen (17) adult dogs (1 to 10 years old), weighing between 5 and 15 kg, were
collected by the CCZ of mixed breed (MB) with positive serological diagnosis for CVL
recommended by the diagnostic methods of the Ministry of Health and used by the CCZ. The
animals selected for the research presented a positive diagnosis (seropositivity) for visceral
leishmaniasis established by the Ministry of Health, which uses the rapid immunochromatographic

test (RIT®) as a screening test and the serological test Indirect Enzyme-linked Immunosorbent
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Assay (ELISA) as confirmation. In addition, amastigote forms were detected in smears of slides
obtained by parasitological examination of bone marrow puncture and lymph node aspirates using
the latter as the gold standard for detecting the disease.

Subsequently, dogs with a positive serological and parasitological diagnosis for visceral
leishmaniasis underwent transthoracic echocardiographic examination using a Philips CX50
Compactxtreme Portable Ultrasound Machine-System associated with the S5-1 cardiac sectorial
transducer, making echocardiographic images. An access in right and left parasternal window was
located between the third and sixth intercostal space, applying coupling gel! in this thoracic area
to assess cardiac structure and functioning. For this, the animals were previously subjected to
trichotomy in the thoracic region and placed in lateral decubitus under a table. The technique
consists of two-dimensional (B mode) and one-dimensional (M mode) visualization of the heart
triggered by different positions of the transducer (in a ventral approach to the chest) in contact
with echocardiographic windows, plus a conductive gel.

A portable ultrasound device? (M-Turbo) associated with a sectorial transducer (5.0 MHz)
was used, producing echocardiographic images (Figure 1). Echocardiographic examination and
standard measurements were performed according to previously established protocols for non-
human primates and humans. In the right parasternal projection, measurements were taken of the
free wall of the left ventricle and the interventricular septal thickness in diastole and systole
(LVFWd, LVFWs, IVSTd, IVSTs), the left ventricular end-diastolic and end-systolic diameter
(LVDd and LVDs), 2D aortic root diameter (Ao) and left atrium (LA). Shortening fraction (FS)
and ejection fraction (EF — Teichholz method) were calculated. In addition, measurements were
made of the end diastolic ratio between the aorta and the left atrium (LA/Ao), pulmonary artery
flow velocity (Pmax) and the right branch of pulmonary artery distensibility index (RBPADI) by

the M mode in the pulmonary plane.
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In the left parasternal window, through the apical four-chamber view, peak aortic velocity
(AV), isovolumetric relaxation time (IVRT), mitral initial diastolic flow (E wave) (Figure 2),
mitral late diastolic flow (A wave) were calculated, E/IVRT ratio, mitral annular movement
(MAM) and systolic excursion of the tricuspid annulus plane (SETAP). Pulsed Tissue Doppler
(PTD) imaging was performed in the left ventricle (E’ and A’ waves) and right ventricle (E’RV
and A’RV) (Figure 3). Heart rate (HR) was obtained from pulmonary artery Doppler tracking. The
flow assessment of the mitral, tricuspid, aortic and pulmonar valves, as well as the great vessels,
was performed using color and spectral Doppler in each individual valve. The dimension of the
2D sector was adjusted to improve image quality and calibrate the color gain to demonstrate the
excellent filling of the investigated chambers and vessels. The highest pulse repetition frequency
(PRF) was used to avoid aliasing signals in normal flows.

To obtain cardiac strain values, a Philips Portable Ultrasound Machine-System® (CX50
Compactxtreme) was used and the ACMQA.I (Automatic Cardiac Movement Quantification)
software was used to analyze the longitudinal myocardial strain of the left ventricle. After
conventional echocardiographic examination, the left and right parasternal windows for video
acquisition were evaluated at a frame rate of 70 to 110 frames/s, as previously described for
humans [1]. The left parasternal window was used to assess the longitudinal axis of the left
ventricle (2 chambers, 3 chambers and 4 apical chambers) (Figure 4).

The endocardial borders of the left ventricle were manually tracked at the end of diastole.
In each section plane, a region of interest was automatically delineated from the endocardial
border. The software algorithm automatically divided the cut plane of the short and long axes of
the left ventricle into 7 segments, involving the interventricular septum, the free wall and the apex,
for tracking points in the myocardium (speckles). The search for points was carried out frame by
frame, generating a score that represents the tracking reliability, ranging from poor to excellent,

based on blocks that correspond to the algorithm.
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Six longitudinal profiles of ST (strain rate) and SS (strain speed) values were obtained,
corresponding to the average of the values for each segment. The maximum values of the radial
profiles of ST and SS at the longitudinal systolic peak were referenced using seven curves, and the
mean values were calculated to characterize the global ST and SS during the left ventricular
systolic peak. Myocardial synchronism was evaluated according to the difference between the
initial and final moment of the systolic peak. In all, 17 myocardial segments were analyzed for
each specimen, and the mean values, together with the parameters obtained by the
echocardiographic examination, were used for statistical analysis. During all echocardiographic
examinations, the animals were kept under continuous electrocardiographic monitoring coupled
with ultrasound equipment.

R software version 3.5.3 was used to analyze the survey data. The analyzed variables are
presented in tables containing mean, standard deviation (SD), coefficient of variation (CV). The
Shapiro-Wilk test was used to verify the normality of the variables, with a significance level of
0.05. The 95% confidence interval for the mean was constructed for normal variables, when the
test found strong evidence against the normality hypothesis, the confidence interval via bootstrap
with 95% confidence was used. To verify the correlation between variables, Pearson's linear
correlation was used.

In order to analyze the coverage, through the reference interval (RI), of the confidence
interval (95% CI) for the estimated mean, the calculation of the percentage of coverage was used,
which is given by Cov% = 100 % (Lenl +~ LenlC95%), where Lenl is the length of the interval
generated from the intersection between the reference interval and the confidence interval, and
LenIC95% is the length of the confidence interval.

For the CV classification, the one by Pimentel Gomes (1985) [31] was considered, which
proposed as follows: low, when less than 10%; medium, between 10 and 20%; high, when between

20 and 30%; and very high, when they are above 30%.
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RESULTS

In Table 1, it is observed through the coefficient of variation (CV) that the variables related
to cardiac parameters measured by the echocardiographic examination of dogs with visceral
leishmaniasis present homogeneity classified between medium and high, all with normal
distribution according to the Shapiro-Wilk test (except for the variables LA/Ao and IVRT). Note
that the 95% confidence interval (CI) of the Right Ventricular Tissue Doppler parameter (RVTD)
A’ is poorly covered by the reference interval (8.1%), indicating an abnormality trend for this
parameter; the average of 12.53 cm/s is above the upper limit of the reference range. Regarding
the variables that only have a reference point, it can be noted that they all belong to the 95%
confidence interval, as is the case for the variable weight, with an RI value of 9 kg €95% CI [8.56
kg - 10.27 kg]. Regarding systolic function activities, all parameters are within normal limits. The
lowest percentage of coverage is 61.8% in the fractional shortening variable (Fshort%); all means
are within the reference range (Table 2).

Regarding the activity of the diastolic function, the parameters E:E’ and Vel A' sep are
highlighted, whose mean values are outside the reference range and whose coverage percentages
are, respectively, 40.9% and 22.2%, indicating an abnormality trend in these variables; the other
parameters are within the normal range (Table 3).

The strain results show that the parameters AP3, AP4 and Strain are outside the normal
range with 0% coverage, with their respective means outside the RI and higher than their respective
upper normal limits. The same can be seen with the fractional ejection (FE) variable, which is
outside the reference limit, with an average lower than the lower limit of normality. Regarding the
SV variable of time that only have a reference point, it can be observed that the point belongs to

the 95% confidence interval (Table 4).
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In Table 5, it is observed that among the analyzed levels, the basal has the highest mean
value of -14.8, followed by the medial with -16, followed by the apical with -17.8. Among the
basal level, the INF segment has the highest mean value, with -13.4; at the medial level, the highest
mean value is found in the ANT segment, with a value of -14.5; in the apical, the highest value is
found in the ANT-SEPT segment with a value of -16.8. Among the segments, the one with the
highest mean value was found in ANT, with a mean of -15.5, followed by INF, with a mean value
of -15.8.

Table 6 shows that only the variables VDF (ml) (S) and VSF (ml) (S) had significant
correlations with AP2 Global, with values of 0.483 and 0.632, respectively; and only E:IVRT (D)

had a significant correlation with AP4 Global, with a value of 0.512.

DISCUSSION

The present study deals with an approach of the echocardiographic parameters most
frequently found in canines with positivity for the parasite that causes canine visceral
leishmaniasis. Other studies carried out in dogs with CVL have demonstrated cardiovascular
involvement in animals that have symptoms and parasitology for the disease [3,18,37,38,40]. In
human patients, cardiac involvement secondary to Leishmania infantum infection is already an
important factor to be taken into account in treatments, due to the considerable changes shown in
the echocardiographic exams of these patients, which include reports of arrhythmias and
pericardial effusion [23,26,35].

The presence of sinus arrhythmias has been one of the most frequent findings in patients
with CVL [38], however the electrocardiographic examination is limited to the conclusion of
existing myocardial alterations, which should be associated with imaging and morphological

examinations. The echocardiogram, in turn, detects morphofunctional and blood flow changes



671

672

673

674

675

676

677

678

679

680

681

682

683

684

685

686

687

688

689

690

691

692

693

694

695

41

[13], including segmental changes in the myocardial wall, thanks to the Tissue Doppler method
for evaluating deformity or strain by demarcating points or speckles [8].

In the animals analyzed in this study, it was found that the echocardiographic variables
LA/Ao and IVRT had an abnormal distribution, with some animals with values outside the
reference range, the average being close to the maximum limits established in the literature for
healthy dogs. The increase in the left atrial dimension is one of the first indicators of cardiac
remodeling secondary to valve diseases with mitral regurgitation, diastolic dysfunction or even the
degree of fibrous tissue deposition leading to a reduction in myocardial compliance [21]. These
dysfunctional characteristics may reflect the increase in IVRT, leading to losses in the myocardial
relaxation phase due to the influences caused by pressure gradients at the time of aortic valve
closure and mitral opening [11].

Diastolic dysfunction (DD) is the increase in impedance to ventricular filling and is
associated with many structural or functional cardiac disorders, both external and internal. In
parasitic diseases, damage to the myocardium and consequently functional changes that coincide
with DD have been reported [34]. The dogs parasitized with Leishmania chagasi in the experiment
presented an expressive frequency of DD, and of these, most are in stage II or pseudonormalized
stage, where there are signs of increased left atrial pressure.

In this situation there is impairment of myocardial relaxation but with preserved
compliance added to atrial pressure increase [26]. In studies carried out in dogs with Trypanosoma
cruzi protozoa, diastolic dysfunction was one of the most reported alterations, being further
justified by the histopathological results of the myocardium that revealed the intense cardiac
fibrosis in the basal walls, consequent to myocarditis due to the chronic infection of the parasite,
triggering damage to the myocardial fibers [30,34].

The parameters that reinforced the diastolic dysfunction present in the research animals are

the E:E’ ratio and the A’ velocity measured by tissue Doppler of the septal wall, which presented
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mean results greater than the reference interval for healthy dogs. In a study carried out with the
aim of exploring the diagnostic value of tissue Doppler in determining diastolic dysfunction and
differentiating the normal group from the pseudonormal group, it was observed that the parameters
with the highest diagnostic sensitivity and specificity were the ratio cutoff points E/E™12.34 and
A™>7.6 cm/s [14].

Doppler echocardiography provides safe, non-invasive access to left ventricular filling
patterns. The E/E' and A' ratio variables have a strong correlation with the invasively measured
values, representing a great advance for veterinary cardiology because most patients for whom the
estimation of this pressure is necessary to determine their prognosis have decompensated heart
disease, presenting great anesthetic risk, making it impossible to carry out invasive procedures,
such as the implantation of catheters, to measure ventricular pressure [6].

On the other hand, the systolic function of animals positive for visceral leishmaniasis was
preserved with parameters within the reference values for healthy dogs. In a study to assess systolic
function by ejection fraction and shortening fraction, the 'Leishvet working group' detected that
animals without treatment and positive for the disease, maintained preserved systolic function,
with alterations in hyperdynamic contraction or dysfunction only mediated by different therapeutic
protocols for the disease [4].

Cardiac systolic function is closely related to fractional shortening measured by
longitudinal strain. This relationship was demonstrated experimentally by Weideman et al. (2002)
[41] and in previous clinical studies by Reant et al. (2012) [33], Hayat et al. (2012) [12] and Kleijn
et al. (2012) [15]. These authors also found a good correlation, especially with the measurement
of the global strain area using three-dimensional speckles tracking echocardiography (r = 0.81-
0.91). However, according to the longitudinal strain, systolic dysfunction observed in dogs with
visceral leishmaniasis, this change combined with diastolic dysfunction, suggests myocardial

impairment, interfering in the muscle reaction to contraction and relaxation in a cardiac cycle.
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The segmental analysis in the longitudinal axis of the left ventricle in the research
demonstrates regional (apical 3-chamber and apical 4-chamber) and global myocardial deformity,
with greater numerical variation in the basal segments, specifically the lower one. Studies in
chronic patients for heart diseases secondary to protozoan infections have shown that deformities
in basal segments (inferolateral and mediobasal) have a strong diagnostic value for myocardial
fibrosis and myocarditis; the autoimmune process explains the presence of microscopic lesions
even in the absence of the parasite in the cardiac tissue, but it does not explain the predilection of
basal areas for the occurrence of fibrosis [17,24,42].

While systolic dysfunction was evidenced only in the segmental analysis, diastolic
dysfunction was emphasized on basic parameters of the echocardiogram and segmental parameters
by analyzing the longitudinal strain of the left ventricle. In addition, the E/IVRT ratio was
significantly correlated with the 4-chamber global strain, reinforcing its contribution to defining
diastolic function [20]. However, no significant relationship was observed between patients with
leishmaniasis and the presence of valvulopathies and/or pulmonary hypertension. Agreeing with
other researchers who analyzed the prevalence of pulmonary hypertension [29] and valvulopathies
[37] in patients with chronic CVL.

CONCLUSION

The research demonstrates through general echocardiographic assessments that there is a
profile of diastolic dysfunction in basal segments of the left ventricle for patients infected with
parasites of canine visceral leishmaniasis. However, it would be important that this statement can
be supported by an invasive histopathological analysis in the segments indicated by the
longitudinal strain with greater myocardial fiber deformity, detecting, in addition to

microstructural changes, the presence of parasites in these segments.
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Figures

Figure 1. Echocardiographic board with two-dimensional (2D) M mode images of dogs with
canine visceral leishmaniasis. (A) Two-dimensional short axis image in the right parasternal
window. (B) The M mode was used to measure the interventricular septal wall, left ventricular
wall, left ventricular internal dimensions, and ejection and shortening fractions by the Teichholz
method. (C) The two-dimensional right short axis plane at the base of the heart used to measure
the LA/Ao ratio. (D) The M mode was used to measure the distensibility of the right branch of the

pulmonary artery. (E) Apical 4-chamber plane and (F) apical 5-chamber plane.

Figure 2. Board with Doppler echocardiographic images obtained from dogs with canine visceral
leishmaniasis. (A) Pulse Doppler evaluation of the pulmonary flow velocity curves and (B) aortic
flow. (C) Evaluation of pulsed Doppler inflow of the mitral valve showing early diastolic mitral

inflow and late diastolic mitral inflow.

Figure 3. Board with Pulsed Tissue Doppler (PTD) echocardiographic images of dogs with canine
visceral leishmaniasis. (A) 4-chamber apical PTD, showing the septal mitral annulus and the left

ventricular free wall (C). (B) Myocardial velocity curve of the tricuspid annulus.

Figure 4. Echocardiographic examination board showing the longitudinal strain of the left ventricle
(LV) in dogs with canine visceral leishmaniasis. Global deformation was acquired by summing
the cardiac cycle in three apical planes obtained from the LV: two chambers / AP2 (A), three
chambers / AP3 (B) and four chambers / AP4 (C). The software algorithm automatically separates
the LV apical plane into 7 myocardial segments to include the interventricular septum and LV free
wall. The screening approval of each individual myocardial segment is displayed on the screen.

At the end, the global longitudinal strain (D) is obtained.
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Tables

Tabela 1. Cardiac parameters of dogs naturally affected with visceral leishmaniasis used in the

research

Table 2. Systolic function parameters of dogs naturally affected with visceral leishmaniasis

Table 3. Diastolic function parameters of dogs naturally affected with visceral leishmaniasis

Table 4. Longitudinal Strain result of the left ventricle of dogs naturally affected by CVL.

Table 5. Average Strain per level.

Table 6. Pearson correlation between strain measurement parameters and systolic, diastolic and

strain parameters.
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TABELA 1

Variable Average SV Ccv RI 95% CI Cov% p value
Weight (kg) 9.41 1.66 0.18 9 8.56 -10.27 - <0.001*
LA/Ao 1.49 0.28 0.19 0.98-1.70 1.37-1.63 100 0.014*
RVTD A’ (cm/s) 12.53 2.87 0.23 3.00-11.3 11.06 - 14.01 8.1 0.927
RVTD E' (cm/s) 12.16 3.19 0.26 580-17.1 10.52-13.8 100 0.320
LVTD sep A" (cm/s) 8.19 2.06 0.25 0.80-10.6 7.13 -9.24 100 0.554
LVTD sep E' (cm/s) 7.81 2.09 0.27 3.20-14.7 6,74 - 8.89 100 0.165
E/A 1.66 0.43 0.26 0.92-2.72 1.44-1.88 100 0.952
HR (bpm) 113.82 24.69 0.22 52.0-171 101.13 -126.52 100 0.836
FE% 68.22 8.34 0.12 64.9-76.9 63.93-72.51 88,7 0.072
Fshort% 37.28 6.29 0.17 36.0 - 40.0 34.04 - 40.51 61,8 0.082
RBPADI % 38.51 9.61 0.25 29.1-46.8 33.57 -43.45 100 0.509
LVIDd (cm) 3.11 0.54 0.17 240 -3.40 2.83-3.39 100 0.123
LVIDNd 1.61 0.26 0.16 1.7 1.48-1.75 - 0.471
LVIDNs 0.99 0.18 0.18 <1.70 0.9-1.09 100 0.597
LVIDs (cm) 1.95 0.38 0.19 1.4-2.5 1.76 - 2.14 100 0.116
IVRT (ms) 61.82 10.65 0.17 41-65 56.53 - 66.65 83,7 0.021*
Va (cm/s) 125.78 16.26 0.13 92-188 117.42 - 134.14 100 0.237
Ve (cm/s) 91.64 18.23 0.2 58-117 82.27 -101.01 100 0.787
Vp (cm/s) 106.28 20.32 0.19 50-150 95.83 -116.72 100 0.805
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TABELA 2
Variable Average SV Ccv RI 95% CI Cov% Pvalue
FE% 68.22 8.34 0.12 64.9-76.9 63.93-72.51 88,7 0.076
Fshort% 37.28 6.29 0.17 36.0-40 34.04-40.51 61,8 0.082
Vcf 8.32 6.07 0.73 - 59-11.18 - 0.043*
VDF (ml) 39.90 17.13 0.43 28.5-62.9 32.38-48.33 100 0.035*
VSF (ml) 12.69 6.11 0.48 0.44-221 9.55-15.83 100 0.057
TABELA 3
Variable Average SV Ccv RI 95% CI Cov% p value
E:A 1.7 0.4 0.3 0.98-1.70 1.44 -1.8¢ 59.0 0.952
E:E' 12.3 3.6 0.3 8.90-12.0 10.48 - 14. 40.9 0.158
E:IVRT 1.6 0.6 0.4 1.12-1.80 1.31-1.8¢ 86.0 0.004*
IVRT (ms) 61.8 10.6 0.2 41.0 - 65.0 56.65 - 66.f 84,0 0.021*
Vel. A" sep (cm/s) 8.2 2.1 0.3 3.60-7.60 7.13 - 9.24 22.2 0.554
Vel. E (cm/s) 91.6 18.2 0.2 58.0-117.0 82.27-101, 100 0.787
Vel. E' sep (cm/s) 7.8 2.1 0.3 5.70-13.2 6.74 - 8.8¢ 100 0.165
TABELA 4
Variable Average Y Ccv RI 95% CI Cov% Pvalue
AP2 -16.0 2.8 -0.2 [-20.0;-15.6] [-17.4;-14.5] 62.1 0.400
AP3 -16.2 3.3 -0.2 [-20.0;-18.8] [-17.9;-14,5] 0 0.373
AP4 -17.1 2.7 -0.2 [-20.0;-18.9] [-18.5;-15.7] 0 0.850
STRAIN -16.4 2.2 -0.1 [-20.0;-17.8] [-17.6;-15.3] 0 0.126
HR 125.1 30.9 0.2 52-171 109.2 - 141 100 0.186
VDF 27.2 8.4 0.3 44 - 60 229-31.6 100 0.117
VSF 13.9 5.0 0.4 14 -26 11.4-16.5 49 0.496
FE 49.5 5.7 0.1 53-69 46.6 - 52.5 0 0.144
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SV time 22.2 15.2 0.7 15.5 14.4 - 30 - 0.066
TABELA 5
Levels
Segments Average (line)
Basal Medial Apical
ANT -14.9 -14.5 -17.1 -15.5
ANT-LAT -15.3 -15.5 -18.2 -16.3
ANT-SEPT -14.5 -17.1 -16.8 -16.1
INF -13.4 -16.0 -18.0 -15.8
INF-LAT -16.0 -16.0 -17.2 -16.4
INF-SEPT -14.5 -17.0 -19.4 -17.0
APICAL - - - -18.1
Average
(column) -14.8 -16.0 -17.8 -16.3
TABELA 6
AP2 AP3 AP4 Strain
Parameters Global Global Global Global
FE% (S) -0.428 0.032 -0.131 -0.212
Fshort% (S) -0,401 0.028 -0.119 -0.199
Vef (S) -0.220 0.013 -0.106 -0.103
VDF (ml) (S) 0.483* 0.030 0.211 0.294
VSF (ml) (S) 0.632* 0.013 0.292 0.386
E:A (D) 0.092 -0.141 0.284 0.092
IVRT (ms) (D) -0.159 0.266 -0.474 -0.139
Vel E (cm/s) (D) 0.198 -0.019 0.416 0.249
E:IVRT (D) 0.250 -0.071 0.512* 0.281
Vel. E' sep (cm/s) (D) -0.079 0.000 0.059 -0.004



Vel. A’ sep (cm/s) (D)
E:E’ (D)

HR (ST)

VDF (ST)

VSF (ST)

FE (ST)

SV (ST)

0.147

0.236

0.280

0.412

0.386

-0.166

-0.057

0.197

0.023

-0.308

0.089

0.142

-0.273

0.010

0.100

0.292

0.403

0.224

0.289

-0.392

0.010

0.188

0.234

0.114

0.289

0.335

-0.371

0.014
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4. CAPITULO II*

* Artigo elaborado de acordo com as normas do periddico “Acta Scientiae Veterinariae” (Qualis

B1, Fator de impacto: 0,222).
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ABSTRACT
Background: Canine visceral leishmaniasis (CVL) is caused by trypanosomatid protozoan
etiological agents of the genus Leishmania spp. Histopathological lesions attributed to CVL
include inflammatory infiltrates and tissue deposition of immune complexes. Cardiac
involvement in patients with CVL is questionable due to the lack of scientific research that

deepens the relationship of the parasite with the organ, so far Leishmania (1.) chagasi have been
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detected in cardiac tissue in low concentrations, not knowing for sure if the changes found were
due to the direct action of Leishmania sp. or by response to systemic infection.

Material, Methods & Results: The research was conducted at the Center for Specialized
Veterinary Imaging Diagnostics (NUDIVE), at the Federal University of Piaui, in partnership
with the Surveillance Unit in Zoonoses (SUZ) in Teresina — PI. Ten dogs with a confirmatory
diagnosis for visceral leishmaniasis were used. Tissues removed from animals after euthanasia
were fixed and submitted to histological processing to make slides for analysis by a pathologist.
After euthanasia, the heart was dissected, thus obtaining access to the endocardium of the right
and left ventricles. Seven segments were collected from the following regions of the left
ventricle: basal free wall, basal septal, mid free wall, mid septal, apical free wall, apical septal
and mid apical. The fragments were kept in containers containing 10% formaldehyde buffered
with phosphates at pH 7.6 for 24 to 48 hours, to be later submitted to histopathology techniques.
Tissues previously fixed in 10% buffered formaldehyde were submitted to histological
processing and stained in Hematoxylin-Eosin. The prepared slides were analyzed under an
optical microscope and photomicrographic images were documented with the aid of a
photomicroscope. Leukocyte infiltrates were observed in at least 32 (46%) of the myocardial
segments of the animals, however, most (54%) did not demonstrate histopathological changes
consistent with an inflammatory process. Among the 46% of segments with detection of
myocarditis, only the mild (34%) and moderate (12%) categories of alteration were observed.
The assessment of the prevalence of myocarditis by myocardial segment of the left ventricle
revealed that the apical septal segment has 60% of the animals having myocarditis. In assessing
the prevalence of myocarditis per animal analyzed, it was observed that at least 4 animals had
more than 50% of the segments affected by inflammatory infiltrate, and two of these had mild

myocarditis in all segments.
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Discussion: The segmental evaluation of the left ventricle due to the presence of myocarditis
showed findings of low prevalence of inflammatory infiltrates, concentrated in the septal apical
region. However, they suggest the presence of myocardial alterations in the left ventricle as being
common in dogs with CVL. New studies evaluating in parallel the presence of myocardial
inflammation and the behavior of these cytokines circulating in target organs with immunological
activity are indicated to confirm the immune response present in the myocardium of dogs affected
by CVL.

Keywords: Cardiology, histopathology, parasitic diseases, internal medicine

INTRODUCTION

Canine visceral leishmaniasis (CVL) is caused by trypanosomatids of the genus
Leishmania spp. [3]. Histopathological lesions attributed to CVL include inflammatory infiltrates
and tissue deposition of immune complexes. Researchers have found cardiac involvement by
identifying perivascular mononuclear lesions accompanied by an inflammatory infiltrate in the
heart muscle [1].

Cardiac involvement in patients with CVL is questionable due to the lack of scientific
research that deepens the relationship between the parasite and the organ. So far, Leishmania (1.)
chagasi has been detected in cardiac tissue at low concentrations, not knowing for sure whether
the alterations found were due to its direct action or to a response to systemic infection. On the
other hand, some authors report the absence of cardiac involvement, while others refer to a
nonspecific reactivity of the heart to the infectious process, not supporting an inherent
pathogenesis [5,9].

Among the cardiac alterations already described in the literature, the development of an
inflammatory process in the myocardium cells or myocarditis is among the most common, which
can aggravate the injured segment to cell necrosis or degeneration. Also noteworthy are other

cardiac changes reported less frequently, which are anatomical, histological,
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electrocardiographic and echocardiographic [4,6]. There have also been reports of the presence
of edema of the endocardium, myocardium and epicardium, lymphomonocytes in the
myocardium and epicardium, and mild fibrosis and necrosis observed in humans with
leishmaniasis [11].
The objective of this study was to evaluate the prevalence of myocarditis in segments of the
left ventricle of dogs infected with leishmaniasis.
METHODS

This study was carried out at the Specialized Veterinary Diagnosis Nucleus (NUDIVE)
of the Federal University of Piaui at the Surveillance Unit in Zoonoses (SUZ) of Teresina — PI.

Ten (10) adult dogs (1 to 10 years old), weighing between 5 and 15 kg, were collected
by the CCZ of mixed breed (SRD) with positive serological diagnosis for CVL recommended by
the diagnostic methods of the Ministry of Health and used by the CCZ. The animals selected for
the research presented a positive diagnosis (seropositivity) for visceral leishmaniasis established
by the Ministry of Health, which uses the rapid immunochromatographic test' (RIT®) as a
screening test and the serological test Indirect Enzyme-linked Immunosorbent Assay (ELISA) as
confirmation. In addition, amastigote forms were detected in smears of slides obtained by
parasitological examination of bone marrow puncture and lymph node aspirates using the latter
as the gold standard for detecting the disease.

Dogs identified as positive for visceral leishmaniasis after outpatient procedures were
euthanized by the CCZ team of researchers and veterinarians, in accordance with the health
policy adopted by the Ministry of Health, according to Interministerial Ordinance 1426 of July
11, 2008. After confirming the death due to the absence of cardiac parameters in the animals, the
fixation of the organs will proceed, through the arterial infusion of a 10% buffered aqueous

formaldehyde solution.
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The heart, after being exteriorized from the thoracic cavity, was dissected in its
transverse direction from a single incision made at the level of the tendinous chords of the
atrioventricular valves, thus obtaining access to the endocardium of the right and left ventricles.
Seven segments were collected from the following regions of the left ventricle: basal free wall,
basal septal, mid free wall, mid septal, apical free wall, apical septal and mid apical. The
fragments will be kept in containers containing 10% formaldehyde buffered with phosphates at
pH 7.6 for 24 to 48 hours, to be subsequently submitted to histopathology techniques.

Histopathology was developed in partnership with the University Hospital of UFPL.
Tissues previously fixed in 10% buffered formaldehyde were submitted to histological
processing and stained in Hematoxylin-Eosin. This procedure started with tissue dehydration
with subsequent 30-minute immersions in increasing concentrations of ethyl alcohol® 70%, 80%,
90% and 100% (twice). After this step, the samples were cleared or clarified in two consecutive
baths containing Xylol PA solution® for 30 minutes each. Subsequently, the biological material
was subjected to two immersions of 30 minutes each in liquid Histological Paraffin* kept in an
oven at 60°C. After immersion in paraffin, the organs were embedded in cubes in histological
paraffin medium.

The blocks made were subjected to sequential cuts of Sum in thickness in a Microtome
RM2235% poured onto frosted glass slides to start staining. The slides, first, remained about 10
min in an oven at 60°C for deparaffinization, which was completed after two consecutive baths
of 5 minutes each in a solution containing Xylol PA®. Tissue rehydration was performed through
a sequence of 3-minute baths of the slides in decreasing solutions of Ethyl Alcohol® 100% (three
times), 90%, 80% and 70%, ending the hydration with a bath of 10 minutes under running water.
Thus, the tissue was immersed in Hematoxylin for 45 seconds, followed by washing in running
water for 5 minutes, until removal of excess staining. Subsequently, the sections were stained

with eosin for 30 seconds. Then, they were submitted to 5-minute baths in Ethyl Alcohol' 100%
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and 70%, followed by two baths in Xylol PA® for 5 minutes each. Finally, the slides were
mounted on a cover slip with the aid of Enterlan®. The prepared slides were analyzed under an
Optical Microscope® and photomicrographic images were documented with the aid of a

Photomicroscope® (Eclipse E200).

RESULTS

Leukocyte infiltrates were observed in 32 (46%) of the myocardial segments of dogs
with leishmaniasis in the experiment, on the other hand, most (54%) of the analyzed segments
did not show histopathological changes consistent with an inflammatory process (Table 1).
Among the 46% of segments with detection of myocarditis, only the mild (34%) and moderate
(12%) categories of alteration were observed, excluding the presence of samples of intense
degree, as shown in Table 1.

In the mild inflammatory process, there is the presence of an infiltrate of focal
lymphocytic and histiocytic cells, classifying it as lymphohistiocytic myocarditis. The
appearance of plasmocytes in the lymphohistitic set constitutes a moderate classification of
myocarditis (Figure 1). There were no samples with a higher category of cell groups in the same
infiltrate, or presenting tissue microhemorrhages, therefore, myocarditis of important category
was not detected in the segments of dogs analyzed.

The assessment of the prevalence of myocarditis by myocardial segment of the left
ventricle revealed that the apical septal segment has 60% of the animals having myocarditis. Of
these, 50% were classified as mild myocarditis and 10% as moderate myocarditis (Table 2).

In assessing the prevalence of myocarditis per animal analyzed, it was observed that at
least 4 animals had more than 50% of the segments affected by inflammatory infiltrate, and two
of these had mild myocarditis in all segments (Table 3).

DISCUSSION
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Myocarditis or inflammatory process in myocardial cells is among the most common
histopathological consequences of patients naturally affected by visceral leishmaniasis [4,6]. The
studies do not provide details on the regions of myocardial tissue that have the most prevalence
of myocarditis, between atrial and ventricular, however, in the individual assessment of left
ventricular segments of dogs naturally affected by CVL, in about 50% of the samples, it was
possible to observe the presence of an inflammatory infiltrate of the lymphohistiocytic type.
Histopathological evaluation only in a specific region may have interfered in the affirmation of
myocarditis after chronic infection in the disease.

The involvement of the myocardium in patients with CVL is questionable due to the
lack of studies that deepen the relationship of the parasite with the organ, so far Leishmania (1.)
chagasi have been detected in cardiac tissue in low concentrations, not knowing for sure whether
the changes found were given by direct action of Leishmania sp. or by the response to systemic
infection [17]. Some authors report the absence of cardiac involvement, while others refer to a
nonspecific reactivity of the heart to the infectious process, not supporting an inherent
pathogenesis [9,5,16]. The lymphohistiocytic infiltrate may be related to the tissue reaction
caused by the disease, as well as other comorbidities present in the history of patients at a
zoonoses unit, which in short can present cross infections. However, the literature indicates that
among the tissue damage most frequently caused by leishmaniasis in patients is the inflammatory
infiltrate of lymphocytes, histiocytes and plasma cells [1,7,8,14,16], same cells detected in the
myocarditis infiltrates of the experiment.

Some researchers, when studying dogs from Teresina-Piaui, detected other tissue
lesions, such as fatty infiltration and fragmentation of muscle fibers, in addition to areas of
myocardial necrosis and perivascular and intermuscular lymphoplasmacytic infiltration
(ALVES, 2010). These were not detected in the analyzed ventricular segments of the animals in

the experiment, as well as amastigote forms in the tissues of the cardiac samples. The latter were
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detected by Rosa (2014) in 90% of the dogs in his study, with a higher prevalence in the
endocardial and epicardial regions of the 30 animals.

The cardiac manifestation of lesions secondary to the parasitemia of Leishmanias sp. is
considered a rare event, seen in conditions of high parasite load [18]. In the present investigation,
despite the low degree of degeneration and inflammatory reaction of myocytes, the parasite load
and mild inflammatory response that affected a small portion of the cardiac tissue were probably
insufficient to produce macroscopic and clinical changes, altering myocardial function. These
results differ from the intense cardiac involvement reported by Lopez-Pefia et al. (2009) [7].

Although mild infiltrate is the most consistent finding, samples with moderate intensity
myocarditis were observed in dogs tested in the present study, while other experiments reported
intensities ranging from mild to moderate [1], moderate to intense [16], intense [7] and mild to
intense [14]. Likewise, there does not seem to be a consensus in the literature about the
predominant location of the infiltrate. Specifically, the myocardium was the predominant site of
infiltration in dogs with CVL, as well as those studied by Alves et al. (2010) [1] and Silva et al.
(2009) [16], although the endocardium and subepicardial regions have also been observed by
other authors [15].

The present study, to the best of our knowledge, is the first to carry out a segmental
assessment of the left ventricle in terms of the presence of myocarditis, being classified by the
grading of the inflammatory infiltrate in dogs with CVL. However, the results did not allow to
identify a pattern of immune response in the myocardium of these dogs, since there was a low
prevalence of myocarditis. A possible explanation for these observations could be that the
assessment is isolated from a single cardiac chamber. Past studies have shown different immune
responses incited in different tissues of dogs with VL, especially those that are considered targets

during the development of the disease, such as spleen, liver, bone marrow, lymph node and skin
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[13], which suggests the need to compare the systemic or compartmentalized response to better
elucidate the changes found in the myocardium.

Among the inter-segmental analysis of the left ventricle of dogs with CVL, there was a
greater inflammatory response in the septal apical segment. Rosa (2014) [15], studying the
macroscopic global cardiac response, observed that changes in the right atrium and ventricle were
the most prevalent, so, in an individual analysis of the left side, it is expected that the changes
comparatively between the free wall and the septal portion are greater in the latter due to the
close relationship with both chambers, including the right.

The results obtained in the present study suggest the presence of myocardial alterations
in the left ventricle as being common in dogs with CVL. New studies evaluating in parallel the
presence of myocardial inflammation and the behavior of these cytokines circulating in target
organs with immunological activity are indicated to confirm the immune response present in the

myocardium of dogs affected by CVL.
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LEGEND

Figures

Figure 1. Photomicrographic image of the myocardial segment of the left ventricle of dogs
naturally affected by visceral leishmaniasis, in different conditions: A- absence of myocarditis;
B- mild myocarditis; C- moderate myocarditis. Black arrow: lymphocytes; blue arrow:

histiocytes; yellow arrow: plasma cells. Bar: 15um. Method: hematoxylin and eosin stain

Tables

Table 1- Prevalence of myocarditis and its classification between mild, moderate and intense in
the analyzed animals.

Table 2 - Prevalence of myocarditis by myocardial segment of the left ventricle in dogs with
visceral leishmaniasis and its classification between mild, moderate and intense.

Table 3 - Prevalence of myocarditis per animal with visceral leishmaniasis and its classification

between mild, moderate and severe.
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321 ANEXO (FIGURAS DO ARTIGO)

322 FIGURA1

323

324
325 ANEXO (TABELAS DO ARTIGO)

326 TABELA1

Classification / Absent Mild Moderate Intense
segments
Total 70 38 24 8 0%
Percentage 100% 54% 34% 12% 0%

327

328 TABELA2

LV Segments No Myocarditis (%) Mild (%) Moderate (%) Intense (%)

Basal Free Wall 70 20 10 0
Basal Septal 60 20 20 0
Mid Free Wall 50 40 10 0
Mid Basal 50 40 10 0
Apical Free Wall 50 40 10 0
Mid Septal 40 50 10 0
Medium Apical 60 30 10 0

329

330

331

332

333

334



335 TABELA3

Animals No myocarditis Mild Moderate Intense

1 100 0 0 0
2 28 28 44 0
3 85 15 0 0
4 15 28 57 0
5 0 100 0 0
6 0 100 0 0
7 85 0 15 0
8 85 15 0 0
9 72 28 0 0
10 85 15 0 0
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5. CONSIDERACOES FINAIS

A avaliagdo ecocardiografica segmentar do ventriculo esquerdo de caes com
leishmaniose visceral seguiu um protocolo de estudo sistematico que permitiu o
estabelecimento de uma analise morfoldgica comparativa de pacientes cronicos para uma
doenga com tropismo por células do sistema imune, porém com relatos de lesdo
miocardica. O exame ecocardiografico mostrou-se de facil realizacao, sendo que todas as
mensuragdes padroes foram passiveis de realizagdo, assim como a realizagdo da ferramenta
strain por speckle tracking para avaliagdao de deformacao miocérdica.

Este foi um estudo pioneiro para a avaliagdo separamente de segmentos do
ventriculo esquerdo, e estudo da influencia destes fragmentos, ja sabendo que a detectcao
de miocardite j4 ¢ constatada por outros autores em estudos similares.

Além das conclusoes ja relatadas no estudo para o comprometimento cardiaco no
ventriculo esquerdo, foi importante a percepgao segmentar de que ha tropismo por alguns
segmentos miocardico de cdes com leishmaniose para a ocorréncia de lesdes funcionais

e/ou histopatoldgicas.
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7. ANEXOS

FM s Prefoitura de
Fundagao Municipal TereSina

de Saude

DECLARAGAO DE AUTORIZAGAO DA INSTITUIGAO COPARTICIPANTE

Declaro estar ciente dos objetivos do Projeto de Pesquisa
“AVALIACAO DA FUNCAO SEGMENTAR CARDIACA DE CAES NATURALMENTE
INFECTADOS COM LEISHMANIOSE VISCERAL: ASPECTOS MORFOLOGICOS E
ECOCARDIOGRAFICOS” e concordo em autorizar a execucdo da mesma nesta
instituico. Esta InstituicBo esta ciente de suas coresponsabilidades como
instituicdo coparticipante do presente Protocolo de Pesquisa, e de seu
compromisso no resguardo da seguranga e bem-estar dos participantes da
pesquisa nela recrutados, dispondo de infraestrutura necessaria para a garantia
de tal segurancga.

A pesquisa s6 tera inicio nesta instituicdo apos apresentagao do
Parecer de Aprovagéo por um Comité de Etica em Experimentagdo Animal.
Autorizo os pesquisadores, FLAVIO RIBEIRO ALVES E ANDREZZA BRAGA
SOARES DA SILVA acesso ao Centro de Zoonoses e a disponibilizagéo de 20
caes que serdo utilizados na pesquisa.

Teresina, 31 de Julho de 2017.

A} Q Mesne Paifts h Can N
Ayla Maria Calixto de Carvalho
Comisséo de Etica em Pesquisa da
Fundagéo Municipal de Satde

Ayla Maria Calixto de Carvalho

Gerente de Acbes Estratégicas
GAEIFMS

-

ﬂ Rua Governador Artur de Vasconcelos, N2 3015
Bairro Aeroporto, Teresina - Pl | OEP: 64002-530 8632137700 | 86 321 70
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