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RESUMO

FAUNA E SAZONALIDADE DE FLEBOTOMI'NEOS~ (DIPTERA: PSYCHODIDAE:
PHLEBOTOMINAE) EM AREA DE TRANSMISSAO DE LEISHMANIOSE NA
REGIAO CENTRAL DO ESTADO DO RIO GRANDE DO SUL, BRASIL

AUTORA: Vanessa Osmari
ORIENTADOR: Luis Antdnio Sangioni

Os flebotomineos s&o insetos da Ordem Diptera, Familia Psychodidae e Subfamilia
Phlebotominae, que incluem alguns géneros de insetos hematdfagos capazes de transmitir
protozoarios do género Leishmania que causam leishmaniose visceral humana (LVH),
leishmaniose visceral canina (LVC) e leishmaniose tegumentar americana (LTA). Em Santa
Maria, na regido central do estado do Rio Grande do Sul (RS), é registrada a ocorréncia da
LVC desde 1985. No entanto, foi a partir de 2017 que houve um aumento na incidéncia dessa
doenca. J& em 2021 foram registrados dois casos autdctones de LVH, e 0 municipio passou a
ser considerado area de transmissdo da doenca. O objetivo deste estudo foi identificar a fauna
de vetores que podem estar envolvidos na transmisséo da LVC e LVH, além de realizar testes
moleculares para detectar a presenca de Leishmania spp. nos insetos. Para isso, no periodo de
janeiro de 2021 a dezembro de 2022, armadilhas luminosas modificadas do modelo CDC
(Centers for Disease Control) foram instaladas em trés bairros da cidade, onde casos de LVC
foram relatados anteriormente. Das 89 coletas realizadas foram capturados 119 flebotomineos
pertencentes a cinco espécies: Pintomyia fischeri (76/119, 63,86%), Migonemyia migonei
(23/119, 19,33%), Lutzomyia longipalpis (16/119, 13,45%), Brumptomyia sp. (2/119, 1,68%)
e Psathyromyia lanei (2/119, 1,68%). A maioria dos exemplares foram capturados nos meses
de fevereiro a abril de 2021 e 2022. Todos 0s pontos de coleta possuiam condicGes favoraveis
ao encontro dos flebotomineos, como matéria organica, sombreamento e fonte alimentar em
abundancia. Todas as fémeas foram testadas pela reacdo em cadeia da polimerase (PCR) e
foram negativas para Leishmania spp. Relatamos pela primeira vez a presenca do principal
vetor transmissor do agente na regido central do Rio Grande do Sul, Lu. longipalpis, além de
outras espécies. Embora o DNA de Leishmania spp. ndo tenha sido detectado, esses
resultados reforcam a necessidade da implementacdo de medidas para diminuir a proliferacdo
desses insetos.

Palavras-chave: Entomologia. Satde Unica. Epidemiologia. Leishmania spp. Lutzomyia
longipalpis.



ABSTRACT

FAUNA AND SEASONALITY OF SAND FLIES (DIPTERA: PSYCHODIDAE:
PHLEBOTOMINAE) IN A LEISHMANIASIS TRANSMISSION AREA IN THE
CENTRAL REGION OF THE STATE OF RIO GRANDE DO SUL, BRAZIL

AUTHOR: Vanessa Osmari
ADVISOR: Luis Anténio Sangioni

Sandflies are insects of the Order Diptera, Family Psychodidae and Subfamily
Phlebotominae, which include some genera of hematophagous insects capable of transmitting
protozoa of the genus Leishmania that cause human visceral leishmaniasis (HVL), canine
visceral leishmaniasis (CVL) and American tegumentary leishmaniasis (ATL). . In Santa
Maria, in the central region of the state of Rio Grande do Sul (RS), the occurrence of CVL has
been recorded since 1985. However, it was from 2017 onwards that there was an increase in
the incidence of this disease. In 2021, two autochthonous cases of HVL were recorded, and
the municipality started to be considered an area of transmission of the disease. The aim of
this study was to identify the vector fauna that may be involved in the transmission of CVL
and HVL, in addition to performing molecular tests to detect the presence of Leishmania spp.
in insects. For this, from January 2021 to December 2022, modified light traps of the CDC
model (Centers for Disease Control) were installed in three neighborhoods of the city, where
cases of CVL were previously reported. Of the 89 collections carried out, 119 sand flies
belonging to five species were captured: Pintomyia fischeri (76/119, 63.86%), Migonemyia
migonei (23/119, 19.33%), Lutzomyia longipalpis (16/119, 13.45%), Brumptomyia sp. (2/119,
1.68%), and Psathyromyia lanei (2/119, 1.68%). Most specimens were captured from
February to April 2021 and 2022. All collection points had favorable conditions for
encountering sandflies, such as organic matter, shading and an abundant food source. All
females were tested by polymerase chain reaction (PCR) and were negative for Leishmania
spp. We report for the first time the presence of the main transmitter vector of the agent in the
central region of Rio Grande do Sul, Lu. longipalpis, in addition to other species. Although
the DNA of Leishmania spp. has not been detected, these results reinforce the need to
implement measures to reduce the proliferation of these insects.

Keywords: Entomology. One Health. Epidemiology. Leishmania spp. Lutzomyia longipalpis.
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PREFACIO

Esta tese esta composta por um artigo e um manuscrito cientificos que se encontram
nas se¢des CAPITULO | e CAPITULO II, respectivamente. As secbes Material e Métodos,
Resultados e Discussdo encontram-se no proprio manuscrito e representam a integra deste

estudo. Para a concluséo do trabalho foi descrito as consideracdes gerais.
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1 INTRODUCAO

As doencas tropicais negligenciadas pertencem a um complexo de enfermidades que
ocorrem principalmente em areas tropicais e subtropicais, e afetam sobretudo populacdes que
vivem em extrema pobreza. A epidemiologia dessas doencas é complexa e, muitas vezes,
relacionada as condi¢des ambientais, onde o acesso ao saneamento bésico adequado e a salde
sdo limitados. Muitos dos agentes causadores dessas doencas s@o transmitidos por vetores,
possuem reservatorios animais e estdo associadas a ciclos de biolégicos complexos, tornando
0 seu controle desafiador (PAHO, 2017; WHO, 2022). Dentre essas enfermidades podemos
citar as leishmanioses que possuem grande importancia para a salde publica, devido a
consideravel expansdo geogréafica, a elevada incidéncia em animais e humanos e as altas taxas
de mortalidade em humanos quando nao tratados (ALVAR et al., 2012). Devido a
complexidade da doenga, integrar a abordagem de Sadde Unica (One Health) é a chave
essencial para o seu controle, através de colabora¢fes multissetoriais e transdisciplinares em
todos os aspectos da satde humana, animal e ambiental (HONG et al., 2020).

Inicialmente a leishmaniose era caracterizada de ambiente silvestre e posteriormente
passou por um processo de urbanizacdo, que pode ser atribuido a modificacBes na cadeia
epidemioldgica, envolvendo parasito, vetores e hospedeiros. Dentre essas intervencdes,
destacam-se as alteracbes ambientais causadas por acles antropicas, ligadas ao rapido
processo migratorio em areas periurbanas (desmatamento e urbanizacdo), a adaptacdo dos
vetores ao peridomicilio com uma diversa preferéncia alimentar; e a interacdo e migracdo de
reservatorios infectados para areas indenes (SALOMON et al., 2015).

Atualmente, o Brasil é responsavel por reportar aproximadamente 97% da casuistica
em humanos nas Américas, com mais de 2000 casos relatados por ano. A leishmaniose
visceral (LV) estd amplamente distribuida no Brasil, tendo sido notificada em 24 das 27
Unidades da Federacdo, atingindo todas as regides geograficas, com maior nimero de casos
notificados nas regides Nordeste, Sudeste e Centro-Oeste (PAHO, 2021; SINAN, 2022).

Nas areas urbanas, o cdo é considerado o principal reservatorio doméstico e apresenta
importante papel na manutencéo do ciclo do parasito, sendo o principal animal doméstico na
cadeia de transmissdo de Leishmania spp. ao ser humano (ALVAR et al., 2004; BANETH et
al., 2008). Isto ocorre, principalmente, devido a alta prevaléncia da doenca nestes animais,
com elevado parasitismo na pele e a intima relagdo dos cdes com o ser humano (DANTAS-
TORRES, 2009; PRADO et al., 2011). Porém, a transmissdo das leishmanioses sé ocorre

através da picada do inseto vetor. Diversas espécies de flebotomineos séo consideradas
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vetores suspeitos ou confirmados de Leishmania spp. Esses insetos pertencem a ordem
Diptera, familia Psychodidae e subfamilia Phlebotominae e possuem atividade crepuscular e
noturna (GUIMARAES et al., 2014; REGO et al., 2014). Com o crescente processo de
desmatamento e urbanizacdo, estes insetos, naturalmente silvestres, estdo se adaptando
também em areas periurbanas e urbanas, indicando assim a capacidade de habitar ambientes
antrépicos (RAMOS et al., 2014).

Desta forma, ampliar o conhecimento sobre a fauna e a sazonalidade dos vetores é de
extrema importancia para as medidas de monitoramento e controle para as leishmanioses.
Para tanto, objetivou-se realizar a identificacdo da fauna flebotominica assim como sua
sazonalidade e a presenca de Leishmania spp. nos flebotomineos encontrados na regido

estudada.
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2 REVISAO BIBLIOGRAFICA

2.1 IMPORTANCIA DAS LEISHMANIOSES

As leishmanioses sdo antropozoonoses consideradas um grande problema em salude
publica, representando um complexo de doengas com importante espectro clinico e
diversidade epidemiologica. A Organizacdo Mundial da Saude (OMS) estima que 350
milhGes de pessoas estejam expostas ao risco de infeccdo com registro aproximado de 2
milhdes de novos casos por ano, manifestadas por diferentes apresentac@es clinicas (NEVES,
2016). A enfermidade € considerada uma doenca negligenciada, pois a maioria dos casos
ocorre em paises pobres, principalmente devido a falta de saneamento basico, o que contribui
para a multiplicacdo dos vetores, moradias irregulares proximas as areas de matas, e também,
a caréncia de politicas publicas (WAITE et al., 2016). Além disso, o reduzido potencial de
retorno lucrativo para a industria farmacéutica gera baixo interesse no desenvolvimento de
novos farmacos e vacinas para o controle da doenca (OLIVEIRA et al., 2016; RIBEIRO et
al., 2018).

No passado, as leishmanioses eram restritas aos animais silvestres, peridomésticos e
aos flebotomineos de florestas tropicais densas, caracterizando-a como uma doencga de carater
silvestre e rural. Os seres humanos eram acidentalmente infectados quando adentravam ou
colonizavam areas proximas a focos silvestres (LAINSON & SHAW, 1979). Porém, ao longo
dos anos, esse padrdo foi sofrendo alteracbes e o ciclo de transmissdo atualmente ocorre
também em pequenos, médios e grandes centros urbanos (BRASIL, 2014).

As leishmanioses ocorrem nos cinco continentes e cerca de 98 paises sao considerados
endémicos (ALVAR et al., 2012). Nas Américas, as duas formas incidentes sdo a
leishmaniose visceral e a leishmaniose tegumentar americana (LTA) (WHO, 2008). As duas
apresentacdes da doenca estdo amplamente distribuidas por todo o Brasil, se fazendo
presentes em todas as regides (BRASIL, 2006; CRUZ et al., 2013).

A patogenicidade e a apresentagdo clinica da doenca variam conforme a espécie de
Leishmania envolvida, a carga parasitaria e o estado imunoldgico do hospedeiro (SCOTT &
NOVAIS, 2016). As formas clinicas da infeccdo em humanos podem ser caracterizadas como
cutanea, muco cutanea ou visceral, apresentando gravidade variavel. A LTA é considerada a
forma com o maior numero de casos notificados no mundo com uma estimativa de 1,5

milhdes de novos casos por ano (WHO, 2012).
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2.2 ETIOLOGIA, CICLO E TRANSMISSAO

Os agentes etioldgicos da leishmaniose sdo protozoarios tripanosomatideos do género
Leishmania, sendo caracterizados como parasitos intracelulares obrigatérios das células do
sistema fagocitico mononuclear. Possuem ciclo bioldgico heteroxénico, ou seja, necessitam de
hospedeiro invertebrado, representado pelos flebotomineos, os quais abrigam nas células
intestinais a forma flagelada ou promastigota; e um vertebrado, representado por animais
silvestres, domésticos, sinantropicos, além de seres humanos, os quais albergam nos tecidos a
forma aflagelada ou amastigota (ANTOINE, 1995; SCHLEIN, 1993).

Animais e humanos se infectam durante o repasto sanguineo de fémeas de insetos
pertencentes a ordem Diptera, familia Psychodidae, também denominados de flebotomineos
(LEWIS, 1974). Existem inumeras espécies capazes de transmitir a leishmaniose, variando
conforme a regido geogréfica, caracteristicas ambientais e climéaticas. No oriente, 0s
principais transmissores da leishmaniose sdo o0s insetos pertencentes ao género Phlebotomus,
contudo, no ocidente sdo os insetos do género Lutzomyia (GARDINER et al., 1988). No
Brasil, as principais espécies envolvidas na transmissdo da LTA sdo: Lutzomyia whitmani,
Lutzomyia intermedia, Lutzomyia umbratilis, Lutzomyia wellcomei, Lutzomyia flaviscutellata
e Lutzomyia migonei (BRASIL, 2014). Contudo, na LV, ha duas espécies que estdo
relacionadas com a transmissdo da enfermidade de acordo com o Ministério da Salde,
Lutzomyia longipalpis e Lutzomyia cruzi (BRASIL, 2006).

A primeira fase do ciclo ocorre no intestino médio da fémea do flebotomineo
infectada. Essa etapa caracteriza-se pelo parasita na forma de promastigota (GOSSAGE et al.,
2003). O protozoéario se adere & parede do intestino do vetor, dando assim inicio a sua
multiplicacdo por fissdo bindria. Em seguida o agente se transforma em promastigota
metaciclica, em que é capaz de infectar as células (KWEIDER et al., 1989). Durante esta fase,
0 parasito sofre uma série de modificacdes, entre elas a mudanca do lipofosfoglicano (LPG),
um glicoconjugado presente na membrana do protozoario que tem fungdo na interagdo entre o
parasita e 0 hospedeiro. A variagcdo na composicdo das cadeias laterais do LPG é diferente
entre as espécies de Leishmania. O LPG é um dos fatores principais para determinar a relagdo
inseto vetor - Leishmania, sendo responsavel pela aderéncia do protozoario no epitélio do
intestino médio do flebotomineo, evitando assim sua eliminacdo (SACKS & PERKINS,
1984).

Apbs a entrada de Leishmania spp. no hospedeiro vertebrado, por meio do repasto

sanguineo realizado pela fémea do flebotomineo, tem inicio a segunda fase. Nesta etapa, 0
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agente é fagocitado por células do sistema fagocitico, como macrofagos e neutrofilos, onde
estabelece a infec¢do. No interior destas células, o parasita sofre uma mudanga para a forma
amastigota (ALCOLEA et al., 2010) o qual multiplica-se intensamente por fissdo binaria. Isto
acarreta na lise celular e a consequente dispersdo de varios parasitas filhas para 0 meio
extracelular, os quais sdao novamente fagocitados por novas células fagociticas, conseguindo,
dessa forma, se reproduzir em grande escala no organismo do hospedeiro. O ciclo se
completara com o repasto sanguineo do flebotomineo, que ingere as células infectadas com
formas amastigotas que retornardo a fase de promastigota em seu intestino (CARLSEN et al.,
2015).

As espécies de Leishmania consideradas patogénicas para humanos estéo divididas em
trés subgéneros: Viannia, Leishmania, (LAINSON & SHAW, 1987) e Mundinia (ESPINOSA
et al.,, 2016). As espécies do subgénero Viannia, da qual faz parte L. braziliensis
desenvolvem-se inicialmente na regido posterior do intestino do flebotomineo sendo
considerado peripilarico. As espécies do subgénero Leishmania, estdo restritas a regido
suprapilarica do intestino do vetor, por exemplo L. infantum (LAINSON & SHAW, 1987).
Quanto as espécies do subgénero Mundinia pouco se sabe quanto a regido do intestino dos
flebotomineos onde se desenvolvem (RANGEL & SHAW, 2018).

Séo conhecidas cerca de 30 espécies de Leishmania, das quais 20 sdo patogénicas para
os seres humanos. As espécies de Leishmania geralmente apresentam diferengas
epidemioldgicas e clinicas. Na tabela 1 estdo descritas as espécies de Leishmania que causam
doenca em humanos (AKHOUNDI et al., 2016).

Tabela 1. Espécies de Leishmania que causam leishmaniose no homem.

Subgénero Espécie Distribuicdo
Leishmania L. aethiopica Africa (Etiopia, Quénia)
L. amazonensis Ameérica do Sul (Brasil, Bolivia e Venezuela).
(sin. de L.
garnhami)
L. donovani (sin L. Africa Central, Sul da Asia, Oriente Médio, india e
archibaldi) China.
L. infantum (sin. de  Norte da Africa, Paises do Mediterraneo (Europa e Norte
L. chagasi) da Africa), Sudeste da Europa, Oriente Médio, Asia

Central, América do Norte (México), América Central e
América do Sul (México, Venezuela, Brasil, Bolivia).

L. major Africa do Norte e Central Oriente Médio, Europa
Mediterranea e Subcontinente Indiano- Asia Central.
L. major-like América do norte (México) e América do sul (Brasil,

Equador Paraguai, Peru, Uruguai, Venezuela).
L. mexicana (sin. EUA, Equador, Venezuela, Peru.
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L. pifanoi)
L. tropica (sin. de Africa Central, Africa do Norte, Oriente Médio, Asia
L. killicki) Central e India.
L. venezuelensis Norte da América do Sul e Venezuela.
Viannia L. braziliensis Bacia Amazonica Ocidental e América do Sul (Brasil,
Bolivia, Guatemala, Peru, Venezuela).
L. guyanensis Norte da América do Sul, Guiana Francesa, Suriname,
Brasil e Bolivia.
L. lainsoni Brasil, Bolivia e Peru.
L. lindenbergi Brasil
L. naiffi Brasil e Guiana Francesa.
L. panamensis América Central e América do Sul (Brasil, Colémbia,
Panamé, Venezuela).
L. peruviana Peru e Bolivia.
L. shawi Brasil
Mundinia L. martiniquensis Martinica e Tailandia.

(Adaptado e modificado de AKHOUNDI et al., 2016 e ESPINOSA et al., 2016)

Portanto, as oito espécies de Leishmania reportadas que causam enfermidades a
humanos no Brasil sdo: Leishmania (Viannia) braziliensis, Leishmania (Viannia) guyanensis,
Leishmania (Viannia) lainsoni, Leishmania (Leishmania) amazonenses, Leishmania (Viannia)
shawi, Leishmania (Viannia) naiffi e Leishmania (Viannia) lindenbergi, sendo essas sete
causadoras da forma tegumentar e Leishmania (Leishmania) infantum, da forma visceral
(SANTQOS, 2019).

2.3 VETORES E ADAPTACAO AO AMBIENTE

Os flebotomineos (Diptera: Psychodidae: Phlebotominae) sdo insetos dipteros, de
grande importancia em saude publica, uma vez que sdo responsaveis pela transmissdo de
bactérias, virus, além de parasitas, incluindo protozoérios pertencentes ao género Leishmania
(Kinetoplastida: Trypanosomatidae). Cerca de 98 espécies de flebotomineos sdo considerados
vetores (comprovados ou suspeitos de LVH) (MAROLI et al., 2013).

Segundo a classificacdo de Galati (2003), os flebotomineos americanos séo divididos
em 23 géneros, sendo que os vetores de Leishmania estdo distribuidos principalmente em sete
deles: Bichromomyia, Lutzomyia, Migonemyia, Nyssomyia, Pintomyia, Psychodopygus e
Trichophoromyia.

Esses insetos possuem uma ampla distribuicdo geogréafica, sendo conhecidas
aproximadamente 1026 espécies, sendo 539 delas encontradas no Novo Mundo. No Brasil,
em termos de riqueza de espécies, a fauna de flebotomineos da Amazonia € considerada umas
das mais diversas do mundo (GALATI, 2018; ANDRADE et al., 2020).
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Os flebotomineos sdo conhecidos popularmente, dependendo da regido geogréfica em
que se encontram, como: mosquito-palha, birigui, cangalhinha, asinha branca ou tatuquira, e
se diferem dos demais dipteros por desenvolverem seu estagio larval em matéria organica no
solo e ndo em &gua, como a maioria dos mosquitos conhecidos (BAHIA et al., 2007). Sédo
insetos de pequeno porte (1 a 3 mm), delgados, frageis, pilosos, possuem dois pares de asas
que lhes permitem deslocamento por pequenos saltos. Apresentam atividade crepuscular ou
noturna e sdo holometabolos, ou seja, seu ciclo de vida compreende as fases evolutivas de
ovo, larva, pupa e adulto, de formas diferenciadas (BRAZIL & BRAZIL, 2003; LEWIS,
1974).

Os ovos sdo depositados em micro habitats terrestres, ricos em substrato organico, e as
larvas ao eclodirem no meio ambiente se alimentam de matéria organica em decomposicao.
Os adultos habitam locais que possuem pequenas variagdes de temperatura e umidade, como,
troncos de arvores, folhas caidas no solo ou frestas de rochas, pois sdo extremamente
sensiveis a dessecacdo e uma pequena variacdo desses fatores em seus habitats € suficiente
para alterar a sua dindmica de sobrevivéncia e dispersdo (DIAS et al., 2007).

Os locais de abrigo, geralmente correspondem ao ambiente onde as fémeas dos
flebotomineos encontram os hospedeiros vertebrados para a realizagdo do repasto sanguineo
(BASIMIKE et al., 1991; COMER & BROWN, 1993; MEMMONT, 1991). Com a destrui¢éo
das matas nativas, os habitos naturais destes insetos foram alterados, levando a uma restricao
de ambientes e de fonte alimentar, fazendo com que as espécies resistentes as condicdes
adversas explorem novas areas, aproximando-se cada vez mais dos peridomicilios dos centros
urbanos (FORATTINI et al., 1976; GOMES & GALATI, 1989). A maioria das mudancas
ambientais que ocorreram nos ultimos anos afetaram a epidemiologia das leishmanioses,
sugerindo que parasitos e vetores possuem capacidade de se adaptar as alteracdes ecoldgicas
de acordo com cada regido (GRIMALDI JR & TESH, 1993; MARZOCHI & MARZOCHI,
1994).

Estes insetos apresentam dimorfismo sexual e diferem-se também pelo habito
alimentar, sendo os machos exclusivamente fitofagos e as fémeas, além da seiva vegetal, sdo
hematofagas, necessitando de sangue (fonte de aminoacidos e proteinas) para realizar a
maturacdo de seus ovarios e a producdo de ovos (GALATI et al.,, 2010; KILLICK-
KENDRICK, 1999). Morfologicamente, as principais diferencas entre 0s sexos estdo
relacionadas aos Ultimos segmentos abdominais. A distin¢do dos sexos dos flebotomineos faz-
se ainda facilmente através da observacdo dos Ultimos segmentos abdominais, 0s quais sao

modificados para construir a genitadlia do inseto. Nos machos encontra-se presente um
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conjunto de apéndices bem desenvolvidos e ornamentados (estruturas com valor taxondmico),
enquanto que nas fémeas os segmentos menores e discretos dispdem-se como estruturas
telescopadas, as quais conferem aspecto arredondado a genitdlia do inseto. As fémeas
possuem o corpo mais robusto com relagdo ao dos machos e ainda, internamente, possuem,
entre 0 8° e 9° segmento abdominal, um par de espermatecas (estrutura em forma de saco
utilizada para armazenar os espermatozoides do macho) caracteristico para cada espécie, a
qual também tem valor taxondmico (SANTOS, 2014). Além disso, ha diferenca no aparelho
bucal, onde a probdscida dos machos é mais curta e atrofiada, ao contrario das fémeas que
tem a proboscida mais longa e adaptada para picar a pele de vertebrados e sugar o sangue.
Outra caracteristica que sé se encontra nas fémeas € a presenca do cibario, um conjunto de
estruturas quitinizadas, também associado a hematofagia, localizado na regido interna e
ventral da cabeca (SANTOS, 2014).

As fémeas dos flebotomineos geralmente saem a procura de fontes alimentares no
periodo noturno e a escolha pelo hospedeiro vertebrado € um processo ainda incompreendido,
podendo apresentar variacdes entre as espécies. Alguns flebotomineos possuem preferéncias
limitadas a poucos hospedeiros animais, enquanto outros demonstram um comportamento
"oportunista”, ou seja, ndo sdo seletivos (MISSAWA et al., 2008; QUINNELL et al., 1992;
TESH et al., 1971). Provavelmente, essas fémeas ndo seletivas possuem maior capacidade
vetorial para transmissao de patdgenos, visto que podem realizar repastos sanguineos em uma
grande variedade de hospedeiros potencialmente infectados (SACKS et al., 2008).

Apesar do voo saltitante em curtas distancias ser caracteristico desses insetos, ha
evidéncias de determinadas espécies neotropicais que habitam as florestas serem capazes de
subir a trés metros de altura e permanecerem em voo continuo por até 20 metros (READY et
al., 1986). Do mesmo modo, a dispersdo dos flebotomineos ndo costuma alcancar longas
distdncias, em torno de 200 metros, excepcionalmente 900 metros (ALEXANDER &
YOUNG, 1992; CHANIOTIS et al., 1974).

Segundo Killick-Kendrick (1990), existem alguns critérios para vincular a espéecie de
flebotomineo como vetor de Leishmania spp. Esses critérios referem-se ao comportamento
antropofilico; a distribuicdo geogréafica em concordancia com a doenga; a competéncia
vetorial e a capacidade de infectar-se naturalmente pela mesma espécie responsavel pela
infeccdo humana; o grau de afinidade com os reservatorios e com o homem; a densidade e a
taxa de infeccdo natural pelo parasito; a manutengédo de todas as etapas do desenvolvimento
parasitario nos espécimes infectados experimentalmente em laborato6rio e a capacidade desses

insetos se infectarem e transmitirem experimentalmente o parasita por meio do repasto em
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modelos experimentais. Recentemente, ap0s a revisdo destes critérios, foi proposto a incluséo
de novos pardmetros para a comprovagdo vetorial de uma espécie de flebotomineo que
incluem, uma modelagem matematica que demonstre que a espécie é fundamental para a
manutencdo da transmissdo do parasito e também a verificacdo da diminuicdo da incidéncia
da doenca causada pela reducéo da densidade do vetor especifico (READY, 2013).

O desequilibrio ambiental promove o desalojamento dos vetores e reservatérios
silvestres, o que favorece a necessidade de adaptacdo ao ambiente antropizado. O incremento
da densidade populacional contribui para o crescimento do nimero de moradias em condicdes
favoraveis a sobrevivéncia e adaptacdo de vetores, tais como: acimulo de lixo, auséncia de
saneamento bésico e a presenca de diferentes hospedeiros e fonte alimentar (CARDIM et al.,
2013; SHAW, 2007). Além disso, as mudancas climéaticas também influenciam no
comportamento e dispersdo dos vetores e reservatorios, sendo que foi observada uma possivel
expansdo de Lu. longipalpis para areas anteriormente consideradas como ndo receptivas,
acompanhando as altera¢Ges climaticas daquelas regides (PETERSON et al., 2017).

A maior parte dos estudos sobre flebotomineos sdo baseados na necessidade de
investigacdo de potenciais vetores em dareas de ocorréncia de casos de LVH. Essas
investigacBes envolvem a identificacdo de espécies antropofilicas no raio de abrangéncia do
local provavel de infeccdo e a pesquisa de espécimes naturalmente infectadas
(ALEXANDER, 2000). O conhecimento da ecologia dos vetores das leishmanioses e da
distribuicdo associada a influéncia das variaveis climéaticas na densidade populacional dos
flebotomineos constituem importantes elementos para um melhor entendimento dos aspectos
epidemioldgicos e da dinamica da doenca, podendo favorecer a eficicia das estratégias de
controle da enfermidade em areas de transmissdo e impedir que casos ocorram em areas onde
a enfermidade ainda n&o esté circulando (REBELO et al., 2001).

Para estudos entomoldgicos envolvendo insetos hematdfagos (principalmente
culicideos, flebotomineos e ceratopogonideos), armadilhas luminosas do tipo CDC (Centers
for Disease Control) sdo frequentemente utilizadas para capturas, pois elas tém a capacidade
de atrair o0s insetos por uma pequena fonte de luz que os suga para o interior de um recipiente,
qguando estes se aproximam. A maioria dos insetos coletados por esse tipo de armadilha
permanecem vivos até o momento do acondicionamento ao laboratorio. As principais
vantagens deste tipo de instrumento € que sdo pequenos, de facil montagem e permitem a
coleta de uma grande diversidade de espécies, possibilitando a coleta em estratos verticais até
a copa das arvores. As desvantagens incluem a possibilidade de angariar um namero

relativamente pequeno de insetos, de danificar os exemplares quando estes passam pelas
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palhetas da ventoinha e de ndo produzirem amostragens relacionadas com a atragdo humana
quando comparadas a armadilhas que utilizam iscas humanas e animais (GORAYEB, 2013).
Em funcdo disso, sdo reconhecidas ha muito tempo como as armadilhas mais eficazes e
amplamente utilizadas para amostragem de insetos de importancia médica, principalmente em

estudos de vigilancia e monitoramento (FAIMAN et al., 2009).

2.4 RESERVATORIOS E HOSPEDEIROS

Em relacdo aos reservatorios e hospedeiros, uma grande diversidade de vertebrados
estd envolvida no ciclo de transmissdo das leishmanioses. Nas Américas, as ordens que
possuem espécies reconhecidas como reservatorios de Leishmania spp. sdo: Rodentia,
Marsupialia, Primata, Edentata (Xenartros), Carnivora, Perissodactyla e Chiroptera. Entre
estes, 0 humano é um hospedeiro acidental da infeccdo (LAINSON et al., 1985). O cdo é
considerado como uma importante fonte de infeccdo para os vetores e atua como o principal
reservatorio doméstico do protozoario causador da LV (DEANE & DEANE, 1954). Uma vez
infectados, os cdes (sintoméaticos ou ndo) podem apresentar parasitismo cutaneo,
possibilitando transmissdo de L. infantum aos flebotomineos no momento do repasto
sanguineo (LAINSON & RANGEL, 2005).

Quando comparados aos demais reservatérios da doenca, o cdo apresenta uma maior
taxa de infectividade para o vetor, como também € o que tem maior proximidade com a
populacdo humana, fortalecendo a sua importancia no ciclo de transmissdo da doenca para a
populacdo humana (LAINSON & RANGEL, 2005). Ressalta-se ainda que em areas
endémicas para LV, a prevaléncia da doenca nos cées ndo s6 supera a doenca em humanos,
como a elevacdo da sua incidéncia eventualmente precede a ocorréncia de casos humanos
(BELO et al., 2013; OLIVEIRA et al., 2001).

Em felinos domeésticos, a leishmaniose € uma doenca emergente, que tem sido relatada
tanto em areas endémicas (PENNISI & PERSICHETTI, 2018) quanto em ndo-endémicas
(SPADA et al., 2020) e o gato pode apresentar a infeccdo cronica e desempenhar o papel de
hospedeiro e reservatorio.

De acordo com alguns autores, 0s cées apresentam uma grande importancia na
manutencdo da doenga, principalmente, em grandes metropoles, por serem reservatorios
naturais do parasito, por estarem associados aos casos de endemias e por manter a
endemicidade da LV no meio urbano (CAMPOS et al., 2017; TEIXEIRA-NETO et al., 2014;
TELES et al., 2015; URSINE et al., 2016).
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Dentre os outros animais domesticos, os abrigos de aves, principalmente galinhas, tém
sido associados a presenca macica de Lu. longipalpis. Entretanto, essas ndo participam da
manutencdo do ciclo da LV, uma vez que sdo refratarias a infeccdo (ALEXANDER et al.,
2002; BRAZIL et al., 1991; OLIVEIRA-PEREIRA et al., 2008). Apesar dos galinaceos nao
possuirem capacidade de albergar Leishmania spp., estas aves sdo uma fonte de alimentacéo e
atracdo para as fémeas de flebotomineos (ALEXANDER et al., 2002). Estudos demonstraram
a possibilidade de utilizacdo de aves como sentinelas para detectar o aparecimento de Lu.
longipalpis, uma vez que elas produzem anticorpos contra a saliva deste vetor
(ALEXANDER et al., 2002; BRAZIL et al.,, 1991; OLIVEIRA-PEREIRA et al., 2008;
SOARES et al., 2013).

Entre os principais potenciais reservatorios silvestres e sinantrépicos de L. infantum
nas Américas foram verificadas varias espécies de mamiferos tais como: Didelphis
marsupialis e D. albiventris (marsupiais), Thrichomys laurentius (roedor), Cerdocyum thous e
Speothos venaticus (carnivoros) e Carollia perspicillata (quiréptero). Estes animais tém
importancia na manutencdo da circulacdo do parasito nos ambientes silvestres, sendo que
algumas espécies podem fazer a ligacdo entre o ciclo silvestre e peridoméstico, por possuirem

habitos sinantropicos como as espécies de marsupiais (ROQUE & JANSEN, 2014).

2.5 VETORES NO ESTADO DO RIO GRANDE DO SUL

Os primeiros estudos entomolégicos conduzidos no estado do Rio Grande do Sul
foram realizados na regido conhecida como Parque Estadual do Turvo, onde no periodo de
novembro de 1996 a fevereiro de 1997, novembro de 1997 a janeiro de 1998 e novembro de
1998 a janeiro de 1999 foram coletados 5.244 espécimes, compreendendo 12 espécies de
Lutzomyia e 2 de Brumptomyia. As espécies identificadas foram: Lutzomyia migonei,
Lutzomyia pessoai, Lutzomyia lanei, Lutzomyia misionensis, Lutzomyia neivai, Lutzomyia
shannoni, Lutzomyia monticola, Lutzomyia fischeri, Lutzomyia bianchigalatiae, Lutzomyia
schreiberi, Lutzomyia correalimai, Lutzomyia alphabetica, Brumptomyia pintoi e
Brumptomyia nitzulescui. Das 920 fémeas testadas, o DNA de Leishmania spp. foi detectado
em 2 exemplares de Lu. pessoai e em um exemplar de Lu. misionensis (SILVA, 1999; 2000).

O primeiro relato do encontro do principal vetor da LV, Lu. longipalpis no estado
ocorreu em 2008, ap6s um cdo ser diagnosticado com a doenca no municipio de Sao Borja, na
fronteira oeste (SOUZA et al., 2009).
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Em 2010, estudos entomoldgicos comegaram a ser desenvolvidos em outras regides
para identificar espécies relevantes no ciclo da LTA, como no municipio de Estrela, na regido
centro-oriental, onde Eckert & Souza (2010) coletaram 74 flebotomineos pertencentes a nove
espécies: Brumptomyia cunhai, Brumptomyia nitzulescui, Lutzomyia edwardsi, Lutzomyia
fischeri, Lutzomyia lanei, Lutzomyia migonei, Lutzomyia misionensis, Lutzomyia neivai e
Lutzomyia pascalei. As espécies mais frequentes e importantes epidemiologicamente foram
Lu. neivai e Lu. fischeri, pois indicam a possibilidade de transmissdo da LTA, uma vez que
estas espécies sdo comprovadamente antropofilicas e adaptadas as alteracbes do meio
ambiente. Essa pesquisa também identificou pela primeira vez a presenca de Lu. pascalei no
Rio Grande do Sul.

Em 2015 no municipio de Viaméao, na regidao metropolitana de Porto Alegre, Lindholz
coletou 516 flebotomineos pertencentes as espécies Lu. neivai, Lu. migonei, Lu. fischeri e Lu.
lanei. Esses insetos foram submetidos a técnicas moleculares onde somente a espécie Lu.
lanei ndo foi positiva para L. infantum (LINDHOLZ, 2015).

Entre 2014 e 2015, na cidade de Porto Alegre, foram coletados 518 flebotomineos,
pertencentes as espécies Psathyromyia lanei, Brumptomyia sp., Migonemyia migonei,
Pintomyia fischeri e Nyssomyia neivai, onde foi pesquisada a presenca de DNA de
Leishmania spp. A espécie Pi. fischeri foi positiva para L. infantum, indicando um possivel
envolvimento no ciclo de transmissdo na regido avaliada (REGO et al., 2019).

Entre 2016 e 2017 trés casos autoctones de LVH foram relatados em Porto Alegre.
Durante este mesmo periodo, foram capturados 501 flebotomineos sendo que Lu. gaminarai
foi a espécie mais abundante no intradomicilio, enquanto Mg. migonei foi a mais abundante
no peridomicilio dos locais estudados. O DNA de L. infantum foi detectado em Lu.
gaminarai, Pi. fischeri e Mg. migonei. O DNA de L. braziliensis foi detectado em Lu.
gaminarai e Pi. fischeri. Esses importantes achados indicam um possivel papel vetorial de Pi.
fischeri no ciclo epidemioldgico de L. infantum no Brasil. Além disso, a primeira detecgdo
documentada de DNA de Leishmania em Lu. gaminarai pode ser indicativo de mdaltiplos
vetores envolvidos no ciclo das leishmanioses em Porto Alegre, uma vez que até 0 momento
ndo foram encontrados exemplares de Lu. longipalpis (REGO et al., 2020).

Embora os estudos citados acima tenham contemplado a fauna de flebotomineos de
algumas regides, ndo possuimos dados referentes a regido central do Rio Grande do Sul. Para
tanto, neste estudo objetivou-se realizar a identificagdo da fauna flebotominica assim como

sua sazonalidade e a presenca de Leishmania spp. nos flebotomineos encontrados.
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3 CAPITULO 1 - First identification of Lutzomyia longipalpis in an area of visceral
leishmaniasis transmission in central Rio Grande do Sul State, southern Brazil

Este capitulo originou um artigo cientifico que foi publicado na Revista Parasitology
Research sob 0 DOI: 10.1007/s00436-022-07647-9.
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First identification of Lutzomyia longipalpis in an area of visceral leishmaniasis transmission in central Rio

Grande do Sul State, southern Brazil

Abstract

Sand flies are hematophagous dipterans and are considered vectors of the parasites belonging to the genus
Leishmania, which can infect mammals, including humans, and subsequently cause leishmaniasis. Rio Grande
do Sul State (RS), southern Brazil, was considered free of this disease for the last few decades. However, several
autochthonous cases of visceral leishmaniasis (VL) have been recorded in different municipalities in recent
years. Since 2017, cases of canine visceral leishmaniasis (CVL) have been reported in the municipality of Santa
Maria, located in the central region of RS. In 2021, two cases of human VL were confirmed in the city, resulting
in one death. To capture the possible vectors involved in the disease transmission cycle, Centers for Disease
Control (CDC) modified light traps were installed in the peridomestic residential areas. These
points were situated in two city districts where cases of CVL had been reported from January 2021 to January
2022. In the 41 sample collections of sand flies, 9 specimens of Lutzomyia longipalpis were identified,
confirming the municipality as an area of VL transmission, according to Brazilian sanitary standards. The spread
of Leishmania spp. has been occurring efficiently, resulting in a negative impact on the One Health. This study

reports the first detection of L. longipalpis in the central region of RS.

Keywords: Phlebotominae, Vector, Visceral leishmaniasis, One Health, Epidemiology.

Introduction

Sand flies (Diptera: Psychodidae: Phlebotominae) are hematophagous insects and vectors of parasites
belonging to the genus Leishmania, which can infect mammals and cause leishmaniasis. Brazil has one of the
highest numbers of reported cases of cutaneous and visceral leishmaniasis worldwide (OPAS 2017).

Infection occurs when female of sand flies bite susceptible hosts and release promastigotes into the
host’s blood stream. Macrophages phagocytose these promastigote forms, which undergo binary division within
the macrophages and transform into amastigote forms. Upon lysis, macrophages release the amastigotes into the
blood and/or lymphatic stream, triggering an inflammatory reaction and infecting other cells of the immune

system, continuing the cycle in the vertebrate host. Sand flies ingest the amastigotes during another blood meal
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and the amastigotes undergo transformation to different forms of promastigotes within the vector, which
continue their multiplication until they are inoculated into other susceptible hosts (CDC 2020).

From the 1980s, the visceral leishmaniasis (VL) distribution began to occur in peri-urban and urban
areas. The spread of VL in southern Brazil was influenced by the urbanization processes, poor basic sanitation
conditions, favorable environmental conditions for sand fly multiplication, and displacement of infected people
and animals to non-endemic areas, among other factors (Pasquali et al. 2019). Thus, VL has become an
important public health concern due to the spread of infection coupled with ineffective control measures (Silva et
al. 2019). Surveillance of canine visceral leishmaniasis (CVL) cases takes place actively in endemic areas, as
recommended by the “Visceral Leishmaniasis Prevention and Control Plan” (Brasil 2014).

The state of Rio Grande do Sul (RS; southern Brazil) was considered a VL-free area two decades ago.
However, over the years, several autochthonous cases of CVL have been reported in different cities (Deboni et
al. 2011). In addition, autochthonous cases of human visceral leishmaniasis (HVL) have been reported in areas
where CVL had previously occurred, changing the health status of RS to an area of VL transmission. Numerous
sand fly species are capable of transmitting leishmaniasis, and their distribution varies according to the
geographic region and climatic characteristics. In the East, the transmitters of VL are insects belonging to the
genus Phlebotomus; however, in the West, they are insects of the genus Lutzomyia (Gardiner et al. 1988). There
are two recognized species related to VL transmission in Brazil: Lutzomyia longipalpis (L. longipalpis) and
Lutzomyia cruzi (Brasil 2014). However, HVL cases have also been reported in Porto Alegre, the capital of RS,
where L. longipalpis is absent (Régo et al. 2019). In 2021, two autochthonous cases of HVL were reported in
Santa Maria (RS), of which one patient died (Wille 2021a, b). Nevertheless, until that year, there was no
description of the sand fly species that could be involved in the transmission cycle of CVL and HVL in the

municipality. This study aimed to identify the main vectors involved in the disease transmission in the city.

Material and methods

Santa Maria is located in the central region of Rio Grande do Sul State, southern Brazil (29°41'02"S and
53°48'25"W, 113 m altitude) (IBGE 2021).

To perform this study, all of the occurrences of CVL in Santa Maria from 2017 to 2020 were recorded.
The traps were placed in two districts of Santa Maria, Nossa Senhora do Perpétuo Socorro, in the northern region

(P1) (29°4029.03"S, 53°48' 38.04"W) and Presidente Jodo Goulart in the northeast region (P2) (29°40'47.92"S,
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53°4729.07"W), 1.94 km apart. The modified CDC traps (Horst™ model) were placed between January 2021
and January 2022 in the peridomicile of the residences.

The environment was evaluated to verify favorable conditions for sand flies, including the presence of
domestic animals, organic matter, humidity, vegetation, and shaded areas. At each collection point, the trap was
placed approximately 1.5 m above the ground in the afternoon (6:00 pm) and collected the following day (06:00
am). All traps were replaced at least once a month in each household. The collection bag was sent to the
Laboratorio de Doengas Parasitarias (LADOPAR) at Universidade Federal de Santa Maria (UFSM) to separate
the captured insects. The apparatus was placed in a freezer at - 20 °C for 30 min to immobilize the arthropods.
After this procedure, all insects were examined under a stereoscopic microscope (Olympus ™) and the dipterans
of interest were selected. Only the sand flies were screened according to their external morphological
characteristics, such as the size and presence of bristles throughout the body, especially on the wings; other
insects present in the collection bags were discarded.

The specimens were sent to the Laboratorio de Parasitologia Molecular at Universidade Federal do

Paranad (UFPR) for species identification according to the taxonomic key of Galati (2018).

Results and Discussion

During the study period, a total of 41 collections were performed resulting in 9 specimens of sand flies
captured from two districts in Santa Maria, RS, Brazil (Table 1). All sand flies specimens were captured between
February and April 2021. The environmental characteristics observed in P1 included areas with vegetation close
to streams with abundant organic matter and humidity, and the presence of cats, while in P2 a patio with shaded
area was verified surrounded by bamboo with organic matter, and the presence of dogs.

The first report of L. longipalpis in RS occurred in 2008, after a dog was diagnosed with the disease in
the municipality of Sdo Borja, on the border with Argentina (Souza et al. 2009). Lainson and Rangel (2005)
demonstrated that L. longipalpis has a wild origin and is gradually adapting to rural and urban areas,
demonstrating a high degree of adaptability to anthropic environments (Salomén et al. 2015). Sand fly adaptation
is favored by their varied hematophagous feeding habits. Moreover, they have a wide variety of vertebrates as
blood meal sources, such as wild animals (rodents, foxes, armadillos, and skunks), domestic and production
animals (dogs, pigs, horses, cattle, and chickens), and humans (Macedo-Silva et al. 2014). In our study, the
vector was adapted to the peridomicile, finding favorable conditions for its survival and multiplication, such as

sources of food, shelter, and organic matter.
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The most important reservoir host for the maintenance and transmission of VL to humans is the
domestic dog (Canis familiaris) (Steindel et al. 2013). Infected dogs represent approximately 40-60% of
seropositive animals and can remain clinically healthy (asymptomatic) for long periods (months to years),
facilitating the spread of disease to other animal species and humans (Barata et al. 2013).

Infection cases in humans are usually preceded by canine cases, because dogs have a greater cutaneous
parasitism than humans, making acquisition of the parasite by vectors easier. In this context, symptomatic and
asymptomatic seropositive dogs play an important role in maintaining the disease cycle in urban areas (Steindel
etal. 2013).

Confirming the presence of the vector in the studied region was important, as it will help health
authorities monitor disease spread, implement vector control and promote CVL interventions in the

municipalities of the central region in order to prevent new cases of HVL.

Conclusions

This is the first study to report the presence of L. longipalpis in the central region of Rio Grande do Sul,
Brazil. The presence of two autochthonous cases of HVL in Santa Maria, the vector availability and existence of
favorable conditions for the multiplication of sand flies in peridomiciliary environments favor the maintenance
of Leishmania spp. cycle, resulting in a negative impact on One Health. More studies should be conducted to
increase the knowledge about L. longipalpis and other vectors involved in the transmission of leishmaniasis in

southern Brazil.
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237 Table 1 — Lutzomyia longipalpis collected by modified CDC light traps between January 2021 and January 2022,
238 in the peridomicile of residence located the districts Nossa Senhora do Perpétuo Socorro(P1) and Presidente Jodo

239 Goulart(P2), Santa Maria, RS, Brazil.

Point Collections Specimens (%) Genera Total (%)
23 22.2%
0,
P1 25 3 (33.3%) 10 11.1%
23 22.2%

P2 16 6 (66.7%) 40 44.4%
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4 CAPITULO Il — Fauna and seasonality of sand flies (Diptera: Psychodidae:
Phlebotominae) from a leishmaniasis transmission area in the central region of Rio

Grande do Sul, Brazil

Este capitulo originou um artigo cientifico que foi submetido para publicacdo na

Revista Parasitology Research.
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Fauna and seasonality of sand flies (Diptera: Psychodidae: Phlebotominae) from a leishmaniasis

transmission area in the central region of Rio Grande do Sul, Brazil

Abstract

Sand flies are insects in the Order Diptera, Family Psychodidae, and Subfamily Phlebotominae, which include
hematophagous insect genera capable of transmitting Leishmania spp., which cause human visceral
leishmaniasis (HVL), canine leishmaniasis (CVL), and American tegumentary leishmaniasis (ATL). In Santa
Maria, in the central region of Rio Grande do Sul (RS), CVL has been recorded since 1985. However, since
2017, there has been an increase in the incidence of this disease in dogs. In 2021, two autochthonous cases of
HVL were registered in the municipality, which is an area of disease transmission. The objective of this study
was to identify the fauna of these vectors that may be involved in CVL and HVL transmission. Modified Centers
for Disease Control (CDC) light traps were installed in three neighborhoods of the city where cases of CVL were
previously reported, from January 2021 to December 2022. Of the 89 collections carried out, 119 sand flies of
five species were captured: Pintomyia fischeri (76/119, 63.86%), Migonemyia migonei (23/119, 19.33%),
Lutzomyia longipalpis (16/119, 13.45%), Brumptomyia sp. (2/119, 1.68%), and Psathyromyia lanei (2/119,
1.68%). Most insects were captured between February and April in 2021 and 2022. All female individuals were
tested using polymerase chain reaction and were negative for Leishmania spp. The presence of these species in
the environment constitutes the first report of dipterans in central RS. Although Leishmania spp. DNA was not
detected in these vectors, these results reinforce the need to implement measures to reduce the proliferation of

these insects.

Keywords: entomology, One Health, epidemiology, Leishmania spp., Lutzomyia longipalpis.

Introduction

There are 1,026 species of Phlebotominae known worldwide, 539 of which have been recorded in the
Americas, 277 of which occur in Brazil (Shimabukuro et al. 2017; Galati 2018; Andrade et al. 2020), and 23 in
Rio Grande do Sul (RS) (Dias et al. 1997; Silva and Grunewald 1999; Silva et al. 2004; Andrade Filho et al.
2007; Souza et al. 2009). Sand flies are insects in the order Diptera, subfamily Nematocera, family Psychodidae,
and subfamily Phlebotominae. This subfamily includes several genera of blood-sucking insects of considerable

importance in One Health, as some species have vectorial capacity for transmitting Leishmania spp.; these cause
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human visceral leishmaniasis (HVL), canine visceral leishmaniasis (CVL), and American tegumentary
leishmaniasis (ATL) (Dantas-Torres 2009). These are among the most prevalent insect-transmitted endemic
diseases worldwide. Brazil has the highest number of cases in the American continent (PAHO 2010; WHO 2003,
2017).

In the Americas, visceral leishmaniasis (VL) is endemic in 12 countries, and from 2001 to 2017,
approximately 60,000 notifications were registered in humans, resulting in approximately 3,000 cases annually
on average, 96% of which were in Brazil (OPAS 2019). VL is primarily caused by Leishmania infantum in
Brazil, which is transmitted by Lutzomyia longipalpis and Lutzomyia cruzi (Queiroz 2012). In addition, several
studies have also reported Nyssomyia neivai, Pintomyia fischeri, and Migonemyia migonei being involved in
disease transmission (Carvalho et al. 2010b; Salomén et al. 2010; Dias et al. 2013; Guimardes et al. 2016).

In urban areas, dogs (Canis familiaris) are the main infection reservoirs and sources. Canine enzooty
preceded human cases, and infection in dogs is more prevalent than that in humans. The best-known reservoirs in
the wild are foxes (Dusicyon vetulus and Cerdocyon thous) and marsupials (Didelphis albiventris and Didelphis
marsupialis) (Brasil 2014). Furthermore, studies involving Leishmania spp. and bats have demonstrated
mammalian involvement in the protozoan lifecycle (Savani et al. 2010; Shapiro et al. 2013; Ratzlaff et al. 2022).
In the state of Rio Grande do Sul, the first autochthonous cases occurred in dogs in 2008 and in humans the
following year. This was the first record of the main vector, Lu. longipalpis, in the municipality of Sdo Borja,
RS. In 2008, the state was considered an area of disease transmission (Souza et al. 2009; Santos et. al. 2011,
Brasil 2014). In addition, in 2022, the occurrence of this sand fly was identified for the first time in the central
region of the state, which had an impact on the epidemiological change in the region, being considered an area of
transmission of the disease by the Brazilian Ministry of Health (Osmari et al. 2022).

According to the State Department of Health of Rio Grande do Sul, eight municipalities registered the
presence of Lu. longipalpis until 2017. However, the municipalities of Viam&o, Porto Alegre, and Santa Cruz do
Sul did not register the main vector, with cases occurring in dogs and humans. The affected individuals lived
close to forest fragments, and transmission was attributed to sand flies belonging to wild fauna (Rio Grande do
Sul 2017). In Porto Alegre, 777 CVL cases were reported between 2010 and 2021, and 20 HVL cases were
confirmed between 2016 and 2021 (Rio Grande do Sul 2022). Although Lu. longipalpis is the most common L.
infantum vector in Brazil, it is not part of the sand fly fauna of Porto Alegre, suggesting that other species may

be responsible for transmission. Régo et al. (2019, 2020) identified Pi. fischeri, Mg. migonei, and Lu. gaminarai
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containing L. infantum DNA in two districts of Porto Alegre using PCR, where there were autochthonous cases,
suggesting involvement of other species in the disease cycle.

Sporadic CVL cases have been reported in Santa Maria since 1985 (Pocai et al. 1998). However, as of
2017, there has been a considerable increase in CVL incidence (116 cases) and in 2021, two autochthonous
human cases were recorded, one of which contributed to the patient's death (Wille 2021 a, b).

Regarding ATL, in 2016 alone, 17 countries registered approximately 49,000 cases. Brazil has the
highest disease occurrence (12,690 cases) (OPAS 2019). It should be noted that in 2003, autochthony was
confirmed in all states (Brasil 2010). ATL is caused by the species L. (Viannia) braziliensis, L. (Viannia)
guyanensis, L. (Viannia) lainsoni, L. (Viannia) naiffi, L. (Viannia) shawi, L. (Viannia) lindenbergi, and L.
(Leishmania) amazonensis (Brasil 2017). The main vectors reported in the cycle of this disease were:
Bichromomyia flaviscutellata, Nyssomyia intermedia, Ny. neivai, Pi. fischeri, Mg. migonei, and Nyssomyia
whitmani (Shimabukuro 2011).

Until 2000, there were no records of autochthonous ATL cases in Rio Grande do Sul. In 2001, three
cases were diagnosed: two in the city of Santo Anténio das Missdes and one in the municipality of Viamédo
(Santos et al. 2005). However, the first autochthonous confirmation of ATL was performed in 2002 (Souza et al.
2008). It should be noted that from 2002 to 2010, 23 autochthonous cases were reported in Porto Alegre (Rio
Grande do Sul 2018). The probable vectors related to ATL were Ny. neivai, Pi. fischeri and Mg. migonei
(Goncalves 2003; Souza et al. 2008; Pita-Pereira et al. 2009). There is no record of ATL in humans in Santa
Maria; however, the presence of vectors is an important risk factor.

According to the VL and ATL Control Programs, recommended by the Brazilian Ministry of Health, the
objective of entomological investigations is to collect quantitative and qualitative information on transmitting
sand flies in order to obtain new knowledge of the bioecology of insect species pertinent to human health (Brasil
2014, 2017).

Therefore, this study aimed to identify sand fly fauna potentially involved in the transmission of
leishmaniasis, in a disease transmission area in the interior of the state of RS, and to present data related to the

seasonal behavior of the main species found.

Materials and methods
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The municipality of Santa Maria is located in central Rio Grande do Sul, southern Brazil, at
29°41'02""S and 53°48'25""W and an altitude of 113 m. The city has an area of 1,780.194 km? and a population
of 285,159 inhabitants (IBGE 2021).

To capture the insects, modified CDC traps (Horst™ model) were installed in locations with previous
CVL natifications from the Environmental Surveillance of the Municipality of Santa Maria. These locations
were visited to request authorization from residents to install traps. Thus, three different locations were selected:
Nossa Senhora do Perpétuo Socorro in the North (P1), Presidente Jodo Goulart in the Northeast (P2), and Cerrito
in the Center-East region (P3) (Table 1). Traps were installed according to the availability of residents to monitor
and on days with no precipitation or strong winds.

The traps were installed in the peridomicile, which were evaluated: the presence of domestic animals,
organic matter, undergrowth, and fruit trees with shaded areas. The collections were carried out in the period
between January 2021 and December 2022. The traps were placed approximately 1.5 m above the ground,
activated at dusk (06:00 pm), and removed at dawn the next day (06:00 am), remaining uninterrupted for 12 h,
coinciding with the feeding habits of sand flies. The devices were allocated at least once per month to each
selected household. The temperature, precipitation, and humidity for the study period were obtained from the
National Institute of Meteorology (INMET 2022).

After removing the traps, the collection bags were sent to the Laboratorio de Doencas Parasitarias of the
Universidade Federal de Santa Maria for captured insect selection. To dispatch the captured arthropods, the
collection bag was stored in a freezer at -20°C for 30 min. After this, all insects were examined under a
stereoscopic microscope (Olympus®), and sand flies were screened according to external morphological
characteristics, including size, presence of bristles throughout the body, and lanceolate wings (Galati 2018). The
remaining insects were discarded.

The selected specimens were sent to the Laboratorio de Reservatdrios e Vetores do Laboratério Central
do Estado do Rio Grande do Sul for morphological identification according to the taxonomic key proposed by
Galati (2018). Gender abbreviations follow Marcondes (2007) proposal. The results were tabulated in Excel
spreadsheets, where sex, species, subspecies, locality of origin, climatic conditions, and environmental
characteristics were recorded.

For molecular analysis, female flies were separated according to the date, place, and species found in
each collection bag, then divided into individual samples or pools of up to 10 specimens (Régo et al. 2020). The

samples were extracted using the Purelink® Genomic DNA Mini Kit (Invitrogen, USA) following the
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manufacturer's recommendations. After total DNA extraction, all samples were stored at -20°C until PCR was
performed.

The primers leishmini-F:5'-GGKAGGGGCGTTCTGC-3’ and leishmini-R:5'-
STATWTTACACCAACCCC-3' were used to amplify 120 pb kinetoplast DNA (KDNA) minicircles (Kocher et
al. 2018). The PCR reaction was prepared in a final volume of 10 pL containing 1 x buffer (Invitrogen, Carlsbad,
CA, USA), 2 mM MgCl;, 0.2 mM dNTPs (Ludwig Biotec, Brazil), 0.2 pM of each primer (Exxtend
Biotecnologia, S&o Paulo, Brazil), 2 U Taq DNA Polymerase (Invitrogen, Carlsbad, CA, USA), Milli-Q water,
and approximately 20 ng of extracted DNA sample. Positive and negative controls were included in all reactions,
consisting of DNA extracted from L. infantum culture (MHOM/BR/1974/PP75) and Milli-Q water, respectively.

Amplification was performed in an automatic thermal cycler (T100, Bio-Rad, Singapore) following the
recommendations of Kocher et al. (2018) with the following conditions: initial denaturation at 95°C for 10 min,
denaturation at 95°C for 30 s, followed by 35 cycles of annealing at 52°C for 30 s, extension at 72°C for 20 s,
final extension at 72°C for 5 min, and a final PCR cycle at 4°C.

The amplification reaction products were subjected to electrophoresis in 3% agarose gel (Ludwig
Biotecnologia, Brazil), stained with SYBR safe DNA (Invitrogen, USA), stained with a UV transilluminator, and
photographed for analysis.

To confirm inhibition of the reaction in PCR-negative samples, 0.25 pL DNA from a positive control
sample was added to 0.25 uL. DNA from a negative sample, and PCR was performed under the same conditions
mentioned above. Additionally, the positive control were also diluted in the serial dilutions from 1:10 to 1:10*

and retested, in order to determine the detection threshold.

Results

From January 2021 to December 2022, 89 collections were conducted: 32 in the Nossa Senhora do
Perpétuo Socorro neighborhood (P1), 28 in Presidente Jodo Goulart (P2), and 29 in Cerrito (P3). The total
population of sand flies captured in the municipality of Santa Maria, RS during the study period is shown in
Table 2.

A total of 119 sand flies of five species were collected: Pi. fischeri (76/119, 63.86%), Mg. migonei
(23/119, 19.33%), Lu. longipalpis (16/119, 13.45%), Brumptomyia sp. (2/119, 1.68%), and Psathyromyia lanei

(2/119, 1.68%). Of these, 38 (31.94%) were male and 81 (68.06%) were female. Specimens of the genus
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Brumptomyia could not be identified at the species level because of damage to morphological structures
necessary for identification.

In the Nossa Senhora do Perpétuo Socorro neighborhood (P1), there was a stream with vegetation on
the banks, abundant organic matter, humidity, and domestic cats; only Lu. longipalpis was found. The Presidente
Jodo Goulart neighborhood (P2) collection site had an area shaded by bamboo (Bambusa taquara), organic
matter, and domestic dogs, one of which was seropositive for Leishmania spp. during the study. Although this
disease was not the primary cause of death, Lu. longipalpis and Mg. migonei were found. However, the Cerrito
neighborhood (P3) is adjacent to a vast, well-preserved residual Atlantic Forest, rich in organic matter and
containing both domestic and wild animals, including wild opossums (Didelphis albiventris) and pheasants
(Phasianus colchicus). In this locality, five species of sand flies were identified.

A graphic representation of the seasonal distribution of sand flies collected in Santa Maria, RS, in
relation to the average compensated temperature (°C) and total monthly precipitation between January 2021 and
December 2022 is shown in Figure 1.

The largest number (108/119, 90.75%) of specimens was collected in February, March, April, and
December 2021, as well as February, March, April, and May 2022. These periods preceded or coincided with
high rainfall and average temperatures > 20°C. However, in periods with little rain and consequently low relative
humidity or average temperatures < 20°C, the months with the lowest amount or no sand flies collected
occurred.

Of the 81 female flies captured and divided into 30 individual samples or pools, all were tested using

PCR and were negative for Leishmania spp. DNA.

Discussion

In the last 20 years, the southern region of Brazil has registered an increased number of CVL, and HVL
cases (Souza et al. 2009; Santos et al. 2011; Rio Grande do Sul 2022). Based on identification of the main vector
(Lu. longipalpis), Souza et al. (2008) observed that protozoa were transmitted autochthonously in western Rio
Grande do Sul. Furthermore, Régo et al. (2019, 2020) showed that in Porto Alegre, Pi. fischeri, Mg. migonei, and
Lu. gaminarai may be associated with disease transmission in areas without Lu. longipalpis.

In Santa Maria, VL cases have been reported since 1985, and two HVL cases were reported in 2021.
However, until entomological studies were carried out, no sand fly species had been described in the region. In

our study, all captured species were recorded in the state of RS; among these, Mg. migonei and Pi. fischeri are
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epidemiologically important because they have been implicated in L. braziliensis transmission, the main
etiological agent of TL in Brazil (Shimabukuro 2011). In several additional studies, they were implicated in
infection with the etiological agent of VL, L. infantum (Carvalho et al. 2010a; Salomén et al. 2010; Dias et al.
2013; Guimardes et al. 2016).

In this study, Pi. fischeri (76/119, 63.86%) was the most frequently found species; however, it was only
captured in the P3 ecotope, which is adjacent to a native forest environment. According to Rangel and Laison
(2003), Pi. fischeri has wild habitats, and its highest occurrence has been observed in areas of recent
deforestation, especially where human habitation occurs. The species was naturally infected with Leishmania
(Viannia) (Young and Duncan 1994; Pita-Pereira et al. 2011) and L. braziliensis (Lana et al. 2015). Régo et al.
(2019, 2020) reported the first molecular detection of L. infantum on Pi. fischeri and Galvis-Ovallos et al. (2020)
confirmed its natural infection with L. infantum promastigotes, focusing on CVL and HVL in Porto Alegre; this
suggests it is a vector of this etiological agent.

The second most common species was Mg. migonei (23/119, 19.32%), captured in ecotope P2, a
predominantly urbanized environment, and P3, adjacent to native forest. This proves the ambience of this
species, which was previously predominantly wild in urban environments. Guimardes et al. (2016) stated that
this species is highly susceptible to L. infantum development, making it a permissive vector. According to
Rangel and Lainson (2003), Pi. fischeri and Mg. migonei are notably anthropophilic, and according to Aguiar
and Medeiros (2003), can also be captured in residual forests in marginal areas of cities, in annexes for domestic
animals, and internal walls of human homes.

The main VL-transmitting species in Brazil, Lu. longipalpis, was the third most abundant in this study
(16/119, 13.44%), and the only one found in all three surveyed ecotopes. According to Brazil (2013), it is widely
distributed in several ecological niches, especially in urban and rural areas, where it has successfully established
and proliferated, mainly due to anthropological environmental changes.

According to Aguiar and Medeiros (2003), Brumptomyia species are not important in leishmaniasis
epidemiology. These sandflies are usually found in wild environments with leaves lying on the ground and
reported in Dasipodidae (armadillo) burrows due to their food preferences. In our study, only two specimens of
this genus were captured in the P3 ecotope.

Pa. lanei (2/119, 1.68%) has wild and semi-domestic characteristics, inhabiting hollows and treetops in
marginal areas and annexes of domestic animals. It is not associated with leishmaniasis transmission (Aguiar and

Medeiros 2003). This species was found only in P3, which has all of these favorable conditions for its survival



501

502

503

504

505

506

507

508

509

510

511

512

513

514

515

516

517

518

519

520

521

522

523

524

525

526

527

528

529

530

46

Regarding insect seasonality, climatic factors, such as temperature, humidity, and rainfall, have a
variable influence on sand fly populations, depending on the area studied (Dias et al. 2007). According to Souza
et al. (2017), the temperature tends to be lower at the beginning of winter, causing a drop in the sand fly
populations. This aligns with our results, in which no sand flies were captured in months with an average
temperature < 20 °C. It should be noted that in January 2021 and 2022, when average temperatures were close to
25°C, sand flies were absent. One potential explanation is “La Nifia” phenomenon, which occurred both in 2021
and 2022 in RS, triggering long periods of drought, with rainfall below the historical average for the period. This
may have negatively influenced the vector density, where the immature stages of these insects need organic
matter and moisture to develop (Franke et al. 2002).

PCR analysis indicated that the natural infection rate in sand flies may be low due to many factors, for
example, resisting digestion by interfering with digestive enzymes (Sant'anna et al. 2009; Telleria et al. 2010). In
addition, Leishmania spp. secrete a myoinhibitory peptide that interrupts hindgut peristalsis, delays fecal
elimination, and increases the persistence of the parasite within the insect (Vaidyanathan 2004). Leishmania spp.
cause damage to the stomodeal valve, interfering with the blood ingestion process, which can often lead to vector
death (Schlein et al. 1992; Volf et al. 2004).

This study reinforces the evidence of autochthonous transmission of both VL and HVL and includes the
municipality as a possible transmission area for ATL, although such cases have not yet been reported. Based on
this, we recommend carrying out entomological surveys covering more areas of the city and reinforce that
preventive measures be adopted by public authorities, such as vector control, and by dog owners, such as using

repellent collars.

Conclusion

This study verified that the sand fly fauna in the municipality of Santa Maria, central RS, is diverse. We
found specimens of epidemiological interest that have not been previously described in the region, with a
predominance of Pi. fischeri, Mg. migonei, and Lu. longipalpis. Although the PCR results were negative, it is
important to highlight that the study of these vectors is essential for understanding disease epidemiology in the
region. Based on these results and the detection of three sand fly species associated with VL and ATL
transmission, Santa Maria, RS represents an important focus for these diseases, both in dogs and humans. It is
therefore important that sanitary measures are adopted, with the aim of providing information to the inhabitants

of the region, as well as the implementation of public policies aimed at reducing insect proliferation, such as
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vector control and the intensification of basic sanitation. In addition, measures may include health education in
all neighborhoods, provision of repellent collars, as well as responsible ownership and custody of dogs and

implementation of policies to prevent, control and combat the disease through the Sistema Unico de Satde.
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Figure 1 - Seasonal distribution of sand flies (un), in relation to Average Compensated Temperature (°C) and
Total Precipitation (mm), in the period between January 2021 and December 2022, in the municipality of Santa

Maria, RS, Brazil.
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Table 1 - Description of sampling points and species of sand flies captured in the neighborhoods Nossa Senhora

do Perpétuo Socorro, Presidente Jodo Goulart and Cerrito in Santa Maria, RS, Brazil.

Sampling Geographic Captured
Environment description Neighborhood/Region
location coordinates species
Predominantly urbanized
environment, peridomicile
with the presence of a
Nossa Senhora do
29°40°29.03”S stream surrounded by Lutzomyia
P1 Perpétuo Socorro
53°48°38.04”W residual vegetation, longipalpis
(North Region)
abundant organic matter,
humidity and presence of
domestic cats
Predominantly urbanized
environment, peridomicile Lutzomyia
Presidente Jodo
29°40°47.92”S with area shaded by bamboo longipalpis
P2 Goulart (Northeast
53°47°29.07"W trees (Bambusa taquara), Migonemyia
Region)
organic matter and domestic migonei
dogs.
Pintomyia
Peridomicile, adjacent to a
fischeri
vast area of well-preserved
Migonemyia
residual Atlantic Forest, rich
migonei
in organic matter and the
29°41°58.59”S Cerrito (Central-East Lutzomyia
P3 presence of both domestic
53°47°60.87°W Region) longipalpis

animals and pheasants, as
well as occasionally wild
mammals (Didelphis

albiventris).

Brumptomyia

sp.

Psathyromyia

lanei
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Table 2 - Species of sand flies collected with light traps of the CDC type from January 2021 to December 2022,
in the neighborhoods Nossa Senhora do Perpétuo Socorro (P1), Presidente Jodo Goulart (P2) and Cerrito (P3),

Santa Maria, RS, Brazil.

P1 P2 P3
Species Total (%)
3 ? 3 ? ) ?

Pintomyia fischeri 0 0 0 0 18 58 76 (63,86)
Migonemyia migonei 0 0 1 0 11 11 23 (19,33)
Lutzomyia longipalpis 3 2 2 4 1 4 16 (13,45)

Brumptomyia sp. 0 0 0 0 2 0 2(1,68)

Psathyromyia lanei 0 0 0 0 0 2 2 (1,68)
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5 CONSIDERACOES GERAIS

Este estudo demostrou que a fauna de flebotomineos no municipio de Santa Maria, na
regido central do Rio Grande do Sul, é diversa. Encontramos espécimes de interesse
epidemioldgico ainda ndo descritas na regido, com predominancia de Pintomyia fischeri,
Migonemyia migonei e Lutzomyia longipalpis.

Desde 2017 houve um aumento consideravel na incidéncia da LVC e em 2021 dois
casos autéctones de LVH foram notificados. A partir desse cenario e da identificacdo do
principal vetor, Lu. longipalpis em 2022, o municipio teve seu status epidemioldgico alterado,
sendo configurado como area de transmissdo da enfermidade.

Essas constatacbes epidemiologicas podem ser impactadas com as proprias
caracteristicas da area de estudo, por se tratar de um municipio relevante na regido central do
estado, que recebe inimeros estudantes universitarios advindos de vérias localidades e por
comportar um dos maiores contingentes militares do pais. Essas situacfes por vezes acabam
servindo como um fator de risco para a disseminacdo de agentes, uma vez que, esses
individuos levam consigo seus animais de estimacao vindos de diferentes areas do territorio.

Reforca-se ainda que os pontos de coleta escolhidos para a captura dos flebotomineos
eram locais com casos de LVC notificados anteriormente o que implica em uma maior
possibilidade de encontro dessas espécies. Além disso, os locais amostrados continham todas
as condicdes propicias ao desenvolvimento e manutencdo dos flebotomineos no ambiente
como: presenca de matéria organica, umidade, abrigo e fontes alimentares.

Embora os resultados da detec¢do molecular ndo tenham demonstrado a presenca de
Leishmania spp., é importante ressaltar que esse modelo de estudo é uma ferramenta valiosa
para o entendimento da epidemiologia e dispersdo da doenca na regiao.

Com base na deteccdo de trés espécies de flebotomineos associadas a transmisséo de
LV e LTA, o municipio representa um importante foco para essas doencas, tanto em caes
guanto em humanos. Portanto, é importante que medidas sanitarias sejam adotadas, com o
objetivo de fornecer informacdes aos habitantes da regido, bem como a implementacdo de
politicas publicas voltadas para a reducdo da proliferagdo de insetos, como controle de vetores
e saneamento béasico. Além disso, as medidas podem incluir educacdo em saude nos bairros
afetados, fornecimento de coleiras repelentes, bem como posse e guarda responsavel de cées e
implementacdo de politicas de prevencdo, controle e combate a doenga por meio do Sistema

Unico de Saude.
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Sugere-se que mais estudos sejam realizados para uma maior e melhor caracterizagao
da fauna e sazonalidade dos vetores, com a ampliagdo e a espacializagcdo dos locais de

amostragem e um maior periodo de avaliagéo.
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6 CONCLUSAO

- Identificou-se pela primeira vez a presenca do principal vetor da leishmaniose, Lu.
longipalpis no municipio, caracterizando-o como area de transmissdo da enfermidade por
possuir além do vetor, casos humanos e caninos notificados.

- Adicionalmente, outras espécies de flebotomineos de importancia sanitaria foram
identificadas, incluindo: Migonemyia migonei e Pintomyia fischeri e espécies nao
relacionadas a transmissao de leishmaniose como: Psathyromyia lanei e Brumptomyia sp.

- Embora os resultados do diagnostico molecular ndo tenham detectado Leishmania
spp., é importante ressaltar que esse modelo de estudo é importante para o entendimento da

epidemiologia da LV na regido, bem como da dinamica e dispersao dos vetores.
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