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Resumo

RESUMO

O protozoario Trypanosoma cruzi € o agente etioldgico da doenca de Chagas, uma
doenca parasitaria negligenciada e potencialmente fatal que apresenta grande
importancia para a satde publica de diversos paises. Atualmente, existem sete unidades
discretas de tipagem (DTUs) de T. cruzi classificadas com base em diferentes
marcadores moleculares, sendo Tcl e Tcll os mais importantes do ponto de vista
epidemioldgico. A transmissdo desse protozoario ocorre principalmente por meio dos
triatomineos, no entanto, a relacdo entre o parasito e o vetor ainda é pouco explorada e
alguns estudos relatam efeitos negativos causados pela infeccdo, 0 que ressalta a
importancia de aprofundar a compreensdo dessa interacdo. Assim, objetivou-se: i)
caracterizar citogeneticamente duas importantes cepas de T. cruzi, a saber, Bolivia e Y
(representantes de Tcl e Tcll, respectivamente), a fim de estabelecer métodos mais
acessiveis e efetivos para a identificacdo das DTUs e ii) aprofundar a compreenséao
sobre a interacdo parasito-vetor, por meio de analises citogenéticas e/ou estruturais de
células de testiculo (espermatogénese) e tubulos de Malpighi de Triatoma infestans
infectado com a cepa Bolivia de T. cruzi. A analise citogenética das cepas de T. cruzi
possibilitou diferenciar os grupos Tcl e Tcll, com base no grau de heteropicnose do
nacleo. O estudo citogenético e estrutural dos insetos infectados permitiu observar que a
espermatogénese de T. infestans ocorreu normalmente, sugerindo que as alteracdes
inicialmente relatadas para os aspectos reprodutivos resultam da influéncia do
protozoario sobre a gametogénese das fémeas. Além disso, a caracterizacdo citogenética
das células dos tubulos de Malpighi de T. infestans demonstrou que a infec¢do também
néo altera a morfologia nuclear e o metabolismo celular, demonstrando que a presenca
do T. cruzi ndo acarreta em prejuizo para o orgao excretor. A diferenciacdo de Tcl e
Tcll e o conhecimento da relacdo parasito-vetor mostraram-se importantes do ponto de
vista entoepidemioldgico. Ainda, a correta identificacdo das cepas, por meio da

citogenética classica, também pode auxiliar no diagnostico clinico da doenca de Chagas.

Palavras-chave: doenca de Chagas; citotaxonomia; Tcl; Tcll; interacdo parasito-vetor



Abstract

ABSTRACT

The protozoan Trypanosoma cruzi is the etiologic agent of Chagas disease, a neglected
and potentially fatal parasitic disease that presents great importance for public health in
several countries. There are currently seven discrete typing units (DTUs) of T. cruzi
classified based on different molecular markers, being Tcl and Tcll the most important
from the epidemiological point of view. The transmission of this protozoan occurs
mainly through triatomines, however, the relationship between the parasite and the
vector is still poorly explored and some studies report negative effects caused by the
infection, which highlights the importance of deepening the understanding of this
interaction. Thus, the objective was: i) characterize cytogenetically two important
strains of T. cruzi, namely, Bolivia and Y (representatives of Tcl and Tcll, respectively),
in order to establish more accessible and effective methods for the identification of
DTUs and ii) deepen the understanding about the parasite-vector interaction, through
cytogenetic and/or structural analysis of testis cells (spermatogenesis) and Malpighian
tubules of Triatoma infestans infected with T. cruzi strain of Bolivia. Cytogenetic
analysis of T. cruzi strains made it possible to differentiate the Tcl and Tcll groups,
based on the pattern of heteropycnosis of the nucleus. The cytogenetic and structural
study of the infected insects allowed to observe that the spermatogenesis of T. infestans
occurred normally, suggesting that the alterations initially reported for the reproductive
aspects result from the influence of the protozoan on the females gametogenesis. In
addition, cytogenetic characterization of the Malpighian tubules cells of T. infestans
demonstrated that the infection also does not change the nuclear morphology and cell
metabolism, demonstrating that the presence of T. cruzi does not cause damage to the
excretory organ. The differentiation of Tcl and Tcll and the knowledge of the parasite-
vector relationship proved to be important from the entoepidemiological point of view.
Still, the correct identification of the strains, through classic cytogenetics, can also help

in the clinical diagnosis of Chagas disease.

Keywords: Chagas disease; cytotaxonomy; Tcl; Tcll; parasite-vector interaction
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1 INTRODUCAO

A doenca de Chagas, descrita por Carlos Ribeiro Justiniano Chagas, em 1909, é
uma enfermidade causada pelo protozoario Trypanosoma cruzi (Chagas, 1909)
(Kinetoplastida, Trypanosomatidae) que representa um grande problema de saude
piblica (NOUVELLET; CUCUNUBA; GOURBIERE, 2015). Essa doenca é
considerada potencialmente fatal (WHO, 2019) e pertence a um grupo de doencas
negligenciadas que afetam, principalmente, pessoas que vivem em paises em
desenvolvimento (BERMUDEZ et al., 2016). Estima-se que oito milhdes de pessoas no
mundo estejam infectadas pelo T. cruzi e, embora a maioria dos casos ocorra na
América Latina, a doenca se espalhou para areas ndo endémicas (WHO, 2019), sendo
relatada em diversos paises, tais como Canada, Estados Unidos, Japdo, Australia, Nova
Zelandia, Suica, Italia e Espanha (SORIANO-ARANDES et al., 2016). Nas Américas,
cerca de 70 milhGes de pessoas vivem em areas de risco, sendo estimados, por ano,
30.000 novos casos de infeccdo e 14.000 mortes por complicacbes chagéasicas (PAHO,
2017).

Ao se infectar pelo T. cruzi, inicia-se 0 periodo de incubacdo (uma a duas
semanas) e, ap0Os esse tempo, entra-se na fase aguda da doenca. Essa fase geralmente é
assintomatica ou apresenta sintomas inespecificos como febre e mal estar, raramente
acarretando ao aparecimento de chagoma (nédulo na pele) ou sinal de Romafia (edema
na palpebra) (BERN, 2015). Decorrido esse periodo, inicia-se a fase indeterminada que
corresponde a fase cronica assintomatica e na qual o individuo pode permanecer ao
longo de toda sua vida ou por, pelo menos, um periodo de 10 anos, até que seja
observada uma progressdo da doenca (STANAWAY; ROTH, 2015). Cerca de 60-70%

dos individuos infectados pelo protozoario sdo assintomaticos e nunca desenvolvem
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clinicamente a doencga, enquanto 30-40% dos pacientes desenvolvem distarbios
cardiacos, gastrointestinais ou ambos (JR; RASSI; MARIN-NETO, 2010).

A transmisséo do T. cruzi pode ocorrer de diversas maneiras como, por exemplo,
por meio de transplante de 6rgdo de doador infectado, acidentes laboratoriais ou
ingestdo de alimentos ou liquidos contaminados (cana-de-agUcar, agai e carne crua).
Além disso, é importante ressaltar que a transmissdo também pode ser congénita
(verticalmente entre a mae e a crianga) ou acontecer por meio de transfusdo de sangue,
sendo que essas duas formas sdo alvos de atencdo para reduzir a disseminacdo da
doenca, visto que estdo relacionadas com a infestacdo em &reas urbanas e nao
endémicas (ANGHEBEN et al., 2015; HOWARD et al., 2015). No entanto, o principal
modo de transmisséo € o vetorial, 0 qual ocorre por meio dos triatomineos (Hemiptera,
Triatominae) (WHO, 2019), insetos popularmente chamados de “barbeiros” (DIAS;
LARANJA; NOBREGA, 1945) devido ao héabito de picarem a face descoberta das
pessoas enquanto estas estdo dormindo (TARTAROTTI; AZEREDO-OLIVEIRA;
CERON, 2004).

A contaminacdo dos triatomineos e a transmissdo do parasita ocorrem durante a
alimentacdo desses insetos por meio da hematofagia, pois o sangue é altamente nutritivo
e muitos animais desenvolveram o habito de se alimentarem dessa fonte de nutrientes,
0 que acarretou na veiculagdo de muitas doencas parasitarias. Considerando que apés a
ecloséo a hematofagia é obrigatoria em todas as fases da vida dos triatomineos [ninfas
de primeiro (N1) a quinto instar (N5) e adultos de ambos o0s sexos], esses
insetos podem se contaminar ao se alimentarem do sangue de vertebrados infectados
pelo T. cruzi e veicular o parasito desde N1 até a fase adulta (SOARES et al., 2014;
URDANETA-MORALES, 2014). Como possuem o habito de defecar (Figura 1A, seta)

e urinar (Figura 1B, seta) durante a alimentacdo, os insetos infectados podem transmitir
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0 protozoario a partir do contato das fezes e da urina contaminadas com a pele
danificada do hospedeiro ap6s a picada do inseto. A transmissdo também pode se dar
pelos os olhos, boca e eventuais rupturas presentes na pele do individuo quando o
mesmo, instintivamente, coca e provoca 0 espalhamento das fezes e da urina

contaminadas (WHO, 2019).

Figura 1. Exemplo de triatomineo [Triatoma sordida (Stal, 1859)] defecando (A, seta) e

urinando (B, seta) durante o repasto sanguineo.

FONTE: Arquivo pessoal do Prof® Dr° Kaio Cesar Chaboli Alevi.

O ciclo de vida do T. cruzi é constituido por diferentes fases que acontecem
tanto nos insetos (vetores) quanto nos mamiferos (hospedeiros). Ao se alimentar do
sangue do hospedeiro infectado com a forma circulante do protozoario (tripomastigota),
0 inseto € contaminado. No intestino médio do invertebrado, as formas tripomastigotas

se diferenciam em epimastigotas, reproduzem-se por meio de fissdo binaria e, ao
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chegarem no intestino grosso, se transformam em tripomastigotas metaciclicas. Durante
a hematofagia, as formas tripomastigotas metaciclicas sdo liberadas nas fezes do inseto
e podem infectar, invadindo as células locais do vertebrado e se diferenciando em
amastigotas (para se reproduzirem, novamente, por fissdo binéaria). Ainda no interior das
celulas, ocorre a transformacéo de amastigota para a forma tripomastigota que, por meio
da lise celular, é liberada na circulacdo sanguinea do hospedeiro. Dessa forma, os
tripomastigotas podem se espalhar para outros tecidos e infectar novas células. Além
disso, as formas tripomastigotas circulantes podem infectar outros insetos, quando estes
se alimentam do sangue do mamifero contaminado (CARREA; DIAMBRA, 2016).

Uma grande diversidade de vertebrados é suscetivel a funcionar como
reservatorio do T. cruzi e, dessa forma, esse protozoério € capaz de infectar mais de 150
espécies de mamiferos pertencentes a oito diferentes ordens, sendo elas Chiroptera,
Primates, Rodentia, Artiodactyla, Marsupialia, Cingulata, Pilosa e Carnivora (SANTOS
et al., 2015, JANSEN, 2018). Dentre os vertebrados que podem servir de reservatorio
para o T. cruzi estdo animais silvestres (como principalmente gambas, tatus e roedores)
animais sinantropicos (como roedores) e animais domésticos (como caes e gatos), sendo
que essa ampla diversidade de mamiferos desempenha papel importante na amplificacdo
das fontes desse protozoario (GURTLER; CARDINAL, 2015). Por outro lado, as aves e
os vertebrados de sangue frio, que incluem os répteis e os anfibios, sdo animais
refratarios a infeccdo pelo T. cruzi (RASSI; RASSI; MARCONDES DE REZENDE,
2012).

Os triatomineos atuam na natureza como vetores ha milhdes de anos e a
transmissdo do protozoario causador da doenca de Chagas para 0 homem aconteceu em
decorréncia da busca desses insetos por fontes alternativas de alimento apos a invasédo

de ambientes silvestres pelo homem, processo que foi acompanhado pelo desmatamento
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desses ecoOtopos, remocdo de animais selvagens e pratica da pecuaria (COURA;
BORGES-PEREIRA, 2010). Assim, embora o ciclo silvestre ja exista ha milhdes de
anos, com esse processo 0s triatomineos passaram a infectar os humanos e penetraram
progressivamente no ambiente doméstico, originando os ciclos peridomiciliar e
domiciliar (COURA; VINAS; JUNQUEIRA, 2014). Como possuem hébito noturno,
esses animais costumam se esconder em locais escuros durante o dia, como em frestas
de parede e telhados (WHO, 2019).

Esses insetos pertencem a ordem Hemiptera, subordem Heteroptera, familia
Reduviidae e subfamilia Triatominae (LENT; WYGODZINSKY, 1979), sendo
conhecidas, até 0 momento, 154 espécies que sao divididas em 19 géneros e cinco tribos
(OLIVEIRA e ALEVI, 2017; DORN et al., 2018; OLIVERA et al., 2018; LIMA-
CORDON et al., 2019; POINAR, 2019; NASCIMENTO et al., 2019). Embora todas as
espécies apresentem capacidade vetorial, os principais géneros envolvidos com a
transmissdo do T. cruzi sdo Triatoma Laporte, 1832, Panstrongylus Berg, 1879 e
Rhodnius Stal, 1859 (GALVAO, 2014). No Brasil, as espécies T. brasiliensis Neiva,
1911, T. infestans (Klug, 1834), T. pseudomaculata Corréa & Espinola, 1964, T.
sordida e P. megistus (Burmeister, 1835) sdo de grande importancia vetorial por
habitarem regides domiciliares e apresentarem ampla distribuicdo geogréafica
(SILVEIRA, 2011).

No entanto, ainda é bastante escasso o conhecimento sobre a relacdo parasito-
vetor entre o T. cruzi e os triatomineos e, embora seja considerado que esse parasito nao
apresenta patogenicidade aos hospedeiros invertebrados e que a relacdo entre esses
organismos seja harmoniosa, efeitos negativos causados pela infeccdo tem sido
relatados, como, por exemplo, prejuizos no desempenho reprodutivo, 0s quais podem

reduzir o fitness do inseto e trazer consequéncias para a sua sobrevivéncia (FELLET et
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al., 2014), alteracdo de aspectos comportamentais, tais como diminui¢do do tempo entre
a alimentacdo e a defecagdo em Mepraia spinolai (Porter, 1934) (BOTTOMAHAN;
CATTAN; MEDEL, 2006) e estruturais [asas maiores em T. dimidiata (Latreille, 1811)
infectados, quando comparados ao grupo controle], sendo sugerida uma relagdo entre
alteracdo na morfologia do hospedeiro invertebrado e o seu potencial de disperséo
(NOUVELLET etal., 2011).

Nesse contexto, é importante ressaltar que € estabelecido que vetores sao
comumente explorados pelos parasitos e que conhecer a relagdo entre eles € um passo
importante para a epidemiologia das doencas negligenciadas transmitidas por vetores
(ELLIOT et al., 2015). Portanto, torna-se interessante investigar mais detalhadamente a
interagdo entre T. cruzi e triatomineos afim de avaliar, sob diferentes aspectos, a
influéncia que a infeccdo pelo protozoario pode exercer sobre o inseto. Além disso,
sabe-se que os efeitos da infecgdo pelo T. cruzi variam de acordo com diversos aspectos,
os quais incluem as condicGes ambientais (tais como temperatura e alimentacéo), as
diferentes espécies de vetor e as estirpes do parasito (GUARNERI; LORENZO, 2016),
sendo descritas, atualmente, sete unidades discretas de tipagem (discrete typing units -
DTUs) de T. cruzi, classificadas com base em diferentes marcadores moleculares
(ZINGALES et al.,, 2012), a saber, Tcl, Tcll, Tclll, TclV, TcV, TcVI e TcVII
(MARCILI et al., 2009; ZINGALES et al., 2009).

A heterogeneidade genotipica desse protozoario implica, também, em uma
consequente heterogeneidade fenotipica nos individuos infectados, ou seja, as diferentes
cepas de T. cruzi estdo associadas a diferentes manifestacdes clinicas nos pacientes, as
quais envolvem sindromes cardiacas e/ou digestivas que podem, inclusive, resultar no
obito dessas pessoas. Dessa forma, considerando a relevante influéncia da genética do

parasito para a epidemiologia da doenca, a importancia da compreensdo dessa relacao
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para as pesquisas de intervencao e, sobretudo, a necessidade do emprego de ferramentas
moleculares para diferenciar os sete DTUSs, é de grande interesse para a salde publica o
desenvolvimento de estudos focados em desenvolver métodos simples que permitam
facilitar a identificacdo das DTUS em amostras clinicas e biologicas (ZINGALES et al.,
2012).

Reforcando a necessidade da busca alternativa por novas abordagens que
facilitem o diagnostico dos pacientes chagasicos, levando em consideragdo que o
tratamento atualmente disponivel é realizado por meio da administracdo de benznidazol
e nifurtimox, mas a eficacia desses farmacos exige que a deteccdo da infecgcdo seja
precoce (ocorrendo ainda na fase aguda) e que quanto maior o tempo de infecgéo,
menor é o0 sucesso no uso desses farmacos (WHO, 2019), aprofundar o conhecimento a
respeito da biologia do T. cruzi (desenvolvendo ferramentas simples e eficazes que
possibilitam diferenciar as DTUs) (ZINGALES et al., 2012) e da biologia dos vetores
(proporcionando compreender a relagdo T. cruzi x triatomineos), mostra-se como
valiosa ferramenta para a descoberta de novos caminhos a serem seguidos no controle
da doenca de Chagas (GARCIA et al., 2010).

Portanto, levando em conta o interesse em estabelecer técnicas que tornem a
identificacdo das DTUs um processo simples e acessivel, a caracterizagdo citogenética
das cepas de T. cruzi constitui uma alternativa com potencial a ser considerado, tendo
sido selecionadas para a analise de duas cepas (Bolivia e Y) pertencentes aos grupos Tcl
e Tcll, os quais foram escolhidos para serem representados devido a relevancia clinica
que apresentam (MILES et al., 1981; ZINGALES et al., 1998; FREITAS et al., 2005;
LAGES-SILVA et al., 2006; ZINGALES et al., 2012). Além disso, tendo em vista a
necessidade de melhorar a compreensdo sobre a relagcdo entre T. cruzi e os triatomineos

e que alguns estudos indicam prejuizos sob o ponto de vista reprodutivo dos vetores,
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torna-se importante avaliar a espermatogénese desses insetos quando infectados. Por
fim, além de ser interessante avaliar a influéncia do parasito nas células do intestino
desses insetos, considerando que Dias (1930) relatou a presenga de T. cruzi na regido do
aparelho excretor préxima ao intestino, também é valido avaliar a influéncia do parasita
sobre as células dos tubulos de Malpighi dos triatomineos. Para tais analises, foi
utilizada a espécie T. infestans devido a sua grande importancia vetorial, uma vez que
apresenta ampla distribuicdo geogréfica e esta adaptada a viver em regides domiciliares,
caracterizando-a, dessa forma, como uma das principais espécies vetoras de T. cruzi

(GALVAO,2014).
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2 OBJETIVOS
2.1 Objetivo geral

Caracterizar citogeneticamente duas importantes cepas de T. cruzi — Bolivia
(Tcl) e Y (Tcll) — e avaliar a relacdo parasito-vetor entre T. cruzi e T. infestans, por
meio de analises citogenéticas e/ou estruturais das células dos tubulos seminiferos e dos

tubulos de Malpighi de T. infestans infectado.

2.2 Objetivos especificos

a) Analisar citogeneticamente a morfologia do nucleo das cepas Bolivia (Tcl) e
Y (Tcll) de T. cruzi;

b) Analisar a influéncia da infeccdo pelo T. cruzi na morfologia nuclear de
células da espermatogénese de T. infestans;

c) Analisar a influéncia da infeccdo pelo T. cruzi na morfologia e no

metabolismo nuclear de células dos tubulos de Malpighi de T. infestans.
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3 MATERIAL E METODOS
3.1 Preparo do material para anélise citogenética das cepas de T. cruzi

Para a caracterizacdo citogenética dos grupos Tcl e Tcll de T. cruzi foram
preparadas laminas de cultura das cepas Bolivia e Y no Laboratério de Parasitologia da
Faculdade de Ciéncias Farmacéuticas (FCFAR) localizado no campus da UNESP de
Araraquara e supervisionado pelo Prof. Dr. Jodo Aristeu da Rosa. A manipulacdo do
material e a montagem das laminas foram feitas préximas a um bico de Bunsen para
evitar contaminacao das culturas. Nesse processo, foram espalhados 100 pL de cultura
em cada lamina e a fixacdo do material foi feita utilizando metanol. Posteriormente, o

material foi submetido a coloracdo com Orceina lacto-acética.

3.2 Preparo do material para andlise citogenética e estrutural de células dos
testiculos e dos tubulos de Malpighi de T. infestans infectado com T. cruzi

3.2.1 Obtencdo e procedéncia dos insetos

Para a realizacdo dos experimentos, foram utilizados dez machos da espécie T.
infestans fornecidos pelo “Insetario de Triatomineos” instalado na Faculdade de
Ciéncias Farmacéuticas (FCFAR) do cédmpus da UNESP de Araraquara, sob a

coordenacao do Prof. Dr. Jodo Aristeu da Rosa.

3.2.2 Manutengéo dos insetos

No insetario da UNESP de Araraquara, as espécies sdo separadas em coldnias de
acordo com suas origens e 0s especimes sdo mantidos em cristalizadores contendo
reparticdes internas de papeldo (para reduzir a luminosidade), fechados em sua parte
superior com uma malha fina e guardados em estantes de madeira, cujos pes ficam

imersos em vasilhas contendo 6leo queimado para evitar o ataque de formigas e o
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apodrecimento da madeira, em salas com pouca iluminacdo e com temperatura e

umidade relativa do ar ambiente.

3.2.3 Infeccdo dos insetos

A infeccdo dos espécimes de T. infestans foi realizada no Laboratorio de
Parasitologia da UNESP Araraquara. Para isso, 0s insetos foram colocados para realizar
hematofagia em ratos contaminados com a cepa Bolivia de T. cruzi e, posteriormente,
foram submetidos a pressdao abdominal a fim de coletar as fezes para observacdo em

microscopio de luz e confirmacdo da infeccéo.

3.2.4 Dissecacdo dos insetos e obtencao dos 6rgdos analisados

No momento da utilizacdo, os triatomineos foram retirados dos respectivos
frascos sob muito cuidado para ndo permitir a fuga dos mesmos. A dissecacdo foi
realizada em local apropriado e utilizando as medidas de seguranca necessarias para
evitar acidentes laboratoriais.

Os insetos adultos foram eterizados e fixados com auxilio de alfinetes na regido
posterior do cefalotérax (escutelo) em placa de Petri contendo parafina solida. Em
seguida, asas e patas foram retiradas com o auxilio de uma pin¢a. Sob o microscopio
estereoscopico (lupa), as laterais do abdome e os conexivos foram cortados com uma
tesoura pontiaguda. Com a ponta dos estiletes, a regido antero-dorsal do exoesqueleto
abdominal foi aberta, rebatida e, posteriormente, presa com alfinete na placa, expondo o
interior da regido abdominal.

Neste momento, foi gotejada solucdo fisioldgica (Demerec) sobre o abdome
exposto e realizada a retirada dos testiculos e dos tdbulos de Malpighi, os quais ficam

localizados na hemocele desses insetos.
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3.2.5 Fixacao do material bioldgico para analise citogenética

Apos serem retirados e limpos, os tubulos seminiferos e os tubulos de Malpighi
foram armazenados em frascos contendo metanol e acido acético (3:1) para fixagéo, os

quais foram mantidos em freezer -20°C até a utilizac&o nos experimentos.

3.2.6 Fixacao do material biologico para estrutural

Apds serem retirados e limpos, os testiculos foram armazenados e mantidos na
geladeira por 24h em frascos contendo fixador preparado com 3% de glutaraldeido e
solucdo de acido tanico 0,25% em tampdo Millonig (pH 7,3) contendo 0,54% de

glucose.

3.2.7 Preparacdo das laminas para analises citogenéticas

Para a preparagdo das laminas, o material bioldgico mantido na solucéo fixadora
foi colocado em uma lamina limpa onde foram realizados dois banhos de dgua destilada
de cinco minutos cada. Em seguida, toda a agua foi retirada e foi acrescentada uma gota
de &cido acético 45%, durante 10 minutos. ApoOs esse periodo, 0 excesso de acido
acetico foi retirado e, sob o auxilio de um microscépio estereoscopico, o material foi
dilacerado utilizando estilete. Posteriormente, foi colocada uma laminula sobre esse
material para a realizacdo do esmagamento celular. Por fim, a remocéo da laminula foi
feita utilizando nitrogénio liquido e, apds a secagem em temperatura ambiente, as
laminas seguiram para a realizacdo das técnicas de coloracdo de Orceina lacto-acética e

Acridine Orange.
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3.2.8 Processamento do material bioldgico para analise estrutural

O material bioldgico fixado para andlise estrutural foi submetido ao tratamento
com tetroxido de dsmio 1% e tampdo Millonig (1:3) e desidratado em uma sequéncia de
solucBes com concentragBes crescentes de acetona (de 70 a 100%). Posteriormente,
foram realizados os processos de pré-infiltracdo, infiltracdo e inclusdo do material em
araldite. Por fim, os blocos foram trimados para a obtencdo de cortes semifinos, 0s quais

foram submetidos a coloracdo de Azul de Toluidina.

3.3 Coloracoes
3.3.1 Orceina lacto-acética

Essa técnica tem como principio a capacidade de diferenciar a eucromatina da
heterocromatina, corando mais fracamente a primeira e mais fortemente a segunda em
funcdo da afinidade que o corante &cido orceina apresenta pelas proteinas relacionadas
com a compactacdo do material genético. Assim, é uma coloragdo bastante usual e foi
utilizada para caracterizar o nucleo das cepas Boliviae Y de T. cruzi, bem como as fases
da divisdo meidtica e o nucleo das células dos tubulos de Malpighi dos espécimes de T.

infestans infectados.

3.3.2 Acridine Orange

O fluorocromo Acridine Orange € um corante metacromatico que fornece
emissdes fluorescentes de diferentes cores para DNA e RNA. Ao se ligar
eletrostaticamente aos grupamentos fosfatos dos acidos nucléicos (RNA ou DNA fita
simples), esse fluorocromo produz uma coloragdo vermelha, mas quando intercalado
com a dupla-hélice do DNA, gera uma coloracdo verde/amarela fluorescente quando

excitado por luz azul. Assim, a coloracdo com esse fluorocromo foi utilizada para
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analisar a influéncia da infecgdo na atividade transcricional das células de tabulos de

Malpighi.

3.3.3 Azul de Toluidina

O Azul de Toluidina é um corante que se liga eletrostaticamente aos acidos
nucléicos e outras proteinas, corando o material em diferentes tons de azul de acordo
com a elétron-densidade de cada componente a que se associa. E uma técnica
comumente empregada para colorir cortes histoldgicos semi-finos de material incluido
em resina, permitindo a analise a nivel estrutural do tecido estudado devido a fina

espessura dos cortes.

3.4 Analise e fotodocumentacéo das laminas

O material submetido as coloracbes de Orceina Lacto-Acética e Azul de
Toluidina foi analisado ao microscépio de luz Jenaval (Zeiss), acoplado a camera digital
e ao sistema analisador de imagens Axio Vision LE 4.8 (Copyright ©2006-2009 Carl
Zeiss Imaging Solutions Gmb H). O material submetido a coloracdo de Acridine Orange

foi analisado ao  microscopio de  fluorescéncia  Olympus  BX-FLA.
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Abstract

Trypanosoma cruzi is a protozoan of great importance to public health: it has infected
millions of people in the world and is the etiologic agent of Chagas disease, which can
cause cardiac and gastrointestinal disorders in patients and may even lead to death. The
main vector of transmission of this parasite is triatomine bugs, which have a habit of
defecating while feeding on blood and passing the parasite to their own hosts through
their feces. Although it has been argued that T. cruzi is not pathogenic for this vector,
other studies indicate that the success of the infection depends on several molecules and
factors, including the insect’s intestinal microbiota, which may experience changes as a
result of infection that include decreased fitness. Moreover, the effects of infection
depend on the insect species, the parasite strain, and environmental conditions involved.
However, the parasite-vector interaction is still underexplored. A deeper understanding
of this relationship is an important tool for discovering new approaches to T. cruzi
transmission and Chagas disease.

Key Words: Trypanosoma cruzi; Triatominae; Chagas disease

Mini-Review

The Trypanosoma cruzi (Chagas, 1909) protozoan is a parasite belonging to the
order Kinetoplastida and the family Trypanosomatidae that acts as an etiologic agent of
Chagas disease.r Also known as American trypanosomiasis, this disease is neglected?
and potentially life-threatening;® although most infected individuals are asymptomatic
and do not exhibit clinical symptoms of the disease, 30 to 40% of patients develop
cardiac diseases, gastrointestinal disorders, or both.* The treatment available consists of
benznidazole and nifurtimox, but the effectiveness of both drugs decreases as the time

after infection increases; ideally, treatment is administered in the early acute phase. In
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addition, these drugs cannot be used by pregnant women or patients with neurological
or psychiatric disorders.® Though there is still a considerable lack of interest among
pharmaceutical companies to perform research and create programs to combat Chagas
disease, this illness represents a major public health problem. It is the most prevalent
parasitic disease in the Americas and makes an important contribution to morbidity and
mortality rates in countries where it is endemic.®

It is estimated that approximately 6,000,000 to 7,000,000 people worldwide are
infected with T. cruzi, and most cases are located in Latin America.> However, Chagas
disease has spread to non-endemic areas and has been reported in countries such as
Canada, the United States, Japan, Australia, New Zealand, Switzerland, Italy, and
Spain.® This spread arises from the congenital transmission of the parasite or through
contaminated blood transfusions. Although T. cruzi transmission can also occur during
infected donor organ transplantation, laboratory accidents, or the ingestion of
contaminated food, the main transmission pathway of this parasite is through a vector:
triatomine insects”®. Triatomines have a habit of defecating while feeding on blood and,
if they are infected with T. cruzi, the parasite is released through the feces in infectious
form (trypomastigotes).®

Triatomines have hemimetabolous development, which includes an egg phase,
five nymphal stages and, finally, the adult phase. Hematophagy occurs in all stages after
hatching, and the insects usually bite at night.!® These bugs belong to the order
Hemiptera, the suborder Heteroptera, the family Reduviidae, and the subfamily
Triatominae. The 152 known species of triatomine bugs are divided into 18 genera and
5 tribes, 1112131415 ]| of which have the potential to act as T. cruzi vectors. Enhancing
the knowledge on the relationship between the parasite and these vector species may aid

in the creation of simple techniques for diagnosing triatomine infections, such as
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xenodiagnosis. The rate of infectivity seems to vary between species of triatomine bugs,
and it has been shown that, though the domestic species are of immense importance in
the transmission of the parasite, it is the wild vectors which have higher levels of
infectivity.®

There are seven discrete typing units (DTUs) classified based on different
molecular markers’, namely Tcl, Tcll, Tclll, TclV, TcV, TcVI and TcVILEY This
protozoan is known to be harmful to humans and other mammals. Though it has been
argued that this species is not pathogenic for its triatomine hosts, small changes in insect
fecundity can harm host fitness, as observed in a study on Panstrongylus megistus
(Burmeister, 1835). The study found that development, mortality rates, and the time
between molting periods in the infected group were similar to those of the control
group; however, the number of eggs laid by infected females was 3.5 times lower, and
the infected group exhibited a decrease in both the number of fertile eggs and the
hatching rate.?° However, knowledge on the parasite-vector relationship is still very
scarce and some of the available information is poorly understood or conflicting.?
Though the relationship between these organisms is generally considered harmonious
and although T. cruzi does not seem to be pathogenic to its invertebrate hosts, some
studies have reported adverse effects of this infection, and this finding will be
discussed in this mini-review.

Studies indicate that bacteria play a protective role against T. cruzi in
triatomines. Intestinal microbiota composition can interfere with infection effectiveness,
and a test showed that use of antibiotics made it easier for the parasite to increase its
competence in the intestine of Rhodnius prolixus Stal, 1859.22 The success of the
infection appears to depend on a balance between the microorganism and protozoan

populations, since both compete for resources in the intestine; furthermore, microbiota
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can indirectly increase the expression of antiparasitic molecules and induce immune
response in the insect.2 However, sequencing and analysis of the R. prolixus genome
suggest that either the insect immune system is not affected by T. cruzi, or the parasite is
not affected by antimicrobial peptides produced as a consequence of the infection.
These findings indicate that T. cruzi developed avoidance or tolerance mechanisms
against invertebrate host defenses.?*

Additionally, the dynamic control of epimastigote and trypomastigote
populations is crucial for the parasite to be able to colonize the insect gut, since T. cruzi
Is exposed to different environments during its life cycle, including different digestive
tracts and different invertebrate hosts.?® For the parasite to adapt to different parts of the
insect and for infection to be achieved, several factors and molecules are necessary.
Evidence indicates that physiological molecules with antagonistic redox status assist in
the proliferation and differentiation of T. cruzi.?® Oxidant molecules such as heme
stimulate the proliferation of non-infective epimastigotes,?”?® and antioxidant molecules
such as urate promote metacyclogenesis, an event in which epimastigotes create
infective and non-proliferative trypomastigote forms.?® Thus, a clearer understanding of
the role of these molecules in the interaction between these organisms is an important
target for the development of strategies for treating Chagas disease.?®

In a study comparing Triatoma infestans (Klug, 1834) specimens infected with
T. cruzi in the first feeding after hatching to uninfected triatomines used as control, there
was no significant increase in mortality rates or any developmental delays in the
insects.®® Another study found that, in the same triatomine species, colonization by the
parasite does not cause harmful changes to the intestinal tissue.>! On the other hand,
numerous physiological, morphological and behavioral factors of an organism can be

modified when it hosts a parasite. For example, infection by T. cruzi increases the



Capitulo I 31

ability of Mepraia spinolai (Porter, 1934) hosts to detect vertebrate and decreases their
time between feeding and defecation. These changes are likely to enhance parasite
transmission and, consequently, reflect the epidemiological importance of this vector in
Chagas disease.®?

Furthermore, Fellet et al.! observed losses in reproductive performance in a
study on R. prolixus. The parasite may reduce insect fitness and effect host survival.?!
33,3 |n addition, studies have found that infection by T. cruzi increased the mortality
rate of M. spinolai, reduced the oviposition and hatching rate of P. megistus eggs,
decreased reproductive fitness of R. prolixus under temperature conditions similar to
those of the natural environment in which this species is found, and in the case of some
strains, may have extended the molting period and reduced insect longevity.® In another
study, infected T. dimidiata (Latreille, 1811) specimens were found to have larger wings
than uninfected insects; these findings suggest a possible relationship between this
difference in morphology and host dispersion potential, which could contribute to the
protozoan transmission.>*

Thus, the effects of T. cruzi on triatomines vary depending on different factors,
including the parasite strain, the triatomine species, and the environmental conditions
involved (including temperature and nutritional status). Therefore, the adverse effects
described previously and on the limited amount of research specifically focused on the
interactions between triatomines and T. cruzi show this is an area that can be studied in
greater detail.>* Moreover, the best way to intervene in the transmission of this parasite
is through its vector. Other studies, for example, have confirmed that treatment with
azadirachtin decreases the total number of flagella and blocks metacyclogenesis,® and
there is evidence that this tetranortriterpenoid has different effects on different

triatomine species and T. cruzi strains.3® Thus, research into the interactions between
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these organisms are likely to increase in the future, and a better understanding of
different species’ interactions with this parasite can provide important information for
the development of new approaches for the control of Chagas disease.’

Because metabolic interaction between an intracellular parasite and host cell is
essential for colonization to be successful,®® and because the relationship between
parasites and vectors results in two-way interactions that impact other members of the
vectors’ community, it is important to improve our knowledge and understanding of the
influence of T. cruzi infection on triatomines.®® This parasite-vector relationship is
relevant and should be explored further to increase the knowledge on the consequences
of infection by this parasite, which is of great importance to public health in many

countries.
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Abstract

Chagas disease is a public health problem caused by the Trypanosoma cruzi and the Tcl
and Tcll groups are considered important genotypes from the clinical point of view.
Currently, the groups need to be molecularly analyzed for their identification, thus we
analyzed cytogenetically these groups with the objective of developing more accessible
techniques for the characterization of these parasites. Tcl and Tcll groups were
differentiated by the nucleus characterization with Lacto-acetic Orcein (Tcl — nucleus
with positive heteropicnosis and Tcll — nucleus with negative heteropicnosis),
emphasizing the importance of the application of this technique for epidemiological and

clinical studies of Chagas disease.

Key words: Trypanosoma cruzi; cytogenetics; protozoan; Chagas disease



Capitulo 1T 41

Short reports

Chagas disease is caused by protozoan Trypanosoma cruzi (Chagas, 1909) and
represents a serious public health problem?. It is estimated that 8 million people
worldwide are infected by T. cruzi? and about 70 million people are living in areas with
contamination risk®.

Transmission of T. cruzi can occur, for example, through organ transplantation
of an infected donor, laboratory accidents or ingestion of contaminated food or liquids
(sugarcane, acai and raw meat). In addition, it is important to note that the transmission
can be also congenital (vertically between mother and child) or can happen through
blood transfusion. The latter two forms lead to infections in urban and non-endemic
areas and are targeted by control measures in an attempt to reduce disease>®. However,
despite of non-vector forms, the main mechanism of transmission of T. cruzi is through
triatomines’.

There are seven discrete typing units (DTUs) for T. cruzi, classified based on
different molecular markers®, namely Tcl, Tcll, Tclll, TclV, TeV, TeVI and TcVIHS,
Tcl and Tcll groups are important DTUs from the clinical point of view, since Tcl is
associated with chronic cases of cardiomyopathy and severe meningoencephalitis and
Tcll is related to chronic forms of Chagas disease that cause cardiac and digestive
manifestations®11213,

Tcl has a wide geographic distribution in the American continent (South, Central
and North America)® and has been reported as the most frequently isolated of all
mammalian taxa throughout the geographic range of the parasite, in a wide variety of
biomes and habitats®!4. Tcll has a more restricted distribution [Southern Cone and
North (sporadic)]® that, although initially was mainly associated with human infection®®,

more recently has been isolated from a wide range of mammalian species in various
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biomes. 8141617 However, when compared to the number of Tcl reservoirs, it has been
proposed that this DTU occurs in more focal cycles.®

Methods that are currently to determine T. cruzi DTUs require isolation and
molecularly analysis for their identification®, it is important to develop more accessible
techniques for the identification of DTUs. Based on this priority, the present work
aimed to cytogenetically analyze the Tcl and Tcll groups of T. cruzi.

As a representative of Tcl group, we used the Bolivia strain, isolated from feces
from specimens of Triatoma infestans (Klug, 1834) captured in Vitichi, Bolivia'®. As a
representative of Tcll we used the Y strain, isolated from a human case®®. The
maintenance of populations of T. cruzi may be related to intrinsic characteristics of the
parasite, such as its infection ability.?° To minimize this potential confounding factor,
the strains used in the study were cryopreserved at -80 degrees and then grown in LIT
medium.

Tcl and Tcll strains were cultured in LIT medium in the epimastigote form of
the parasite, and slides were prepared with 100uL of culture spread. After drying, the
material was fixed with methanol. Subsequently, the slides were stained by Lacto-acetic
Orcein?t, with modifications described by Alevi et al.?? and analyzed using the Jenaval
light microscope (Zeiss), coupled with a digital camera and an image analyzer system
Axio Vision LE 4.8 (Copyright ©2006-2009 Carl Zeiss Imaging Solutions Gmb H). The
images were magnified by a factor of 1000.

Cytogenetic analyses allowed us to differentiate Tcl and Tcll groups of T. cruzi
by characterization of the protozoan nucleus, since Tcl presented as a nucleus with
positive heteropicnosis (Figure 1A, arrow), while Tcll showed the nucleus with

negative heteropicnosis (Figure 1B, arrow).
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Currently T. cruzi DTUs cannot be differentiated by classic analyses with
Giemsa, which only allow to evaluate the presence/absence of this protozoan in
biological material samples?®, and the molecular analyses are necessary for the
classification of DTUs®. Based on current findings, the cytogenetic characterization by
Orcein may help in entoepidemiological studies, allowing investigators to evaluate if the
triatomines are infected by T. cruzi and, above all, the type of DTU that is present in
these vectors. Furthermore, may help too in the clinical diagnosis of Chagas disease.

Although T. cruzi DTUs share a common ancestry, Tcl and Tcll are distant from
the phylogenetic point of view.*1%?* The dates of divergence date between Tcl and Tcll
has been estimated between 88 and 37 million years ago (based on small subunit
rDNA)® or between 16 and 3 million years ago (based on dihydrofolate reductase-
thymidylate synthase and trypanothione reductase genes)?®. These estimates support the
nuclear divergences observed in for the analyzed strains.

By means of the cytogenetic characterization of the parasite nucleus, the Lacto-
acetic Orcein stain was shown to be an efficient technique for the differentiation of T.
cruzi belonging to the Tcl and Tcll DTUs. These results may complement

epidemiological studies and help in the clinical diagnosis of Chagas disease.
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Vrd

Figure 1: Tcl (A) and Tcll (B) groups of T. cruzi in epimastigote form stained with
orcein. Note the difference in the protozoa nuclei: Tcl presented the nucleus with
positive heteropicnosis (A, arrow) e Tcll presented the nucleus with negative

heteropicnosis (B, arrow). Bar: 10 pum.
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Abstract

The parasite-vector interaction of Chagas disease is still poorly understood and the
knowledge about this relationship can help in the development of new strategies to
control of Trypanosoma cruzi transmission, which is the etiological agent of this
disease. Considering the need to know if T. cruzi can cause some pathology in the
reproductive system of the Chagas disease vectors, we investigated the spermatogenesis
of Triatoma infestans infected by T. cruzi through histological and cytogenetic analysis.
T. cruzi infection was not pathogenic for the reproductive aspects of T. infestans,
because all the analyzed males had normal spermatogenesis, with all phases
(spermatocytogenesis, meiosis and spermiogenesis) happening without any change.
Thus, we demonstrated that the presence of T. cruzi does not have influence in the
spermatogenesis of T. infestans and we suggest that the influence on reproductive
aspects observed for other species were resulting of the action of the parasite on
gametogenesis of females.

Key words: reproduction; triatomines; Chagas disease; vector-parasite relationship
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Short communication

The triatomines (Hemiptera, Triatominae) are hematophagous insects of great
importance for public health, because they are vectors of Chagas disease (WHO 2019).
This neglected disease caused by the protozoan Trypanosoma cruzi (Chagas, 1909)
(Kinetoplastida, Trypanosomatidae) affects about eight million people worldwide, being
the vector control considered the main way to minimize the incidence of new infections
(WHO 2019).

The parasite-vector interaction is still underexplored and the understanding of
this relationship is considered an important tool for discovering new approaches to T.
cruzi transmission (Oliveira 2018). Among the few studies that analyze the parasite x
Chagas disease vectors relationship, there is no consensus, because some authors show
that T. cruzi influences the physiological, morphological and behavioral factors of
triatomines (Lima et al. 1992; Botto-Mahan et al. 2006; Nouvellet et al. 2011; Fellet et
al. 2014), while others do not observe any recurrent pathology of infection (Schaub
1988; Kollien et al. 1998).

From the reproductive point of view, the studies are also extremely limited:
Lima et al. (1992) observed small changes in the fecundity of females of Panstrongylus
megistus (Burmeister, 1835), because the authors reported that the number of eggs
placed by infected females was 3.5 times smaller and the infected group exhibited a
decrease in the number of fertile eggs and in the rate of hatching; and Fellet et al.
(2014) observed losses in reproductive performance (pre-oviposition time, reproductive
cycles and fertility) of Rhodnius prolixus (Stal, 1859) infected with T. cruzi and
submitted to different temperatures.

Triatoma infestans (Klug, 1834) is one of the most important species of global

importance in the transmission of Chagas disease (Galvao 2014), since it has a wide
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geographical distribution (Argentina, Bolivia, Brazil, Chile, Ecuador, Mexico,
Paraguay, Peru and Uruguay) (Galvao et al. 2003) and, mainly, is adapted to live in
domiciliary regions (Galvao 2014). Considering the epidemiological importance of this
species and, especially, the need to know if T. cruzi can cause some pathology in the
reproductive system of these insects, we analyzed the spermatogenesis of T. infestans
infected by T. cruzi.

Ten adults male of T. infestans were infected with T. cruzi Bolivia strain (Tcl
group) isolated from feces of T. infestans from Vitichi (Funayama and Prado Junior
1974). The infection occurred during the insects blood repast performed in
contaminated rats. After confirmation of T. cruzi infection, the testicles were dissected,
the seminiferous tubules were separated and fixed 24h by immersion with 3%
glutaraldehyde plus 0.25% tannic acid solution in Millonig’s buffer (pH 7.3) containing
0.54% glucose for the histological study or fixed in methanol: acetic acid (3:1) for the
cytogenetic study. The seminiferous tubules used in the histological analysis were
washed with Millonig’s buffer, post-fixed with 1% osmium tetroxide in the same buffer
for 2h, washed again, dehydrated in a graded acetone series and embedded in Araldite
resin. Semi-thin sections were cut to 0.5 mm thick, and, after this procedure, 1%
toluidine blue was used to stain the material (Alevi et al. 2015). The biological material
used in the cytogenetic analysis was torn and slides were assembled by cellular crushing
and stained with Lacto-acetic orcein (De Vaio et al. 1985; Alevi et al. 2012). The
analysis and image capture were performed using a Jenaval light microscope (Zeiss)
with an Axio Vision LE 4.8 image analyzer.

T. cruzi infection was not pathogenic for the reproductive aspects of T. infestans,
because all the analyzed males had normal spermatogenesis (Figures 1-3), with all

phases happening without any change: spermatocytogenesis, represented by
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spermatogonia (Figures 1B and 2A), meiosis (Figures 1C and 2B-F) and spermiogenesis
(Figures 1C and 3A-E).

Spermatogenesis of triatomines is a phenomenon well known (De Vaio et al.
1985; Alevi et al. 2012; Alevi et al. 2014; Alevi et al. 2015; Madeira et al. 2016; Reis et
al. 2016). However, the influence of T. cruzi in the reproductive physiology of these
vectors had never been analyzed, since all the studies that analyzed the influence of the
parasite in the reproductive aspects of triatomines focused mainly on fertility, fecundity,
oviposition rate and hatching rate (Lima et al. 1992; Fellet et al. 2014). Unlike the
authors who observed the influence of the infection on the reproductive aspects of R.
prolixus and P. megistus, our results demonstrated that the presence of the parasite does
not affect the spermatogenesis of triatomines, which leads us to suggest that T. cruzi can
influence in a different way in the gametogenesis of males and females, being the
alterations reported by Lima et al. (1992) and Fellet et al. (2014) due to the influence of
the parasite in the females.

Fellet et al. (2014) analyzed the influence of T. rangeli (Tejera, 1920)
(Kinetoplastida, Trypanosomatidae) on the reproductive aspects of R. prolixus and
suggested that this parasite decreases the amount of lipids associated with lipoforins
[lipoprotein responsible for transporting the lipids from the fatty body to the ovaries,
allowing its incorporation by the oocytes] (Gondim et al. 1989) of the hemolymph of
triatomines [because trypanosomes do not have the complete synthetic pathways for
some fundamental lipids] (Coppens and Courtoy 1995; Coppens at al. 1995) directly
affecting oogenesis. Although T. cruzi cannot develop itself in the hemolymph of
triatomines (Alvarenga and Bronfen 1982), being found only in the digestive tract of

these insects (Fellet et al. 2014), Fellet et al. (2014) also suggest that large populations
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of T. rangeli found in the intestine could also decrease the nutritional resources of the
insects and directly affect their fecundity and fertility.

Insects possess mechanisms to control reproductive effort in response to
environmental and physiological conditions such as food supply and mating status:
reproduction regulators, such as antigonadotropins, neuropeptides, ecdysteroides and
juvenile hormone, for example, control different aspects of insect’s vitellogenesis and
oogenesis (Hurd 2001). Although few studies have been done about the effect of
infection by parasites on these regulators, Webb and Hurd (1999) demonstrated that
females of Tenebrio molitor (Linnaeus, 1758) (Coleoptera: Tenebrionidae) infected with
Hymenolepis nana (Siebold, 1852) (Cestoda: Hymenolepididae) produced a circulating
antigonadotrophin that reduced the ovarian protein content.

Thus, we demonstrated that the presence of T. cruzi does not influence in the
spermatogenesis of T. infestans and although further studies must be carried out, we
suggest that the influence on reproductive aspects observed for R. prolixus (Fellet et al.
2014) and P. megistus (Lima et al. 1992) were resulting from the action of the parasite

on gametogenesis of females.
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Figure 1. Spermatogenesis of T. infestans infected with T. cruzi. a transverse section of
the testicular follicle, b Proliferation phase. Note the spermatogonia (arrows), ¢ Meiosis.
Note the spermatocytes (arrows), d Differentiation stage. Note the spermatids (arrow).

Bar: 10 pm.
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Figure 2. Spermatogenesis of T. infestans infected with T. cruzi. a spermatogonia, b

initial diffuse stage of the prophase, c intermediate diffuse Stage of the prophase, d final

diffuse stage of the prophase, e metaphase, f anaphase and telophase. Bar: 10 um.
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Figure 3. Spermiogenesis of T. infestans infected with T. cruzi. a initial spermatid, b-d:

spermatids elongating, e sperm. Bar: 10 pm.
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Abstract

Triatomines are insects of great importance for public health, once all species are able to
transmit Trypanosoma cruzi, the etiologic agent of Chagas disease. Triatoma infestans
is one of the main vector species, because presents wide geographical distribution and is
adapted to the household environment. The relationship between triatomines and T.
cruzi is poorly understood, being the increase of this knowledge a potent tool for the
discovery of new approaches concerning this protozoan. Considering the necessity to
deepen the understanding of the T. cruzi x triatomine relationship, we evaluated
cytogenetically the morphology and nucleus composition of Malpighian tubules cells of
T. infestans infected with T. cruzi from Tcl group (Bolivia strain). Cytogenetic analyzes
with Lacto-Acetic Orcein and Acridine Orange showed the presence of T. cruzi in the
Mapighian tubule cells of T. infestans did not result in changes in morphology and
metabolism of these cells, demonstrating that the parasite presence does not cause

damage to the analyzed excretory organ.

Key words: cytogenetics; vector-parasite relationship; Chagas disease vectors
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Short Communication

Introduction

Triatomines (Hemiptera, Triatominae) are insects of great importance for public
health, once they act as vectors of protozoan Trypanosoma cruzi (Chagas, 1909)
(Kinetoplastida, Trypanosomatidae), the etiologic agent of Chagas disease (WHO,
2019). This disease affects around eight million people worldwide, causing
approximately 10,000 deaths per year (WHO, 2019).

All species of triatomines are able to transmit T. cruzi, with emphasis for
Triatoma infestans Klug, 1834, Rhodnius prolixus Stal, 1859, T. dimidiata (Latreille,
1811), Panstrongylus megistus (Burmeister, 1835) and T. brasiliensis Neiva, 1911, that
have a worldwide importance for the disease transmission (Galvao, 2014). T. infestans
relevance is based mainly on the wide geographical distribution and its adaptation to the
household environment (Galvéo, 2014).

Currently, there are seven discrete typing units (DTUs) of T. cruzi recognized,
which are related to different phenotypic manifestations, being the Tcl group very
important from the clinical point of view because it is associated with chronic cases of
cardiomyopathy and severe meningoencephalitis (Marcili et al., 2009; Zingales et al.,
2009, 2012).

The relationship between triatomines and T. cruzi is poorly understood, being
the increase of this knowledge a potent tool for the discovery of new approaches
concerning this protozoan (Oliveira et al., 2018), since vectors are commonly explored
by parasites (Elliot et al., 2015) and the interaction between them has an impact on the

other members of the communities that they belong (Gourbiere et al, 2012).
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In this context, although Oliveira et al. (2018) has already highlighted the
importance of analysis of the effects by T. cruzi infection on the digestive system organs
of triatomines, the parasite is also found in the excretory organs of these insects (Dias,
1930), which makes relevant to evaluate the influence of T. cruzi presence in the
Malpighian tubules of these vectors.

Considering the necessity to deepen the understanding of the T. cruzi x
triatomine relationship, we evaluated cytogenetically the morphology and nucleus

composition of Malpighian tubules cells of T. infestans infected with T. cruzi from Tcl

group.

Materials and methods

Ten adult males of T. infestans were infected with T. cruzi through hematophagy
in rats contaminated with the Bolivia strain (belonging to Tcl group). Posteriorly, feces
from these triatomines were collected by abdominal pressure to confirm the infection
success by light microscope. The contaminated insects were dissected to remove the
Malpighian tubules located in the hemocele and the biological material was fixed in
flasks containing methanol and acetic acid (3: 1).

Slides were prepared by cellular smashing (Alevi et al., 2012), stained with the
cytogenetic technique of Lacto-Acetic Orcein (De Vaio et al., 1985, with modifications
according to Alevi et al., 2012) (to evaluate the nucleus morphology) and Acridine
Orange (Vidal, 1987) (to evaluate the cell metabolism, through the DNA and RNA
composition in the nucleus of Malpighian tubule cells) and analyzed under a Zeiss
Jenaval light microscope with an Axiovision Rel 4.8 image analyzer and Olympus BX-

FLA fluorescence microscope, respectively.
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Results and Discussion

Cytogenetic analyzes showed the presence of T. cruzi (Figure 1A) in the
Mapighian tubule cells of T. infestans did not result in changes in morphology (Figure
1B) and metabolism (Figures 1C and 1D) of these cells.

Garcia et al. (2011) analyzed the prevalence and intensity of infection with Y
strain of T. cruzi (Tcll group) as well as the incidence of metacyclogenesis and the
nuclear phenotypes frequency in Malpighian tubules of P. megistus. However, unlike
what was observed for T. infestans, the authors reported changes in the nuclear
phenotypes of Malpighi tubule cells of P. megistus infected. It is known the infection
effects may vary according to the parasite strains and the vector species and
environmental conditions (Guarneri; Lorenzo, 2017).

In addition to parasite infection, Garcia et al. (2011) subjected infected and
uninfected triatomines to heat shock and observed a significant increase in
heterochromatin decondensation in the nucleus of the Malpighian tubule cells for both
conditions. Considering that heat shock leads to chromatin decondensation in these
blood-sucking insects (Casseb-Hassan; Azeredo-Oliveira, 2001), the absence of changes
in the nucleus morphology and metabolism of T. infestans infected suggests that the
phenotypic changes described by Garcia et al. (2011) were allowed only by heat shock

and were not caused by T. cruzi infection.

Conclusion

Based on the exposed above, cytogenetic characterization revealed that infection
by the Bolivia strain of T. cruzi did not influence the nuclear morphology and
metabolism in Malpighian tubule cells of T. infestans, demonstrating that the parasite

presence does not cause damage to the analyzed organ.
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Figure 1. Malpighian tubules of T. infestans infected with T. cruzi. A: T. cruzi found
between the tubule cells, B-D: nuclear morphology and normal metabolism observed,
respectively, by staining with lacto-acetic Orcein (B) and Acridine orange (C and D).

Bar: 10 pm.
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8 CONCLUSOES

a) A caracterizacdo citogenética do nudcleo de T. cruzi (cepas Bolivia e Y)
permite diferenciar os grupos Tcl e Tcll, por meio do grau de heteropicnose (Tcl com
heteropicnose positiva e Tcll com heteropicnose negativa), evidenciando a importancia
dessa tecnica cléssica como um método alternativo para auxiliar os estudos
entoepidemioldgicos e no diagndstico clinico da doenga de Chagas;

b) A presenca de T. cruzi (cepa Bolivia) ndo afeta a espermatogénese de T.
infestans, sugerindo que o parasito possa atuar de maneira diferente sobre a
gametogénese de machos e fémeas, de forma que as alteragdes dos aspectos
reprodutivos sinalizadas em outros estudos sejam resultado da influéncia do protozoario
sobre a gametogénese das fémeas.

c) A infeccdo por T. cruzi (cepa Bolivia) ndo acarreta em alteracBes na
morfologia nuclear e no metabolismo das células dos tubulos de Malpighi de T.
infestans, indicando que, embora possa ser constatada a presenca do parasito nos 6rgaos

excretores dos triatomineos, a infeccdo ndo resulta em prejuizos a nivel celular.
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