MINISTERIO DA SAUDE
FUNDACAO OSWALDO CRUZ
INSTITUTO OSWALDO CRUZ

Doutorado em Medicina Tropical

EPIDEMIOLOGIA E CARACTERIZACAO MOLECULAR DE
PARASITOS INTESTINAIS EM DIFERENTES REGIOES
BRASILEIRAS, COM ENFASE EM GIARDIA DUODENALIS E
ENTAMOEBA spp.

DEIVIANE APARECIDA CALEGAR

Rio de Janeiro
Abril de 2021



Ministério da Saude

FIOCRUZ
Fundacdo Oswaldo Cruz

INSTITUTO OSWALDO CRUZ
Programa de Pds-Graduacdo em Medicina Tropical

DEIVIANE APARECIDA CALEGAR

Epidemiologia e caracterizacdo molecular de parasitos intestinais em diferentes
regides brasileiras, com énfase em Giardia duodenalis e Entamoeba spp.

Tese apresentada ao Instituto Oswaldo Cruz
como parte dos requisitos para obtencao do titulo

de Doutor em Ciéncias

Orientador: Prof. Dr. Filipe Anibal Carvalho Costa

RIO DE JANEIRO
Abril de 2021



Calegar, Deiviane Aparecida.

Epidemiologia e caracterizagdo molecular de parasitos intestinais em
diferentes regibes brasileiras, com énfase em Giardia duodenalis e
Entamoeba spp. / Deiviane Aparecida Calegar. - Rio de janeiro, 2021.

ix, 185 £, il

Tese (Doutorado) - Instituto Oswaldo Cruz, Pos-Graduacao em Medicing
Tropical, 2021.

Orientador: Filipe Anibal Carvalho Costa.
Bibliografia: Inclui Biblingrafias.

1. Giardia duodenalis. 2. Entamoeba spp. 3. Parasitos intestinais. 4.
Epidemiologia. 5. Estado nutricional. 1. Titulo.

Elabarado palo Sistema de Geracho AutomAtica de Ficha Catalogrifica da Biblioteca de Mangquinhos/TeictFioerz com os
dados fornecidos palola) autor(a), sob a responsabilidade de Igor Faloe Dias de Lima - CRB-T/6930.




Ministério da Saude

FIOCRUZ
Fundacdo Oswaldo Cruz

INSTITUTO OSWALDO CRUZ
Programa de Pés-Graduacdo em Medicina Tropical

DEIVIANE APARECIDA CALEGAR

EPIDEMIOLOGIA E CARACTERIZACAO MOLECULAR DE PARASITOS
INTESTINAIS EM DIFERENTES REGIOES BRASILEIRAS, COM ENFASE EM
GIARDIA DUODENALIS E ENTAMOEBA spp.

ORIENTADOR: Prof. Dr. Filipe Anibal Carvalho Costa

Aprovada em: 28/ 04/2021

EXAMINADORES:

Prof. Dra. Maria Regina Reis Amendoeira (Fundacéo Oswaldo Cruz) - Presidente
Prof. Dra. Alynne da Silva Barbosa (Universidade Federal Fluminense) - Revisora
Prof. Dr. Diego Averaldo Guiguet Leal (Universidade Federal do Parand)

Rio de Janeiro, 28 de Abril de 2021



Ministério da Saude

Fundagédo Oswaldo Cruz
Instituto Oswaldo Cruz

Ata da defesa de tese de doutorado académico em Medicina Tropical de Deiviane Aparecida
Calegar, sob orientagéo do Dr. Filipe Anibal Carvalho Costa. Ao vigésimo oitavo dia do més de
abril de dois mil vinte e um, realizou-se as treze horas e trinta minutos, de forma sincrona remota,
o exame da tese de doutorado académico intitulada: “Epidemiologia e caracterizagdo molecular
de parasitos intestinais em diferentes regides brasileiras, com énfase em Giardia
duodenalis e Entamoeba spp.”, no Programa de Pés-graduacéo em Medicina Tropical do
Instituto Oswaldo Cruz, como parte dos requisitos para obtencéo do titulo de Doutora em Ciéncias
- darea de concentracdo: Diagnostico, Epidemiologia e Controle, na linha de pesquisa:
Epidemiologia ¢ Controle de Doencgas Infecciosas e Parasitarias. A banca examinadora foi
constituida pelos Professores: Dr2. Maria Regina Reis Amendoeira — IOC/FIOCRUZ (Presidente),
Dr. Diego Averaldo Guiguet Leal - UFPR/PR, Dr2. Alynne da Silva Barbosa — UFF/RJ e como
suplentes: Dr2. Daniela Leles de Souza — UFF/RJ e Dr2. Adriana Sotero Martins — ENSP/FIOCRUZ.
Apds arguir a candidata e considerando que a mesma demonstrou capacidade no trato do tema
escolhido e sistematizacéo da apresentacéo dos dados, a banca examinadora pronunciou-se pela

da defesa da tese de doutorado académico. De acordo com o regulamento

do Programa de Pds-Graduagédo em Medicina Tropical do Instituto Oswaldo Cruz, a outorga do
titulo de Doutora em Ciéncias esta condicionada a emisséo de documento comprobatorio de
conclusdo do curso. Uma vez encerrado o exame, a Presidente da Banca atesta a deciséo e a
participacéo da aluna e de todos 0 membros da banca de forma sincrona remota. A Coordenadora
do Programa Dr?. Vanessa Salete de Paula, assinou a presente ata tomando ciéncia da deciséo

dos membros da banca examinadora. Rio de Janeiro, 28 de abril de 2021.
Dr2. Maria Regina Reis Amendoeira (Presidente da Banca):

Dr?. Vanessa Salete de Paula (Coordenadora do Programa):

Av. Brasil, 4365 Manguinhos Rio de Janeiro RJ Brasil CEP: 21040-360
Contatos: (21) 2562-1201 / 2562-1299 E-mail: atendimentoseac@ioc fiocruz br Site: www fiocruz brfiocensino




Ao Axioma.
Aos que nessa jornada caminharam comigo.

Vi



AGRADECIMENTOS

Ao meu orientador, Prof. Dr. Filipe Anibal Carvalho Costa, obrigada pela confianca,
paciéncia, dedicacao e apoio. Obrigada por ser meu orientador no sentindo pleno da
palavra, obrigada por estar presente em TODOS o0s processos dessa jornada, do
campo a submissdo. Sou extremamente grata por poder aprender com um
pesquisador brilhante, dedicado e humilde. Ao meu querido e brilhante, Prof. Dr.
Marcio Neves Boia, obrigada por tudo, por ter acreditado em mim, ainda no
mestrado, obrigada pelo apoio, pela companhia no campo, disponibilidade,

companheirismo e exemplo.

A equipe do Laboratério de Epidemiologia e Sistematica: Dr. Fernando Monteiro, Dr.
David Barroso, Dra. Beatriz Coronato, Dra. Lauren Jaeger, Dra. Kerla Monteiro, as
alunas de iniciacéo cientifica Deborah Ramos, Andressa Goncalves, Nathdlia Lima,
Maria Beatriz Sacramento e Raquel Pereira, as queridas Andreia Fernandes e
Carina Lucio, a querida e companheira Vilma Santos, obrigada por todo suporte, por

todos os “calma, vai dar certo”.

Aos meus companheiros de campo: Kerla Monteiro, Lauren Jaeger, Polyanna
Bacelar, Jéssica dos Santos, Brenda Evangelista e Mayron Moraes, obrigada pela
dedicacéao, esforco, paciéncia, e pelo espirito de equipe, por entenderem o sentido
do “nosso”. Obrigada pelas risadas em campo, por viverem comigo os desafios das

coletas de campo, por resistirem bravamente a 30, 45 ... dias em campo.

Aos lideres comunitarios e aos moradores do Assentamento 17 de Abril e
Acampamento 8 de Marco, do municipio de Teresina, Piaui; as equipes da
Estratégia de Saude da Familia de Papucaia, Ribeira e Marubai, do municipio de
Cachoeiras de Macacu, Rio de Janeiro; as equipes da Estratégia de Saude da
Familia e a equipe da Secretaria de Saude do municipio de Bagre, Para. Que me
deram total apoio e suporte e verdadeiramente entenderam a importancia desse

projeto e comigo fizeram Ciéncia.

Aos organizadores e participantes da 82 Missdo Amazonica da Missdo Crista
Maranata (MICM), gracas a este projeto pude conhecer de perto a dura realidade da
populacdo do Arquipélago do Marajo e tive a oportunidade de estabelecer contatos e

realizar o meu projeto no municipio de Bagre. Sou extremamente grata por ter feito

vii



parte desse projeto que leva uma Unica mensagem, a do AMOR, amor ao Criador e

a criagao.

Ao doutor Otacilio da Cruz Moreira, do Laboratério de Biologia Molecular e Doencas
Endémicas do Instituto Oswaldo Cruz. Ao Laboratério de Biologia e Parasitologia de
Mamiferos Silvestres Reservatorios do Instituto Oswaldo Cruz, em especial ao Dr.
Arnaldo Maldonado e ao Dr. Roberto Vilela, obrigada pelo suporte quando foi

necessario.

As meninas mais que eficientes da secretaria de Apoio do Pavilhdo Lednidas Deane,

Fernanda Vasconcelos, Elen Linhares e Lindaura Batista.
A coordenacéo do curso de pds-graduacio em Medicina Tropical do IOC/Fiocruz.

A Coordenacdo de Aperfeicoamento de Pessoal de Nivel Superior — CAPES por
viabilizar o suporte financeiro através da bolsa de estudo e pelo auxilio financeiro em

outras etapas.

Aos meus exemplos de vida, meu pai Salvador Calegar e minha mée Maria Calegar,
obrigada pelo amor, por me guiarem, por me apoiarem em minhas decisoes.
Obrigada pai por sua serenidade, bondade, humildade; obrigada mée por seu
exemplo de determinacédo e forca, quero poder ter um pouquinho de cada um de
vocés, aos meus irmaos Weberton Calegar e Leonardo Sheldon. Ao meu marido e
companheiro Jodo Dias, obrigada pelo apoio, por sonhar e acreditar junto comigo,
obrigada por tudo. Aos meus pets Terry, Miah e Max, sim, aos meus pets, por
estarem comigo a todo tempo, obrigada fiéis companheiros por nascerem prontinhos

para amarem quase que incondicionalmente.

Aos meus amigos que de perto ou de longe se preocuparam, me apoiaram e
acreditaram em mim, obrigada por fazerem parte da minha histéria. E mais uma vez,
obrigada Beatriz Coronato, Lauren Jaeger e Kerla Monteiro por serem amigas
presentes, pacientes, dispostas a compartilharem seus conhecimentos, pela ajuda
nos planejamentos e execucdo dos trabalhos de campo, obrigada por estarem
sempre disponiveis quando eu precisei e quando eu precisar. Sem vocés tudo seria
muitissimo dificil, obrigada por terem um enorme coragdo e por serem mulheres

incriveis que fazem Ciéncia.

viii



“Sim, eu s~ei Jéca Tatu amigo. Sofres de
AMARELLAO...”
Monteiro Lobato. Urupés. 1918
Coitado do Jéca, um século se passou e
ele continua sofrendo de AMARELLAO,
continua sofrendo com as mazelas da
pobreza, das desigualdades sociais.
Tenha fé seu Jéca, algum dia os ruidos
da Ciéncia serdao ouvidos. Enquanto esse
dia ndo chega, prossigamos a fortalecer
nosso ruido (Ciéncia), até que ele se
torne em um enorme estrondo, entdo a
associacao perfeita de Ciéncia e Politicas
Plblicas ndo sera apenas uma utopia e
ndo mais sofrerds o Jéca pelo mau da
negligéncia e da pobreza.
Deiviane Calegar, 2020
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RESUMO
TESE DE DOUTORADO EM MEDICINA TROPICAL
Deiviane Aparecida Calegar

Objetivos. Descrever cenarios locais de infeccbes humanas por parasitos intestinais em
diferentes regides brasileiras, com énfase na identificagdo de determinantes socioambientais
e da diversidade genética de Entamoeba histolytica/Entamoeba dispar, Entamoeba coli e
Giardia duodenalis. Explorar a diversidade genética de Giardia duodenalis em infec¢cbes de
caprinos, ovinos e suinos vivendo em ambiente peridoméstico no estado do Piaui
Metodologia. Foram realizados estudos transversais para coleta de amostras fecais e
dados sociodemogréaficos e antropométricos em: i) Santa Isabel do Rio Negro, Amazonas
(n=392), ii) Bagre, Para (n=362), iii) Teresina, Piaui (n=298) e iv) Sdo Joao do Piaui, Piaui
(n=131), e Cachoeiras de Macacu, Rio de Janeiro (n=545). Amostras fecais de suinos
(n=49), caprinos (n=12) e ovinos (n=10) foram coletadas em Nossa Senhora de Nazaré,
Piaui. As amostras foram submetidas as técnicas parasitolégicas microscopicas. As
amostras positivas para Entamoeba spp. foram submetidas a analises moleculares por meio
de Reacdo em Cadeia da Polimerase (PCR) e sequenciamento de fragmento do DNA do
gene SSU (small subunit) ribosomal DNA. Amostras positivas para G. duodenalis foram
submetidas a PCR e sequenciamento de fragmento do DNA do gene da B-giardina. As
amostras de animais foram submetidas diretamente a PCR e sequenciamento de fragmento
do DNA do gene da B-giardina. Resultados. i) Em Cachoeiras de Macacu-RJ, foi observada
uma taxa mais baixa de infecdo por geo-helmintos, que atingiu 1,7%. Destacaram-se
infeccdes por G. duodenalis e E. histolytica/E. dispar, com positividade de 8,6% e 13,4%,
respectivamente, sendo estas infec¢des significativamente mais frequentes nos grupos com
menor renda; ii) em areas rurais de Teresina-Pl, a proporcdo de infectados com A.
lumbricoides e ancilostomideos foi de 5,7% e 8,6%, respectivamente, analisando-se em
conjunto as criangas de Cachoeiras de Macacu-RJ e Teresina-PI, um modelo de regresséo
linear multipla demonstrou que os parametros antropométricos altura-para-idade e peso-
para-idade foram positivamente influenciados pela renda familiar e negativamente
influenciados por sexo feminino e por infecges por A. lumbricoides e E. coli; iii) Analisando-
se sequencias nucleotidicas do gene SSU (small subunit) ribosomal DNA de espécies de
Entamoeba que produzem cistos octanucleados de todas as regifes estudadas, verificou-se
que E. coli ST1 predomina nas localidades da Caatinga e Mata Atlantica, e que ST2
predomina na regido amazbdnica. Os amebideos tetranucleados foram caracterizados por:
E. histolytica, E. dispar, e E. hartmanni, sendo E. histolytica detectada apenas na Amazonia;
iv) com relacdo a giardiase, considerando-se todas as regifes estudadas em conjunto, a
frequéncia de infeccao foi superior em Bagre-PA (17,3%), estando associada a pobreza, a
pobreza extrema e a cenarios sanitarios mais desfavoraveis. A genotipagem do gene da [3-
giardina revelou que na Amazénia houve predominio de gendétipo B, enquanto o gendtipo A
foi 0 mais frequente em Cachoeiras de Macacu-RJ e no Piaui; v) a genotipagem de G.
duodenalis obtida de peqguenos ruminantes e suinos revelou predominio de genétipo A,
filogeneticamente relacionadas a isolados humanos. Conclusdes.O perfil etiolégico do
parasitismo intestinal variou nas regides brasileiras analisadas, demonstrando que as
mesmas ainda persistem como um problema de salde coletiva, com claros determinantes
socioambientais.

Palavras chaves: Giardia duodenalis, Entamoeba spp, Parasitos intestinais, Epidemiologia,
Estado nutricional
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DIFFERENT BRAZILIAN REGIONS, WITH AN EMPHASIS ON GIARDIA DUODENALIS AND
ENTAMOEBA spp

ABSTRACT

PHD THESIS IN MEDICINA TROPICAL
Deiviane Aparecida Calegar

Objectives. To describe local scenarios of intestinal parasite human infections in different
Brazilian regions, with emphasis on the identification of socio-environmental determinants
and genetic diversity of Entamoeba histolytica/Entamoeba dispar, Entamoeba coli and
Giardia duodenalis. To explore the genetic diversity of G. duodenalis in infections of goats,
sheep and pigs living in a peridomestic environment in the state of Piaui.Methodology.
Cross-sectional studies were conducted to collect fecal samples and sociodemographic and
anthropometric data in the municipalities of i) Santa Isabel do Rio Negro, Amazonas (n=
392), ii) Bagre, Para (n=362), iii) Teresina, Piaui (n=298) and iv) Sdo Joao do Piaui, Piaui
(n=131), and Cachoeiras de Macacu, Rio de Janeiro (n=545). Fecal samples of pigs (n=49)
goats (n=12) and sheep (n=10) were collected in Nossa Senhora do Nazaré, Piaui. The
samples were submitted to parasitological microscopic techniques. Positive samples for
Entamoeba spp. were submitted to molecular analysis by Polymerase Chain Reaction (PCR)
and DNA sequencing of the SSU (small subunit) ribosomal DNA gene. Samples positive for
G. duodenalis were submitted to PCR and DNA sequencing of the B-giardin gene. The
animal samples were submitted directly to PCR and sequencing. Results. i) In Cachoeiras
de Macacu-RJ, a lower rate of infection by geohelminths was observed, which reached 1.7%.
There, infections by G. duodenalis and E. histolytica/E. dispar stood, with positivity of 8.6%
and 13.4%, respectively, these infections were significantly more frequent in the groups with
lower income; ii) in rural areas of Teresina-Pl, the proportion of those infected with A.
lumbricoides and hookworms were 5.7% and 8.6%, respectively and, analyzing together the
children of Cachoeiras de Macacu-RJ and Teresina-PI, a multiple linear regression model
demonstrated that the anthropometric parameters height-for-age and weight-for-age are
positively influenced by family income and negatively influenced by females and infections by
A. lumbricoides and E coli. iii) Analyzing nucleotide sequences of the Small subunit rRNA
gene (SSU rDNA) of Entamoeba species that produce octanucleated cysts from all regions
studied, it was possible to verify that Entamoeba coli ST1 predominates in the caatinga and
atlantic forest localities, while ST2 predominates in the Amazon region. Tetranucleated
amoebids were characterized by: E. histolytica, E. dispar, and E. hartmanni, being E.
histolytica detected only in the Amazon; iv) in relation to giardiasis, taking all the regions
studied together, the frequency of infection was higher in Bagre-PA (17.3%), being
associated with poverty, extreme poverty and more unfavorable health scenarios.
Genotyping by partial sequencing of the 3-giardin gene revealed that in the Amazon there
was a predominance of assemblage B, while assemblage A was the most frequent in
Cachoeiras de Macacu-RJ and Piaui; v) the genotyping of G. duodenalis obtained from small
ruminants and pigs revealed a predominance of assemblage A, phylogenetically related to
human isolates. Conclusions. The etiological profile of intestinal parasitism varied in the
Brazilian regions analyzed, demonstrating that they persist as a collective health problem,
with clear socio-environmental determinants.

Keywords: Giardia duodenalis, Entamoeba spp, Intestinal parasites, Epidemiology, Nutritional
status
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1 INTRODUCAO

Esta tese esta sendo escrita e concluida no ano de 2021, e mesmo diante de
tantos avancos intelectuais e tecnoldgicos da humanidade as doencas decorrentes
de infec¢Bes intestinais parasitarias permanecem entre os importantes problemas
de saude em populagcbes economicamente desfavorecidas, causando alta
morbidade. O fato destas infecgcbes nos acompanharem ha milhares de anos e por
estarem ligadas intimamente as condicdes de vulnerabilidade social, logo,
associadas aos determinantes sociais e ambientais tais como saneamento
ineficiente ou inexistente, falta de acesso a agua potavel, educacéo e condi¢des de
moradia precarias, alcancando alta prevaléncia em paises em desenvolvimento
(Araujo & Ferreira 2000, Carvalho-Costa et al. 2007, Faria et al. 2017).

No ano de 2012 a Organizacdo Mundial da Saude (OMS) publicou um
documento que tinha como objetivo estabelecer, incluindo metas e estratégias para
o controle de doencas negligenciadas, incluindo as geo-helmintiases, em todos os
paises endémicos, (WHO 2012). Dentre as estratégias estdo a quimioterapia
preventiva, a intensificacao e inovacéo do gerenciamento dessas doencas, garantir
0 acesso a agua potavel segura, saneamento basico e servicos de higiene e
educacdo (WHO 2012).

As estratégias de controle de parasitoses intestinais sao direcionadas
exclusivamente para as helmintiases, contribuindo com o atual perfil etiolégico das
parasitoses intestinais, caracterizado pela permanéncia de infeccbes por
protozoarios e com reducéo da prevaléncia das geo-helmintiases (Alum et al. 2010,
Macchioni et al. 2015). Com isso, as infeccbes por protozodrios intestinais
aumentam seu status de condicdo negligenciada, apontando para a necessidade
de aperfeicoamento das estratégias de controle.

Por caracteristicas intrinsecas dos protozoarios as formas de controle
ambientais requerem cuidados especificos, dificultando sua contencdo. Com isso,
mesmo o0s paises desenvolvidos permanecem notificando casos e surtos
decorrentes de infeccbes por protozoarios, principalmente pela transmissao
veiculada pela agua (Efstratiou et al. 2017, Gharpure et al. 2017, Rosado-Garcia et
al. 2017). Nos paises em desenvolvimento, embora estejam ocorrendo melhoria

nas condicbes de saude, essas enfermidades caracterizadas como doencas da
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pobreza ainda sdo endémicas em regides rurais e nas periferias urbanas, onde a
estrutura sanitaria é precéria (Barreto et al 2011, Engels & Zhou 2020).

Dentre as doencas da pobreza estdo o grupo nominado por Doenca Diarreica
(DD) e a infeccdo do colo (colite) que possuem grande importancia em Saude
Coletiva, pois podem ocasionar sintomas leves até graves, com desidratacdo e
disturbios eletroliticos, podendo culminar em obito. De forma geral, Giardia
duodenalis, € considerado um dos principais agentes etiolégicos causadores de
doencas diarreicas em seres humanos, tanto nos paises em desenvolvimento,
guanto nos desenvolvidos (Savioli et al. 2006, Einarsson et al. 2016, Allain & Buret
2020). Outro protozoario, Entamoeba histolytica, € um dos principais agentes
etioldgicos envolvidos em quadros de colite, DD e 6bitos em todo o mundo (Azer &
Tuma 2020).

1.1 O uso da biologia molecular no diagndstico molecular de parasitos

Apesar de todo o avanco biotecnoldgico, os métodos de diagnostico das
enteroparasitoses, considerados modernos ndo avancam com rapidez. Com isso a
ferramenta de biologia molecular ainda ndo faz parte da rotina de diagnéstico
laboratorial, devido ao custo, a falta de treinamento adequado e a falta de interesse
da industria mundial, sendo esses fatores, obstaculos desafiadores a serem
superados (Hoorfar 2011, Pantoja et al. 2015).

A introducdo de técnicas de biologia molecular na pesquisa e na medicina
diagnéstica, estabeleceu uma nova era na deteccdo e caracterizacdo de
microrganismos, sendo utilizada na identificacdo de mecanismos de resisténcia a
medicamentos, deteccdo, genotipagem e quantificacdo de parasitos e fornecem
informacgdes importantes de salude publica (Speers 2006). As técnicas moleculares
objetivam detectar o DNA (acido desoxirribonucleico) e o RNA (&cido ribonucleico)
do parasito, e permite a deteccdo de agentes etiologicos antes ndo detectados
pelos métodos parasitologicos tradicionais. As principais vantagens das
ferramentas moleculares é que elas ndo sdo dependentes da imunocompeténcia

do organismo infectado e do tempo de infeccdo e s&o técnicas extremamente



sensiveis e especificas, detectando o material genético do parasito em diversas
amostras bioldgicas (Speers 2006).

O sequenciamento nucleotidico tornou-se uma ferramenta importante para a
identificacdo de  patdogenos previamente desconhecidos, investigacéo
epidemiologica de infeccoes novas ou emergentes, estudo da evolugdo de
parasitos, a manutencdo de ciclos infecciosos na natureza, a investigacao das
causas e mecanismos de novos patdégenos, os mecanismos de suscetibilidade de
diferentes grupos de hospedeiros e o desenvolvimento de bancos de DNA e RNA

de genes que codificam fatores patogénicos (Speers 2006, Hoorfar 2011).

1.2 Giardia duodenalis

Giardia duodenalis (sinonimia: G. intestinalis, G. lamblia), € um protozoario
flagelado que apresenta dois estagios em seu ciclo de vida, trofozoito e cisto, e
ciclo biolégico monoxénico (Thompson et al. 1993, Lopez-Romero 2015).

Este organismo foi descrito pela primeira vez em 1681 por van
Leeuwenhoek, ao examinar suas proprias fezes diarreicas; mais tarde em 1859,
Lambl descreveu G. duodenalis com mais detalhes, classificando como
pertencente ao género Cercomonas (Adam 2001). Com o passar dos anos este
organismo foi encontrado em hospedeiros de outras espécies, como roedores e
anfibios, e sua nomenclatura recebeu diversas alteracbes baseadas em
hospedeiros e caracteristicas morfolégicas. No entanto, somente no ano de 1883,
Kunstler utilizou o nome Giardia para nomear 0 género; e posteriormente, em 1902,
Stiles propds a nomeclatura G. duodenalis. Embora entre os anos de 1915 e 1920,
Kofoid e Christiansen tivessem proposto os nomes G. lamblia e G. enterica para
denominacdo da espécie, a nomeclatura G. duodenalis passou a ser usada por
diversos autores desde a década de 1980 (Adam 2001).

Desde a descoberta de Giardia sp. existem controvérsias sobre o niumero de
espécies deste género, este parasito tem sido descrito ocorrendo em animais
vertebrados, mas recentemente foi descrito pela primeira vez colonizando o
intestino de um invertebrado, um termite ou cupim (Benchimol et al. 2021).

Atualmente oito espécies de Giardia sdo consideradas validas, G. agilis, G. ardeae,
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G. psittaci, G. microti, G. muris, G. duodenalis, G. peramelis e G. cricetidarum
(Hillman et al. 2016, Liu et al. 2011, Lujan & Svard, 2011). G. duodenalis é a Unica

com potencial de infectar humanos.

Apoés transmissdo por ingestdo das formas cisticas, que constituem as
formas de resisténcia ambiental e estagio infectante do parasito, a forma de
trofozoito emerge do cisto e coloniza o intestino delgado do hospedeiro (Guzman-
Herrador et al. 2015, Ryan et al. 2019).

1.2.1 Patogenicidade

Embora classicamente associada a quadros de doenca diarreica, a giardiase
cursa na grande maioria das vezes de forma aparentemente assintomética (Osman
et al. 2016, Cernikova et al. 2018).

A interacdo do trofozoito de Giardia com as células epiteliais do intestino
induz dano celular na superficie apical dessas células, podendo ativar a apoptose
celular, culminando na perda das juncdes celulares e no aumento da
permeabilidade da barreira intestinal, trazendo como consequéncia ma digestao,
ma absorcdo e desequilibrio eletrolitico, causando diarreia (Certad et al. 2017).
Apesar de serem observados danos epiteliais imunomediados em infec¢des in vitro
e em modelos animais, ainda ndo € muito claro se os enterdcitos sofrem danos
diretamente, 0 que se sabe € que a infec¢do por G. duodenalis pode elevar o0s
niveis da Proteina de Ligacdo de Acido Graxo Intestinal (I-FABP) um marcador de
danos dos enterécitos, bem como uma diminuicdo de IL-8 e elevacéo de IL-17;
podendo este dano epitelial estar relacionado a producdo de citocinas durante a
infecgdo (Cascais-Figueiredo et al. 2020).

A infeccdo aguda se desenvolve em um periodo de trés semanas apos a
transmissao, sendo normalmente autolimitada em até 3 semanas (Osman et al.,
2016). A infeccao crbnica por G. duodenalis pode causar impacto sobre o estado
nutricional de criancas, mais comumente nos primeiros anos de vida, independente
do desenvolvimento de quadros de doenca diarreica (Ankarklev et al., 2010, Lanata
et al. 2013, Einarsson et al. 2016, Certad et al. 2017, Coronato-Nunes et al, 2017).

A infecgéo por G. duodenalis também foi associada ao desenvolvimento da

Sindrome do Intestino Irritavel (Sll), fadiga cronica, artrite, alergias alimentares —
4



intolerancia a lactose por exemplo, meses ap0s cessar 0sS sinais e sintomas
(Hanevik et al. 2014, Ibarra et al. 2016, Litleskare et al. 2018), principalmente entre
viajantes que retornaram do exterior ou em surtos de transmissao hidrica (Jadallah
et al. 2017, Litleskare et al. 2018). A SlI é caracterizada por dor abdominal visceral,
geralmente episddica e imprevisivel, desconforto abdominal que se associa com
alteracbes de habito intestinal e com outros sintomas gastrointestinais como
sensacao de inflamacdo abdominal, evacuacdo incompleta, urgéncia e tenesmo
(Spiller & Thompson 2012).

As associacdes dos diferentes genoétipos de G. duodenalis e a apresentacéo
de sintomas pelo hospedeiro tem sido alvo de estudos, e alguns deles tem
associado o genotipo B a infec¢des sintomaticas, no entanto os dados sobre essa
associacao sao inconclusivos, pois 0 genotipo B € descrito como o mais prevalente
nas infeccdes e possui maior taxa de eliminagéo de cistos, podendo este fato ser
um viés (Read et al. 2002, Kohli et al. 2008, Sahagun et al. 2008, Puebla et al.
2015, Yu et al. 2019, Ahmad et al. 2020).

1.2.2 Variabilidade genética

Giardia duodenalis possui um genoma de 12.6 Mpb, composto por cinco
cromossomos, 4.963 genes codificantes de proteinas (Xu et al. 2020). Os loci mais
utilizados atualmente para a genotipagem, taxonomia, epidemiologia molecular e
filogenia de G. duodenalis sdo: beta-giardina (B-giardina), triose-fosfato isomerase
(tpi), glutamato desidrogenase (gdh), fator de elongacdo 1-a e menor subunidade
ribossomal (SSU rRNA) (Welinga &Thompson 2007). Os métodos moleculares
permitiram a identificacdo dos gendtipos de G. duodenalis, assim como
compreender mais sobre a epidemiologia, o potencial zoondtico, a dinamica de
infeccdo e sua interacdo com o hospedeiro (Caccio et al. 2005).

Dentro da espécie G. duodenalis até o atual momento foram nomeados oito
grupos genéticos (Adam 2001, Monis et al. 2003). Os genoétipos A e B infectam
humanos e outros mamiferos, e os demais genétipos sao especificos de outros
hospedeiros ndo humanos (Lalle et al. 2005). Os gendtipos C e D infectam cées
domeésticos e selvagens; o gendtipo E infecta principalmente os ruminantes, o
gendtipo F infectam gatos, gendtipo G roedores e o gendtipo H vertebrados

marinhos; estudos recentes demonstraram a ocorréncia dos genétipos C, D, E e F
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em humanos (Lebbad et al. 2010, Lasek-Nesselquist et al. 2010, Thompson &
Monis 2012, Scalia et al. 2016, Zahedi et al. 2017, Caccio et al. 2018, Fantinatti et
al. 2020).

Andlises filogenéticas mostraram que 0s genotipos de G. duodenalis
representam linhagens evolutivas distintas, e que em alguns casos essa

divergéncia é semelhante a que separa espécies (Caccio et al. 2018).

Com base em variacdes genéticas dos genes 18S RNAr, B-giardina, gdh, tpi
e andlise de nucleotideo Unico e polimorfismos, os genoétipos A e B, isolados
principalmente em humanos, foram divididos em subgrupos (clusters com
grupamentos isolados, com pequenas diferencas dentro dos genoétipos); e por meio
desta andlise observou-se que o gendétipo B apresenta uma alta diversidade
genética ndo sendo possivel classificd-lo em subgrupos (Caccio et al. 2010,
Lebbad et al. 2010, Thompson & Monis 2012).

Estudos gendmicos sugerem que G. duodenalis deve ser considerado um
complexo de espécies, composto por organismos morfologicamente indistinguiveis,
com grandes distancias genética entre si, sendo proposto a modificacdo dos nomes
dos genotipos por nomes de espécies de Giardia, entdo o nome G.duodenalis seria
atribuido ao gendétipo A, G. enterica ao gendtipo B, G. canis ao gendtipo C e D, G.
bovis ao gendtipo E, G. cati ao genétipo F e G. simondi ao genétipo G (Monis et al.
2003, Monis et al. 2009, Caccio et al. 2018).

Os fatores que determinam a especificidade do hospedeiro sdo apenas
parcialmente compreendidos e envolvem claramente condicoes tanto do

hospedeiro quanto do parasito (Caccio et al. 2018).

1.2.3 Potencial zoonético e antropozoonético

A infecc@o por G. duodenalis ja foi reconhecida mundialmente como uma
zoonose, pois surtos de giardiase transmitido pela agua foram relacionados com
animais silvestres (WHO 1979). No entanto, a comprovacdo da transmisséo
zoonotica de G. duodenalis sé sera possivel através de estudos de dinamica de
transmissao, estudos gendmicos mais abrangentes, estudos da genética de

populacdes do parasito (Ryan & Caccio 2013).
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Considerando que ja foram descritos em alguns estudos a ocorréncia do
genodtipo E em humanos, e que os genétipos A e B podem ocorrer em animais
domésticos e silvestres, estes poderiam servir como reservatorios de Giardia
duodenalis podendo exercer um importante papel na manutencao da infeccéo para
0s humanos (Adam 2001, Zahedi et al. 2017, Chen et al. 2019, Jing et al. 2019,
Fantinatti et al. 2020). O entendimento dessa relacao precisa ser feito por meio da
identificacdo molecular das espécies e gendtipos de Giardia spp. que infectam
animais domesticos e silvestres e os fatores epidemioldgicos associados (Lalle et
al. 2007, Miller et al. 2013, Coelho et al. 2017).

A presencga de animais como cées e gatos nas residéncias nao tem sido
associada com a frequéncia de infeccdo por G. duodenalis em humanos, no
entanto a proximidade com estes animais pode favorecer essa transmissao entre
hospedeiros distintos (Pereira et al. 2007, Johnston et al. 2010, Colli et al. 2015). A
ocorréncia do mesmo gendtipo de G. duodenalis entre humanos, caes e gatos foi
descrita em varios estudos realizados no Brasil e em outras regides do mundo
(Volotéao et al. 2007, Johnston et al. 2010, Colli et al. 2015, Kostopoulou et al. 2017,
Fantinatti et al. 2018), porém sdo necessarios estudos que associam genética e
epidemiologia para confirmar a existéncia de transmissao zoonatica.

Em suinos, caprinos e ovinos, a infec¢do por G. duodenalis esta associada a
epizootias de diarreia aguda tornando esses hospedeiros fontes potenciais de
infecgdo para humanos (Aloisio et al. 2006, Santin 2020). Entre esses animais 0
gendtipo predominante € o genétipo E, no entanto, estudos tem demonstrado a
ocorréncia dos gendtipos humanos A e B, infectando esses animais (Fava et al.
2013, Tzanidakis et al. 2014, Peng et al. 2016, Utaaker et al. 2017).

Estudos de prevaléncia e genotipagem de G. duodenalis infectando bovinos
ainda sao escassos, porém estes animais sdo considerados reservatérios em
potencial para infeccdo humana por G. duodenalis, devido o contato proximo com
seres humanos ou contaminacdo de fontes de agua de superficie; estudos
mostraram a ocorréncia do gendtipo A de G. duodenalis em gados de varias
regides do mundo (Uehlinger et al. 2006, Geurden et al. 2008, Paz e Silva et al.
2012, Ehsan et al. 2015, Inpankaew et al. 2015, Onder et al. 2020 ).

Ha uma variagdo na ocorréncia e prevaléncia das possiveis infeccoes

zoonodticas por G. duodenalis nas diversas regides geograficas, onde os habitos e
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comportamentos dos individuos séo distintos, podendo ser relacionado ainda com
fatores genéticos do hospedeiro e ou do parasito (Feng & Xiao 2011, Cotton et al.
2011). A maioria dos estudos sobre transmisséo interespécies de hospedeiros de
G. duodenalis consideram em muitas vezes apenas a transmissdo do animal para
0s homunos, no entanto, estudos evidenciam que cistos de Giardia de origem
humana podem contaminar o meio ambiente e infectar outros mamiferos, que
podem atuar como um reservatorio para infec¢des futuras do homem (Heyworth
2016).

1.2.4 Epidemiologia de Giardia duodenalis

O relato mais antigo da infeccdo por G. duodenalis em humanos, data do
periodo Neolitico (3.900 a 2.900 a.C.), detectada em amostras arqueologicas (Bailly et
al. 2005). Embora a infeccdo por G. duodenalis tenha sido detectada em amostras
arqueoldgicas de diferentes locais no mundo e em diferentes periodos, pouco se
conhece sobre a sua antiga epidemiologia (Le Bailly et al. 2008, Araujo et al. 2015).

Giardia duodenalis € um dos principais parasitos intestinais envolvidos em
contaminacao alimentar (Ryan et al 2019) e surtos de diarreia em todo o mundo,
infectando aproximadamente 280 milhdes de pessoas por ano, causando diarreia, e
contribuem em cerca de 800 mil 6bitos anualmente (Lal et al. 2013, Platts-Mills et al.
2015, Efstratiou et al. 2017).

Dados atuais sobre a prevaléncia da infecdo por G. duodenalis ndo séo
precisos, pois esta parasitose ndo estad listada entre as infec¢cBes de notificacédo
compulsoria, sendo a prevaléncia baseada apenas em inquéritos epidemiolégicos
feitos no mundo. No entanto, estes dados podem n&o ser representativos, uma vez
gue estes inquéritos tém como alvo grupos especificos tais como, creches, asilos,
pacientes com imunocomprometimento; subestimando assim a real prevaléncia da
infeccéo e seu perfil epidemiolégico.

Em paises desenvolvidos a prevaléncia varia em torno de 7%, estando
envolvida principalmente em surtos diarreicos de veiculagdo hidrica, &agua
contaminada acidentalmente com fezes, piscinas, por transmissao fecal-oral direta
em creches e demais populacdes de contato proximo (Cheun et al. 2013, Guzman-
Herrador et al. 2015).



Nos paises em desenvolvimento a prevaléncia de G. duodenalis € de até
30% (Ali & Hill 2003, Savioli et al. 2006, Kotloff et al. 2013). Em areas endémicas,
predominam infeccBes cronicas, aparentemente assintomaticas, sendo o parasito
detectado em fezes nao diarreicas, situacdo em que esta frequentemente
associado a desnutricdo proteico-calérica (Carvalho-Costa et al. 2007, Kotloff et al.
2013, Coronato-Nunes et al. 2017, Rogawski et al. 2017).

Coelho e colaboradores (2017) ao realizarem uma revisao sistematica de
dados disponiveis para a infec¢ao por G. duodenalis no Brasil nos ultimos 20 anos,
demonstraram que a prevaléncia dessa infeccdo € maior que 30% em alguns
estados da regido norte, nordeste e sudeste e sul do pais. Sendo descrita em
aguas superficiais de rios, agua do mar, lencois freaticos, agua estuarina, agua
tratada, agua mineral, entre popula¢des indigenas, animais de estimacdo, animais
de criacdo e animais selvagens (Coelho et al. 2017, Fantinatti et al. 2020). A
prevaléncia entre criangas pode chegar a 60%, conforme estudo realizado no
estado de Sdo Paulo entre os anos de 2005 a 2006 (Lima Jr et al. 2013).

A dimensao continental, a disparidade no desenvolvimento econémico das
regibes geograficas, os baixos indicadores de desenvolvimento humano, a
infraestrutura ineficiente e falta de politicas e intervencfes em saude publica, sédo
fatores determinantes para infeccédo por G. duodenalis, tornando essa infec¢ao ainda
mais negligenciada no Brasil (Montresor et al. 2002, Boia et al. 2006, Brasil 2013,
Coelho et al. 2017).

1.3 Entamoeba spp.

As espécies do género Entamoeba infectam humanos, primatas néo
humanos e outros vertebrados e invertebrados (Neal 1967, Stensvold et al. 2011,
Cui et al. 2019). O género Entamoeba é estudado ha mais de um século, ndo sé
por incluir a espécie patogénica Entamoeba histolytica, de grande interesse para a
Saude Coletiva, como também atraiu a atengéo para os estudos em Evolugédo, pois
esses microrganismos possuem uma estrutura celular atipica dos demais

eucariotos, com auséncia de algumas organelas membranosas (Baldauf 2008).



A primeira descricdo de uma ameba parasitando humanos, foi em 1849,
guando Gros descreveu a espécie Entamoeba gingivalis, que coloniza a cavidade
oral, e, anos mais tarde, em 1875 na Russia, Losch descreveu pela primeira vez a
espécie patogénica E. histolytica (descrita com mais detalhes por Schaudinn em
1903) em fezes de um paciente com disenteria, no entanto Losch ndo associou o
parasito com o quadro clinico do paciente (Amaral 1965). A partir deste marco
iniciaram-se o0s estudos das amebas que podem parasitar o humano, as
especulacdes de que havia varias espécies de amebas que parasitam o intestino
humano, e que possuiam caracteristicas diferentes da ameba descrita em casos de
disenteria. Dobell, em 1919, descreveu a morfologia e as caracteristicas bioldgicas
das amebas que podiam parasitar o homem até aquela data, sendo elas: E.
histolytica, E. coli, Endolimax nana, Dientamoeba fragilis e lodamoeba butschlii
(Amaral 1965).

Entamoeba spp. possui um ciclo biolégico simples, com duas formas
evolutivas, o cisto que € a forma de resisténcia, de dispersdo no ambiente e
infeccdo do hospedeiro, e a forma vegetativa, o trofozoito amebdide, encontrado
principalmente no intestino grosso dos hospedeiros vertebrados, sendo a
morfologia dessas formas variaveis conforme as espécies (Diamond & Clark 1993).

Das varias espécies que compde o género Entamoeba, sete delas podem
parasitar o intestino do ser humano com mais frequéncia, sdo elas: E. histolytica
(Schaudinn 1903), E. dispar (Brumpt 1925), E. moshkovskii (Tshalaia 1941), E. coli
(Grassi 1979), E. hartmanni (Von Prowazeck 1912), E. polecki (Prowazek 1912), E.
bangladeshi (Royer 2012). Entamoeba. gingivalis (Gross 1919), que apesar de ja
ter sido descrita no trato urinario, € encontrada principalmente na cavidade oral
humana (Silva 1968, Giboda et al. 1988, Diamond & Clark 1993, Royer et al. 2012,
Tengku & Norhayati 2011, Cui et al. 2019).

Classicamente, as espécies de Entamoeba sao identificadas conforme as
suas morfologias, hospedeiros e o nimero de nucleos dos cistos maduros, sendo
agrupadas em nao produtoras de ndcleos, uninucleadas, tetranucleadas e
octonucleadas (Clark & Diamond 1997, Stensvold et al. 2011).
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1.3.1 Taxonomia e Filogenia de Entamoeba spp.

Estudos de morfologia de Entamoeba spp. indicaram que organelas
eucarioticas, tais como Complexo de Golgi, mitocondrias e reticulo endoplasmaético
eram ausentes nestes organismos, sendo classificados como seres eucariotos
mais primitivos, os Archezoa, acreditava-se que os protozoarios Entamoeba spp.
divergiram dos demais eucariotos antes do desenvolvimento dessas organelas
(Dong et al. 2004, Baldauf 2008). No entanto, com o aprimoramento da microscopia
foi possivel detectar a presenca de reticulo endoplasmatico em E. histolytica, sendo
provavel que o ancestral do género Entamoeba ja tenha possuido organelas
membranares e que foram perdidas posteriormente, devido a evolucdo por
adaptacao (Baldauf 2008, Teixeira & Huston 2008, Vaithilingam et al. 2008, Cui et
al. 2019).

O emprego de ferramentas moleculares e a associagdo com dados
morfolégicos tem sido fundamental para entender a evolucdo e a taxonomia do
género Entamoeba (Stensvold et al. 2011, Cui et al. 2019). Analises filogenéticas
foram fundamentais para elucidar a real posi¢do evolutiva do género Entamoeba e
outras espécies amitocondriadas, sendo agora este género pertencente ao grupo
Amoebozoa (Baldauf 2008).

O gene da menor subunidade ribossomal (SSU rDNA) é uma multicépia de
evolucao relativamente rapida, atualmente € um dos mais estudados para o
entendimento das relagdes filogenéticas de Entamoeba spp. e da especificidade do
hospedeiro, pois fornece dados suficientes para diferenciar taxons de Entamoeba,
para realizar comparacdes gendmicas intra e interespecificas e para a identificacédo
de fatores genéticos que séo ligados a viruléncia ou aos desfechos diferenciais da
amebiase (Stensvold et al. 2011, Cui et al. 2019).

O genoma de varias espécies de Entamoeba foi sequenciado, e forneceram
dados importantes sobre a evolucdo do género, revelando o alto grau de
plasticidade gendmica, a evolucdo interespécie e intra-espécie e a possivel
transferéncia horizontal de genes entre E. histolytica e bactérias (Cui et al 2019).

Stensvold e colaboradores (2011) e Jacob e colaboradores (2015) ao
realizarem estudos de diversidade genética de Entamoeba spp., estabeleceram

gue as sequencias nucleotidicas que se agrupam em um clado distinto dentro de
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espécies ja estabelecidas devem ser denominadas como subtipos, também
descreveram algumas linhagens ribossomais, que eram distintas geneticamente
das demais espécies ja descritas, e por ndo terem dados suficientes sobre suas
morfologias e especificidade de hospedeiro, denominaram essas como Entamoeba
Ribosomal Lineage (RLS).

Entamoeba struthionis e Entamoeba chattoni foram rebaixadas a subtipos de
Entamoeba polecki, subtipos ST2 e ST3 respectivamente; E. coli foi dividida em
dois subtipos bem distintos geneticamente, o subtipo 1 mais isolado em humanos e
0 subtipo 2 frequente em primatas ndo humanos, com menor ocorréncia entre 0s
humanos. Atualmente s&o descritas ao menos onze linhagens ribossomais
distintas, algumas dessas linhagens ja foram isoladas em fezes humanas e de
primatas ndo humanos (Stensvold et al. 2011).

Segundo Stensvold e colaboradores (2011), o agrupamento de espécies de
Entamoeba, bem como a identificacdo e a nomenclatura de novas espécies nao
deve ser baseado apenas no numero de nucleo dos cistos e nas espécies dos
hospedeiros, pois organismos morfologicamente idénticos possuem divergéncia

genética e nem todas as espécies possuem especificidade de hospedeiro.

1.3.2 Diferenciacdo das espécies de amebas do complexo Entamoeba

histolytica/ E. dispar/ E. moshkovskii

Entamoeba histolytica, E. dispar, E. moshkovskii sdo espécies indistinguiveis
morfologicamente entre si, mas apenas E. histolytica € considerada patogénica e
de importancia médica (Tanyuksel & Petri 2003, Santos et al. 2013). No entanto,
amebas consideradas ndo patogénicas foram descritas em casos de infeccdes
sintomaticas ou em infecgdes extra intestinais (Ximenez et al. 2010, Matsumura et
al. 2019, Quispe-Rodriguez et al. 2020).

Brumpt (1925) foi o primeiro a sugerir que haviam duas espécies de amebas
tetranucleadas envolvidas nas infecgbes observadas, sendo uma patogénica e a
outra ndo. No ano de 1993, Diamond e Clarck, diferenciaram essas duas espécies
com base em estudos bioquimicos, imunolégicos e genéticos, atribuindo o nome E.

dispar para a espécie nao patogénica e E. histolytica para a patogénica (Diamond

12



& Clarck 1993). Estudos de ultraestrutura celular revelou haver diferengcas no
revestimento celular e em componentes de membrana dessas duas espécies
(Pimenta et al. 2002).

Entamoeba moshkovskii foi isolada primeiramente em amostras ambientais,
e, posteriormente, com o uso de ferramentas moleculares foi possivel demonstrar a
presenca desta espécie em infecgdes humanas, sintométicas e assintomaticas, em
diversos lugares do mundo (Neal 1967, Kyany'a et al. 2019).

As analises filogenéticas mostram que as espécies inseridas no complexo
Entamoeba agrupam em clados ou clusters distintos, evidenciando suas diferencas
genotipicas apesar de suas morfologias indistinguiveis (Kyany'a et al. 2019).

Embora o método padréo para o diagnéstico de infecgbes por Entamoeba
continue sendo a microscopia de luz (Tanyuksel & Petri, 2003; Santos et al. 2013),
atualmente existe um consenso sobre a importancia epidemiologica de diferenciar
E. histolytica das demais espécies do complexo Entamoeba (Santos & Soares
2008, Choudhuri & Rangan 2012). Para esta distincdo da espécie patogénica, E.
histolytica, das demais espécies ndo patogénicas é requerida a caracterizacao
molecular ou enzimatica (Stensvold et al. 2011).

Entamoeba hartmanni pode ser diferenciada das outras espécies do
complexo Entamoeba pelo tamanho dos cistos, pois apresentam cistos menores
(Amaral 1965). No entanto, a capacidade diagnostica do microscopista e a
sobreposicao dos tamanhos dos cistos podem favorecer uma identificacéo errbnea
(Fotedar et al. 2007).

A aplicacdo de ferramentas moleculares como alternativa na area de
diagndstico e em estudos epidemiologicos para infeccbes por amebas podem
fornecer dados mais precisos e um melhor conhecimento sobre essas infeccdes
(Lau et al. 2013).

Nem sempre € possivel a aplicacdo de técnicas moleculares no diagnéstico
laboratorial de rotina, devido ao seu alto custo quando comparado a testes
diagndsticos de rotina para analises parasitolégicas das fezes, porém alguns testes
imunoenziméticos ou ELISA (Enzyme Linked Immunosorbent Assay) possuem
execucao relativamente simples e rapida, podem ser realizados na maioria dos

laboratorios, tornando-se Uteis especialmente para o diagndstico clinico diferencial
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e estudos epidemiolégicos de E. histolytica, nas regides onde 0s ensaios

moleculares ndo estdo disponiveis (Corripio et al. 2010, Saidin et al. 2019).

1.3.3 Infeccao e patogenicidade de Entamoeba histolytica

O encontro de cistos de amebas em pessoas assintomaticas, a identificacédo
incorreta das espécies pela observacdo dos cistos e o desconhecimento de que
nem todas as amebas que vivem no intestino sdo patogénicas, sao fatores que
contribuiram para que houvesse dulvidas sobre a real patogenicidade de E.
histolytica (Amaral 1965).

A primeira descri¢do de infecgdo extra-intestinal por E. histolytica se deu no
ano de 1887, quando Koch demonstrou que, além de ser encontrada na parede
intestinal, E. histolytica podia invadir a circulagdo e colonizar 6érgdos extra-
intestinais como o figado. No Brasil, as primeiras descricbes de infeccdes extra-
intestinais foram feitas por Lutz em 1891 (Amaral 1965).

Os mecanismos de colonizacdo dos trofozoitos de E. histolytica abrangem o
contato com as células-alvo, citdlise, fagocitose e degradacéo de células ingeridas.
O parasito se liga as células epiteliais, no espaco intercelular, e, apds o contato,
adesinas, proteases, prostaglandinas do parasito promovem uma abertura nas
juncdes celulares e deformacédo das microvilosidades do hospedeiro, promovendo
um aumento da permeabilidade, comprometendo a integridade da membrana
(Betanzos et al. 2019).

Para ultrapassar a barreira mucosa presente no epitélio intestinal, E.
histolytica liga-se a mucina por meio da lectina d-galactose e N-acetil-d-
galactosamina (EhGal/GalNAc), e degradam as mucinas com proteases de cisteina
(EhCPs) e glicosidases, com isso acontece a lise das células epiteliais e os
trofozoitos invadem o epitélio em direcdo a lamina propria. As células epiteliais
lesadas induzem uma resposta inflamatoria por meio da emissdo de sinais
guimiotaticos transmitidos pelo sangue, porém esse processo inflamatério agrava o

dano celular e tecidual (Betanzos et. 2019).
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1.3.4 Epidemiologia de Entamoeba spp.

As estratégias de diagndstico molecular tém contribuido para determinar
uma real estimativa das infec¢bes por Entamoeba spp., em especial a prevaléncia
e distribuicdo das infec¢cdes por E. histolytica (Ximénez et al. 2009). Estudos
paleoparasitologicos sobre cepas de E. histolytica dos ultimos 6.000 anos, indicam
gue a origem deste parasitismo foi na Europa, dispersando para o Oriente e
posteriormente para as Américas por meio de migracées humanas e expansao do
comeércio (Le Balilly et al. 2016).

Infeccbes por Entamoeba spp. tém sido relatadas em varias espécies de
animais domesticados, incluindo porcos, gado, ovelhas, cabras e cavalos, veados,
roedores, répteis e elefantes asiaticos (Cui et al. 2019). Nos paises desenvolvidos
a infeccdo por Entamoeba € mais frequente em viajantes que retornam de paises
da Africa Ocidental, Africa Oriental e Sul e Sudeste Asiatico. Nos paises em
desenvolvimento esta infeccdo € considerada endémica (Cui et al. 2019, Carrero et
al. 2020).

Estudos de epidemiologia molecular das infeccbes por amebas
tetranucleadas em varias partes do mundo, tem demonstrado que infec¢des por E.
dispar e E. moshkovskii sdo mais prevalentes que E. histolytica (Ximénez et al.
2009, Calegar et al. 2016, Cui et al 2019).

Entamoeba histolytica foi isolada em uma variedade de fontes de agua,
incluindo aguas residuais, agua de irrigacdo e aguas superficiais (Cui et al. 2019),
mostrando sua capacidade de dispersdo ambiental. Estima-se que E. histolytica
infecta cinquenta milhdes de pessoas e € responsavel por cerca de cem mil ébitos
por ano, tornando-se uma das parasitoses mais importantes envolvidas em
morbidade e mortalidade em todo o mundo (Baxt & Singh 2008, Carrero et al.
2020).

Apesar da amebiase ndo ser uma doenca de notificacdo compulsoria no
Brasil, o Ministério da Saude disponibiliza alguns dados como internacdes e 6bitos
decorrentes desta infeccdo no Sistema de Informacbes Hospitalares do SUS
(SIH/SUS). Entre o periodo de 1985 a 2007, dezesseis estados da federacéo
disponibilizaram essas informagdes e foram notificados 84 6bitos e entre os anos
2008 a 2020, vinte estados disponibilizaram essas informagdes e foram notificados

210 6bitos. Em ambos os periodos os estados com maior nimero de 6bitos foram
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Paraiba, Minas Gerais, S&o Paulo e Rio Grande do Sul, acometendo
principalmente individuos com idade entre 60 a 80 anos. Entre os anos de 2008 a
2020, a amebiase foi responsavel por 32.786 internacbes em todo o Brasil, e a
meédia de dias de internacdes desses individuos foi de até 7 dias, custando cerca
de R$ 10.439.560,00 aos servigos publicos de saude (Brasil 2020b).

1.4 Geo-helmintos e seu perfil epidemiolégico apos a implementacdo da

Campanha Nacional de Geo-helmintiases

Mais de 25% da populacdo mundial esta sob risco de se infectar pelos geo-
helmintos, que s&o os parasitos Ascaris lumbricoides, Trichuris trichiura e
ancilostomatideos. Estas infeccfes sdo mais prevalentes em populacdes que
vivem em areas de dificil acesso a agua de qualidade, condi¢cdes sanitarias
adequadas e higiene (Jourdan et al. 2018). Embora mais comum em paises de
baixa e média renda, estas infec¢cdes também ocorrem em paises de alta renda em
populacdes vulneraveis, e estdo incluidas no grupo das doencas negligenciadas e
endémicas do Brasil e em outros paises em desenvolvimento (Brasil 2013, Jourdan
et al. 2018). Estas infeccbes podem culminar em doenca, manifestando-se
principalmente como disturbio nutricional na ascaridiase e tricuriase, por ingestéo
alimentar reduzida, digestdo prejudicada, ma absorcdo e taxa de crescimento
deficitaria. No caso da ancilostomiase, o baixo nivel de ferro e a anemia por
deficiéncia de ferro, o déficit no crescimento e desenvolvimento durante a infancia e
menor produtividade do trabalhador sdo os principais acometimentos observados
(Crompton & Nesheim 2002).

No intuito de conter essas infeccbes, o Ministério da Saude brasileiro lancou
em 2011 o “Plano Integrado de Ac¢des Estratégicas 2011-2015” de eliminacdo da
hanseniase, filariose, esquistossomose e oncocercose como problema de saude
publica, tracoma; que continha a Campanha Nacional de Geo-helmintiases, e o
principais objetivos dessa campanha foram a reducédo das cargas parasitarias e a
reducdo da transmissdo dos geo-helmintos. A estratégia consistia na

administracdo anual de dose Unica oral de albendazol de 400 mg a criancas de 5 a
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14 anos, residentes em municipios classificados como de alto risco, onde a
prevaléncia para os geo-helmintos era maior que 20% (Brasil 2013).

Em 2013 a estimativa da prevaléncia dos geo-helmintos no Brasil era de 2 a
36%, com maiores taxas entre os municipios de baixo IDH, chegando até 70% em
criancas em idade escolar (Brasil 2013).

No Brasil as infec¢des por geo-helmintos ndo séo de notificagdo compulsoria,
no entanto, os casos identificados por meio do Programa de Controle da
Esquistossomose (PCE), vigente em algumas unidades endémicas da federacao,
estdo disponiveis no sistema de informagcdo DataSUS. Apesar dos dados estarem
relacionados a alguns estados da Federacdo e até o ano de 2017, pode-se
observar uma gqueda no numero dessas infec¢cdes apO0s a implementacdo da

Campanha Nacional de Geo-helmintiases (Brasil 2020a) (Figura 1).
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Figura 1 Numeros de casos de infeccdo por geo-helmintos identificados por meio
do Programa de Controle da Esquistossomose entre os anos de 2011 a 2017.
Fonte: Imagem gerada a partir dos dados disponiveis em MS/SVS/GT PCE,
Ministério da Saude. As informacgBes sdo apresentadas somente para as Unidades
da Federacao endémicas (Pard, Maranhdo, Ceara, Rio Grande do Norte, Paraiba,
Pernambuco, Alagoas, Sergipe, Bahia, Minas Gerais e Espirito Santo) nos periodos
em que foram realizados inquéritos pelo PCE.
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No entanto, o numero de internacdes decorrentes de infec¢cbes por
ancilostomiase e outros helmintos entre os anos de 2011 a 2020 variou em relacéo

aos anos e regiao do Brasil (Brasil 2020b) (Figura 2).
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Figura 2 Internacdes por ano de atendimento segundo Regido da Federag&o no
periodo de Jan/2011-Jan/2020. Fonte: Imagem gerada a partir dos dados
disponiveis em Ministério da Saude - Sistema de Informacfes Hospitalares do SUS
(SIH/SUS).

Os dados nacionais mais atuais e abrangentes sobre a prevaléncia dos geo-
helmintos foram descritos em um estudo de corte transversal, onde foram incluidos
197.564 escolares residentes de 521 municipios, com abrangéncia em todos 0s
estados da Federacdo; a prevaléncia encontrada variou de 0.5 a 7.2%, com

maiores taxas na regido norte do Brasil (Katz 2018).
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Apesar dessas intervencfes pontuais serem importantes para a saude
coletiva, o tratamento em massa como Unica estratégia torna-se ineficiente a longo
prazo, pois fatores como saneamento, acesso a agua potavel, efetividade do
medicamento, reinfeccdo, cenarios ecoepidemioldgicos e perfil epidemiologico das
parasitoses intestinais ndo séo considerados nos planejamentos de planos de
controle, e esses fatores sao determinantes para a manutencao da circulacao das

parasitoses intestinais (Webster et al. 2014, Anderson et al. 2015).

1.5 Justificativa

Ha algumas questbes abertas principalmente realacionadas a real
prevaléncia e o perfil epidemiolégico dos parasitos intestinais no Brasil, e os grupos
mais vulneraveis a essas infecc¢oes.

Ha& muitos aspectos ainda a serem elucidados sobre a infeccdo por Giardia
duodenalis incluindo a variabilidade genética do parasito e sua influéncia na
patogenia e na epidemiologia, ja& que alguns genoétipos sdo potencialmente
zoonoticos.

Em relacdo as infec¢cdes por amebas ha questdes abertas principalmente
relacionadas a real prevaléncia de espécies em areas endémicas, ou seja, qual a
proporcao de infecgcbes causadas por espécies de menor potencial patogénico,
dentro do complexo Entamoeba histolytica/ E. dispar/E. moshkovskii, incluindo

também a espécie Entamoeba hartmanni.
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2 OBJETIVOS

2.1 Objetivo Geral

Descrever cenérios epidemiologicos locais de infecgbes por parasitos
intestinais em diferentes regides brasileiras, com énfase na identificacdo de
determinantes socioambientais e na avaliacdo da diversidade genética dos
protozoarios Entamoeba histolytica/Entamoeba dispar/Entamoeba moshkovskii,

Entamoeba coli e Giardia duodenalis

2.2 Objetivos Especificos

e |dentificar fatores associados as infec¢cdes por protozodrios intestinais em
comunidades periurbanas em Cachoeiras de Macacu — RJ.

e Avaliar o impacto das infecgcbes por parasitos intestinais sobre o estado
nutricional de criancas vivendo em areas rurais em Teresina — Pl e
Cachoeiras de Macacu — RJ.

e Caracterizar espécies de Entamoeba spp., incluindo as que geram cistos
tetra e octonucleados e explorar a diversidade genética destes parasitos em
infecgdes humanas em diferentes regides brasileiras.

e Explorar a diversidade genética de Giardia duodenalis em infeccdes
humanas em diferentes regides brasileiras, identificando fatores
socioambientais associados a estas infecgoes.

e Explorar a diversidade genética de Giardia duodenalis em infeccbes de
caprinos, ovinos e suinos vivendo em ambiente peridoméstico no estado do
Piaui.

e Avaliar os conhecimentos dos agentes de saude do municipio de Cachoeiras
de Macacu, estado do Rio de Janeiro, sobre os parasitos intestinalis.
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3 MATERIAIS E METODOS

Este estudo foi aprovado no Comité de Etica do Instituto Oswaldo Cruz,
namero do parecer: 2.483.912 (Anexo 1).

Todos o0s participantes receberam laudos individuais com o resultado
coproparasitoldgico. Aqueles participantes que tiveram seus exames positivos para
algum parasito intestinal patogénico receberam a receita e o0 medicamento (dose

Unica [albendazol e metronidazol]) no momento da entrega do laudo.

3.1 Descricédo da area de estudo e populacao

Foram selecionadas comunidades de cidades localizadas em quatro biomas
brasileiros: Cachoeiras de Macacu (CAM), no Estado do Rio de Janeiro (bioma
Mata Atlantica), Teresina (TER) e Sao Jodo do Piaui (SJPI), no Estado do Piaui
(biomas Cerrado e Caatinga), respectivamente), e Santa Isabel do Rio Negro
(SIRN), Estado do Amazonas, e Bagre (BAG), Estado do Para (bioma Amazénia)
(Figura 3). Estudos transversais foram realizados nas areas incluidas para coleta

de amostras fecais e dados sociodemograficos
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Figura 3 Mapa de localizagao das localidades estudadas.

Nos cinco municipios, as comunidades estudadas tinham acesso precario a
agua potavel e sistemas de saneamento precarios, em graus diversos e por
motivos distintos. A Tabela 1 mostra as caracteristicas socioambientais e
demograficas de cada municipio e o numero de individuos incluidos em cada um.
Essas regides sao diferentes no que diz respeito ao clima, proporcao da populacao

gue vive na pobreza, indice de desenvolvimento humano, entre outros parametros.
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Tabela 1 Caracteristicas amostrais, sociodemograficas e ambientais das areas de estudo.

Caracteristicas Bioma
Amazbnia Cerrado e Caatinga Mata Atlantica
Santa Bagre Teresina (PI) Sédo Joao do Piaui Cachoeiras de Macacu (RJ)

Isabel do Rio (PA) (PD)

Negro (AM)
Populagﬁo 22.404 30.673 864.845 20.601 58.937
IDH 0.479 0.471 0.751 0.645 0.700
indice de Gini 0.35 0.37 0.50 0.45 0.45
Ano de estudo 2011 2020 2017 2018 2018
Localizacao Urbana Urbana Rural Rural Urbana e rural
Fecal samples 392 362 298 131 545

Renda (RDPM*, USD*¥)

< 45
> 45

302 (77%)
90 (23%)

209 (57.7%)
163 (44.9%)

153 (51.4%)
145 (48.6%)

67 (51.1%)
64 (48.9%)

192 (35.2%)
290 (53.2%)

Dados néo disponiveis

63 (11.6%)

Fonte de agua

Rio Negro e poco

Rio Furo Santa

Poco artesiano

Poco artesiano e

Rio Macacu e poco artesiano

artesiano Maria (Baia de cisterna
Marajo)
% evacuacdo a céu - 142/362 106/298 63/131 (48%) -
aberto (39%) (35.5%)
Género
Masculino 207 188 147 69 284
Feminino 185 174 151 62 261
Idade (anos)
0-2 87 80 11 7 99
3_-5 108 83 15 7 120
6—10 142 135 29 14 184
11- 15 49 62 35 27 235
>15 - - 207 76 5
Dados néo disponiveis 6 - 1 - 43

IDH- indice de Desenvolvimento humano. AM: Amazonas, PA: Para, Pl: Piaui, RJ: Rio de Janeiro. * RDPM - Renda domiciliar per capita
mensal. ** USD 1 = BRL 4.
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3.2 Anadlises parasitoldgicas

As amostras foram processadas utilizando as técnicas de centrifugo
sedimentacdo de Ritchie (Young et al. 1979), centrifugo flutuacdo de Sheather
(Sheather 1923), Willis (Willis 1920) e realizacéo de esfregaco quantitativo de Kato-
Katz (Katz et al. 1972). Foram lidas duas laminas de cada amostra para as técnicas
de Ritchie e Sheather e Willis.

Apesar de priorizamos a associacao de técnicas com fundamentos distintos
bem como a padronizacado, devido algumas limitacbes dos trabalhos de campo e
as condicdes das amostras, com isso, em algumas localidades ocorreu uma
variacdo das técnicas aplicadas, conforme descrito no Quadro 1. Em Bagre
tinhamos apenas uma centrifuga e pouco tempo para execucdo do trabalho de
campo. Em Cachoeiras de Macacu as amostras estavam em conservante e foram
observados muitos casos de falso negativos para as técnicas de flutuagéo
empregadas, no entanto foi realizada a leitura de 2 laminas por amostra.

24



Quadro 1 Descricdo da metodologia utilizada neste estudo.

Local de Populacao de Tipo de Técnica Local de Caracterizacao
estudo estudo amostra coproparasitolégica* processamento molecular
Santa Isabel do | Criancas de 0 a 14 1 amostra sem Ritchie (Young et al. 1979) Hospital Irméa Edwiges Maria | Complexo Entamoeba
Rio Negro-AM anos conservante Sikorskal!
DNA extraido em campo
Nossa  Senhora | Suinos, caprinos e 1 amostra sem N&o realizada. Unidade Escolar  José | G. duodenalis,
de Nazaré- PI ovinos conservante Foram utilizados DNAs extraidos | Ribamar Lopes? Complexo Entamoeba
durante o doutorado da Dra. Kerla
Monteiro
Teresina- Pl Todos os residentes 1 amostra sem Ritchie (Young et al. 1979), | Universidade Federal do | G.duodenalis
da casa conservante Sheather (Sheather 1923), Kato- | Piaui? Complexo Entamoeba
Katz (Katz et al. 1972)
Sédo Jodo do | Todos os residentes 1 amostra sem Ritchie (Young et al. 1979) | Instituto Federal do Piaui — | G. duodenalis
Piaui- PI da casa conservante Sheather (Sheather 1923) Campus Séo Jodo do Piaui®

Complexo Entamoeba

Cachoeiras de

Criangas de 0 a 14

3 amostras em

Ritchie (Young et al. 1979)

Lab. de Epidemiologia e

G. duodenalis

Macacu- RJ anos (cadastradas no conservante Sistematica  Molecular - Complexo Entamoeba
PSF) IOC/RJ?
Bagre- PA Criangas de 0 a 14 | 1amostrafresca | Ritchie (Young et al. 1979), Willis [ Unidade Basica de Saude | G.duodenalis

anos (cadastradas no
PSF)

sem conservante

(Willis 1920), Kato-Katz (Katz et al.
1972)

S&o Rafael 2
DNA extraido em campo

Complexo Entamoeba

1: executado pelos alunos de mestrado do Programa de Pos-Graduagdo em Medicina Tropical, turma 2011. 2: executado por Deiviane A Calegar e pelos
pés-graduacéo

alunos

de

Dr. Filipe
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3.3 Extracdo de DNA dos isolados de Entamoeba spp. e Giardia duodenalis

O DNA gendmico das amostras de humanos foi extraido de 200 pl do material
fecal sedimentado, utilizando o kit de extragdo ZR Fungal / Bacterial DNA MiniPrep
™ (ZymoResearch, Irvine, EUA). O DNA gendmico das amostras de animais foi
extraido utilizando o kit de extracdo DNeasy Blood & Tissue Kit (Qiagen, Hilden,
Alemanha) de acordo com as recomendacdes do fabricante.

A PCR foi realizada com o kit Platinum Tag DNA Polymerase (Invitrogen,

Waltham, EUA), com volume final de 50 pl.

3.4 Métodos moleculares para caracterizacdo de espécies de Entamoeba

spp. e Giardia duodenalis

* A genotipagem dos isolados de G. duodenalis foi realizada por amplificacdo
seguida de sequenciamento nucleotidico de fragmento do gene codificante da
proteina B-giardina (Caccio et al. 2002).

* A caracterizacdo de espécies de Entamoeba spp. foi realizada pela
amplificacdo e sequenciamento de segmento do gene SSU rDNA (Verweij et
al. 2001).

As sequéncias obtidas foram editadas e analisadas no software Bioedit v.7.0.2.5
(Hall 199). A ferramenta Basic Local Alignment Search Tool (BLASTn - NCBI
https://www.ncbi.nlm.nih.gov/) foi usada para verificar a similaridade com espécies
sequenciadas. As sequéncias obtidas foram depositadas no GenBank sob o0s
ndameros de acesso MW026735-MW026794. Foi utilizado o programa Bioedit v.7.2.5
(Hall 199) para alinhar e cortar as sequéncias em fragmentos iguais.

Inferéncias filogenéticas foram realizadas usando o software Molecular
Evolutionary Genetics Analysis (MEGA) v.7.0.20 (Kumar et al. 2018). Os métodos de

Maxima Verossimilhanga (ML) e Neighbour Joining (NJ) foram aplicados. O modelo
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de substituicdo para o conjunto de dados foi escolhido usando o Bayesian
Information Criterion (BIC) no software MEGA v.7.0.20 (Kumar et al. 2018). De
acordo com a pontuacdo BIC mais baixa, o0 modelo de 3 parametros de Tamura
(T92) foi escolhido para os conjuntos de sequencias do género Entamoeba e o
modelo Tamarura Nei para o conjunto de sequencias de G. duodenalis.

A rede de haplétipos de juncdo mediana (MJ) foi construida no software Network
v.10.1.0.0 (Bandelt et al. 1999) (www.fluxusengineering.com) e o arquivo de entrada
foi previamente preparado no DNA Sequence Polymorphism (DnaSP) v.6 (Rozas et
al. 2017).

Os indices de diversidade de populacdes de Entamoeba spp. e G. duodenalis
foram determinados usando o programa Pairwise Distance in Arlequin v.3.5.2.2
(Excoffier et al. 2010). O valor Pairwise Fst foi testado em todas as populacbes
usando o software Arlequin v.3.5.2.2 (Excoffier et al. 2010) para estimar a extensao
da diferenciacdo genética entre as populacdes com uma significancia de 1.000

permutacdes aleatorias.
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Relato de experiéncia: Conhecimentos e saberes dos agentes comunitarios de

saude do municipio de Cachoeiras de Macacu, sobre o parasitismo intestinal
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‘This study aims to assess the prevalence, distribution, and etiological profile of intestinal parasitism in children living in periurban
areas in Cachoeiras de Macacu, Rio de Janeiro, Brazil. A community-based cross-sectional survey (n=479) was carried out.
Prevalence of infection with G. duodenalis and E. histolytica/E. dispar was 8.6% (n=41) and 13.4% (n = 64), respectively. Infection
with G. duodenalis was significantly more frequent among children living in poor families (24/187 (12.8%) vs. 16/272 (5.9%);
prevalence ratio (PR) = 2.18; 95% confidence interval (CI) = 1.19-3.99; p = 0.011). This difference was also significant for infection
with any pathogenic parasite (43/187 (23%) vs. 40/272 (14/7%); PR = 1.56; 95% CI = 1.06-2.30; p = 0.026). In addition, people
residing in houses with more than four inhabitants showed significantly higher positivity for infections with G. duodenalis and
with E. histolytica/E. dispar (22/138 (15.9%) vs. 16/311 (5.1%); PR = 3.09; 95% CI = 1.68-5.71; p < 0.001 for G. duodenalis and 32/
138 (23.2%) vs. 30/311 (9.6%); PR= 2.40; 95% CI = 1.52-3.79; p <0.001 for E. histolytica/E. dispar). Laboratory diagnosis of
protozoan enteric infections and effective drugs for their treatment are unmet goals in the primary health care system. Therefore,
giardiasis and amebiasis are neglected conditions.

endemic epidemiological behaviour in developing countries
but also causes outbreaks of diarrhoea in developed coun-
tries [4, 5]. Prevalence rates range from 10% to 30% in Brazil.
In children hospitalized due to acute diarrhoea in Rio de
Janeiro, the positivity rate was 4.7% [6, 7].

E. histolytica infections, despite being most frequently

1. Introduction

Some species of protozoa with variable pathogenic potential
inhabit the human intestine. Giardia duodenalis and Ent-
amoeba histolytica are among those that are known to be
harmful [1]. G. duodenalis negatively influences the devel-

opment of children in a complex pathogenesis involving
enterocyte apoptosis and immune-mediated reactions at the
small intestine [2, 3]. Giardiasis usually not only presents an
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asymptomatic, have invasive potential and can be associated
with dysentery and hepatic abscesses [8]. Amebiasis is also
associated with poor water quality and sanitation, and its



prevalence is substantially higher in developing countries
[6]. In Brazil, prevalence rates of infection in nondiarrhoeal
stools range from 12% to 25% in urban settings with poor
sanitation infrastructure in Amazonian Brazil and 21% in
semiarid regions under water stress in the northeast of the
country. E. histolytica is indistinguishable, under light mi-
croscopy, from species considered to be nonpathogenic, for
instance Entamoeba dispar. This leads to the use of the
nomenclature E. histolytica/E. dispar complex, which may
include other species such as Entamoeba moshkovskii and
Entamoeba hartmanni [9].

Among the enteric parasites, soil-transmitted helminths
(STHs) are targeted by preventive chemoprophylaxis with a
periodic 400mg albendazole dose [10]. This may have
shaped the etiological profile of parasitic intestinal infections
towards a higher frequency of protozoa detection [11]. There
are no antiprotozoal drugs compatible with chemopro-
phylaxis, and treatment must be individualized with the dose
being adjusted for body weight [12-14]. The most available
drug, metronidazole, should be taken for five days at eight-
hour intervals [15]. A single dose drug option, secnidazole
also requires individualized body weight prescription [16].
Nitazoxanide, a more recently proposed option, is not
economically viable for use on a community scale [17]. The
present study aims to characterize the prevalence, distri-
bution, and etiological profile of intestinal parasitism in
children living in periurban areas with poor sanitation in the
state of Rio de Janeiro, Brazil.

2. Materials and Methods

2.1. Description of the Studied Area. The study was carried
out in Papucaia, Ribeira, and Marubai in the municipality of
Cachoeiras de Macacu, Rio de Janeiro (Figure 1).

Papucaia and Ribeira are periurban districts, in which
almost 3,000 families (approximately 17,000 inhabitants)
live. In general, in the communities of Papucaia and Ribeira,
treated piped water is supplied to households. In homes,
water is stored in tanks and consumed directly, without any
further treatment. There is a sewage system, and evacuation
is practiced in latrines inside the houses. Solid excreta,
however, is discharged without treatment into water bodies
such as rivers. In Marubai, the drinking water comes from
artesian wells.

2.2, Study Design and Sampling Strategy. A community-
based cross-sectional survey was carried out in 2018 and
included 479 children aged 0-15 years (209 in Papucaia, 180
in Ribeira, and 90 in Marubai). Sampling included 36.7% of
children living in Papucaia, 30.2% of those in Ribeira, and
70.8% of those in Marubai. With the sample size reached, we
had an 80% confidence level to identify prevalence rates with
an expected frequency of 20% and a margin of error of 2%.
The researchers asked questions in a standardized ques-
tionnaire to obtain sociodemographic and sanitation data.
Per capita household income was calculated by summing the
income of all household members and dividing by the
number of residents. Children were classified as poor when
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living in families with incomes below R$178 (equivalent to
approximately 44 USD) and 43.2% of children were clas-
sified as poor.

2.3, Ethical Approval. The study was previously approved by
the Research Ethics Committee of Instituto Oswaldo Cruz/
Fiocruz, license number CAAE: 12125713.5.0000.5248.

2.4. Parasitological Examinations. Three faecal samples
collected on successive days were examined per child.
Samples were processed through Ritchie’s modified ethyl
acetate sedimentation technique [18].

2.5, Statistical Analyses. Data were presented descriptively,
and statistical analyses were performed with SPSS® (IBM
Corp., Armonk, NY, USA) as prevalence rates of different
parasite species in distinct sociodemographic categories.
Prevalence ratios and respective 95% Cls were calculated.
The statistical significance of the associations was assessed
by Fisher’s exact test, with a significance threshold of
p <005

3. Results

Among the children included in the study, the prevalence of
infection by any organism was 19.4% (93/479). Figure 2
presents the positivity rates for distinct pathogenic organ-
isms by community. Eight children (1.7%) were positive for
STH (A. lumbricoides (n=5), hookworms (n=2), or T.
trichiura (n=1)).

The positivity rate for any pathogenic protozoan was
17.9%. Table 1 shows the distribution of infections with
Giardia duodenalis and E. histolytica/E. dispar. Preva-
lence of infection with G. duodenalis and E. histolytica/E.
dispar was 8.6% (n=41) and 13.4% (n = 64), respectively,
in all localities. Infection with G. dwodenalis was sig-
nificantly more frequent among children living in poor
families. This difference was also significant for infection
with any pathogenic parasite. In addition, people residing
in houses with more than four inhabitants showed sig-
nificantly higher positivity for infections with G. duo-
denalis and E. histolytica/E. dispar (Table 1). Prevalence
rates of infection with pathogenic protozoa were sig-
nificantly lower among children aged up to two years.
There were no significant differences in the positivity
rates across the three studied locations (Marubai, Pap-
ucaia, and Ribeira).

In relation to positivity for nonpathogenic protozoa, the
prevalence rates were 9.2% (n=44) for Endolimax nana,
1.3% (n=1=6) for lodamoeba butschlii, and 5.8% (n=28) for
Entamoeba coli.

Among the 93 positive samples for any pathogenic or-
ganism, 86 had pathogenic protozoa, eight had STH, and one
had both. Anthelmintics were reported to be used in 136
children (27.6%) during the period from one to six months
prior to faecal collection. Information on the presence of
diarrhoea was available for 439 (91.7%) of 479 children. It
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FiGURE 2: Prevalence rates of infections by different intestinal parasites in children aged 0-14 years in three communities of Cachoeiras de

Macacu, Rio de Janeiro, 2018.

was observed that 23 (5.2%) presented diarrhoea at some
point previous to faecal sample collection. Of these, 16
reported symptoms within 15 days before collection, two
had diarrhoea within 15 to 30 days prior to collection, and
five reported it more than one month before. There were no
significant differences in positivity rates for different para-
sites among children who reported and did not report di-
arrhoea (37/416 (8.9%) vs. 0/23 (0%); p=0.243 for G.
duodenalis and 60/416 (14.4%) vs. 2/23 (8.7%); p = 0.757 for
E. histolytica/E. dispar.
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4. Discussion

This study revealed the predominance of protozoa among
organisms that parasitize the digestive tract of children in a
periurban area of low socioeconomic status in the state of
Rio de Janeiro, Brazil. Similar results were found in other
studies conducted in Rio de Janeiro [19-21]. Regarding
infections in different age groups, significantly higher
positivity rates in children aged from three to six were
observed, suggesting a greater exposure at these ages.
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TaBLE 1: Distribution of Giardia duodenalis and E. histolytica/E. dispar infections in Cachoeiras de Macacu, RJ, 2018.
Giardia duodenalis E. histolytica/E. dispar Any pathogenic protozoa
Locality
‘ Prevalence Pre\r?le'r'lce ! Prevalence PrE‘\fi_iIE:‘['IE-E P Prevalence Prew_ﬂeir:ce !
ratio value ratio value ratio value
. 13/209 26/209 . ,
Papucaia (6.2%) 1 (12.4%) 1 31/209 (14.8%) 1
. 1.07 12/90 1.07 . 112
Marubai 690 (6.7%) (0.42-2.73) 1 (13.3%) (0.56-2.02) 0.850  15/90 (16.7%) (0.63-1.97) 0.727
- 22/180 1.96 26/180 116 . 1.49
Ribeira (12.2%) (1.01-3.78) 0-049 (14.4%) (0.70-1.92) 0.654 407180 (22.2%) (0.97-2.29) 0.066
Age group (years)
0-2 2/94 (2.1%) 1 4/94 (4.3%) 1 6/94 (6.4%) 1
17/154 5.18 5 23154 3.50 , 325
36 (11%) (1.22-21.95) 0.012 (14.9%) (1.25-9.83) 0.010  32/154 (20.8%) (1.41-7.49) 0.001
22231 447 37i231 3.76 , 325
e ©5%)  (07-1865) "M% gewm) (31026 0002 AYBL0BK) )y 7ay <0000
Income per capita
per month* (USD)
1 24/187 218 31/187 1.45 ) 1.56
<44 USD (12.8%) 19399 %9 (cem) (091230 %127 43187 (23%) (106.230) 0%
2 16/272 31/272 )
=44 USD (5.9%) 1 (11.4%) 1 40/272 (14.7%) 1
Number of persons
in the household
16/311 300311 -
<4 (5.1%) 1 (9.6%) 1 41/311 (13.2%) 1
22/138 3.09 32/138 2.40 , 219
w4 (159%)  (Les-571) <01 oaoa)  (Ls2-379) <0001 407138 (29%) . 4o 5,q <0001
Gender
21/250 39/250 ,
Male (8.4%) 1 (15.6%) 1 49/250 (19.6%) 1
1.03 25/229 0.69 , 0.82
¥ .l
Female 200229 (8.7) (0.57-1.86) 1 (10.9%) (0.43-1.11) 0141 377229 (16.2%) (0.55-1.21) 0.342

*USD 1=BRL 4. **95% CI. 'Poverty. “Not poverty.

The control strategies for intestinal parasites aim for the
elimination of STHs, and there is a trend of reduction in
their prevalence [22]. In this study, almost a third of
children had used drugs such as albendazole and meben-
dazole during the six months before faecal examination.
Despite this, studies have demonstrated that in certain
regions of Brazil—mainly in rural areas—some STH foci
persist [23, 24].

The administration of anthelmintic drugs without ap-
propriate diagnostic tests has made it difficult to diagnose
infection with protozoa, making giardiasis and amoebiasis
underdiagnosed diseases. Techniques capable of detecting
intestinal protozoan infections have not been performed in
public health laboratories. More recently, enzyme immu-
noassay has replaced microscopic examination in most
clinical laboratories [25]. However, the cost of these tests
does not yet allow their use for large-scale diagnosis in
primary health care.

In this study, although a few children reported diarrhoea
in the period before stool collection, no diarrhoeal samples
were found, indicating chrenic and apparently asymptomatic
infections. Although recognized as a cause of epidemic water-
borne diarrhoeal disease and traveller's diarrhoea in devel-
oped countries, the role of G. duodenalis as an etiological
agent of diarrhoeal diseases in developing countries is less

certain [26, 27]. Interestingly, recent studies failed to char-
acterize G. duodenalis as a pathogen associated with diar-
rhoeal disease in children in developing countries. Instead,
giardiasis presents as chronic and apparently asymptomatic
or causes mild illness of the small intestine, associated with
chronic nutrient spoliation, and deficits in physical devel-
opment due to interference with absorptive function [28, 29].
Infection by E. histolytica/E. dispar was observed in the
three studied locations in all age groups. The positivity rate
was akin to that described in similar studies conducted in
other regions. Among the positive children, none had
symptoms compatible with invasive conditions that could
indicate the presence of amoebic dysentery. It should be in
mind that the clinical manifestations of E. histolytica/E. dispar
infection have variable symptoms, from subclinical coloni-
zation to severe invasive conditions. It is not possible to
differentiate, under light microscopy, the species of the E.
histolytica/E. dispar complex. Additionally, it is possible that,
in the studied communities, low virulence strains predomi-
nate, as observed in several countries. As faecal-borne dis-
eases, giardiasis and amoebiasis are sensitive to sanitation
conditions and the supply of drinking water. Thus, they have a
strong social determination and are associated with poverty.
Household crowding, poor sanitation, and water supply have
been associated with intestinal protozoa infection [30, 31].
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5. Conclusions

This study illustrates the changing etiological profile of
intestinal parasitism in periurban areas in Brazil and points
to the need for the improvement of control strategies, which
should include enhancements in sanitation. Laboratory
diagnosis of protozoan enteric infections and effective drugs
for their treatment are unmet goals in the primary health
care system. Therefore, giardiasis and amebiasis are
neglected conditions.
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Abstract

Backeround:This study assessed the mteractions between income, nutritional status and
mtestinal parasitism m children i Brazil. Methods: Cross-sectional studies mcluded 421
children living 1 Piaui State and Rio de Janewo State. Results: The rates of chromic
malnutrition (height-for-age z-score [HAZ]<-2), low weight (weight-for-age z-score
[WAZ]=-2). and wasting {weight-for-age z-score<-2), in RJ and PT were 3.1% and 5 7%,
3.7% and 4.3%. and 11% and 0%, respectively. WAZ mean was lower i PI than in RJ (-
0.274+1.06 ws. 0.129+1.169; p=0.008). Children infected with Ascaris fumbricoides had
sipmficantly lower means of HAZ and WHZ  when compared to uninfected clildren.
Infection with hookworm was also associated with lower means of HAZ and WAZ. Cluldren
mfected with Enfamoeba coli presented sigmificantly lower means of HAZ (-0.541+1.015 vs.
-0.089+1.023; p=0.005) and WAZ (-0.438+1.149 vs. 0.123+1.148: p=0.002). A significant
comrelation of HAZ, WAZ and mid upper arm circumference (R=0.110; p=0.025) with mean
per capita household income (MPCHI) was observed. Children belonging to families living
in poverty (MPCHI=45USD) presented higher positivity rates for 4. Jumbricoides (3.8% vs.
0.8%; p=0.047). Entamoeba coli (17.3% vs. 5.9%, p=0.001) and G. duodenalis (15.1% vs.
6.4%, p=0.004). The multivariate multiple linear regression analysis model showed that HAZ
15 mdependently mfluenced by MPCHI. female gender, and infections with 4. lumbricoides
and Entamoeba coli. Stmilarly, WAZ 1s influenced by MPCHL female gender, and infections
with 4. lumbricoides and Entamoeba coli. MPCHI and female gender positively influences
MUAC. Conclusions: The results point to the need to mmprove both the income of families

living in poverty and the sanitation in these communities.
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Introduction

The first of the seventeen United Nations Sustainable Development Goals aims to reduce by
at least half the proportion of people living in poverty by 2030. The second includes ending
all forms of malnutrition. mncluding meeting the internationally agreed targets for stunting and
wasting in children under the age of five. The third goal includes ending epidemuics of
waterbome and neglected tropical diseases [1]. These three goals are interconnected and the

dimensions they address — mcome, food and health — interact m a multi-causal feedback

network.

In 1991, 67% of the Brazilian population lived in poverty (monthly per capita household
mcome [MPCHI] less than half the Brazilian minimum wage) [2]. This proportion was
reduced to 49% m 2000 and 34% 1 2010. This vear. large regional varation in the poverty
rate was observed, with 56% in the Northeast, 53% in the North, 26% i the Central-West,
24%; m the Southeast and 19%% in the South [3]. More recent estimates show that the poverty
rate fell from 26.5% 1 2017 to 25.3% 1 2018, still higher than in 2012 when the pre-recession
rate was 22_8%. In addition. extreme poverty i Brazil last vear reached 1ts highest level since
2012, with 6.5% of the population - about 13.5 million people - with a monthly mncome below

40 USD [4].

The proportion of boys and girls aged 5-9 years with chronic malnutrition characterized by
stunting (height deficit) was reduced respectively from 29 3% and 26.7% 1n 1975 to 7.2% and
6.3% 1n 2009 [5]. In parallel, the frequency of weight deficit in bovs and girls aged 5-9 years
dropped respectively from 5.7% and 5 4% to 4.3% and 3.9% i the same period [5]. The latest
national-based survey also showed mmportant regional differences, with higher prevalence

rates of malnutrition in northem Brazil, lower rates i the South and sinular rates close to the
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national average i the Northeast, Southeast and Central-West [5]. The specific mortality rate
due to diarrheal disease m children under five vears mn Brazil was reduced from 22/100,000
cluldren in 2000 to 5.5/100,000 1 2013. Regarding the regions, these rates i 2013 were 12.5
i the North, 8.3 in the Northeast, § i the Central-West, 2.3 in the Southeast and 2.1 1 the

South [6].

Soil-transmitted helnminths (STHs), including Ascaris lumbricoides. hookworm (Mecator
americanus and Ancylostoma duodenale) and Trichuris trichiura, are notable for the potential
sevenity of infection, wlich can cause mtestinal obstruction (ascamasis). severe anenua
(hookworm disease), and rectal prolapse and dysentery (trichunasis) [1,7]. Deficits i the

physical and cogmitive development of clildren are insidious and chronic effects [8].

Despite the scarcity of country-based data on the burden of different soil-transmatted
helnunthiases (STHs) i Brazil. an analysis with mathematical modeling of secondary data
estimates that the prevalence rates of ascariasis. hookwornm infection and trichunasis are 3.6%,
1.7% and 1.4% respectively, after scaling up of preventive chemoprophylaxis (mass drug
adnmunistration [MDA]) and primary health care in the country [9]. However, i some rural
and urban communities with poor sanitation and practicing open defecation, prevalence rates
can be significantly higher [10-13]. Pathogenic species of protozoa inhabit the human
digestive tract, mcluding Giardia duodenalis and Entamoeba histalytica. These organisms are
also associated with chromic nuinent spoliation and affect the physical and cognitive
development of children [11.14.15]. G duedenalis causes about 280 mullion symptomatic
mfections per vear worldwide [16] and i low and middle-income countries the prevalence of
gardiasis can reach up to 30% [17]. The transmussion dynamics of giardiasis 1s complex. and

it can be considered a zoonotic disease [17,18]. It 1s estimated that amebiasis 15 associated
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with more than 55.000 deaths per vear and that morbidity due to this parasite leads to the loss

of 2.2 mullion disability-adjusted life years (DALYs) [19].

There are no policies to control intestinal protozoan infections and anti-STH MDA campaigns
have made protozoa even more neglected [7.8.15]. This has mfluenced the eticlogic profile of
parasitic enteric infections towards a higher frequency of protozoa detection m
coproparasitological surveys i recent decades [20-22]. The human intestine also hosts
presumably non-pathogemic protozoans, such as Enfamoeba coli, Endolimax nana,
JTodamoeba butschlii, Blastocystis hominis and Dientamoeba fragilis [23]. Prevalence rates of
mfections with orgamnisms such as Entameeba coli have been considered indicators of

environmental contannation with fecal matter in poor samtation scenarios [21].

Regarding the impact of intestinal parasitism on the nutritional status of cluldren. the literature
presents conflicting results. This assessment 15 difficult due to the failure to consider an
mmportant confounding factor, family income, which mav be very heterogeneous in some
populations. According to the National Household Budget Survey [5], famuly income strongly
mfluences the anthropometric parameters used to assess chaldren's nutritional status i Brazil.
The present study amms to evaluate the mteractions between mncome, nutritional status and
mtestinal parasitism in children living 1n perurban communities in two states in the Northeast

and Southeast regions of Brazl.

Mhlaterials and Methods

Description of the study areas and population. The study was camed out 1 the municipalities
of Teresmna (TEE.), in the state of Piaui (Northeast macroregion) and Cachoeiras de Macacu

(CAM). i the state of Rio de Janewro (Southeast macroregion) (see map m Figure 1). In TER.
5
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two permurban communities with rural characteristics involved in the agrarian reform process
(Camp 8 de Marco and Settlement 17 de Maio) were studied. whose livelihood 1s obtained
through family farming. In CAM, two urbamized districts (Papucaia and Ribeira) were studied,
m addition to a commumity with rural characteristics (Marubai). The communities studied i
TER have a transitional tropical climate within the ecotonal zone called Iata de Cocais. which
15 situated in a transition zone between the Amazonian biomes (in the West), the Cerrado (in
the South) and the Caatinga (in the East). In these commumties. a high proportion of the
population practice open defecation. In CAM. the areas studied have a tropical climate and
are located in remnant areas of the Atlantic Forest, but with a high degree of deforestation for
agriculture and hivestock. The state of Rio de Janeiro has a higher Human Development Index

(0.794) when compared to Piaui (0.690) [3].
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Figure 1 Geographic localization of the studied municipalities: Teresina, in the state of Piaui
and Cachoeiras de Macacu, in the state of Rio de Janeiro.

Study design and statistical analyses. Community-based cross-sectional studies were
performed to obtain sociodemographic. anthropometric and parasitological data from 421
children living in TER (n=70) and CAM (n=351). Body weight was recorded with a portable
electronic scale. to the nearest 100g. Children wore minimal clothing and were barefoot.
Height was measured using an anthropometer to the nearest 0.1 cm. Z-scores (standard

deviation scores) of height for age (HAZ), weight for age (WAZ) and weight for height

CDC growth charts [24]. Stunting. underweight and wasting were defined by values equal or
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below -2 for HAZ. WAZ and WHZ respectively. The mid upper arm circumference (MUAC)
of the nght arm was assessed with a flexible measuring tape, in the midpoint between the

acromuon and the olecranon.

Inmitially. z-score means of anthropometric parameters in children infected and wminfected with
different parasites, living in distinct states and belonging to distinct genders were compared
with Student's t tests. The correlation between the monthly per capita family income (MPCFT)
of the families to which the children belonged and the anthropometric parameters was
evaluated by sumple linear regression. The rate of posttivity for distinct parasites i distinct
imcome groups was compared through the Fisher's exact test. Independent vanables that
significantly mfluenced anthropometric parameters were selected and multivariate analysis by
multiple hinear regression was performed. In multiple hnear regression, the z-scores of the
anthropometric mdicators were considered dependent variables and the vaniables selected n
the bivariate analyses were tested to evaluate interactions. including gender and state. In all

analyses. a p-value of <10.05 was used to establish statistical significance.

Laboratory procedures. Fecal samples were analyzed using the Ritchie techmique [25] for the
detection of helminth eggs and protozoan cysts. Brefly, 10% fecal suspensions were
percolated in gauze and centrifuged (2,500 rpm for 2 minutes). The supernatant was discarded
and 7 mL of distilled water, 3 mL of ethyl acetate and 1 drop of detergent were added. After
further centrifugation and discarding of the supernatant, the pellet was analyzed by light

mucroscopy [25].

Results

Table 1 presents the charactenistics of the 421 chuldren included in the study. The rates of

chronic malnutntion (HAZ <-2) in RJ and PI were 3.1% and 5.7%. respectively, the rates of

8
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low weight (WAZ = -2) were 3.7% and 4.3% and the rates of wasting (WHZ = -2) were 11%
and 0%, respectively. The prevalence rate of obesity (WAZ > 2) was 6.6% m RJ and 2.9% in
PL The proportion of children living i families with MPCHI < 45 USD (poverty) was 39.3%

mn KT and 67% in PL

Table 1 Demographic characteristics and nutritional status of children participating in the
study in the states of Piaui and Rio de Janeiro, Brazil, 2017 and 2018.

Piaui Rio de Janeiro
n (%) n (%)
Gender
Male 39 (55.7) 190 (54.1)
Female 31(44.3) 161 (45.9)
Age group
0-5 21 (30) 123 (35)
B6-10 27 (38.6) 156 (44.4)
11-14 22(314) 72(20.5)
Per capita monthly family income
(USD*)
0-45 47 (67.1) 138 (39.3)
>45 23(329) 213 (60.7)

Nutritional status
Heigth-for-age z-score

< -2 4(5.7) 11 (3.1}

-2 - #2 63 (90) 330 (94)

> 42 3(4.3) 10 (2.8)

Weigth-for-age z-score

< -2 3(4.3) 13 (3.7)

-2 - 42 65(92.9) 315 (89.7)
> +2 2(2.9) 23 (6.6)

Weigth-for-height z-score

< -2 - 11 (6.5)

-2 - 42 45(95.7) 141 (83.9)
> 42 2(4.3) 16 (9.5)

*USD1=BRL4

Figure 2 shows the comparnison of z-score means of anthropometric parameters by state and
gender. The WAZ mean was lower among children living in PI than mn RJ (-0.274 £ 1.06 vs.

0.129+1.169; p=0.008). The HAZ and WAZ means were lower among boys than among girls
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173 (-0.265 = 1.070 vs. 0.012 = 0.963: p=0.006. and -0.084 £ 1.222 vs. 0.236 = 1.184: p=0.005.

174  respectively).
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Figure 2 Anthropometric parameters z-scores of studied children by state and gender, Piaui

and Rio de Janeiro, Brazil, 2017 and 2018.
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The companson of means m children infected and uninfected by different parasites is
represented in Figure 3. Cluldren infected with 4. lumbricoides had sigmificantly lower means
of HAZ (-1360 = 0756 vs -0.112 = 1.020; p=0.001), WAZ (-1 238 = 0749 vs. 0.090 =
1.152; p=0.001), and WHZ (-0.684 = 0446 vs. 0.233 = 1.259; p=0.006) when compared to
uninfected children. Infection with hookworm was also associated with lower means of HAZ
{-1.080 + 1.169 vs. -0.123 =+ 1.022; p=0.015) and WAZ (-1.027 £ 1.129 vs. 0.080 + 1.153;
p=0.012). Children infected with Entameoeba coli presented significantly lower means of HAZ
{-0.541 = 1.015 vs. -0.089 = 1.023; p=0.005) and WAZ (-0438 £ 1.149 vs. 0.123 + 1.148;
p=0.002). No significant differences i nutritional status were found among children infected

with E. histolvtica | E. dispar or G. duodenalis.
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Graphs 1n Figures 4A — 4D present significant correlation of HAZ (R=0.160; p=0.001), WAZ

{R=0.197; p=0.001), and nud upper arm circumference (R=0.110; p=0.025) with MPCHL

Table 2 presents the prevalence rates of infection by different intestinal parasites and other
characteristics. Significantly higher positivity rates were observed in the state of Piani when
compared with Rio de Janeiro for 4 lumbricoides (5.7% vs. 1.4%; p=0.046). hookworm
(8.6% vs. 0.3%; p=0.001), Entamoeba coli (28.6% vs. 7.4%; p<0.001) and Hvmenolepis nana
{2.9% vs. 0%; p=0.027). Children belonging to families living in poverty (MPCHI < 45 USD)
presented higher positivity rates for 4. fumbricoides (3.8% vs. 0.8%; p=0.047). Entamoeba

coli (17.3% vs. 5.9%, p=<0.001) and G. duedenalis (15.1% vs. 6.4%. p=0.004).

As shown in Table 3. the multivanate multiple linear regression analysis model showed that
HAZ 1s independently influenced by MPCHI (f=0.145; p=0.003), female gender (p=0.117;
p=0.015), and infections with 4. lumbricoides (B=-0.141; p=0.008) and Enramoeba coli (f=
0.100; p=0.043). Sumlarly, WAZ 15 mnfluenced by MPCHI (f=0.175; p=0.001), female gender
{p=0.123; p=0.010), and infections with 4. fumbricoides (f=-0.127; p=0.012) and Entamoeba
coli (B=-0.101: p=0.039). MPCHI (B=0.102: p=0.039) and female gender (B=0.134: p=0.007)

positively influences MUAC.
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Table 2 Frequency and distribution of infection with distinct intestinal parasites by gender, age group, income group and state, in children in the
states of Piaui and Rio de Janeiro, Brazil, 2017 and 2018.

Ascaris lumbricoides  Hookworms E. histolytica /E. dispar  Giardia duodenalis Entamoeba coli
Characteristic
Gender
Male (n=229) 8(3.5%) 7(3.1%) 38 (16.6%) 23 (10%) 23 (12.2)
Female (n=192) 1(0.5%) - 27 (14.1%) 20(10.4%) 18 (9.4)
p-value 0.044 0.017 0.501 1.000 0433
Aqge group (years)
0-5 (n=144) 3(2.1%) - 20(13.9%) 14 {9.7%) 14 (9.7%)
6 —10(n=183) 3({1.6%) 5{2.7%) 34 (18.6%) 20(10.9%) 23 (12.6%)
11— 14 (n=94) 3(3.2%) 2{2.1%) 11 (11.7%) 9(9.6%) 9(9.6%)
p-value 0.796 0.232 0.746 0.932 0993
Income (MPCHI*, USD™}
= 45 (n=185) 7(3.8%) 4 (2.2%) 35 (18.9%) 28 (15.1%) 32 (17.3%)
= 45 (n=236) 2(0.8%) 3(1.3%) 30 (12.2%) 15 (6.4%) 14 (5.9%)
p-value 0.047 0.704 0.102 0.004 =<0.001
State
Piaui (n=70) 4 (5.7%) 6 (8.6%) 7(10%) 8(11.4%) 20 (28.6%)
Rio de Janeiro (n=351) 5(1.4%) 1(0.3%) 58 (16.5%) 35 (10%) 26 (7.4%)
p-value 0.045 =< 0.001 0.206 0.669 < 0.001
Total (n=421) 9{2.1%) 7(1.7%) 65 (15.4%) 43 (10.2%) 46 (10.9%)

* MPCHI - monthly per capita houss income ** USD 1 = BRL 4.



217 Table 3 Multiple linear regression analysis of anthropometric parameters z-scores by infections with Ascaris lumbricoides, hookworms and Entamoeba coff,
218 monthly per capita house income, gender and state of children in Piaui, Rio de Janeiro, Brazil, 2017 and 2018.

Independent variables HAZ WaZ WHZ MUAC
Coefficient p-value  Coefficient p-value  Coefficient p-value  Coefficient p-value
Ascaris lumbricoides -0.141 0.006 -0.127 0.012 -0.089 0243 -0.047 0.363
Hookworms -0.031 0.552 -0.027 0.599 -0.023 0772 0.004 0.540
Entamoeba coli -0.100 0.043 -0.101 0.039 -0.064 0372 -0.059 0.245
MPCHI * 0.145 0.003 0.175 <0.001 0.100 0.150 0.102 0.039
Gender 0.117 0.015 0.123 0.010 0.070 0314 0.134 0.007
State 0.011 0.325 0.054 0.283 0.005 0948 0.025 0.635

218
220 * MPCHI - monthly per capita house income
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Dviscussion

In this study, we assessed some socioenvironmental variables affecting the nutnitional status
of children living i two periurban areas in Brazil, focusing on income and enteric infections.
The main findings were the influence of MPCHI and infection with some species of intestinal
parasites on the nutritional parameters evaluated. These findings reveal the vulnerability of

children living in poverty in periurban communities in the states of Rio de Janeiro and Piaui.

Fegarding income. many of the children studied live in families whose MPCHI is less than
40 USD per month. which defines extreme poverty in Brazil. The data suggest that raising
fanuly income through nunimum income programs posttively affects children's weight, height
and arm circumference, by improving access to food. Famuly mcome positively mfluenced
both the chronic malnutrition mdicator HAZ as well as the nonspecific parameter WAZ,
besides MUAC, demonstrating that the effects of econonuc poverty on nutnitional status are

felt in the short and long term.

Brazil substantially reduced the proportion of people living in poverty in recent years. The
results of this study suggest the need to maintain income policies as a tool to fight poverty in
a time of economic recession that challenges most social programs implemented in recent
decades. In this context, the current recessive cvele of the Brazilian economy. associated with
rising unemployment. austerity, and a reduction m family income may currently be
undernuning the advances afforded by Brazil in reducing the rates of child maloutrition
achieved in recent decades. and constituting an unfavorable framework for meeting 2030

Agenda goals.

Despite the low prevalence of ascanasis presented by the commumuties, 1t was demonstrated

that this infection significantly correlates with worse nutrnitional status of the children included
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267

268

in the research. Despite infection with 4. immbricoides being focally present in a few children
— confimmng the current trend of reducing the prevalence of STHs in Brazil — it affects

negatively the anthropometric parameters studied.

Some studies have evaluated the mfluence of STHs on cluldren's mutritional status m
developing countries. In Sri Lanka, despite no relationship being found between the presence
of ascariasis and undernutrition. infections with high parasite load were associated with
decreased values of WHZ [26]. In Vietnam. ascariasis mfluenced negatively the serum
concentration of vitamin A in an infection intensity dependent way [27]. In Kenya, STH in
pre-schoolchildren was associated with vitamin A and 1ron deficiency [28]. In northwestem
Ethiopia, no association was found between mtestinal helminthic infections and nutritional
status [30]. Among Venezuelan Amerindians, enteric helnunthic infections were significantly
associated with lower HAZ and WHZ [30]. In Mexico, an association between ascarnasts and
malnutrition in economically poor commumties was demonstrated [31]. In Cameroon,
children mfected with STHs had significantly lower HAZ averages, with infection by more
than one species bemg even more deleterious [32]. Hookworm and A. lumbricoides were
associated with lower values of HAZ, WAZ and WHZ in Nigena [33.34]. In Chad, there was
an association between Hymenolepis nana infection and malnutrition [35]. In Brazil stunting
was associated with ascariasis infection among children and adolescents [36]. On the other
hand, two studies in Brazil demonstrated that the only enteric parasite associated with lower

values of anthropometric parameters was G. duodenalis [15, 37].

This study demonstrated that infection with Enfamoeba coli also mfluences the evaluated
anthropometric parameters. Enfamoeba coli 15 considered a non-pathogenic protozoan that

commensally mnhabits the human intestinal tract. Nevertheless, some studies have explored
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the potential of Entamoeba coli to affect bowel function. Recently, it was demonstrated that
Mexican children infected with Entamoeba coli or 4 lumbricoides were more likely to have
higher levels of stool leucocytes than uninfected children [38]. pointing to the possibility of
mtestinal inflammatory activity tnggered by these parasites. Entamoeba coli can also be
considered a marker of madequate sanitary conditions, denoting greater exposure to fecal
pathogens. Thus, 1t could be mterpreted that. i this study, Enfameeba coli-positive chuldren
would have a lugher frequency of other intestinal mnfections that would influence their
nuiritional status. In Bolivia, 1t has been shown that children living in a poorer scenanio have

a higher prevalence rate of Enfamoeba coli infection and have worse nutritional status [39].

Another finding of the study was the mfluence of gender on nuintional status, showing that
males presented lower values of the nutritional parameters evaluated. The National Household
Budget Survey conducted 1n 2008-2009 showed similar results, with higher frequencies of

weight and height deficits among boys [5].

Data show the interaction between income, nutritional status and enteric parasitic infections
in children living in periurban areas in two Brazilian capitals. one in the Northeast and one in
the Southeast. The results pont to the need to improve both the income of families living in
poverty and the sanitation scenario in these communities, ten years before the year 2030,
which 1s the honizon for the achievement of Sustaimnable Development Goals set by the United

Nations.
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4.3 Epidemiologia, composicdo de espécies e diversidade genética de
Entamoeba spp. tetra e octonucleadas em diferentes biomas

brasileiros
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Abstract

Background: Entamoeba species harbored by humans have different degrees of pathogenicity. The present study
explores the intra- and interspecific diversity, phylogenetic relationships, prevalence and distribution of tetra- and
octonucleated cyst-preducing Entamoeba in different Brazilian regions.

Methods: Cross-sectional studies were performed to collect fecal samples (n=1728) and sociodemographic data
in communities located in four Brazilian biomes: Atlantic Forest, Caatinga, Cerrado, and Amazon. Fecal samples were
subjected to molecular analysis by partial small subunit ribosomal DNA sequencing (55U rDNA) and phylogenetic
analysis.

Results: Light microscopy analysis revealed that tetranucleated cysts were found in all the studied biomes. The
highest positivity rates were observed in the age group 6-10 years (23.219). For octonucleated cysts, positivity

rates ranged from 1 to 55.1%. Sixty SSU rDNA Entamoeba sequences were obtained, and four different species were
identified: the octonucleated E coli, and the tetranucleated E histolytica, E. dispar, and E. hartmanni. Novel haplotypes
(n=132) were characterized; however, new ribosomal lineages were not identified. The Entamoeba coli ST1 subtype
predominated in Atlantic Forest and Caatinga, and the 5T2 subtype was predominant in the Amazon biome. E histol-
ytica was detected only in the Amazon biome. In phylogenetic trees, sequences were grouped in two groups, the first
containing uni- and tetranucleated and the second containing uni- and octonucleated cyst-producing Entamoeba
species. Molecular diversity indexes revealed a high interspecific diversity for tetra- and octonucleated Entamoeba
spp. (H+5D=0.9625+0.0128). The intraspecific diversity varied according to species or subtype: E dispar and E histo-
Iytica showed lower diversity than E coli subtypes ST1 and ST2 and E hartmanni.

Conclusions: Tetra- and octonucleated cyst-producing Entamoeba are endemic in the studied communities; £
histolytica was found In a low propartion and only in the Amazon biome. With regard to E. coli, subtype ST2 was
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predominant in the Amazon biome. The molecular epidemiology of Enfamoeba spp. is a field to be further explored
and provides information with important implications for public health.

Keywords: Entamoeba genus, Molecular epidemiology, Small subunit ribosomal DNA, Intra- and interspecific

diversity
k.

Background

Entamoeba species harbored by the human digestive
tract have different degrees of pathogenicity and impact
on public health [1]. Although some species are consid-
ered commensal and non-pathogenic, E. histolytica can
cause serious, life-threatening, and invasive infections
such as amoebic dysentery and liver abscess [2]. Enfa-
moeba histolytica produces tetranucleated cysts which
are indistinguishable from those produced by E. dispar.
The similarity of the cysts led to the adoption of the
nomenclature E. histolytica/E. dispar complex, which
also includes Entamoeba moshkovskii, another tetranu-
cleated cyst-producing species. Although E. dispar and
E. moshkovskii are considered to have less pathogenic
potential [3], they have occasionally been associated with
invasive disease [4, 5]. These findings have led to the need
for further studies to assess the epidemiology of indistin-
guishable tetranucleated amoebas [3]. Entamoeba species
that parasitize other animals can also infect humans [6].

Entamoeba coli, which are considered a commensal
and harmless organism, produce octonucleated cysts and
can be considered a marker of inadequate sanitary con-
ditions, denoting greater exposure to other fecal patho-
gens. Recently, however, potential pathogenicity has been
attributed to this species. Mexican children infected with
E. coli have higher levels of stool leucocytes than unin-
fected children, pointing to the possibility of intestinal
inflammatory activity triggered by this organism [7, 8].
Additionally, considerable intraspecific genetic variability
has been demonstrated for E. coli, which can be divided
into two subtypes: E. coli ST1 and E. coli ST2 [9].

Typically, the clinical detection of Entamoeba spe-
cies in fecal samples has been performed through light
microscopy. However, the overlap of morphological char-
acteristics between some species and the morphological
and size variation in structures are limiting factors for
microscopic species-specific diagnosis [10]. The imple-
mentation of molecular tools for Entamoeba species
characterization has enabled a greater understanding of
their taxonomy, phylogenetic relationships and epidemi-
ology [11].

Despite recent advances, the proportion of house-
holds without sanitation systems in many regions of Bra-
zil remains high. The country has great socioeconomic,
environmental and demographic diversity, and appro-
priate access to drinking water is restricted in many
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communities. Similarly, peri-urban and urban communi-
ties in large Brazilian cities in more industrialized states
frequently have poor sanitation infrastructure. In the
present study, we explored the species composition, the
inter- and intraspecific genetic diversity and phylogenetic
relationships, and the prevalence and distribution of
Entamoeba species infecting populations living in differ-
ent Brazilian biomes.

Methods

Description of study area and population, study design
and sampling

Communities from cities located in four Brazilian biomes
were selected: Cachoeiras de Macacu (CAM) in the state
of Rio de Janeiro (Atlantic Forest biome), Teresina (TER)
and Sao Jodo do Piaui (SJPI) in Piaui (Cerrado and Caat-
inga biomes, respectively), and Santa Isabel do Rio Negro
(SIRN) in Amazonas and Bagre (BAG) in Pard (Amazon
biome) (Fig. 1). In the five municipalities, the studied
communities had precarious access to drinking water
and poor sanitation systems, to varying degrees and for
distinct reasons. Table 1 shows the socio-environmental
and demographic characteristics of each municipal-
ity and the number of individuals included in each one.
These regions differ with respect to climate, proportion
of the population living in poverty and human develop-
ment index, among other parameters. Cross-sectional
studies were carried out in the included areas to collect
fecal samples and sociodemographic data. Entamoeba
spp. fecal samples were identified as positive using para-
sitological methods (Ritchie's modified ethyl acetate cen-
trifugation) [12].

DNA extraction, polymerase chain reaction (PCR) and DNA
sequencing

Fecal samples positive on light microscopy were sub-
jected to molecular analyses for species characterization
and phylogenetic studies. In addition, some Entamoeba
spp.-negative samples on microscopy were selected,
randomly or when another individual from the same
household was positive, to be tested by PCR. This was
performed in order to improve the number of DNA
sequences for genetic analyses. Genomic DNA was
extracted from 200 pl of the sedimented fecal material
using the ZR Fungal/Bacterial DNA MiniPrep™ extrac-
tion kit (Zymo Research, Irvine, CA, USA). PCR was
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Fig. 1 Map of the studied areas in Brazil. The map was created using Google Earth Pro
i

Santa Isabel do Rio
Negro, Amazonas State
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Séo Jodo do Piaui, Piaui
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Cachoeiras de Macacu,
Rio de Janeiro State

750 km

performed using the Platinum Tag DNA Polymerase kit
(Invitrogen, Waltham, MA, USA), with a final volume of
50 pl. The small subunit rRNA gene locus (SSU rDNA)
of Entamoeba spp. (550 base pairs [bp]) was targeted for
amplification, as described in Verweij et al. [13]. Amplifi-
cation conditions were as follows: each deoxynucleoside
triphosphate at 200 mM, 25 pmol of each specific primer,
10X PCR buffer, 1 U of Tag DNA Polymerase, and 5 pl of
the DNA sample. The thermal cycling conditions were as
follows: initial denaturation of 5 min at 94 °C, 35 cycles
of 30 s at 94 °C, 30 s at 55 "C, and 30 s at 72 °C; and final
extension of 2 min at 72 °C. The PCR products were puri-
fied with polyethylene glycol (PEG) [14] and sequenced
using the BigDye Terminator v3.1 kit (Applied Biosys-
tems, Foster City, CA, USA) in an ABI 3730 automated
DNA sequencer (Applied Biosystems).

Data analysis

The obtained sequences were edited and analyzed using
BioEdit version 7.2.5 software [15]. The Basic Local
Alignment Search Tool (BLASTn; NCBI https://www.
ncbi.nlm.nih.gov/) was used to verify similarity with
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Entamoeba species. The obtained sequences were depos-
ited in GenBank under accession numbers MW026735-
MW026794. BioEdit version 7.2.5 [15] was used to align
and cut the sequences into equal fragments (542 bp).
Phylogenetic inferences were performed using Molecu-
lar Evolutionary Genetics Analysis (MEGA) wversion
7.0.20 software [16]. The maximum likelihood (ML) and
neighbor joining (N]) methods were applied. The substi-
tution maodel for the data set was chosen using the Baves-
ian information criterion (BIC) in MEGA version 7.0.20
software [16]. According to the lower BIC score, the
Tamura 3-parameter model (T92) was chosen. Branch
support was provided by bootstrapping with 1000 repli-
cations. Entamoeba spp. orthologous sequences (n=46)
were used to construct an alignment using the BLASTn
tool against the Nucleotide Collection (nr/nt) database
(https://www.ncbi.nlm.nih.gov/nucleotide/) (Additional
file 1: Table 51). The reference sequences were selected to
be representative of the genus. Sequences with degener-
ate bases were not included.

A median-joining (M]) haplotype network was con-
structed in Network version 10.1.0.0 software [17] (www.
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Characteristic Biome
Amazon Cerrado and Caatinga Atlantic forest
Santa lsabel do Rio Megro  Bagre (PA) Teresina (PI) Sa0 Jodo do Piaui (P} Cachosiras de Macacu (RJ)
(AM)
Population 22404 30673 364.845 20601 58937
Human development index 0479 0471 0.751 0645 0.700
Gini index 035 037 050 045 045
Year of study 2011 2020 207 2018 2018
Localization of districts Urban Urban Rural Rural Urban and rural
included
Fecal samples 352 362 298 131 545
Income (MPCHI*, USD**)
=45 302 (77%) 209 (57.7%) 153 (51.4%) 67 151.198) 192 (35.79)
=45 90 (23%) 163 (44.99) 145 (48.6%) 64 (48.998) 290 (53.296)
Data not available - - - - 63 (11.6%)
Water supply Megro River and artesian Furo Santa Maria Artesian wells Artesian wells and Macacu River and artesian
wells River (Baia de water stored in wells
Maraja) cistern
% open evacuation - 142/362 (39%) 106/298 (35.5%] 63/131 (48%) -
Gender
Male 207 188 147 69 284
Fernale 185 174 151 62 261
Age group (years)
0-2 87 80 1 7 99
3-5 108 23 15 7 120
&-10 142 135 29 14 184
11-15 49 62 35 27 235
> 15 - - 207 76 5
Data not available & - 1 - 43

AM Amazonas, P4 Pard, P7 Piaul, RV Rio de Janeire
*MPCHI—maonthly per capita house income, **USD 1 =BRL 4

fluxusengineering.com), with the input file previously
prepared in DnaSP (DNA Sequence Polymorphism)
version 6 software [18]. Diversity indexes of tetra- and
octonucleated Entamoeba populations were determined
using the pairwise distance in Arlequin version 3.5.2.2
software [19]. The pairwise F,, (fixation index) value was
tested in all populations using Arlequin version 3.5.2.2
software [19] to estimate the extent of genetic differentia-
tion among populations with a significance of 1000 ran-
dom permutations.

Results

Study population

Figure 2 presents the detection rates for tetra- and
octonucleated Entamoeba cysts in fecal microscopic
examinations in distinct age groups and settings. In the
Amazon and Atlantic Forest biomes, tetranucleated cysts
were found in fecal samples from children up to 2 years
of age, with positivity rates ranging from 3.8 to 10.3%,
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respectively. In these biomes, one of the highest rates was
found in the age group of 11-15 years, reaching 26.5%. In
the four studied states, octonucleated cysts were detected
through microscopy in 1-20.6% of children up to 2 years
of age, and 10.8-49.3% of children aged 610 years.

Molecular epidemiclogy and genetic diversity

of Entamoeba spp.

A total of 60 55U rDNA Entamoeba spp. sequences
(542 bp) were obtained from fecal samples. The BLAST
analyses revealed four different Enfamoeba species: E.
coli (n=32), E. dispar (n=18), E. hartmanni (n=8)
and E. histolytica (n=2) (Table 2). With regard to the E.
histolyticalE. dispar complex, the Amazon biome pre-
sented the greatest species diversity. In Piaui, only E.
dispar was identified. With respect to E. coli, ST1 pre-
dominated in Rio de Janeiro and Piaui, and ST2 was pre-
dominant in Amazonian states (Amazonas and Para).
Figure 3 displays the ML and NJ trees inferred from uni-,
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Table 2 Molecular diversity indexes of tetra- and octonucleated cyst-producing Entamoeba based on 55U rDNA locus (542 bp, n=285)

Species (V) Region (V) Statistics
H+5D MNo. of No. of Mo. of Mo. of transitions  Mo. of
haplotypes  polymorphic  substitutions transversions
sites

E coli (38) AILSTT (18) 08160095 9 45 44 27 17
Brazil (12) 077240127 7 44 44 27 17
BAG +SIRN (5) 07000218 3 5 5 3 2
TER (2) 1.0000 £ 05000 2 ] 1 ] 1]
SIP(3) 06667 £03143 2 4 4 2 2
CAM () 1.000£0500 2 7 7 3 4
AlLST2 (22) 095240029 15 52 57 26 31
Brazil (20) 0957 +£0028 14 52 57 26 31
BAG+5IRN (19) 0555+ 0030 14 52 57 26 31

Entamoeba dispar (21} All (21) 0500+£0.132 7 26 22 16 G
Asia (3) 0.000£0.000 1 0 1] o 0
Brazil (18) 056840137 7 26 2 16 &
TER (2) 062510132 7 26 22 16 G
BAG+SIRM (16) 0.000+0.000 1 0 0 o 0

E. hartmanni (10) Al (10) 0977 0054 9 28 24 16 8
Brazil (8) 0964 0077 7 28 24 16 8

E. histolytica (6) All (&) 053340172 2 4 2 1 1
MNorth America (3) 0.000 £0.000 ] W] 0 0 0
Brazil (2) 00000000 1 o 0 ] 0

All* (89) 09625100126 55 353 272 203 199

H+50: gene diversity 4 standard deviation. AlI*: E dispar, E. histolytica, E. hartmanni, E. coli, Entamoeba sp., E. moshkovskii, E. ecuadoriensis, E. bangladeshi, E. nuttalli,
E. muris, E. terrapinae, E. insolita, E. invadens, Entamoeba RL7, Entamoeba RL10, Entamoeba RLS, Entamoeba RLG. Further details for reference strains can be found in
Additional filz 1: Table 51. Bold indicates sequences obtained in this study (Brazil). BAG Bagra, CAM Cachoeiras de Macacu, SIRN Santa lsabel do Rio Megro, S0P 530

Joao do Fiaul, TER Teresina

tetra- and octonucleated Entamoeba spp. cysts, with
a total of 106 Entameeba SSU rDNA sequences (n=60
sequences from the present study plus 46 reference
sequences). Two major groups were observed, the first
one containing uni- and tetranucleated cyst-producing
Entamoeba species, and the second containing Enfa-
moeba species producing uni- and octonucleated cysts.
The main differences between the two trees were as fol-
lows: (i) in the ML tree, E. moshkovskii was grouped in a
single clade (Fig. 3a), while in the NJ tree it was grouped
together with other tetranucleated cyst-producing Enta-
moeba species (Fig. 3b); and (ii) Entamoeba RL5, RL6
and E. insolita were grouped in a single clade on the NJ
tree, while on the ML tree they were grouped close to E.
hartmanni.

Among 28 samples containing tetranucleated Enia-
moeba cysts, only two were characterized as the patho-
genic E. histolytica. The other 26 were identified as E.
hartmanni or E. dispar. Entamoeba histolytica was
identified only among isolates from the Amazon biome
(Amazonas, n =2); E. dispar was identified in the Cer-
rado (Teresina, Piaui, #=2) and Amazon biomes (Pari,

69

n=10, and Amazonas, n =&). E. hartmanni was charac-
terized only in the Amazon biome (Pard and Amazonas
in five and three samples, respectively). No Entamoeba
wmoshkovskii or uninucleated cyst-producing Entamoeba
species were found.

Entamoeba coli was the species most commonly found
(1 =32) and was present in all localities studied. Both E.
coli subtypes ST1 (n=12; 37.5%) and ST2 (n=20; 62.5%)
were identified. Subtype ST1 was described in all regions
studied (Piaui, #=>5; Rio de Janeiro, n=2; Amazonas,
n=3; and Pard, n=2), while ST2 was found almost
exclusively in the Amazon region (Amazonas, n=9 and
Pard, n=10) (Fig. 4).

The M] haplotype network based on tetra- and octo-
nucleated cyst-producing Entamoeba showed a similar
topology to the ML tree discriminating species or sub-
types (Fig. 5). A total of 60 S5U rDNA sequences from
the present study plus 29 reference sequences were dis-
tributed in 55 haplotypes. Thirty-six different haplotypes
were identified in our sequences, and several new haplo-
tvpes were found. In E. coli ST1 and ST2, five and 13 new
haplotypes were characterized, respectively. Entamoeba
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hartmanni, E. dispar and E. histolytica had seven, six and
one new haplotype, respectively. Entamoeba dispar and
E. coli subtype ST1 presented a star-shaped haplotype
network (Fig. 5), with a central and dominant haplotype.
Interestingly, most of our samples belong to this ancestral
haplotype.

Analysis of molecular diversity indexes revealed high
interspecific diversity for tetra- and octonucleated Enfa-
moeba spp., with H £ SD=0.9625 + 0.0126 and 353
polymorphic sites (Table 2). The intraspecific diversity
varied according to species or subtype. Entamoeba dispar
and E. histolytica showed lower intraspecific variability
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(H £ SD=0.500+ 0.132 and 0.533 £ 0.172, respectively)
than E. coli subtypes ST1 and ST2 and E. hartmanni (H
+ SD=0.816 £ 0.095, 0.952 + 0.029, and 0.977 + 0.054,
respectively) (Table 2). The intraspecific variability of
these two species was similar to the interspecific variabil-
ity for the species. The F_, results corroborate the diver-
sity analysis results (Additional file 2: Table 52). The E.
dispar sequences from different Brazilian biomes showed
low F, values, indicating no isolation between popula-
tions. For E. coli ST1 and ST2 sequences, even with high
genetic variability, there was no evidence of significant



Calegar et al. Parasites Vectors (2021) 14:160 Page 8 of 13
Entamoeba coli Entamoeba dispar
mnna::n Lo Bagrs, B4 Tu:!u.n Bagre, FA
Sonta lsabe| do Rin
a Tariking M

Bilo Joda-to Pasui, P1

Cachesiin S Macau B
£l

>

Entamoeba hartmanni

Baqre,PA

Sana isabel do Rio Negro, AM

AR

Entamoeba histolytica

‘Banta sabeldo Rio Negro, au

map was created using QGIS version 3.123
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isolation between populations (Additional file 2: Table 52
and Fig. 5).

Tetra- and octonucleated cyst co-infections were iden-
tified by microscopy in 18.6% (72/387) of fecal samples.
Of these, 39 samples were subjected to PCR. Overlapping
peaks were not observed in the sequences, indicating
failure to detect co-infections. Table 3 shows the results
obtained by microscopy and PCR. All fecal samples col-
lected {n=1728) were subjected to the traditional para-
sitological technique (Ritchie's modified ethyl acetate
centrifugation) and microscopy. It was not possible to
perform PCR on all samples due to technical or logistical
limitations. Two hundred and fifty-three samples were
subjected to PCR. Of these, 65.3% (77/118) were positive
for both techniques and 34.7% (41/118) were PCR-posi-
tive and microscopy-negative (Table 3). Finally, 60 Enfa-
moeba spp. sequences were successfully obtained (50.8%
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of PCR amplifications), and many sequences from other
organisms were identified, including fungi, bacteria,
plants and other intestinal protozoa (Endelimax, loda-
moeba and Blastocystis genera) (data not shown).

Discussion
In the present study, we describe high positivity rates for
infection by Entamoeba spp. in economically vulnerable
communities with poor health infrastructure in different
regions of Brazil. Amebiasis is a water- and food-borne
disease with strong socio-environmental determinants,
and its distribution is poverty-related and heterogeneous
among human populations [20-22] and remains endemic
in many Brazilian regions.

We characterized species and subtypes of Entamoeba
spp. circulating in different communities. The interspe-
cific variability of Entamoeba spp. based in S5U rDNA
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Table 3 Entamoeba spp. microscopy and PCR results in the present study
Biome/locality Samples  Result
Microscopy-positive  PCR-positive®  Microscopy- Microscopy- Entamoeba
N i) N (96) positive + PCR- negative + PCR- Spp. SEqUEnCEes
positive pasitive obtained**
N {36) N {3) N (36)
Amazon
Santa lsabel do Rio Negrao (AM) 392 160/392 (40.8) 38/98 (38.7) 16/38 (42.1) 22/38 (573) 23/38 (605)
Bagre (PA) 362 65/362 (17.9) 36/59 (61) 3036 (833) 6/36 (16.7) 27/36(75)
(Caatinga and Cerrado
Teresina (P1) 298 55298 (19.7) 14/26(538) 10414 (71.4) 4/14 (288) 414 (285)
530 Jodo do Piaui (PI) 131 31/131(23.8) 16/33 (48.4) 13/16(813) 316 (187) 4/16 (25)
Atlantic Forest
Cachoeiras de Macacu (RJ) 545 72545 13.2) 14/37 (378) 814 (57.1) 614 (429) 2140143
Total 1728 3B7NT728(223) 1184253 466)  77/118(653) 41/118 (34.7) 60/118 (508)

Only fecal samples positive on light microscopy wera subjected to molecular analyses for species characterization and phylogenetic studies. Some Enfamoeba spp.
negative samples on microscopy were selected, randomily or when another individual from the same household was positive, to be tested on PCR. AM Amazonas, P4
Pard, Pl Piaul, ) Rio de Janeiro. N: absolute number. (%) percentage. *Includes microscopy positive and negative results. **Sequences from other organisms were also
obtzined, induding fungi, bacteria, plants and other intestinal protozoa (Endolimax genus)

locus was high, H close to 1. Our results draw attention  their ancestral nature, as in E. dispar and in E. coli 5T1
to the characterization of new haplotypes for all Enfa- and ST2. In addition, 14 new haplotypes described here
moeba species. Of the 36 haplotypes found, only four originated from these ancestral haplotypes. Despite
had already been described. These four haplotypes were  this, no new ribosomal lineages were identified. Among
in a central region of the haplotype network, indicating the members of the family Entamoebidae, the genus
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Entamoeba is the most well studied due to the patho-
genic potential of certain species. In the phylogenetic
trees generated in the present study, sequences were
grouped into two groups for the Entamoeba genus, as in
Stensvold et al. [9] and Jacob et al. [23]. However, some
differences could be seen. Another limitation of the study
is the fact that we obtained sequences of 542 bp, which
corresponds to one third the size of the gene chosen for
the analyses. This generated relatively low bootstrap val-
ues in some branches of the phylogenetic trees.

The most evident difference was that the uninucleated
E. polecki species was grouped in the same group as the
octonucleated E. coli, unlike Stensvold et al. [9], where
it was grouped with the uni- and tetranucleated species.
Our result is similar to the study by Jacob et al. [23], in
which E. polecki shared a common ancestor with the
octonucleated E. coli. Another evident difference was
E. moshkovskii, which shared a common ancestor with
uni- and tetranucleated in our ML tree. In contrast, in
the NJ tree, this species shared a common ancestor with
the tetranucleated species E. ecuadoriensis, E. dispar, E.
histolytica, E. nuttalli and E. bangladeshi, as in Stensvold
et al. [9] and Jacob et al. [23]. Additionally, E. hartmanni
shared a common ancestor with E. insolita, E. terrapinae
and Entamoeba RL5 and RL6 in the ML tree. In the NJ
tree this species shared a common ancestor with E. fer-
rapinae, as seen in Stensvold et al. [9]. Other small dif-
ferences were seen when compared with Stensvold
et al. [9] and Jacob et al. [23]. The differences observed
between our study and previous studies can be explained
by the fact that we did not use all the sequences avail-
able in GenBank, since we selected reference sequences
without degenerate bases. Moreover, these results make
us wonder whether the SSU rDNA locus or the “number
of nuclei in the mature cyst” morphological character
are suitable for the taxonomic classification of the Enta-
moeba genus, Apparently much still needs to be studied
to understand the genetic complexity of members of this
genus.

The main finding regarding tetranucleated cyst-produc-
ing Entamoeba species was the low proportion of E. his-
tolytica found in the obtained sequences. Most sequences
were characterized as E. dispar or E. hartmanni, consid-
ered nonpathogenic species. It is speculated that E. dis-
par and E. hartmanni are responsible for most infections
that were previously considered to be associated with E.
histolytica [3, 24, 25]. In fact, molecular epidemiological
studies show that E. dispar is the species most commonly
found among the tetranucleated cysts [21, 26-29]. Our
results revealed that E. dispar presented a wider geo-
graphic distribution, whereas E. histolytica was identified
only in the Amazon biome. Our results corroborate other
studies conducted in Brazil, which have suggested that E.
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histolytica is more common in northern and northeast-
ern Brazil and is less frequently detected in other regions
[26, 30, 31]. However, we cannot rule out a sample bias
and limitations in the PCR technique that could favor the
amplification of one species over another.

In this study, we found only one haplotype for E. his-
tolytica, and it was distinguished from the haplotype
previously described in North America, Africa and Asia
(X65163, E. histolytica HM-1:IMSS strain) [32-34]. In
an overview of the diversity of Entamoeba histolytica by
Zermeno and colleagues [35], they argue that although
many haplotypes are found in only a single country, there
are no lineages within the networks that may be related
to a particular geographic region or infection outcome.
These positive subjects in the present study had no symp-
toms. We must consider that most E. histelytica infec-
tions can be asymptomatic and that only 10% of those
infected have symptoms [36-38].

The intraspecific variability of E. hartmanni was as high
as the interspecific variability of the Entamoeba genus. In
addition, among the eight sequences obtained from E.
hartmanni, seven different haplotypes were found. More-
over, and all sequences were obtained in the Amazon
biome. Only one haplotype obtained has been previously
described in humans and nonhuman primates (100%
similarity to KX618191 and AF149907, respectively) [39,
40]. Previous studies have suggested low variability for
E. hartmanni based on restriction fragment length poly-
morphism and S5U rDNA sequencing [9, 41]. However,
the real epidemiological significance of the high diversity
found in the present study remains to be clarified.

The phylogenetic trees and M] network revealed two
main clusters for E. coli corresponding to the previously
described subtypes ST1 and ST2 in Stensvold and col-
leagues [9]. In the present study, Emtamoeba coli ST1
had a wider geographic distribution, being identified in
all studied biomes, with the presence of five new haplo-
types. Two previously described haplotypes were found,
one isolated from humans in Nigeria (FR686364) [9] and
the other from humans in the USA and nonhuman pri-
mates in Germany {AF149915 and FR686410, respec-
tively) [9, 39]. Entamoeba coli ST2 subtype was identified
in the Caatinga and Amazon biomes, being the predomi-
nant subtype in the Amazon. Twenty sequences were
obtained and 13 new haplotypes were described. Only
one haplotype has been previously described, isolated
from humans in England (AF149914) [41]. It is hypoth-
esized that the ST1 subtype is more common than ST2
in humans [42], and ST2 was recently identified in wild
nonhuman primates in Asia and Africa [43, 44]. It is
intriguing to observe a large number of new E. coli 5T2
subtypes in humans living in the Amazon rainforest, the
habitat of great diversity of neotropical primates.
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We observed that 65.3% of the samples had a posi-
tive result with both techniques used (microscopy and
PCR). Moreover, despite a reasonable number of PCR-
positive samples (n=118), we were only successful in
sequencing and obtaining Entamoeba spp. S5U rDNA
sequences in 50.8% of them. This makes us reflect on
the limitations of the techniques used as well as of the
fecal samples. Many factors can influence the success of
the analysis, including low parasitic load in the sample
and randomness in pipetting, unspecific PCR amplifica-
tions (multiple bands on the agarose gel), limitations in
the PCR technique (primer binding, reaction), intrinsic
limitations of the fecal samples (presence of microbiota
and in different counts), and differences in the sensitiv-
ity of the techniques used. In addition, non-Entamoeha
spp. sequences were obtained in this study, such as
fungi or bacteria, which makes the analysis difficult and
time-consuming.

The microscopy identified co-infections with octo- and
tetranucleated cysts. In contrast, by direct nucleotide
sequencing it was not possible to verify the presence of
more than one species, and only a small amount of “back-
ground” was present in chromatograms. The species
identified in the sequencing were related to the number
of cysts observed under microscopy, in which more cysts
represent more DNA available for PCR. The morphologi-
cal similarity between E. histolytica and E. dispar, and the
unusual large cysts of E. hartmanni, can also lead to misi-
dentification [26], making microscopic analysis problem-
atic for the diagnosis of non-symptomatic amebiasis.

As mentioned above, the communities included in
the present study are situated in four different biomes
with very distinct climates. Human populations in the
Amazon, Caatinga and Cerrado regions have a higher
prevalence of intestinal parasites, a higher incidence of
diarrheal diseases and a lower proportion of the popula-
tion with access to adequate sanitation and safe drinking
water [45-48]. Although there are great differences in
both the supply of drinking water and the water resource
management strategies in these regions, in both there is a
shortage of clean water for human consumption [47, 49].

In Brazil, intestinal parasitism control strategies target
soil-transmitted helminths through mass albendazole
administration. Moreover, the precarious conditions
of sanitation and water management systems in some
regions contributes to the current trend in the etiologi-
cal profile of intestinal parasitism, characterized by the
permanence of protozoan infections, with a reduction
in the prevalence of soil-transmitted helminths [50-52].
Even though intestinal infections with soil-transmitted
helminths are a major problem, affecting mainly children
worldwide, estimates from the Global Burden of Disease
Study indicate that other agents, including intestinal
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protozoa, are responsible for more than 6 million disabil-
ity-adjusted life years (DALYs) [51].

Conclusion

Tetra- and octonucleated cyst-producing Entamoeba
species are endemic in the studied communities, which
represent low-income regions with nonexistent or
insufficient sanitation systems. The pathogenic E. his-
tolytica was found in a low proportion and only in the
Amazon biome. Additionally, other tetranucleated spe-
cies were commonly found in the studied regions. The
distribution of Entamoeba species in Brazil is clini-
cally important information, since many E. histolytica-
positive parasitological examinations in fact represent
infections with non-pathogenic species within the E.
histolytica/E. dispar complex or E. hartnanni. Enta-
moeha coli subtypes present a geographically uneven
distribution, with the ST2 subtype—commonly found
in nonhuman primates—being predominant in the
Amazon biome.
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Abstract

Background. Endemic area studies show growing evidence that, instead of being a condition
associated with diarrhea, giardiasis is a subclinical infection, frequently associated with
protein-caloric malnutrition. Giardia duodenalis presents considerable intraspecific diversity.
Assemblages A and B are found mainly in humans. In many regions, a knowledge gap is
evident conceming the prevalence, genotype distribution, and factors associated with
subclinical giardiasis. In this study, we have assessed the positivity, associated factors, and
genetic diversity of G. duodenalis in Brazilian regions with distinct demographic and

socioenvironmental characteristics.

Methods/Principal findings. Four community-based cross-sectional surveys have been
conducted at the localities Bagre (Para), Teresina (Piaui), S&o Jodo do Piaui (Piaui), and
Cachoeiras de Macacu (Rio de Janeiro) in the Amazon, to analyze the Cerrado, Caatinga,
and Atlantic Forest biomes. A total of 1,334 stool samples were collected and analyzed by
light microscopy (Ritchie and sucrose flotation methods). The PCR amplification and
nucleotide sequencing of B-giardin gene fragment was then performed. The overall positive
rate was 10.3%; this frequency was significantly higher in Bagre (17.3%) and lower in S&o
Jodo do Piaui (2.3%). Subjects living in poverty (prevalence ratio [PR] = 2.40; 95%
confidence interval [C1] = 1.84—4.67), extreme poverty (PR = 2.94; 95% CI = 1.46-3.93), and
in scenarios of inappropriate disposal of feces (PR = 2.41; 95% CI = 1.54-3.76) showed
higher positivity. Subclinical giardiasis tended to be more frequent in stunted than in eutrophic
children (PR = 1.67; 95% CI = 0.95-2.92). Subjects positive for Entamoeba histolytica / E.
dispar or with Entamoeba coli were co-infected with G. duodenalis at frequencies of five and
two times higher, respectively. Fifty-one samples were genotyped, 52.9% were assemblage
A, and 47.1% assemblage B. In the Amazon biome, assemblage B predominated with 78.6%

(B = 4, BIll = 16, and novel sub-assemblages B = 2). Conversely, assemblage A

2
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predominated in the extra-Amazon biomes. Among assemblage A sequences, sub-

assemblage All was found in all studied sites and Al in all sites, except for the Amazon biome.

Conclusion/Significance. Our resulits demonsirate that G. duodenaiis is an endemic
enteropathogen in those areas studied, mainly causing subclinical infections. The
assemblage distribution is heterogeneous, with a predominance of assemblage B in the
Amazon region and assemblage A in the extra-Amazon region. In similar socioenvironmental
scenarios in Brazil, infected children do not have access to parasitological diagnosis, so they

remain untreated, which represents a challenge if intestinal parasitism is to be controlled.

Author summary

Although it is a recognized cause of diarrheal disease in industrialized regions, giardiasis has
not been associated with diarrhea in children in multicenter studies carried out in developing
countries. However, there is conclusive evidence that subclinical Giardia duodenalis infection
negatively affects nutritional status of children. In endemic areas, children do not have access
to the diagnosis and treatment of subclinical giardiasis, as policies to control intestinal
parasites target soil-transmitted helminthiasis. In this study, we examined fecal samples from
1,334 residents without diarrhea from poor areas in Brazil, identifying G. duodenalis in 10.3%
and associating the infection with lower income strata and worse sanitation conditions. The
isolates were subjected to genotyping by molecular tools, which revealed an uneven
distribution of assemblages A and B, the first being predominant outside the Amazon and the
second in Amazonian communities, of higher prevalence. The findings reinforce giardiasis as
an endemic infection in subjects without diarrhea, which points to the urgent need to

implement diagnostic and control policies, including access to treatment. The great genetic
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INTRODUCTION

Giardia duodenalis is an intestinal parasite with worldwide distribution and higher
prevalence rates in developing countries, mainly in regions with poor sanitation
infrastructure and inappropnate dnnking water supply [1]. G. duodenalis
trophozoites infects the small intestine and, during infection, a vaniable proportion
encysts, being conducted along with the stool. Cysts can resist in the environment
and contaminates water and food, constituting the parasite infective stage. In
industrialized areas the infection fregquently presents an epidemic behavior,
causing outbreaks of diarrheal disease which have, as main sources, water
contaminated with fecal matenal, or through direct fecal-oral transmission in day
care centers and other populations in close contact [2-4].

The Global Enteric Multicenter Study (GEMS) featured G. duodenalis as an
etiologic agent of agent of asymptomatic infections in children living in African
and Asian developing countries in a 3-year prospective, age-stratified,
multicentric and matched case-control study. Conversely, GEMS demonstrated
that G. duodenalis infects significantly more frequently controls than children
aged 12-59 months with diarrhea [5]. Similar findings were recently described in
Cambodja, where higher G. duodenalis positivity rates were found among
controls when compared to children with diarrhea, pointing to a possible
protective effect exerted by the parasite [6]. Thus, in endemic areas in developing
countries there is growing evidence that, instead of being a condition associated
with diarrhea, G. duodenalis is a subclinical chronic infection, with the parasite
being detected in non-diarrheal feces, a situation in which it is frequently
associated with protein-caloric malnutntion; these findings were also reported in
the Etiology, Risk Factors, and Interactions of Entenc Infections and Malnutrition
and the Consequences for Child Health and Development Project (MAL-ED), a
multisite birth-cohort study [7-10]. In this way, it is consensus that, through
complex pathophysiclogical mechanisms, G. duodenalis impacts the absorption
of nutrients and affects nutritional status and the physical development of children
in a process that apparently does not depend on diarrhea [11-14].

. duodenalis presents considerable intraspecific genetic diversity, infecting a
wide range of mammal species. The species includes eight distinct assemblages
(A-H). Assemblages A and B are found mainly in humans, C and D were detected
in wild and domestic canines, E infects ruminants and domestic pigs, F is found
in cats, G in mice and rats and H in seals [15-18]. Giardiasis is a potentially
zoonotic infection and cross-host transmission has been described [19]. The
degree of genetic divergence among assemblages A and B has led to the
proposition of the existence of two species: G infestinalis and G. enterica [20,21].
Studies camed out in Brazil in order to charactenize G. duodenalis genotypic
diversity reveal the predominance of assemblage A in several states, with
assemblage B also being detected, to a lesser extent, in many areas; in Rio de
Janeiro, human infections with the zoonotic assemblage E were descnbed [22-
27]. Studies carried out in the Amazon region, an hyperendemic area, point to a
differentiated molecular epidemiology, with predominance of assemblage B and
greater haplotype diversity [28,29]

Infections with enteric protozoa are not targeted by intestinal parasite control
strategies, which are based on the mass administration of anthelmintic drugs
through collective chemoprophylaxis campaigns [30]. Widely used in prevalence
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surveys, Kato-Katz smears do not allow the identification of intestinal protozoan
infections. These strategies have led to a knowledge gap about the prevalence,
distribution and factors associated with chronic and subclinical giardiasis in many
regions. The control of intestinal protozoan infections has been hampered by
limitations for diagnosis - caused by the abandonment of traditional
parasitological technigues - and for treatment, since effective single-dose drugs,
such as secnidazole and tinidazole, are not yet universally available.

This study aims to descrnbe the epidemiological scenano of subclinical G.
duodenalis infection in an urban Amazonian area and others three different
Brazilian regions, exploring the genetic diversity of the parasite and socio-
environmental factors associated with the infection in non-diarrheal children.

MATERIAL AND METHODS

Ethics statement. The study was approved by the Research Ethics Committee
(license CAAE 12125713.5.0000.5248) of the Oswaldo Cruz Institute, Fiocruz.
All subjects or legal guardian of all children provided written informed consent.
Children and adolescents also provided an assent form.

Study setting. Brazil occupies most of the South Amencan continent and has
great social and environmental diversity. The diversity of biomes, which include
different climates and rainfall patterns, requires different housing and
water/sewage management strategies. All regions have In common a poor
access to drinking water and to an adequate sewage system. The study was
carried out in four localities situated in three Brazilian states, with important
sociodemographic, environmental and climatic differences, as presented in Table
1. This study took place in: S&o Jodo do Piaui (5JPI, Caatinga biome) and
Teresina (TER, Cerrado biome), in the state of Piaui, Bagre (BAG, Amazon
biome), in the state of Para, and Cachoeiras de Macacu (CAM, Atlantic Forest
biome), in the state of Rio de Janeiro (Figure 1).



150 Table 1 Socio-environmental characteristics of the different studied localities.

151
152

153

Characteristic Biome! localities

Amazon Cerrado Caatinga Atlantic Forest
Bagre (PA) Teresina (PI) Sdo Jodo do Piaui (P1) Cachoegiras de Macacu (RJ)
Population 30,673 864,845 20,601 58,937

Climate* Equatorial (Af) Semi-humid tropical (Aw) Semiarid (Bsh)

Semi-humid tropical (Aw)

Income (MPCHI)™

extreme poverty?® 1447360 (40%) 107/299 (35.8%) 441131 {33.6%) 159/544 (29.2%)
poverty® 1147360 (31.7%) 917299 (30.4%) 52131 (39.7%) 113/544 (20.8%)
Human development index 0.471 0.751 0.645 0.700
Gini index 037 0.50 0.45 0.45
Water supply Furc de Santa Maria River (Baia Artesian wells Rain water stored in cistemns and Macacu River and artesian
de Marajd) artesian wells wells
Year of study 2020 2017 2018 2018
Localization of districts Urban Rural Rural Urban and rural
included
Fecal samples 360 209 13 hd4

AM: Amazonas State, PA: Para State, Pl Piaui State, RJ: Rio de Janeiro State. * World map of the Koppen-Geiger climate classification system.
capita house income (1/4 of salary minimum, considering R$ 1000). a-MPCHI = RS 125 per capita. b- MPCHI= R§ 125 - 250 per capita.

83

“* MPCHI - monthly per
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Figure 1. Map showing the location of the studied areas belonging to different
Brazilian biomes. The map was created using QGis 3.12.3.

Sampling and study design. Cross-sectional surveys (n=1.334, Table 1) were
camed out in four localities in order to obtain sociodemographic, family income
and sanitation data as well as fecal samples to parasitological and molecular
analyses. A fecal sample was obtained from each subject and the interviews were
conducted face-to-face by members of the research team. Fecal samples were
from non-diarrheal stools, from asymptomatic subjects. Anthropometric
measurements (weight and height) of the children were also obtained. The
nuintional parameters height-for-age Z-scores (HAZ) and weight-for-age Z-
scores (WAZ) were calculated with the Nutntion module of the Epi Info™ v.3.5.1
software, in order to verify the presence of protein-energy malnutrition
characterized by stunting (HAZ <-2) and low weight (WAZ <-2)_. Extreme poverty
was defined when monthly familiar per capita income was below R$125, which
corresponds to 25 USD (considering the exchange rate of 1 USD =R$ 5). Poverty
was defined by monthly familiar per capita income between R$125 and R$250
(25 USD — 50 USD). Researchers also gathered information about the site of
defecation, 1.e., if the family had a latrine inside the house or if members of the
family practice open defecation in the pendomestic environment. The final
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destination of the feces was also characterized, being adequate when the feces
went to closed septic tanks and inadequate when they were deposited in the
ground, in rudimentary holes or directly in water-body.

Parasitological examinations. Fecal samples were collected in plastic bottles
without preservatives and sent to the field laboratory to be examined through light
microscopy using the Ritchie and saturated glucose solution flotation techniques.

DNA extraction, PCR amplification and nucleotide sequencing of B-giardin
encoding gene fragment. PCR was performed on 180 fecal samples from
humans (137 positive and 43 negative-G. duodenalis on microscopy). Genomic
DNA was extracted from 200 pl of the sedimented fecal material using the ZR
Fungal/Bacterial DNA MiniPrep ™ kit (ZymoResearch, Irvine-USA). PCR was
performed using the Platinum Tag DNA Polymerase kit (Invitrogen, Waltham, MA,
USA) with a final volume of 50 pL, and targeted a 753 bp region of the B-giardin
locus of G. duodenalis, as described in Caccio et al. (2002) [31]. The PCR
conditions were: 1X PCR Buffer, 1.5 mM MgClz, 0.05 mM dNTP, 10 pmaol of each
primer, 2.5 U of Tag polymerase and ~ 40 ng of template DNA. Amplification
parameters included an initial denaturation at 94 °C for 5 min followed by 35
cycles of amplification comprising of denaturation (94 °C for 30 s), annealing (65
*C for 30 s) and extension (72 °C for 30 s), and a final extension at 72 °C for 5
min. PCR products were punfied with polyethylene glycol (PEG). Capillary
electrophoresis was performed in an ABI3730 automated DNA sequencer
(Applied Biosystems) in PDTIS/Fiocruz Genomic Platform RPTO1A.

Data analysis: The obtained sequences were edited and analyzed using the Bio
Edit v.7.25 software [32]. The Basic Local Alignment Search Tool (BLAST —
NCBI hitps:/fvww_ncbinim.nih.gov/) was used to verify similarty with G.
duodenalis sequences. The sequences obtained were deposited in GenBank
under the accession numbers MWE79411- MWE79461.

To determine G. duodenalis assemblages (genotypes), an alignment was
performed with 55 G. duodenalis orthologous reference sequences retneved from
GenBank in Bio Edit software v.7 2.5 software. Sequences with degenerate
bases were not included. Further details of reference strains can be found in
Supplementary Table 51. The most appropriate subsfitution model was
estimated using Bayesian Information Cnterion (BIC) in MEGA v_X software [33].
Maximum likelihood (ML) and Neighbor Joining (NJ) genetic tree was constructed
in MEGA v_X software using a Tamura Nei model (bootstrap 1,000-replicates).

The Median-joining (MJ) haplotype network based on distance cntena was
constructed using the Network v.10.1.0.0 software [34] (Fluxus Technology Ltd.,
www fluxusengineenng.com). The DNA Sequence Polymorphism (DNASP)
v.5.10.01 software was used for editing the files [35]. In order to evaluate the
intraspecific genetic diversity of G. duodenalis, diversity indexes were determined
for each population pair using ARLEQUIN @ v3522 software
(http://cmpg.unibe_chisoftware/arlequin35/) [36]. The populations were grouped
considering: assemblage, geographic origin, and Brazilian biomes.

Statistical analysis. G. duodenalis positivity rates were descnbed in different
groups defined by sociodemographic charactenstics. Prevalence ratios (PRs)
and their respective 95% confidence intervals (Cls) were calculated. The
statistical significance of the differences between the positivity rates was
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assessed by Fisher's exact test Associations were considered statistically
significant when p <0.05. Statistical analyses were performed with Epi Info 2000®
(CDC, Atlanta, Georgia, USA).

RESULTS

Prevalence and factors associated with Giardia duodenalis infection. Table
2 shows positivity rates (by microscopy) in different groups defined by
sociodemographic characteristics, as well as the association of giardiasis with
other intestinal protozoa (coinfection with Entamoeba histolytica / E. dispar or
with Enfamoeba coli). The overall positive rate for infection with G. duodenalis
was 137/1,334 (10.2%); this frequency was significantly higher in Bagre, in the
Amazon biome, reaching 64/360 (17.8%) and lower in SJFPI, in the Caatinga
biome (3/131 [2.3%]). Although the age groups of 3 to 6 years old and 7 to 15
years old had higher rates of positivity {above 13%), infants and toddlers up to 2
years old were also frequently infected (12/194 [6.2%]). Subclinical giardiasis was
much more frequent among subjects living in poor (PR = 2 .40; 95% Cl = 1.84 -
4 67) and extremely poor (PR = 2.94; 95% CIl = 1.46-3.93) families. People living
in scenaros of inappropriate disposal of feces also showed significantly higher
positivity (PR = 2.41; 95% CI = 1.54-3.76). Infection tended to be more frequent
in stunted than in eutrophic children (PR = 1.67; 95% CI =095 - 2 92). Subjects
positive for Enfamoeba histolytica / E. dispar or E. coli were infected with G.
duodenalis at frequencies five and two times higher, respectively.



250 Table 2. Positivity rates in different groups defined by sociodemographic characteristics, and the
251 association of giardiasis with other intestinal protozoa (Enfamoeba histolytica | Entamoeha dispar
252 or Entamoeba coli).

253
Positivity by Prevalence ratio 95% CI p-value
microscopy (%)
Locality
Cachoeiras de Macacu 48/544 (8.8) 1
Bagre 64/360 (17.8) 2. 142-285 =0.001
Teresina 221299 (7.4) 0.83 0.51-135 0.515
SJ do Piaui I3 (2.3) 0.26 0.08-0482 0.009
Total 137/1,334 (10.3)
Sex
Male 73748 (81) 1
Female 64/586 (10.9) 1.12 0.81-153 0.524
Age group
0-2 121194 (6.2) 1
3B 421306 (13.7) 2. 1.19-4.10 0.008
7-15 G5/489 (13.3) 214 118 -388 0.oo7
16-30 2178 (2.8) 0.40 D09 -178 0.363
3-50 6118 (5.1) 0.82 031-213 0.805
=50 7103 (6.8) 1.08 044-270 0.808
Unknown 345 (6.7)
Income
=250 221445 (4.9) 1
125-250 441370 (11.9) 2.40 1.84 - 467 =0.001
=125 66/454 (14.5) 2.94 146 -303 =0.001
Open defecation
Yes 362088 (12.1) 1M 085-174 0279
MNo 96969 (9.9) 1
Unknown 65 (7.7)
Inadequate feces disposal
Yes 105/825 (12.7) 2.4 154 -376 =0.001
No 221415 (5.3) 1
Unknown 10/94 (10.6)
Stunting
Yes 11/51 (21.6) 1.67 095 -202 0.089
No Bo/GeE1 (12.9) 1
Low-weight
Yes 8/54 (14.8) 1.16 0.59-225 0.674
No 101/790 (12.8) 1
Entamoeba coli coinfection
Yes 397201 (19.4) 2.24 1.50-3.14 =0.001
No 98M133 (8.6) 1
Entamoeba histolytica/ E. dispar
coinfection
Yes 56/M153 (36.6) 533 396 -T717 =0.001
No 8111181 (6.9) 1
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Genetic diversity of Giardia duodenalis in the studied communities. Of 180
samples submitted to PCR, 51 were successful genotyped using the B-giardin
locus. Overlapping peaks were not observed in the nuclectide sequences. About
27/51(52.9%) sequences were characterized as assemblage A and 24 (47.1%)
as assemblage B (Table 3). Interestingly, in Amazon biome (BAG), the
assemblage B was the most commonly found: 22/28 (78.6%) sequences were
assemblage B (B =4, Blll = 16, and novel sub-assemblages B = 2) and 4 (14.3%)
were assemblage A (A =1 and All = 3) (Figure 2).

Table 3. Distribution of Giardia duodenalis assemblages and sub-assemblages
obtained in this study based on B-giardin locus (592 bp, n = 51).

Assemblage/ Localities Total
sub-assemblage Bagre Cachoeiras S3oJododo Teresina

(AM) de Macacu Piaui (P1) (PI)

(RJ)

A - - 2 1 3
Al 1 3 3 1 8
All 3 4 1 1 9
Alll - 1 - 1 2
A novel - 2 - 3 5
B 4 - - - 4
Bl 16 - - - 16
B novel 2 1 - 1 4
Total 26 11 6 8 51

Conversely, assemblage A predominated in the extra-Amazon region, being
characterized in 10/11 (91.0%) of the sequences from CAM (Al = 3, All = 4, Alll
=1, and novel sub-assemblages A = 2), 6/6 (100%) from SJPI (A =2, Al =3, and
All =1), and 7/8 (88%) from TER (A =1, Al =1, All =1, Alll = 1, and novel sub-
assemblages A = 3) (Figure 2, Table 3). Among assemblage A sequences, sub-
assemblage All was found in all studied sites and Al in all sites except in Amazon
biome.
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Figure 2. Geographical distribution of the different assemblages and sub-assemblages of Giardia duodenalis in the studied localities.
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The MJ haplotype network (Figure 3) showed that the G. duodenalis sequences
were grouped by assemblages, as expected. Both assemblage A and B
presented a star-like shape, including the sequences obtained in this study as a
central and dominant haplotype (except for the novel haplotypes).
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Figure 3. Haplotype network based on Giardia duodenalis B-giardin locus (592
bp, n=1086). Area of the circle is proportional to number of sequences.
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In Figure 4, ML and NJ phylogenetic trees (Figure 4) also showed that the G.
duodenalis sequences were grouped by assemblages. The main difference
between the two trees was in NJ tree the assemblage D shared a common
ancestor with Assemblages B and E. Concerning the molecular diversity indexes,
in general assemblage B revealed greater intraspecific diversity when compared
to assemblage A (H = 0.921 + 0.028 vs H=0.854 + 0.029) (Supplementary Table
$2). In Brazil the assemblage A showed greater intraspecific diversity (H =0.879
+ 0.037) when compared to the Europe and North America (H = 0.822 + 0.096
and 0.666 +0 204, respectively). In contrast, assemblage B in Brazil showed
lower intraspecific diversity when compared to North America, Asia and Europe
(H=0.918 £ 0.033 vs 1.000 = 0.500, 1.000 £ 0.126 and 1.000 £ 0.272). When
compared Brazilian biomes, assemblage A from Caatinga showed lower diversity
when compared to the other biomes in this study. Assemblage B from Amazon
biome in this study showed a lower diversity (H = 0.757 + 0.086) when compared
to reference sequences from same biome (H = 0.991 + 0.025) (Supplementary
Table $2).
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Figure 4. (a) Maximum Likelihood and (b) Neighbor Joining trees inferred from Giardia duodenalis
B-giardin locus (592 bp, n=106). Support for the branching order was determined by 1,000 bootstrap
replicates and only values =70% are reported. BAG: Bagre; CAM: Cachoeiras de Macacu; SJPI:
530 Jodo do Piaui; TER: Teresina. GenBank accession numbers are indicated. Further details of
reference strains can be found in Supplementary Table S1.
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DISCUSSION

In this study, G. duodenalis was identified in fecal samples from children and
adults without diarrhea, at varying positivity rates and with some identifiable
socioenvironmental determinants. This reinforces the idea that, in endemic
regions, giardiasis is a chronic, subclinical, and apparently asymptomatic
condition that can only be diagnosed through routine stool parasitological
examinations. However, in many developing regions, the parasitological
diagnosis of enteric parasites has been abandoned in favor of the penodic use of
single-dose anthelmintic drugs (albendazole or mebendazole), which is the basis
for the control of soil-transmitted helminthiases, neglecting enteric infections
caused by protozoa [37-38]. This scenario provides that, in endemic areas,
children remain infected for long periods, without access to diagnosis and
treatment, suffering the effects of chronic infections [24].

These issues are challenges to establish effective control strategies for endemic
giardiasis, requiring the development of inexpensive and widely applicable
diagnostic techniques, as well as low-cost, or safe and appropriate single-dose
drugs [39,40]. Standard treatment of G. duodenalis infection requires a 5-day
course of metronidazole and drugs for single-dose use, such as secnidazole and
tinidazole, still have a cost and dosage incompatible for large-scale use in low-
resource scenarios, along with evidence of emerging resistance [41]. The
negative effect of chronic infections with G. duodenalis on the weight and height
of children living in endemic areas has been demonstrated in different regions.
Additional and more recent scientific evidence from this interaction comes from
Bangladesh [42], Rwanda [43], Ethiopia [44], 580 Tomé and Principe [10] as well
as in the multicentric MAL-ED study through a molecular diagnostic approach to
enteropathogens including children from Bangladesh, India, Nepal, Brazil, Peru,
South Africa and Tanzania [45]. In the present study, children infected with G.
duodenalis tended to have a higher frequency of chronic malnutrition,
characterized by height deficit.

This study demonstrates the vulnerability to fecal-borne infections of populations
living in an urban area in the archipelago of Marajd, state of Para, Brazilian
Amazon, the region with the highest positivity rate. The basic urbanization pattern
in the Brazilian Amazon involves the demographic concentration of poor resource
populations of Amenndian descent, without sanitation infrastructure, which favors
the transmission of parasitic diseases. Brazilian cities with the lowest human
development indexes and the highest proportion of population without latrines or
sewage systems are situated in the Amazon region [46]. In prevalence surveys,
G. duodenalis positivity rates ranges from 22% to 33% in the Amazon region
[28,47 48]

In the present study, inadequate feces disposal was a factor associated with
giardiasis, pointing to the association of this infection with the living conditions of
the subjects. In addition, the positivity rate was almost 3 times higher among
children with per capita monthly family income in the extract that defines extreme
poverty, demonstrating that, even on a micro-regional scale, poor families are
more vulnerable to enteric pathogens. Clinicians and Control Plans for areas
where these factors are present, must take these factors info account to diagnose
G. duodenalis infection and other intestinal parasites, since the lack of diagnosis
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is one of the factors that favor a constant cycle of infection and reinfection of the
individual.

It was shown that infection by other intestinal protozoa is associated with higher
rates of positivity for G. duodenalis. The strong association of giardiasis with co-
infections with E. histolytica / E. dispar or with Entamoeba coli reinforces the
greater vulnerability of families with more precarious health infrastructure to
water-borne diseases and the need of control policies for enteric protozooses.
Intestinal multiparasitism is related to greater intestinal damage in children, being
associated with greater morbidity in chronic infections [49].

Regarding the . duodenalis genotype distribution, a heterogeneous distrbution
was observed, with a predominance of assemblage B in the Amazon biome and
assemblage A in the extra-Amazon region. Coronato-Nunes et al. (2016) also
described the predominance of assemblage B in the Amazon region, in children
in the Upper Rio Negro [28]. It should be noted that the Amazon region is an area
of greater prevalence. Studies camed out in the non-Brazilian Amazon region
have shown greater genetic diversity for G. duodenalis and assemblage B is also
frequently detected [50,51].

The association between different clinical courses and G. duodenalis genotypes
has been explored. In Egypt, it was shown that iron deficiency anemia and
intestinal symptoms we mainly associated with assemblage A [52,53]. In other
study in Egypt, no significant clinical differences were detected between the
clinical forms of giardiasis caused by assemblages A or B [54]. In Saudi Arabia,
it was demonstrated that children infected with assemblage B were symptomatic,
while asymptomatic subjects harbored assemblages Al and All [55]. In Kenya
and Brazil assemblage B is more associated with HIV infection than assemblage
A [56,57]. Minimal clinical differences between infections by assemblages A and
B have been observed in Sweden [58]. In general, the association between the
different G. ducdenalis assemblages and the clinical picture presented by the
host remains an unclear topic with conflicting results. In the present study, we
demonstrated that both assemblages A and B are associated with chronic
infections in non-diarrheal children.

In this study, no co-infections were identified with different G. ducdenalis
assemblages. Interestingly, five and four novel haplotypes were found for
assemblages A and B, respectively, without distinction of localities. The finding
of new haplotypes for B-giardin locus in Brazil is not surprising. Coronato-Nunes
et al. (2016) demonstrated 23 new haplotypes not previously descrnibed for
assemblage B.G. duodenalis is an endemic enteropathogen in the studied areas,
in subclinical infections. The genotypic distnbution of G. duocdenalis is
geographically heterogenecus, with a predominance of assemblage B in the
Amazon region and of assemblage A outside it. In similar socioenvironmental
scenanos in Brazil, infected children do not have access to parasitological
diagnosis, remaining untreated and this represents a challenge to control
intestinal parasitism.
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Table 3. Distribution of Giardia duodenalis assemblages and sub-assemblages
obtained in this study based on B-giardin locus (592 bp, n = 51).

Figure 1. Map showing the location of the studied areas belonging to different
Brazilian biomes.

Figure 2. Geographical distribution of the different assemblages and sub-
assemblages of Giardia duodenalis in the studied localities.

Figure 3. Haplotype network based on Giardia duodenalis B-giardin locus (592
bp, n=1086). Area of the circle is proportional to number of sequences.

Figure 4. (a) Maximum Likelihood and (k) Neighbor Joining frees inferred from
Giardia duodenalis B-giardin locus (592 bp, n=106). Support for the branching
order was determined by 1,000 bootstrap replicates and only values =70% are
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reported. BAG: Bagre; CAM: Cachoeiras de Macacu; 5JPI: 530 Jodo do Piaui;
TER: Teresina. GenBank accession numbers are indicated. Further details of
reference strains can be found in Supplementary Table 51.

Supplementary Table $1. Giardia duodenalis reference strains used in this

study.

Supplementary Table 2. Molecular diversity indexes of Giardia duodenalis
based on B-giardin locus (592 bp, n=1086).
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Supplementary Table 81. Giardia duodenalis reference strains usad in this study.

ACCESSION |ISOLADO ASSEMBLAGE/ |HOST COUNTRY CONTINENT YEAR [Reference
GENOTYPE

EUTE9206 Swecat171 A cat Sweden Eurcpe 2011 |[1]
EUB21373 JCoo2 A deer Poland Eurcpe 2008 |[[2]
EUTE9205 Swecat(78 A cat Sweden Europe 2008 |[1]
GU396696 H3-001 A human Poland Europe 2006 |[3]
HM165227 Sweh040 A human Sweden Europe 2016 |[4]
KF922979 HC11 A human Brazil # South America 2014 |[5]
KF922933 HC29 A human Brazil # South America 2014 |[5]
KF922992 HC44 A human Brazil South America 2014 |[5]
KF923000 DCO1 A dog Brazil South America 2014 [[5]
KM190682 VANC/B5/UBC/2 A human Canada Morth America 1985 [[6]
KY612245 ANTS A human Brazil ® South America 2014 |[7]
MNB29930 Z1 A dog Iraq Asia 2020 [[8]
XMOO1705373 |WB C6 A culture USA Morth America 2007 [[9]
GQ329671 Sweh166 A human Sweden Europe 2011 [4]
EU014384 Be2 Al beaver Canada Morth America 2011 [10]
HOQ173591 46¢2 A2 human Australia Cceania 2011 [11]
AYDT2724 ISSGFT A3 human Italy Europe 2002 ([12]
DQO090542 STS-U A3 human Norway Eurcpe 2004 ([13]
DQ116612 CBHRGS A3 wastewater | Mexico Morth America 2006 ([14]
EU014381 AB A3 human Peru South America 1985  [[15]
FJ560577 Lim2 Ad human Franch Europe 1998 [[18]
FJ971408 GLT1 Al human Thailand Asia 2007 (7]
FMN3864384 1231104 A3 wastewater | Spain Europe 2004  |[18]
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KUS04738 542 A3 human Brazil © South Amenica 201
DQ090523 BG-Ber2 B human Morway Europe 2005
AB4BOBTT PalH9 B human Palestine Asia 20086
ABG187TE5 GH-202 B human Japan Asia 2010
FJ971440 GLT2 B human Thailand Asia 2007
FJ971461 GL518 B human Thailand Asia 2010
FJ971482 GL121 B human Thailand Asia 2007
KF922985 HC32 B human Brazil * South America 2014
KF522993 HC45 B human Brazil # South Amenca 2014
KPBETTSS VANC/I0/UBC/44 |B wastewater | Canada North America 1990
KPBETT56 "WANC/S0/UBC/54 B beaver Canada North America 1990
KUS04702 S3C1 B human Brazil © South America 2011
KUS04704 S3C3 B human Brazil © South America 2011
KUS04707 S8 B human Brazil © South America 2011
KUS04708 59 B human Brazil © South America 2011
KUS04709 S10C3 B human Brazil © South America 2011
KU504712 S11C1 B human Brazil © South America 2011
KUS04713 S11C2 B human Brazil © South America 2011
KUS04714 ST11C3 B human Brazil South America 2011
KUS04715 S13C2 B human Brazil © South America 2011
KU504720 5156 B human Brazil © South America 2011
KUS04722 S16C2 B human Brazil © South America 2011
KU504723 S16C4 B human Brazil © South America 2011
KUS04731 S24C2 B human Brazil © South America 2011
KU504732 S524C3 B human Brazil © South America 2011
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709

710

711

712

713

714

715

716

717

718

KYB612242 S8C5 B human Brazil © South America 2011 |[19]
LCh08615 K6 clonel B human Kenya Africa 2013 |[22]
MT542771 5 B human Brazil © South America 2021 |[23]
AYOT2725 Nij5 B1 human The Netherlands Europe 2002 |[24]
AYOT2726 LD18 B2 human Belgium Europe 2002 |[24]
AYOT2727 BAHE B3 human Australia Oceania 1999  [[12]
JF422719 BRAdogD15 Cc dog Brazil South America 2009 |[25]
KF923019 VETO1 D dog Brazil 2 South America 2014 |[5]

AYOT2729 P15 E pig Czech Republic Europe 1996 [[12]
AYBAT264 A101 F cat Italy Europe 2004 |[26]

2 Atlantic Forest biome; ® Cerrado biome; ® Amazon biome.
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Supplementary Table 2. Molecular diversity indexes of Giardia duodenalis based on B-giardin locus (592 bp, n=106).

Assemblage Region (N) Statistics
H+ SD N® of N® of N°® of N® of N* of
haplotypes polymorphic sites substitutions  transitions transversions
South America (31) 0.879 +0.037 14 38 39 21 18
North America (4) 0.666 +0 204 2 4 4 4 0
Europe (10} 0.822 £ 0.096 5 15 15 15 0
Asia (2) 1.000 = 0.500 2 4 4 4 0
< All continents (49) 0.854 + 0.029 16 &0 50 33 18
& All Amazon Biome (5) 0.800 £ 0.164 3 8 8 6 2
ﬂ Amazon biome* (4) 0.833 £0.222 3 8 8 6 2
E All Cerrado hiome (8) 0.964 £ 0.077 T 30 3 15 16
9 Cerrado biome~ (T) 1.000 £ 0.076 T 30 Y 15 16
<< Caatinga biome* (5) 0.700£0.218 3 2 2 2 0
All Atlantic Forest biome (13) 0.859 £ 0.063 5] i 6 5] 0
Atlantic Forest biome* (9) 0.750 £0.112 4 4 4 4 0
Atlantic Forest hiome (4) 0833 +£0.222 3 2 2 2 0
All Brazil (31) 0.879 + 0.037 14 38 39 21 18
South America (41) 0918 £0.033 23 36 36 31 &
North America (2) 1.000 £ 0.500 2 3 3 3 0
M Europe (3) 1.000 £0.272 3 T T T 0
o Asia (5) 1.000 £0.126 5 L 5 5 0
E‘ All continents (51) 0.921 £0.028 28 a7 a7 32 i
-E All Amazon biome (37) 0.899 +0.039 19 24 24 23 1
g Amazon biome* (21) 0.757 £ 0.086 7 8 8 7 1
@0 Amazon biome (16) 0.991 £0.025 15 21 21 21 0
< All Atlantic Forest biome (3) 1.000 £0.272 3 10 10 T 3
Atlantic Forest (2) 1.000 = 0.500 2 L 5 4 1
All Brazil (41) 0.918 £0.033 23 36 36 31 i
ALL (106) = 0.951 £0.009 50 125 147 105 42

H = 5D: gene diversity = standard deviation. (bp): base pair. * Sequences obtained in this study **ALL: included assemblages A, B, C, D, E and F. Further details of reference strains
can be found in Supplementary Table 51. Only groups with more than 1 sequence are shown.
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Abstract

This study aims to detect and characterize G. duodenalis infecting pigs, goats
and sheep in rural communities in northeastern Brazil; 49 samples from pigs, 12
from goats and 10 from sheep were studied. A 753 bp region of the B-giardin
locus was PCR-amplified and sequenced . PCR-based G. duodenalis-positivity
rates in pigs were 3/3 (100%) in Teresina and 8/49 (16.3%) in Nossa Senhora de
Nazaré (NSN) - Piaui. Positivity in goats and sheep was 2/12 (16.6%) and 2/10
(20%), respectively, in NSN. Out of 15 samples successfully amplified, seven
could be sequenced: 3 from pigs, 2 from goats and 2 from sheep. Sub
assemblage All was characterized in all of these seven samples. G. duodenalis
samples obtained from distinct host species — including parasites infecting
humans in the state of Piaui obtained from GeneBank — were very closely related
supporting a scenario of G. duodenalis transmission in zoonotic cycles involving

humans, pigs and small ruminants.

Key-words: Giardia duodenalis, pigs, small ruminants, molecular epidemiology
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Giardia duodenalis is an intestinal parasite widely distributed in different
mammalian species. In developed countries, G. duodenalis is an important cause
of epidemic acute diarrhea, related to water contamination.™ In developing
regions, the infection is endemic and associated with chronic protein-energy

malnutrition in children.3)

G. duodenalis has high intraspecific genetic diversity, related to the great
variety of species of hosts it infects. Distinct genetic loci have been used for
characterization of distinct assemblages (genotypes), including gene fragments
encoding the protein B-giardin (BG). Sub-assemblages are clusters in which
strains with minor differences in nucleotide sequencing are grouped within the
assemblages. Sub-assemblage A-l includes strains found in humans and other
animals, and A-Il, consists mainly of human isolates. Assemblage B isolates are
found predominantly in humans presenting greater genetic heterogeneity, making
their categorization in sub-assemblages more laborious. Assemblages C and D
have been characterized in domestic and wild canines, assemblage E in domestic
ruminants and pigs, F in cats, G in mice and rats and H in seals.*) The disclosure
of cross-host transmission by molecular epidemiology studies has characterized
giardiasis as a potentially zoonotic infection, which poses new challenges for its

control.®

In different rural and periurban impoverished regions of northeastern
Brazil, families practice extensive breeding of pigs, goats, and sheep as the main
source of animal protein and income. The animals are raised in close contact with
the human population and with poor sanitary management, with great

contamination of the peridomestic environment with their feces. In piglets and
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young goats and sheep, G. duodenalis is associated with acute diarrhea

epizootics; these hosts are potential sources of infection for humans.

In small ruminants, G. duodenalis has been detected with frequencies
varying between 4.2% and 33.8%, using different techniques. Although G.
duodenalis assemblage E is the most adapted to ruminants, being the most
frequently detected in these hosts, some studies report infection of goats by

potentially zoonotic assemblage, such as A and B. 1%

In pigs, reported rates of positivity with G. duodenalis range from 0,6% to
27%. Most isolates obtained from pigs have been characterized as assemblage
E, but infections by assemblages A and B have also been reported.('+'¢) Here,
we study fecal samples from pigs and small ruminants in order to detect and

characterize G. duodenalis in rural communities in northeastern Brazil.

MATERIALS AND METHODS

The study was carried out in impoverished rural communities located in
the municipalities of Nossa Senhora de Nazaré and Teresina, in the state of Piaui
(Figure 1). All communities studied practice extensive breeding of swine, goats
and sheep. We collected 71 fecal samples from animals, being 49 from pigs, 12
from goats and 10 from sheep (Table 1). All animals included live in the
peridomestic environment, in a close relationship with the residents of the

communities.
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Figure 1 Map of the studied areas in Brazil. The map was created using
Google Earth Pro and QGis v. 13.2.3. The red dots indicate the population

density of the localities.

PCR was performed on fecal samples from pigs, goats and sheep. DNA
was extracted from 200 pl of the sedimented fecal suspensions using the DNeasy
Blood & Tissue Kit (Qiagen, Hilden, Germany) according to the manufacturer’s
recommendations. PCR was carried out using the Platinum Taq DNA
Polymerase kit (Invitrogen, Waltham, MA, USA) with a final volume of 50 uL, and
targeted a 753 bp region of the B-giardin locus of G. duodenalis, as previously
described.('®) The amplification conditions were: 1X PCR Buffer, 1.5 mM MgClo,
0.05 mM dNTP, 10 pmol of each primer, 2.5 U of Taq polymerase and ~ 40 ng of
template DNA. Cycling parameters included an initial denaturation at 94 °C for 5

min followed by 35 cycles of amplification comprising of denaturation (94 °C for
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30 s), annealing (65 °C for 30 s) and extension (72 °C for 30 s), and a final
extension at 72 °C for 5 min. Amplicons were purified with polyethylene glycol
(PEG). Capillary electrophoresis was performed in an ABI3730 automated DNA

sequencer (Applied Biosystems) in PDTIS/Fiocruz Genomic Platform RPTO1A.

Sequences were edited and analyzed using the Bio Edit v.7.2.5 software. The
Basic Local Alignment Search Tool (BLAST - NCBI
https://www.ncbi.nlm.nih.gov/) was used to verify similarity with G. duodenalis
sequences. The sequences generated were deposited in GenBank under the
accession numbers MW826586-MW826592. To determine G. duodenalis
genotypes (assemblages), an alignment was performed with 44 G. duodenalis
orthologous reference sequences retrieved from GenBank in Bio Edit software
v.7.2.5 software. Sequences with degenerate bases were not included. The most
appropriate substitution model was estimated using Bayesian Information
Criterion (BIC) in MEGA v.X software.?®) Maximum likelihood (ML) and Neighbor
Joining (NJ) genetic tree was constructed in MEGA v.X software using a Tamura
Nei model (bootstrap 1,000-replicates). The Median-joining (MJ) haplotype
network based on distance criteria was constructed using the Network v.10.1.0.0
software (21) (Fluxus Technology Ltd., www.fluxusengineering.com). The DNA
Sequence Polymorphism (DNASP) v.5.10.01 software was used for editing the
files.@2 In order to evaluate the intraspecific genetic diversity of G. duodenalis,
diversity indexes were determined for each population pair using ARLEQUIN

v.3.5.2.2 software (http://cmpg.unibe.ch/software/arlequin35/).%)
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RESULTS

As presented in Table 1, PCR-based G. duocdenalis-positivity rates in pigs
were 33 (100%) in Teresina and 8/49 (16.3%) in NSN. Positivity in goats and
sheep was 212 (16.6%) and 2/10 (20%), respectively, in NSM. Out of 15 samples
successfully amplified, seven could be sequenced: four from pigs, two from goats

and one from sheep. Assemblage All was characterized in all of these samples.
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141 Tabela 1 Fecal samples submitted to molecular analyses. Piaui state — Brazil.

Livestocks Site of collection Amplification of p- Giardia sp. sequences
giardin obtained”
(%) (%)
Nossa Senhora de Nazare Teresina NSN TER NSN TER
(NSN) (TER)
Pig 49 3 8/49 (16.3) 3/3 (100) 4/8 (50) -
Goat 12 1 2/12(16.6) - 212 (16.6) -
Sheep 10 - 2/10(20) - 1/10 (10) -
Total m 4 12 3 7 -

122 (*): sequences from other organisms have also been obtained, such as fungi, bacteria, plants.
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It can be seen in Figure 2 that all G. duodenalis samples obtained from
domestic animals are closely related, constituting a single group in the
phylogenetic tree. Also included in this group are samples obtained from humans
in the state of Piaui. Figure 2 demonstrates the great similarty of haplotypes
belonging to sub assemblage All identified in samples obtained from different
hosts, including pigs, goats, sheep and humans in the state of Piaui, revealing
that the same haplotype was identified in other geographic regions, with universal

distribution.
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DISCUSSION

The possibility of cross-host transmission of G. duodenalis is of great
interest due to the challenges it poses for the control strategies of this entenc
parasite. Thus, studies in molecular epidemiology of giardiasis have been carried
out, with a special focus on domestic animals. The present study addresses a
little explored topic, which is the G. duodenalis infection in animals extensively
reared in the Brazilian semiarid. In these areas, the breeding of goats, sheep and
pigs is an essential source of meat. These animals are well adapted to the
Caatinga biome and, therefore, to the instability of water supply, representing, in

addition, an important source of income for rural communities.

The present study demonstrates the close relationship between G
duodenalis infecting the three evaluated host species, goats, sheep and pigs.
These three species share the same pendomestic environment, feeding in places
where there is extensive fecal contamination of the soil and pasture, which favors

the cross-host transmission of G. duodenalis.

The inclusion of sequences obtained from parasites recovered from
humans in the analysis demonstrates their genetic similarity with animal samples,
supporting a scenario of G. duodenalis transmission in Zoonotic cycles involving

humans, pigs and small ruminants.

The fact that the vast majority of households in the region do not have a
sewage system and that open evacuation is practiced by a large proportion of
families drives this dynamic of transmission, considering that pigs are

coprophagous by nature and that small ruminants graze nearby to households.
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In conclusion, G. duodenalis closely related genetically, characterized as sub
assemblage All infect different species of hosts living in close contact with
humans in rural areas of the state of Plaui. The findings support the zoonaotic
transmission of this parasite in communities with the same socio-demographic

scenano.

1. Adam EA, Yoder JS, Gould LH, Hlavsa MC, Gargano JW. Giardiasis
outbreaks in the United States, 1971-2011. Epidemiol Infect.
2016;144(13)-2790-801.

2. Coronato-Munes B, Calegar DA, Monteiro KJL, Hubert-Jaeger L, Reis
ERC, Xavier SCDC, et al. Giardia infestinalis infection associated with
malnutrition in children living in northeastern Brazil. J Infect Dev Ctries.
2007, 11(7):563-570.

3. Carvalho-Costa FA, Gongalves AQ), Lassance SL, Silva Neto LM, Salmazo
CA, Boia MN. Giardia lamblia and other intestinal parasitic infections and
their relationships with nutritional status in children in Brazilian Amazon.
Rev Inst Med Trop Sao Paulo. 2007;49(3):147-53.

4. Feng, Xiao L. Zoonotic potential and molecular epidemioclogy of Giardia
species and giardiasis. Clin Microbiol Rev. 2011;24(1):110-40.

5. Dixon BR. Giardia duodenalis in humans and animals - Transmission and
disease. Res Vet Sci. 2021;135:283-289.

6. Santin M. Crypfospondium and Giardia in Ruminants. Vet Clin North Am

Food Anim Pract. 2020;36(1):223-238.

12

124



203

204

205

206

207

208

209

210

211

212

213

214

215

216

217

218

219

220

221

222

223

224

225

226

227

7.

10.

11.

12.

13.

Yin YL, Zhang HJ, Yuan YJ, Tang H, Chen D, Jing S, et al. Prevalence
and multi-locus genotyping of Giardia duodenalis from goats in Shaanxi
province, northwestern China Acta Trop. 2018 Jun;182:202-206.

Xie 5C, ZouY, Chen D, Jiang MM, Yuan XD, Li Z, et al. Occurrence and
Multilocus Genotyping of Giardia duodenalis in Yunnan Black Goats in

China. Biomed Res Int. 2018;2018:4601737.

. Zhong Z, TuR, OuH, Yan G, Dan J, Xiao Q, et al. Occurrence and genetic

charactenzation of Giardia duodenalis and Cryptosporidium spp. from
adult goats in Sichuan Province, China. PLoS One. 2018;13(6):e0199325.
Utaaker KS, Myhr N, Bajwa RS, Joshi H, Kumar A, Robertson LJ. Goats
in the city: prevalence of Giardia duodenalis and Cryptosporidium spp. in
extensively reared goats in northem India. Acta Vet Scand. 2017;59(1).86.
Squire SA, Yang R, Robertson |, Ayi |, Ryan U. Molecular charactenzation
of Cryptospondium and Giardia in farmers and their ruminant livestock
from the Coastal Savannah zone of Ghana Infect Genet Evol
2017;55:236-243.

Molan MJ, Unger M, Yeap YT, Rogers E, Millet |, Harman K, et al
Molecular characterisation of protist parasites in human-habituated
mountain gorillas {Gorlla beringei beringer), humans and livestock, from
Bwindi impenetrable National Park, Uganda. Parasit Vectors.
2017;10(1):340.

Peng XQ), Tian GR, Ren GJ, Yu Z0), Lok JB, Zhang LX, et al. Infection rate
of Giardia duodenallis, Cryptosporidium spp. and Enterocytozoon bieneusi
in cashmere, dairy and meat goats in China Infect Genet Evol. 2016;41:26-

3

13

125



228

229

230

231

232

233

234

235

236

237

238

239

240

241

242

243

244

245

246

247

248

249

250

251

14.

15.

16.

17.

18.

19.

20.

ZouY, Zheng WB, Song HY, Xia CY, Shi B, Liu JZ, et al. Prevalence and
genetic characterization of Enferocytozoon bieneusi and Giardia
duodenalis in Tibetan pigs in Tibet, China. Infect Genet Evol
2019;75:104019.

Jing B, Zhang ¥, Xu C, Li D, Xing J, Tao D, et al. Detection and genetic
charactenzation of Giardia ducdenalis in pigs from large-scale farms in
Xinjiang, China Parasite. 2019;26:53.

Liu H, Xu N, ¥in J, Yuan Z, Shen Y, Cao J. Prevalence and multilocus
genotyping of potentially zoonotic Giardia duodenalis in pigs in Shanghai,
China. Parasitology. 2019;146(9):1199-1205.

Zhang HJ, Song JK, Wu XM_ Li YH, Wang Y, Lin Q, et al. First report of
Giardia duodenalis genotypes in Zangxiang pigs from China. Parasitol
Res. 2019;118(7).2305-2310.

Akinkuotu OA, Takeet MI, Otesile EB, Olufemi F, Greenwood SJ, McClure
JT. Prevalence and multilocus genotypes of Giardia duodenalis infecting

pigs in Ogun state, Nigeria. Infect Genet Evol. 2019;70:53-60.

Caccio SM, De Giacomo M, Pozio E. Sequence analysis of the beta-
giardin gene and development of a polymerase chain reaction-restriction
fragment length polymorphism assay fo genotype Giardia duodenalis

cysts from human faecal samples. Int J Parasitol. 2002;32(8):1023-30.

Kumar S, Stecher G, Li M, Knyaz C, Tamura K. MEGA X: Molecular
Evolutionary Genetics Analysis across Computing Platforms. Mol Biol
Eval. 2018;35(6):1547-1549. doi: 10.1093/molbevimsy096 PMID:

29722887

14

126



252 21. Bandelt HJ, Forster P, Rohl A. Median-joining networks for inferring

253 intraspecific phylogenies. Mol Biol Ewvol. 1999:16(1):37-48. doi:
254 10.1093/oxfordjourmnals.molbev.a026036 PMID: 10331250.

255 22. Librado P, Rozas J. DnaSP vh: a software for comprehensive analysis of
256 DNA polymorphism data. Bicinformatics. 2009,25(11):1451-2.

257 23. Excoffier L, Lischer HE. Arequin suite ver 3.5. a new senes of programs
258 to perform population genetics analyses under Linux and Windows. Mol
259 Ecol Resour. 2010;10(3):564-7.

15

127



260

Table 1 Supplementary Table §1. Giardia duodenalis reference strains used in this study.

Sequeéncia Host State/Country Year |Assemblage|Reference
KY612243 human Piaui State / Brazil 2014 A (1)
KY612244 human Piaui State / Brazil 2014 A (1)
KY6512245 human Piraui State / Brazil 2014 A (1)
KY612247 human Ceara State/Brazil 2013 A (1)
KU504701 human Amazonas State/Brazil 2011 A (2)
KU504725 human Amazonas State/Brazil | 2011 A (2)
MT 542766 human / indigenous | Mato Grosso State/ Brazil | 2020 A (3)
KF922997 human Sio Paulo State/ Brazil | 2014 A (4)
MN629930 dog Irag 2020 A (5)
HM165227 human Sweden 2016 A (6)
GU396696 human Poland 2016 A (7
Kn190678 beaver / rodent Canada 1990 A (8)
FN386482 irmgation water Spamn 2007 A (9)
EUG42897 ooat Belgmm 2008 ATT (1)
KM190700 water Canada 1990 A (8)
KEn190682 human Canada 1985 A (8)
KF963547 water Belgium 2012 Al (11)
FI1971417 human Thailand 2007 A (12)
EU769205 cat Sweden 2008 A (13)
EU014386 cat Canada 2007 A (14)
EUD14354 rodent Canada 2007 A (14)
AB508814 rodent Japan 2008 A (15)
AB469365 domestic ferrets Japan 2009 A (15)
EU014381 human Peru 2007 A (14)
FI560577 human France 1998 A (16)
HQ179591 human Austrahia 2011 A (16)
MWE79417 human Piaui State / Brazil 2017 A (17
MWE79411 human Piaui State / Brazil 2017 A (17
MWET9416 human Piaui State / Brazil 2017 A (17)
MWET9412 human Piaui State / Brazil 2017 A (17
MWE79413 human Piaui State / Brazil 2017 A (17)
MWE79433 human Piaui State / Brazil 2018 A (17
MWE79414 human Piaui State / Brazil 2017 A (17
MWET9435 human Piaui State / Brazil 2018 A (17
MWE79418 human Piaui State / Brazil 2017 A (17
AY072723 human Tsrael 2002 ATl (18)
DQ116617 human Mexico 2006 Al (19)
MT166355 human Turkey 2020 ATIT (20)
DQ116612 wastewater Mexico 2006 ATIT (19)
KY612242 human Amazonas State/Brasil 2011 B (2)
KF923019 dog Sio Paulo State/ Brasil 2014 D (4)
EU189357 goat Spain 2007 E (21)
AY647264 cat Ttaly 2004 F (22
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4.6 Relato de experiéncia: Conhecimentos, atitudes, praticas e percepcdes
dos agentes comunitarios de saude do municipio de Cachoeiras de
Macacu, sobre o parasitismo intestinal

O Programa de Agentes Comunitarios de Saude (PACS) teve inicio no fim da
década de 80 como uma iniciativa de algumas areas do Nordeste (e outros lugares,
como o Distrito Federal e Sdo Paulo) em buscar alternativas para melhorar as
condigbes de saude de suas comunidades, oficialmente implantado pelo Ministério
da Saude em 1991. Agente comunitario de saude (ACS), sao trabalhadores
formados pela e para a propria comunidade, atuando e fazendo parte da saude
prestada nas localidades. O agente comunitario de saude tem um papel muito
importante no acolhimento, pois os membros da equipe fazem parte da comunidade,
0 que permite a criagdo de vinculos mais facilmente, propiciando o contato direto
com a equipe (Brasil 1999). As principais atribuicbes dos ACSs sao: trabalhar com
adscricao de familias em base geogréfica definida, a microarea; cadastrar todas as
pessoas de sua microarea e manter os cadastros atualizados (Brasil 1999).

Nosso primeiro contato com os 22 ACSs das localidades Papucaia, Ribeira e
Marubai, Cachoeiras de Macacu se deu em marco de 2018. Neste primeiro
encontro, tinhamos como principal objetivo a apresentacao do projeto e convida-los
a colaboracao, exercendo a funcéo de apresentar o projeto aos pais e responsaveis
das criancas de 0 a 14 anos que residiam nas localidades e entrega dos potes
coletores de fezes.

A etapa de receptacédo das amostras fecais foi de marco de 2018 a junho de
2019, uma vez por semana. Apesar das parasitoses intestinais serem infecgcbes
presentes na comunidade, durante esse processo foi possivel perceber que o
conhecimento dos ACs em relacdo as parasitoses intestinais eram inexistentes ou
insuficientes. Visto que esses profissionais possuem um contato muito préximo da
comunidade e séo considerados propagadores de informacdes, servindo como uma
ponte de méao dupla entre a comunidade e os servicos de saude. Entdo, em
dezembro de 2018, foi organizado um novo encontro com esses profissionais, a fim

de promover uma sensibilizacdo e esclarecimentos sobre as parasitoses intestinais.
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Foi realizada uma oficina com os agentes comunitarios de saude que teve
como objetivo avaliar o conhecimento desses profissionais sobre os parasitos
intestinais. Os principais tépicos abordados foram a classificagdo geral dos
parasitos, as formas de transmissdo, as formas de prevencédo e os fatores que
favorecem a presenca dos parasitos na comunidade.

Para a coleta dos dados foram feitas as seguintes atividades:

» Aplicagdo de questionario livre contendo quatro perguntas relacionadas a
transmissao, prevencdo e o que contribui para a manutencdo do problema na

comunidade. (Figura 4)

Figura 4 Aplicacdo de questionario livre para avaliagdo do conhecimento dos
Agentes de Saude sobre as parasitoses intestinais. Cachoeiras de Macacu, rio de
Janeiro, 2018.

» Histéria contada em grupo, relacionada aos parasitos. Foi utilizada uma
caixa surpresa contendo objetos que deveriam ser incorporados a histéria. (Figura 5)
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Figura 5 Agentes de Saude Comunitaria contando histérias sobre parasitos
intestinais com bases em seus conhecimentos prévios. Cachoeiras de Macacu, Rio
de Janeiro, 2018.

» Trabalho com o conhecimento prévio dos profissionais. Para essa atividade
utilizou-se o recurso didatico FlipChart, através do qual foram trabalhados os dois

grandes grupos de parasitos, suas formas de transmissao e prevencao. (Figura 6)

Figura 6 Atividade utilizando recurso didatico FlipChart. Cachoeiras de Macacu, Rio
de Janeiro, 2018.
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Para analisar as respostas do questionario aberto foi utilizada a técnica
‘nuvem de palavras”, criada a partir do programa Microsoft® Office Word 2016, que
€ uma forma grafica de visualizacdo de dados linguisticos. Ao se analisar as
respostas dos profissionais em relacdo as parasitoses por meio da técnica “nuvem
de palavras”, observou-se que o0 parasito mais conhecido é a lombriga (A.
lumbricoides), seguido de G. duodenalis. A percepcdo mais frequente intrinseca ao
tema, esta ligada a transmisséo oral por alimentos e méos e a falta de saneamento

basico na localidade. (Figura 7)
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Figura 7 Nuvem de palavras construida a partir das falas dos agentes comunitarios
de saude em relagcdo as parasitoses intestinais. A: nome do parasito intestinal mais
conhecido, B: forma de transmissédo, C: forma de prevencdo e D: fatores que
favorecem as parasitoses na regido. Cachoeiras de Macacu-RJ, 2018.

Por meio dos dados obtidos durante a oficina, pode-se concluir que os ACSs
foram capazes de pontuar fatores que sdo associados a transmissédo e prevencao
das infec¢cOes por parasitos intestinais. Apesar de terem sido citados nomes como

Giardia e ameba, o termo “protozoarios” néo era conhecido por eles.
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Segundo Besen e colaboradores (2007), as equipes da Estratégia de Saude néo é
objeto de educacgéo; alguns profissionais desconhecem seus fundamentos e a
maioria deles tem praticas educativas verticais, distanciando- se da proposta de
Promocédo da Saude da ESF. Sendo necessarias reflexdes acerca das concepcdes
de Educacdo em Saude, como sobre sua participacdo na capacitacdo comunitaria
para a construgdo da autonomia e controle sobre os determinantes de saude na
perspectiva da Promogdo da Saulde, tornando a Educacdo Permanente uma
abordagem importante para aproximar as praxis da Educacdo em Saude com a

realidade social.

136



5 CONSIDERACOES GERAIS

5.1 Perfil epidemiol6égico das parasitoses uma década antes de 2030: os

objetivos ndo alcancados

No fim da Guerra Fria, as agéncias oficiais de assisténcia ao desenvolvimento
tiveram cortes em seu orgcamento, com isso a Organizagdo das Nacdes Unidas
(ONU) e a Organizacado para a Cooperacédo e Desenvolvimento Econémico (OCDE)
passaram a discutir metas de bem-estar econdmico, desenvolvimento social e
sustentabilidade, sendo essas indispensaveis nas discussfes sobre o futuro do
planeta. Nos anos 2000, foram definidas uma série de metas a serem atingidas até
2015: os Objetivos de Desenvolvimento do Milénio (ODM). (Cardoso et al. 2019).

Em 2015, a ONU propbs aos seus paises membros uma nova agenda de
desenvolvimento sustentavel para os proximos 15 anos, a Agenda 2030, composta
pelos 17 Objetivos de Desenvolvimento Sustentavel (ODS), desta vez a proposta
engloba também os setores privados como empresas, instituicdes e sociedade civil
(Pacto Global 2021). Os ODS buscam assegurar os direitos humanos, acabar com a
pobreza, lutar contra a desigualdade e a injustica, alcancar a igualdade de género e
o empoderamento de mulheres e meninas, agir contra as mudancas climaticas
(Sachs et al. 2020).

O primeiro dos dezessete ODS visa reduzir em pelo menos a metade a
proporcao de pessoas que vivem na pobreza até 2030. O segundo inclui acabar com
todas as formas de desnutricdo entre criancas com idade de até cinco anos,
incluindo o cumprimento das metas internacionalmente acordadas para o combate
da desnutricdo cronica e desnutricdo. O terceiro objetivo inclui acabar com
epidemias de doencas tropicais negligenciadas e transmitidas pela agua. Esses trés
objetivos estéo interligados pelas dimensdes que abordam - renda, alimentacéo e
saude (UN 2015).

No entanto, a pontuacao geral do progresso do Brasil para atingir todos os 17
ODS esta longe do ideal, com um score: 72.67/100 e posi¢do 53/193 (Sachs 2020),
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tal posicao é reflexo das politicas publicas adotadas pelo Brasil para o enfretamento
das parasitoses intestinais e outras doencas associadas a pobreza, tal como
investimentos em melhorias de infraestrutura.

Os resultados encontrados neste presente estudo, revelaram que a pobreza
extrema e 0 saneamento inexistente ou insuficiente, sdo problemas que perduram
em &reas periurbanas e rurais das regies norte, nordeste e sudeste do Brasil,
tornando a pobreza, a infraestrutura sanitaria inadequada e o manejo hidrico
desafios a serem vencidos nas areas estudadas.

Os investimentos em infraestrutura na promocéo do crescimento econémico
possuem um importante papel na reducdo da pobreza e na inclusdo social, no
entanto, as discrepancias substanciais desses investimentos nas dimensdes rural -
urbana, regional e renda, e as heterogeneidades de infraestrutura em nivel regional
gue ndo sao levadas em consideracdo, reforcam ainda mais a situacdo de
negligéncia das populacbes em situacdo de pobreza (Medeiros et al. 2021).
Segundo dados disponibilizados pelo Pacto Global, o combate a pobreza no Brasil
permanece como um desafio significativo, e a pontuacao relativa a esse objetivo
permanece estagnado ou aumentando em menos de 50% da taxa exigida (Sachs et
al. 2020).

Dyngeland e colaboradores (2020) realizaram uma analise em nivel nacional
do principal programa de protecao social do Brasil, que visa reduzir a inseguranca
alimentar e a pobreza, o Fome Zero, e sua relacdo com os resultados relacionados
aos objetivos de desenvolvimento sustentavel (ODS): "sem pobreza" (ODS 1), "fome
zero" (ODS 2) e "saude e bem-estar" (ODS 3); e constataram que apesar de o
programa de transferéncia condicional de dinheiro (Bolsa Familia [BF]) nao ter
contribuido significativamente para a diminuicdo da desnutricdo infantil ou a
mortalidade infantil, melhorou a participacdo educacional, viram ainda que o
programa esteve associado a producdo de alimentos e reducdo da pobreza
multidimensional em alguns estados do Brasil (Dyngeland et al. 2020).

Os dados obtidos no presente estudo mostraram que, mais de 50% das
populacdes estudadas vivem em situacdo de extrema pobreza (Calegar et al.

2021b), e que criangas que possuem uma menor renda per capita familiar
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apresentam escore z de altura para idade (HAZ), apontando para uma desnutricdo
cronica.

Embora existam grandes diferengas tanto na forma de abastecimento de
agua potavel quanto nas estratégias de gestao dos recursos hidricos, a escassez de
agua potavel para consumo humano € uma realidade enfrentada nessas regides.

A regido do nordeste do Brasil € caracterizada por longos periodos de
estiagem o que ocasiona grande vulnerabilidade nas fontes hidricas, sendo as
cisternas de captacdo da agua da chuva e pequenos reservatorios a principal fonte
de agua das populacées difusas que habitam regides afastadas de rios e de grandes
reservatérios (Campos 2014). Os moradores do municipio de Sado Jodo do Piaui,
Piaui, localizado na Caatinga, tem como principal fonte de abastecimento de agua
as cisternas de captacdo de aguas pluviais e ou agua fornecida por caminhdes pipa.

Parte da populacdo estudada em Teresina contam como Unica forma de
abastecimento de agua uma caixa d’agua situada ao nivel do solo, aberta, que
armazena a agua oriunda de um poco artesiano localizado no assentamento vizinho;
entdo, todos os dias, os moradores recolhem agua desta caixa em latas
transportadas em carrinhos para o uso em suas residéncias (Apéndice 9.7). Dias e
colaboradores (2018) realizaram um estudo no sertdo nordestino, constataram que,
0 manejo inadequado e a quantidade restrita de agua para consumo, higiene e
preparo de alimentos possuem associacdo com as infeccbes por parasitoses
intestinais.

As regifes norte e sudeste do Brasil, devido a suas caracteristicas climaticas
e de vegetacao, dispdem de uma maior rede fluvial, portanto ndo séo regides
privadas da disponibilidade de agua. No entanto, o acesso a agua potavel nem
sempre esta disponivel a populacdo dessas localidades, devido a contaminacéo
dessas colecdes de agua.

O municipio de Cachoeiras de Macacu, Rio de Janeiro, ndo conta com um
sistema de esgoto eficaz, sendo o esgoto despejado sem tratamento em corpos
d'agua; a agua fornecida para a populacéo € proveniente do principal rio que corta o
municipio, Rio Macacu, e a populacéo rural tem como Unica fonte de agua para o

consumo a agua de pocos artesianos ou rudimentares (Calegar et al. 2020).
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Enquanto, Bagre no estado do Par4, é uma ilha do Arquipélago do Marajo, que nao
possui sistema de esgoto sanitario e nem abastecimento de agua potavel, sendo o
rio, a principal fonte de agua da populagéo (Calegar et al. 2021b).

Para tornar universal e integral a oferta dos servicos de saneamento a
populacdo, no ano de 2007 foi institucionalizada a Lei do Saneamento Basico (Lei
11.445/2007), que por meio da equidade busca facilitar o acesso aos servigos de
saneamento, principalmente as populacdes em condi¢cdes de vulnerabilidade social
(Teixeira et al. 2020). Porém, a dimensédo continental do Brasil, bem como a
variacdo de seu clima e de suas redes fluviais, sdo fatores que tornam o direito do
cidaddo ao acesso a 4gua de boa qualidade para o consumo desafios a serem
vencidos pelas autoridades de Saude Publica na tomada de decisdo para o
enfretamento desses cenarios. Com isso infeccbes parasitarias, como as parasitoses
intestinais que estdo associadas a falta de servicos de saneamento, se configuram
como um problema de Saude Publica.

InfecgBes por geo-helmintos séo relacionadas a pobreza, com altas taxas de
prevaléncia em paises em desenvolvimento da Africa, Asia e América Latina
(Bethony et al. 2006). Além desses agentes, 0s protozoarios intestinais que séo
transmitidos principalmente por veiculagdo hidrica, pela via fecal-oral, tais como G.
duodenalis e E. histolytica, sdo de importancia para a Saude Publica, pois podem
ser patogénicos (Cheun et al. 2013, Ryan et al 2019).

A avaliacdo epidemioldgica de parasitos intestinais de significancia para
saude coletiva, era baseada na estimativa do numero de infec¢des, porém, apos o
lancamento do Relatério de Desenvolvimento Mundial, em 1993, ocorreu uma
mudanca na forma como a importancia de qualquer doenca para a saude coletiva é
avaliada, sendo introduzida a ideia de ‘carga de doencas’, que se refere aos custos
econdmicos da doencga, levando em consideragcdo o impacto da doenca a nivel
individual e social; sendo o impacto geral de qualquer carga de doenca, quantificado
pelo ano de vida ajustado por incapacidade métrica (DALY) (Alum et al. 2010). As
infeccbes com alta carga parasitaria, podem causar complicacbes agudas e

potencialmente fatais (Sato et al. 2016).
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As metas e estratégias estabelecidas pela ONU e pelo Brasil para o controle
das geo-helmintiases em regifes consideradas endémicas, tem sido baseadas na
administracdo regular e coletiva de anti-helminticos. Apesar desta conduta ter
reduzido as taxas de prevaléncia das geo-helmintiases, alguns estudos tém
demonstrado que em certas regibes do Brasil, principalmente nas areas rurais,
alguns focos de geo-helmintos persistem (Monteiro et al. 2018, Calegar et al.
2021a). A ocorréncia desses parasitos e a alta prevaléncia observada em algumas
localidades deste estudo, mostram que a estratégia de tratamento em massa de
criancas em idade escolar como Unica medida de intervencédo, parece ser ineficaz
nessas regioes.

Provavelmente a administragdo de anti-helminticos esta sendo realizado com
baixa frequéncia, a ocorréncia de reinfeccbes constantes e a baixa eficacia da dose
Unica do albendazol. Este ultimo fato, ainda pode apontar para o surgimento de
resisténcia dos geohelmintos a esse farmaco, sendo cada vez mais necessario a
realizacdo de estudo de resisténcia para os geo-helmintos.

Associado a esses fatores, o tratamento utilizado na estratégia de
administracdo de medicamentos anti-helminticos (sigla em inglés MDA) é
direcionado apenas para as geo-helmintiases, contribuindo para que as infec¢des
por protozoarios intestinais emergem como condi¢fes ainda mais negligenciadas,
apontando para a necessidade de aperfeicoamento das estratégias de controle
(Alum et al. 2010, Macchioni et al. 2015). Os resultados observados neste estudo
sdo consistentes com a tendéncia atual de perfil etiolégico dos parasitos intestinais,
caracterizada pela permanéncia de infec¢des por protozoarios, com reducdo da
prevaléncia das geo-helmintiases (Katz 2018, Brasil 2020a, Calegar et al. 2020,
Calegar 2021b).

No Brasil, as parasitoses intestinais tém sido associadas a precariedade no
saneamento (Teixeira et al. 2020). Segundo os resultados obtidos neste presente
estudo, a evacuacdo a céu aberto é uma realidade nas areas estudadas na regido
norte e nordeste do Brasil. Foi observado que, uma elevada proporcao da populagéo
de Teresina, S&o Jodo do Piaui e Bagre praticam a evacuacdo a céu aberto,
comportamento nao observado no estado do Rio de Janeiro.
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A populacao residente na area urbana do arquipélago de Marajo, Amazonia
brasileira (municipio de Bagre), apresentou maior indice de positividade
demonstrando a vulnerabilidade as infeccbes de transmissao fecal-oral. O padréo
basico de urbanizacdo na Amazbnia brasileira envolve a concentracdo demografica
de populacfes de recursos pobres, com ascendéncia amerindia, sem infraestrutura
de saneamento, o que favorece a transmissdo de doencas parasitarias. As cidades
brasileiras com o0s menores indices de desenvolvimento humano e a maior
proporcao da populacdo sem latrinas ou sistema de esgoto estédo situadas na regiao
amazonica (Guedes et al. 2012, Trata Brasil 2021).

As localidades estudadas em Teresina possuem um cenario
sociodemografico particular, resultado do processo de reforma agréaria catalisado por
movimentos sociais. Essa populacdo ndo conta com nenhuma estrutura de esgoto
sanitario e realizam evacuacdo a céu aberto a aproximadamente 300 metros de
suas casas, a prevaléncia das parasitoses intestinais encontrada nessa € indicativa
de uma deficiéncia na infraestrutura sanitaria, e reflete a alta propor¢cdo de pessoas
gue praticam a evacuacdo a céu aberto na localidade, principalmente no
Acampamento 8 de Marco (0 acampamento representa a fase inicial da ocupacéo da
terra para expropriacdo pelo sistema de reforma agréria e consiste em barracas de
palha). (Apéndice 9.8).

Segundo Alum e colaborabores (2010), outras acBes e estratégicas
associadas a MDA devem ser consideradas para garantir o controle sustentavel das
parasitoses intestinais, bem como doencas causadas por virus e bactérias,
principalmente em locais com alta probabilidade de reinfeccdo. Dentre essas acdes
pode-se destacar a educacdo em massa nas praticas de higiene, melhorias nas
condi¢cBes de saude pessoal e coletiva, esforcos para desenvolver vacinas eficazes.

O cenério epidemiolégico das parasitoses intestinais e as condicdes
socioambientais descritos neste trabalho, reforcam a necessidade de melhorar tanto
a renda das familias que vivem na pobreza quanto o cenario de saneamento dessas
comunidades, dez anos antes do ano de 2030, meta para o cumprimento dos
Objetivos de Desenvolvimento Sustentavel estabelecidos pelas Nagdes Unidas.

Estas acOes teriam um impacto direto na reducdo e ou eliminacdo das parasitoses
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intestinais, visto que patdégenos transmitidos pelas fezes, tais como geo-helmintos,
G. duodenalis e E. histolytica ttm uma forte determinacéo social e estdo associados

a pobreza, e a falta de saneamento.

5.2 Composicdo de espécies e diversidade genética de Entamoeba spp.

isoladas nos biomas estudados

Dentre os membros da familia Entamoebidae, o género Entamoeba é o mais
bem estudado devido ao potencial patogénico de algumas espécies (Cui et al. 2019).
Entamoeba histolytica/E. dispar /E. moshkovskii constituem um complexo de
espécies indistinguiveis por meio da microscopia Optica. Dados da literatura tém
apontado para um predominio de infeccBes por espécies de menor potencial
patogénico, como Entamoeba dispar (Chacin-Bonilla 2013, Calegar et al. 2016). Séo
escassos 0s dados de prevaléncia de espécies de Entamoeba spp. em areas
endémicas, ou seja, qual a propor¢éo de infec¢cdes causadas por espécies de menor
potencial patogénico, dentro do complexo Entamoeba histolytica/ E. dispar/E.
moshkovskii, incluindo também a espécie E. hartmanni. A diferenciacdo das
espécies do complexo Entamoeba pode ser realizada por metodologias moleculares,
como a que foi realizado neste estudo.

A amebiase € a doenca transmitida pela 4gua e pelos alimentos com fortes
determinantes socioambientais e sua distribuicdo esta relacionada a pobreza e é
heterogénea entre as populacfes humanas (Calegar et al. 2016, Gutiérrez-Jiménez
et al. 2019) e permanece endémica em muitas regifes brasileiras. Descrevemos
altas taxas de positividade para infec¢cdo por Entamoeba spp. em comunidades em
situacao de vulnerabilidade social, que vivem em diferentes regides brasileiras.

Foram identificadas uma espécie de Entamoeba octonucleada, E. coli (ST1 e
ST2) e trés espécies tetranucleadas E. histolytica, E. dispar e E. hartmanni. Novos
hapl6tipos foram caracterizados, porém novas linhagens ribossomais ndo foram
identificadas. Nosso estudo, mostrou que o subtipo Entamoeba coli ST1 predominou
na Mata Atlantica e Caatinga, e o subtipo ST2 foi predominante no bioma Amazoénia.

Estudos tem demonstrado que o subtipo ST1 é mais comum do que ST2 em
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humanos (Elsheikha et al. 2018) e o ST2 foi recentemente identificado em primatas
ndo humanos selvagens na Asia e na Africa (Nolan et al. 2017, Cui et al. 2019). E
importante observar o grande niumero de novos subtipos de E. coli ST2 em humanos
gue vivem na floresta amazbnica, habitat de grande diversidade de primatas
neotropicais. Entamoeba histolytica foi detectada apenas no bioma Amazonia,
apresentando apenas um haplétipo, este sendo diferente do haplétipo patogénico
descrito anteriormente em infecgdes extra intestinais na América do Norte, Africa e
Asia (Tachibana et al. 2007, Kocherscheidt et al. 2010, Suzuki et al. 2011). Os
indices de diversidade molecular revelaram uma alta diversidade interespecifica
para Entamoeba spp. A diversidade intraespecifica variou de acordo com as
espécies ou subtipos.

As analises de filogenia tém mostrado o agrupamento de espécies uni- e
tetranucleadas em um mesmo grupo (Stensvold et al. 2011, Jacob et al. 2016). Em
nossos resultados observamos que espécies ndo nucleadas se agruparam no
mesmo grupo de espécies octonucleadas. Os resultados encontrados neste estudo,
nos levam a pensar se o carater do locus SSU rDNA ou do “numero de nucleos no
cisto maduro” sdo adequados para a classificacdo taxonémica do género

Entamoeba.

5.3 Diversidade genética e de hospedeiros de G. duodenalis isoladas neste

estudo

Giardia duodenalis possui uma distribuicdo mundial e pode infectar uma
variedade de hospedeiros (Caccio et al. 2018). O emprego das metodologias de
genotipagem nos estudos sobre epidemiologia, variabilidade genética e sua
influéncia na patogenia, tem sido cada vez mais usado; contribuindo para a
compreensao dos fatores associados a essa infec¢ao, especificidade de hospedeiro,
potencial zoonético, o percurso da infeccdo e sua relacdo com o gendtipo do
parasito (Caccio et al. 2010, Caccio et al. 2018, Emery-Corbin et al. 2018).
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Neste estudo, G. duodenalis foi identificada nos quatro biomas estudados,
com maior prevaléncia na regido amazoOnica. Foram identificados apenas o0s
gendtipos A e B, tanto nos isolados humanos quanto nos de animais de criagéo
(suinos, caprinos e ovinos), com uma distribuicdo heterogénea, sendo o gendtipo B
predominante no estado do Para, na Amazoénia e gendtipo A com maior frequéncia
na regido extra-amazonica. Coronato-Nunes e colaboradores (2016) também
descreveram a predominancia do gendtipo B na regido amazbnica. Estudos
realizados na regido amazonica nao brasileira tém mostrado maior diversidade
genética para G. duodenalis, sendo o gendtipo B mais frequentemente detectado
(Sanchez et al. 2017, Higuera et al. 2020). Em cenérios socioambientais
semelhantes no Brasil, criangas e adultos infectados ndo tém acesso ao diagnostico
parasitolégico, permanecendo sem tratamento e isso representa um desafio para o
controle do parasitismo intestinal.

Neste estudo, a variabilidade genética entre os gendtipos A e B com base no
locus B-giardina foi H = 0,89, mostrando a alta divergéncia genética entre esses
genatipos. Os novos haplotipos do gendtipo A e B detectados no presente estudo se
originaram de haplétipos ancestrais previamente descritos no Brasil, Europa, Asia,
Africa, Oceania.

Nenhum haplotipo do genétipo B foi compartilhado entre os biomas. Dos 9
haplétipos do gendétipo B encontrados, apenas trés ja haviam sido descritos, e eram
idénticos a haplétipos do Brasil, Europa, Asia e Oceania (Caccido et al 2002,
Robertson et al. 2006, Kosuwin et al 2010, Coronato- Nunes et al. 2016). A
diversidade de haplétipos do gendtipo B no bioma Amazénia encontrada neste
estudo corrobora com os resultados descritos por Coronato-Nunes e colaboradores
(2016). O genodtipo A possui menor diversidade de haplétipos em relacdo ao
gendtipo B, e foi identificado em todos os biomas, com maior prevaléncia na Mata
Atlantica, Cerrado e Caatinga. Dois haplotipos do genoétipo A identificados neste
estudo foram compartilhados entre os biomas estudados, diferente do observado
para os isolados do genétipo B.

A analise descritiva da diferenciacdo genética baseada na estatistica Fst
(Zolet et al 2013) dos isolados dos biomas brasileiros deste estudo, de outros
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isolados das mesmas regides e outras regibes geograficas, demonstrou que a
variabilidade genética e a divergéncia genética dos gendtipos de G. duodenalis
podem variar nos diferentes  biomas brasileiros e em outros paises. Quando
comparamos nossos isolados do Cerrado com outros isolados de humanos da
mesma regido (Nunes 2018), foi observada uma semelhanga molecular significativa
entre eles. Isolados do bioma Mata Atlantica (estado do Rio de Janeiro versus
estado de Sao Paulo) apresentaram uma divergéncia genética.

Neste estudo avaliamos amostras fecais de suinos e pequenos ruminantes
para avaliar a diversidade genética e o potencial zoonético de G. duodenalis
recuperado de animais domeésticos em comunidades do estado do Piaui. Setenta e
cinco amostras foram analisadas por PCR, sendo obtidas sete sequéncias de
gualidade, todas de animais do municipio de Nossa Senhora de Nazaré, no qual
foram identificados apenas o gendétipo All e esses eram idénticos aos isolados de
humanos da mesma regido descritos anteriormente (Nunes et al. 2018). O
municipio de Nossa Senhora de Nazaré ndo conta com um sistema de saneamento
basico, e, associado a isso, suinos sdo criados livremente na comunidade,
circulando e defecando nas ruas e nos peridomicilios (Apéndice 9.9). A ocorréncia
de mesmo haplétipos de G. duodenalis entre humanos e animais, mostra a
importancia de uma perspectiva de Satide Unica para o controle das infeccdes por
G. duodenalis, assim como a necessidade de estudos eficazes para a evidenciar

essa infec¢cdo como zoondtica e sua dindmica de transmissao.

5.4 O papel do diagnéstico no controle das parasitoses intestinais

As parasitoses intestinais na maioria das vezes causam infeccles
assintomaticas, no entanto para algumas espécies, 0 parasitismo cronico pode
causar danos ao hospedeiro, tal como a desnutricdo cronica (Carvalho-Costa et al.
2007, Coronato-Nunes et al. 2017). A falta de diagnostico associada as condi¢des

socioambientais e econdmicas do individuo e a falta de quimioprofilaxia, favorecem
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para um ciclo constante de infeccéo e reinfeccdo do individuo (Alum et al 2010, ).
Neste estudo mostramos que o0 parasitismo intestinal se configura como um
problema de salude publica nas populagfes das regides norte, nordeste e sudeste do
Brasil, sendo esse parasitismo em sua maioria das vezes assintomatico, mostramos
ainda, que esse parasitismo estava associado as condicfes socioambientais dos
individuos.

Como mencionado anteriormente, o Brasil tem como principal estratégia de
controle das geo-hilmintiases, a quimioprofilaxia (Brasil 2013), com isso ha uma
diminuicdo do emprego do diagndstico laboratorial na investigacéo de infeccbes com
sintomatologias semelhantes, como por exemplo dores abdominais que podem ser
causadas tanto por helmintos quanto por protozoarios (Hashmey et al. 1997,
Matanock et al. 2010).

Por meio do diagndstico molecular diferencial usado neste estudo, foi possivel
caracterizar espécies de Entamoeba idénticas morfologicamente, e descrevemos a
distribuicdo das espécies de Entamoeba em algumas regides do Brasil, fornecendo
dados importantes para o0 manejo clinico, uma vez que muitos exames
parasitolégicos positivos para amebas tetranucleadas representam de fato infec¢des
por espécies nao patogénicas dentro do complexo E. histolytica/E. dispar/
E.moshkovskii ou E. hartmanni (Calegar et al. 2016, Quispe-Rodriguez et al. 2020).

Os médicos de uma clinica ambulatorial em Cusco, Peru, notaram relatos
frequentes de complexo E. histolytica/E. dispar/ E.moshkovskii, diagnosticados por
microscopia, entdo, foi feito um estudo de diagnéstico diferencial por um ELISA
espécie-especifico para o antigeno de E. histolytica, em amostras fecais de criancas
de seis meses a trés anos com diarreia, e foi constatado que a maioria dos casos
diagnosticados como E. histolytica por microscopia ndo eram infecgbes pela
espécies patogénicas e provavelmente eram por outras espécies tetranucleadas
(Quispe-Rodriguez et al. 2020). Este estudo supracitado, bem como o presente
estudo, mostram a importancia do diagndéstico diferencial das infeccbes parasitarias
para o manejo clinico, a epidemiologia e para o entendimento e atualizacdes sobre a

dindmica dessas infec¢des.
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Alcancar a meta de controle, eliminacdo e erradicacdo das doencas
negligenciadas em um futuro previsivel apresenta desafios significativos. Embora
medicamentos eficazes estejam disponiveis, a eficdcia da administragdo em massa
de medicamentos ainda precisa ser avaliada (Johansen et al. 2015). O uso de anti-
helmintico foi relatado por grande parte dos moradores da regido Amazobnica
inseridos neste estudo, no entanto foi observada uma alta prevaléncia para as geo-
helmintiases entre esses individuos. Segundo Bricefio-Leon (1996), é necessario
também um trabalho de educacdo em saude, pois para que haja qualquer acao
sanitaria eficiente e permanente, € necessario conhecer o individuo, suas
circunstancias e suas caracteristicas ou habitos culturais, e entdo, pontos como
transmissao e profilaxia do agente causador da doenca devem ser trabalhados e

esclarecidos.

O diagnostico laboratorial convencional e o molecular, além de serem
importantes para as medidas de controle das infecgbes por parasitos intestinais,
exercem um importante papel na deteccdo de casos assintomaticos, sendo,
portanto, de extrema importancia para avaliagdo do perfil epidemiolégico das
parasitoses intestinais bem como de outras doencas negligenciadas, e podem
contribuir significativamente para o controle e eliminacdo das parasitoses intestinais
(Brito da Silva Alves et al 2017).
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6 CONCLUSOES

Os parasitos intestinais mais frequentemente identificados em Cachoeiras de
Macacu — RJ foram G. duodenalis e E. histolytica/E. dispar. A renda familiar
que classifica a familia como pobre, esta associada a maior frequéncia de
infeccéo por G. duodenalis. Infec¢des por G. duodenalis e por E. histolytica/E.
dispar/E. moshkovskii, foram significativamente mais frequentes entre os
individuos que residiam em casas com maior aglomeracdo de pessoas.
InfecgBes por protozoarios intestinais ndo sdo diagnosticadas pelo sistema de
saude.

As infeccBes pelos parasitos A. lumbricoides e E. coli e a renda familiar
definidora de pobreza influenciam negativamente o estado nutricional de
criancas vivendo em areas rurais em Teresina — Pl e Cachoeiras de Macacu —
RJ.

Espécies de Entamoeba produtoras de cistos tetra e octonucleados séo
endémicas nas comunidades estudadas. Com relacdo as amebas produtoras
de cistos tetranucleados, E. histolytica foi caracterizada em baixa frequéncia e
apenas no bioma Amazonia. Foram caracterizados por taxonomia molecular
E. dispar e E. hartmanni que, portanto, predominaram como espécies mais
frequentes no complexo de amebas produtoras de cistos tetranucleados. Com
relacdo as amebas produtoras de cistos octonucleados, os subtipos de E. coli
apresentam distribuicdo geograficamente desigual, sendo ST2 predominante
no bioma Amazénia e ST1 fora desta regido.

A infeccdo por G. duodenalis é mais prevalente na comunidade urbana
estudada situada na regido amazbnica, quando comparada a areas
periurbanas no estado do RJ e rurais no estado do Pl. A giardiase é
significativamente mais frequente entre os individuos em situacao de pobreza
e extrema pobreza, assim como em familias com condi¢cdes mais precérias de
saneamento. A infec¢do assintomatica por G. duodenalis tendeu a ser mais

frequente em criangas com baixa estatura do que em criangas eutréficas. A
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distribuicdo genotipica de G. duodenalis é geograficamente heterogénea, com
predominio do gendtipo B na regido amazonica e do genotipo A fora dela.

Os isolados de G. duodenalis recuperado de fezes de caprinos, ovinos e
suinos dos municipios de Nossa Senhora de Nazaré, estado do Piaui,
caracterizados pelo alvo genético beta-giardina, ndo revelou diversidade
genética, o que d& suporte a possibilidade de transmissdo cruzada entre
hospedeiros de diferentes espécies. A inclusdo de sequéncias nucleotidicas
de parasitos obtidos de humanos — recuperadas no GenBank — no estado do
Piaui na analise revela que estas também possuem grande similaridade com
0s parasitos obtidos de animais, reforcando a possibilidade de transmisséo
zoong@tica entre suinos, pequenos ruminantes e humanos nas localidades
estudadas.

Os ACSs do municipio de Cachoeiras de Macacu foram capazes de pontuar
fatores que sdo associados a transmissao e prevencao das infeccdes por
parasitos intestinais.
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7 PERSPECTIVAS

As perspectivas para a continuacao do trabalho sdo de ampliar os estudos de
epidemiologia e caracterizacdo molecular de Entamoeba para outras regides do
Brasil. Coletar amostras de animais criados nos peridomicilios das areas estudas
para avaliacdo do potencial zoonotico de G. duodenalis. Avaliacao longitudinal das
parasitoses intestinais nas areas estudadas. Realizacdo de abordagens de

educacdo em saude nas regides estudadas.
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APENDICES

9.1 Apéndice 1. Termo de Assentimento Livre e Esclarecido

Nome do Participante:

TERMO DE ASSENTIMENTO LIVRE E ESCLARECIDO

Endereco:

OLA AMIGUINHO (), SOMOS
CIENTISTAS, ISSO MESMO...

FAZEMOS PESQUISAS E TRABALHAMOS NA
FUNDAGAO OSWALDO CRUZ, NO RIO DE JANEIRO.
E NOSSA EQUIPE E FORMADA PELO DOUTOR
FILIPE ANIBAL CARVAIHO COSTA, DOUTORA
BEATRIZ CORONATO NUNES E PELAS
ESTUDANTES DE DOUTORADO DEIVIANE
APARECIDA CALEGAR, POLYANNA ARAUIO
ALVES BACELAR E KERLA JOELINE LIMA
MONTEIRO.

FAZEMOS PESQUISAS SOBRE VERMINOSES, JA OUVIU
FALAR DE VERMINOSES?

_—

N
q ,\\'
&:%‘H

NESTE O))) PODEM TER (/'
URAS E QL
ESTRUTUS ‘DS VE"K\? oS
VERMES QUE VIVEW EM NOSSD
INTEETNO.

NOS APECTANDS QUANDQ SEBEHGE

ESTES YERNES E PROTO20AT0S FODEM
o ACOA EQU CONBNOS ALMENTCS

ESTAMOS EM SUA LOCALIDADE
E VOCE ESTA SENDO
CONVIDADO A PARTICIPAR DE
NOSSO ESTUDO SOBRE VERMES

NG CAUBAS DWTREA, D03 AZDOWNA A
et g il CONMNAD0S COMESIES GSE E PROTOZOARIOS.
caTes
Rubrica ou impressao digtal do particpante Rubrica do responsavel pelo projeto
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AQ PARTICIPAR. DO ESTUDO VOCE NAQ RECEBERA
NENHUM DINHEIFR.O, MAS CASO SETA
ENCONTRADO ALGUM VERME OU PARASITO EM
SUAS FEZES, VOCE RECEBERA O MEDICAMENTO E
VOCE NAO PRECISARA PAGAR NADA POR IS50.

QUAISQUER DUVIDAS PODEM SER TIRADAS
COM ©0s PESQUISADORES RESPONSAVEIS
FELO ESTUDM} NOS TELEFONES FORNECIDOS
NESTE TERMO OU EM CASO DE DUVIDAS
Mbmd‘gy.l ETICAS, PQDER_:K'ET\_FRAR EM CONTATO COM
. O COMITE DE ETICA EM PESQUISA, CTUJO
ENDERECO SE ENCONTEA NO FINAL DESTE
DOCUMENTO.

CASO ACETTE PARTICIPAR DO ESTUDO,
SEU UNICO INCOMODO SERA EM COLETAR
AS FEZES EM UM FRASCO COLETOR PARA
NOS ENTREGAR, E NOS IREMOS FAZER O
EXAME DESSAS FEZES.

Assinatura ou impressao digital do participante Assinatura do responsavel pelo projeto

Labhoratdric de Sistemdtica Bioquimica - Instituto Oswalde Cruz AIOC FIOCRUZ - Av. Brasil, 4365, Manguinhos - Rio de Janeiro — RJ, Brasil. CEP:
21040-360. Tel: (21) 3865-81582 / 3865-5205 / 98941-9516/ (B6) 9953-1249.

Comité de Etica em Pesquisa: IOC/FIOCRUZ: Avenida Brasil, 4. 036 - Sala: 705 (Prédio da Expansdo) - Manguinhos - RJ - CEP: 21.040-360 - Tels:
(21) 3882-8011 Fax: (21) 2561-4815 - E-mail: efica@fiocruz.br
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9.2 Apéndice 2. Termo De Assentimento Livre e Esclarecido

ANEXO 1 - TERMO DE CONSENTIMENTO LIVEE E ESCLARECTDO

Nome do Participante:

Endereco:

O(a) Sr. (7). elou seu filho(a). estio sendo convidados(as) a participar do estudo “Estudo da infeccio por
Giardia duodenalis e outros parasitas intestinais em Teresina, Sio Jodo do Piani e Ribeira do Piaui no
estade de Piaui e Cachoeira de Macacu no estado do Rie de Janeiro™. aprovado no Conuté de Etica em
Pesquisa sob o o CAAE 12125713.5.0000.5248 e de responsabilidade dos pesquisadores Deiviane
Aparecida Calegar, Polyanna Araijo Alves Bacelar e Filipe Anibal Carvalho-Costa, do Instituto Oswaldo
Cruz / Fiocruz.

Este estudo tem como objetivo aprofundar o conhecimento sobre um germe ou micro-organismo chamado
Giardia duodenalis. Sera estudado se os participantes tem este micro-orgamismo, se ele esta inflvenciando na
mutrigio de criangas, e os fatores que estio influenciando para a infecgdo das pessoas.

Os pesquisadores irdo realizar, nos participantes da peseuisa, exames parasitologicos de fezes, ou seja, exames de
fezes commms para detectar a presenca de vermes, miardia e ameba. Para este exame serdo enfregues potes
plasticos para que os participantes possam coletar as amostras de fezes de wm dia, e entregar aos pesquisadores.
As criancas, de 2 a 12 anos, serdo pesadas e sera medida altwa e a cicunferéncia do brago. Também sera
realizado o preenchimento de questiondrios para a coleta de informagdes/dados para realizacio do estudo, as
cuais 36 poderfio ser utilizadas no contexto do estudo ou em artigos relacionados ao estudo.

O mcémodo em participar desta pesquisa € coletar amostras de fezes em frasco e entregar para os pesquisadores.
Cazo seja confirmado que o parficipante estd com vermes, giardia ou ameba, o mesmo sera tratado, sendo oz
remédios fornecidos pramitamente pela Ficcmiz e entregne ao participante com auxilio de médico do Posto de
Saide da regido.

Todas as informacdes referentes aos participantes do estudo =80 confidenciais, isto é. nfo podem ser divulzadas
com os nomes das pesseas. Portanto, os pesquisadores garantem direito & privacidade. Desta forma vocé ou sen
filho nio poderdo ser wdentificados & ninguém sabera que podem estar com parasitos por garantimos © segredo
sobre todas as informacdes que forem fornecidas nos questionarios e sobre o diagnostico do parasito. Ou seja,
ninguem sabera se vocé ou seu filho estio mfectados com o parasito ou ndo.

O beneficio para os participantes € a possibilidade de. caso esteja com vermes, giardia ou ameba, se tratar. Além
dizso, vamos esclarecé-los sobre todas as simactes que facilitam a comtamuinacio e os cudados a tomar para se
prevenir dela.

A participacio das pessoas nesta pesquiza € voluntiria, ou seja, a pessoa s0 participa caso cueira. Todos os
participantes tém o direito de sair da pesquisa a qualoquer momento. Nio hd nenbum valor econdmico a receber ou
pagar para participar dessza pesquisa, ou seja, o voluntirio nio receberd nenhvm tipo de pagamento por esta
participacio, pois ela é totalmente voluntaria. Esta pesquisa nio & um ensaio clinico, on seja, nio estio sendo
testados novos medicamentos ou exames de diagndstico. Os procedimentos realizados sfo aqueles {4 conmmente
whilizados no Posto de Saide para diagnosticar e tratar as parasitoses mtestinais (vermes, giardia e ameba).
Quaisquer dividas podem ser tiradas com os pesquisadores responsaveis pela pesquisa nos telefones fornecidos
neste termo ou em caso de dividas éticas, podera entrar em contato com o Comité de Etica em Pesquisa, cujo
endereco se encontra neste documento. Informamos que o refenido documento sera redipido em duas vias de 1gnal
teor, o quoal sera também assinado pelo pesquisador responsavel, sendo que wma via ficara com o (a) Sr.(a) e
outra, com o pesquisador.

Local Data

Assinatura ou impressao digital do participante/responsavel Assinatura de responsavel pelo projeto

Laboratorio de Sistematica Bioguimica - Instituto Oswaldo Cruz AOC /FIOCRUZ - Av.
Brasil, 4365, Manguinhos - Rio de Janeiro — RJ, Brasil. CEP: 21040-360. Tel: (21)
3865-8182 / 3865-8205 / 98941-9516/ (86) 9953-1249.
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9.3 Apéndice 3. Folheto informativo distribuido aos agentes de saude para

esclarecimentos sobre o projeto

OLA, SOMOS CIENTISTAS, ISSO
MESMO...

¥

' ‘:—4

FAZEMOS PE E TRABALHAMOS
NA FUNDACAO OSWALDO CRUZ, NO RIO
DE JANEIRO. E NOSSA EQUIPE E FORMADA
PELO DOUTOR FILIPE ANIBAL CARVALHO
COSTA, DOUTORA BEATRIZ CORONATO
NUNES E PELAS ESTUDANTES DE
DOUTORADO DEIVIANE APARECIDA
CALEGAR, POLYANNA ARAUJO ALVES

FAZEMOS PESQUISAS SOBRE VERMINOSES, JA OUVIU
FALAR DE VERMINOSES?

—_—
} \
03 VERVERE m'cowce
WEr %0 f‘ﬁ
AL ﬁ’!m s
“'f\
ot ™ ““ =
A S NESTE 00CS PODEW: TEA O
by @* /.vme © oa0E. G

L ESTRUTURAS AFECTANTES DOS
S VERNES QLB VIVEN M ACESD
—-—ml INTESTNG.
i
K \ tﬁ

ESPASTIIONOS S0TEM NOS NFECTANGE QUANDO BEEE!

ms cln.&uwu:a DO ABOCUAL AN ECU 7‘(‘“&1&\'@

VOMITOS & ATE PESDA SE FETIE CONTALENATCS DOA! 23523 005 &
CET0E

ESTAMOS EM SUA LOCALIDADE E
VCCE ESTA SENDO CONVIDADO A
PARTICIPAR DE NOSSO ESTUDO
SOBRE VERMES E PROTOZOARICS.

CASC ACEITE PARTICIPAR DO ESTUDO, SEU
UNICO INCOMODO SERA EM COLETAR AS
FEZES EM UM FRASCO COLETCR PARA NOS
ENTREGAR, E NOS IREMOS FAZER O EXAME
DESSAS FEZES.

AO PARTICIPAR DO ESTUDO VOCE NAO
RECEBERA NENHUM DINHEIRO, MAS CASO
SEJA ENCONTRADO ALGUM VERME OU
PARASITO EM SUAS FEZES, VOCE RECEBERA

QUAISQUER DUVIDAS PODEM SER
TIRADAS COM OS PESQUISADORES
RESPONSAVEIS PELO ESTUDO NOS
TELEFONES FORNECIDOS NESTE TERMO
OU EM CASO DE DUVIDAS ETICAS,
PODERA ENTRAR EM CONTATO COM O

Laboratério de Sistematica Bioquimica - Instituto Oswaldo Cruz /IOC /FIOCRUZ - Av. Brasil, 4365, Manguinhos - Rio de Janeiro — RJ, Brasil. CEP:
21040-360. Tel: (21) 3865-8182 / 3865-8205 / 98941-9516/ (86) 9953-1249.

Comité de Etica em Pesquisa: IOC/FIOCRUZ: Avenida Brasil, 4.036 - Sala: 705 (Prédio da Expansdo) - Manguinhos - RJ - CEP: 21.040-360 -

Tels: (21) 3882-9011 Fax: (21) 2561-4815 - E-mail: etica@fiocruz.br
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9.4 Apéndice 4. Folheto informativo distribuidos aos agentes de saude do

municipio de Cachoeiras de Macacu- RJ com as instru¢gdes de coleta de

fezes
Coleta de fezes
[ ] ~
Orientacoes

S ONE=D
§ s - Deveraosser coletadas fezes de 3 dias diferentes;
= - N3o precisam ser dias seguidos;

i - A cada dia, coloque as fezes em um pote diferente.

Nao jogue o liquido do pote fora, pois ele vai conservar
as fezes.

-Nao coloque urina no pote, apenas fezes;

- N3o faga o coco no vaso sanitario; faca num penico ou
numa folha de papel colocada no chdao do banheiro.

- ApOs coletar as fezes por 3 dias, entregue os potes na
'Unidade Basica de Saude em Papucaia.

- Leve a crianga que coletou as fezes com vocé, pois ela
precisara ser pesada e medida.

Laboratério de Sistematica Bioquimica - Instituto Oswaldo Cruz /I0C /FIOCRUZ - Av. Brasil,
4365, Manguinhos - Rio de Janeiro— RJ, Brasil. Tel: (21) 3865-8182 / 3865-8205
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9.5 Apéndice 5. Folheto informativo distribuidos aos agentes de saude do

municipio de Bagre- PA com as instru¢cdes de coleta de fezes

Coleta de fezes
Orientacoes

- Devem ser coletadas fezes fresca, da noite anterior ou
da manhada datade entrega do pote.

-N3o coloque urina no pote, apenas fezes;

- Ndo faga o coco no vaso sanitario; faca num penico ou
numa folha de papel colocada no chao do banheiro.

Nao faca diretamente no chdo

Aos responsaveis

— =
o Aposcoletar as fezes entregue o pote no local e na data
- que foi informado pelo seu agente de saude.

5%,

= - Leve a crianca que coletou as fezes com vocé, pois ela
precisara ser pesada e medida.

Laboratério de Sistemética Bioquimica - Instituto Oswaldo Cruz /10C /FIOCRUZ - Av. Brasil,
4365, Manguinhos - Rio de Janeiro— RJ, Brasil. Tel: (21) 3865-8182 / 3865-8205
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9.6 Apéndice 6. Questionario socioeconémico utilizado nos estudos

Ministério da Satde Dat
. . P ata:
FlocrUZ Cadastro e Questiondrio Epidemioldgico o
Fundacho Oswaldo Cruz Codigo da casa:
Lat:
1.Localidade:
Long:
2.Numero de moradores: ( Jadultos { )criangas

3.Renda da familia (sem bolsa do governo):

4.Recebe bolsa do governo? [ )sim { )n8o Qual? Valer da bolsa:

5.Emrelagdo a casa: { )tijolo ( )adobe { )taiparevestida ( ) madeira Outros:

6.Pisoi{ )cimento ( )cerdmica ( )terra ( )chdo batide [ ) madeira

7.Namero de cdmodos:

8.Em relagBo a dgua da suacasa: ) pogo ( )cacimbas ( ) torneira plblica | ) caixa d’dgua ( ) encanada Qual a origem da dgua encanada?
Outros:

9.Como vocé armazena a 4gua? ( ) potes ( )garrafas ( ) caixa d'dgua

Outros:

10.De onde vem a 4gua para beber? ) pogo ( ) cacimbas ( ) torneira piblica ( ) galdo( ) caixa d'dgua

Qutros:
11.A dgua para beber & ( ) fervida { )coada ( )filtrada ( )clorada ( )ndofaztratamento
12.Em relagdo a disponibilidade de dgua no domicilio: [ ) sempre hd dgua ( ) &s vezes ha falta de dgua dias | )sempre ha a falta dgua

13.Tem banheiro? ( )sim ( ) ndoSearespostaésim:( )foradecasa ( )dentrode casa

14.0 banheiro tem vaso sanitdrio? [ )sim { ) ndo

15.Usa o vaso sanitario? [ )sim | )ndo  Onde defeca?

16.Em relagdo ao destino dos dejetos: { ) céuaberto { )rics ( )sistemade esgoto | )fossaséptica

17.Hé coleta de lixo por veiculo pablico? ( ) ndo Qual o destino do lixo?, { )sim quantas vezes? A coleta é regular ( )sim ( ) ndo

Morador 1 Adulto( ) Crianga [ ) Sintomas:
Diarreia:sim | ) ndo( )
2semanas| ) 1més{ )maisdelmés
Nome: Tratamento: sim { } ndo{ )
Data de nascimento: Sexor F( ) M) Medicamento:
Quandeo:
Escolaridade: analfabeto ( ) alfabetizado { ) ensino fundamental incompleto () ensino fundamental completo ( )
ensino médio completo | ) ensino médio completo | ) ensino superior [ ).
Profissdo:
Peso: Altura: Circunferéncia braquial:
Morador 2 Adulto( ) Crianga [ )
Sintomas:
Diarreia:sim | ) ndo( )
Nome: 2semanas| ) 1més({ )maisdelmés
Data de nascimento: Sexo: F( ) M{ )

Tratamento: sim ( ) ndo( )
Escolaridade: analfabeto ( ) alfabetizado ( ) ensino fundamental incompleto () ensino fundamental completo { ) Medicamento:

i . B . uando:
ensino médio completo | ) ensino médio completo ( ) ensino superior | ). a
Profissdo:
Peso: Altura: Circunferéncia braquial:
Morador 3 Adulto( ) Crianga | ) .
Sintomas:
Nome: Diarreia:sim | ) ndo( )
2semanas| ) 1més({ )maisdelmés
Data de nascimento: Sexo: F( ) M{ )

Escolaridade: analfabeto [ ) alfabetizado ( ) ensino fundamental incompleto () ensino fundamental completo ( ) | Tratamento:sim ) néo( )

Medicamento:
ensino médio completo [ ) ensino médio completo ( ) ensino superior | ). Quando:
Profissdo:

Peso: Altura: Circunferéncia braquial:
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9.7 Apéndice 7. Fonte de abastecimento de agua das populacdes estudadas

Bagre - Para

Figura 8 Fonte de abastecimento e armazenamento de 4gua dos moradores da area
urbana de Bagre, estado do Para, 2020.
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Acampamento 8 de Margo - Teresina

Figura 9 Fonte de abastecimento e armazenamento de agua dos moradores da
localidade periurbanas Acampamento 8 de Marco, Teresina, estado do Piaui, 2017.
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Assentamento 17 de Abril

Figura 80 Fonte de abastecimento e armazenamento de agua dos moradores da
localidade periurbana Assentamento 17 de Abril em Teresina, estado do Piaui, 2017.

177



9.8 Apéndice 8. Caracteristicas socioambientais das moradias das

populacdes de estudo

Bagre- Amazonia brasileira

Figura 11 Caracteristicas socioambientais do municipio de Bagre, Paréa, 2020.
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S&0 Jodo do Piaui - Caatinga - Piaui

Figura 13 Caracteristicas socioambientais das localidades rurais estudads no
municipio de S&o Joao do Piaui, Piaui, 2018.

Teresina- Cerrado - Piaui

Acampamento 8 de Margo, Teresina - Piaui

Figura 14 Caracteristicas socioambientais das localidades periurbanas estudadas
no municipio de Teresina, Piaui, 2017.
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Cachoeiras de Macacu - MAta Atlantica - Rio de Janeiro

Papucaia

Ribgira

Marubai- zona rural

Figura 15 Caracteristicas socioambientais das localidades estudadas no municipio
de Cachoeiras de Macacu, Rio de Janeiro, 2018.
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9.9 Apéndice 9. Livre circulacdo dos suinos criados pelos moradores de

Nossa Senhora de Nazaré, Piaui

Figura 16 Suinos compartilhando o mesmo ambiente com os humanos no municipio
de Nossa Senhora de Nazare, Piaui, 2015.
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10 ANEXOS

10.1 Anexo 1. Aprovacdo no Comité de Etica em Pesquisa

FUNDAGAO OSWALDO CRUZ - £ Plabaforma
o FIOCRUZ/IOC %oﬂ

PARECER CONSUBSTANCIADO DO CEP

DADOS DO PROJETO DE PESQUISA

Titulo da Pesquisa: Giardiase: prevaléncia, impacto sobre o status nutricional e epidemiologia molecular
em trés localidades endémicas.

Pesquisador: Filipe Anibal Carvalho Costa

Area Tematica:

Versdo: 2

CAAE: 12125713.5.0000.5248

Instituicdo Proponente: Fundacéo Oswaldo Cruz - FIOCRUZ/IOC
Patrocinador Principal: Financiamento Proprio

DADOS DO PARECER

Numero do Parecer: 277.050
Data da Relatoria: 20/05/2013

Apresentagao do Projeto:

O estudo pretende determinar a prevaléncia de infeccdo por Giardia duodenalis (GD) por meio de métodos
coproparasitologicos em populag@o urbana, rural e ribeirinha caracterizando genotipicamente isolados de
GD por sequenciamento gendmico de diferentes loci do genoma do parasito. Pretende também analisar
fatores sociais e ambientais associados a infecgdo por GD por meio de questionarios epidemiologicos e
avaliar o status nutricional através de indices antropometricos.

Serédo incluidos os moradores de Santa Isabel do Rio Negro-AM, Oriximina-PA e Cachoeiras de Macacu-RJ.
Os participantes responderéo questionarios epidemioldgicos e entregardo amostras de fezes. Além disso,
serao realizadas avaliagdes antropométricas nas criangas das localidades, comparando parasitados e nao
parasitados quanto ao status nutricional por meio de escores de desvio-padrio dos parametros peso-idade /

altura-idade / peso-altura e o indice de Massa Corporal (IMC).
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-— FIOCRUZ/IOC

Imsneun O salido Cras

10 C FUNDAGAO OSWALDO CRUZ - Wﬂp

PARECER CONSUBSTANCIADO DO CEP

DADOS DA EMENDA

Titulo da Pesquisa: Giardiase: prevaléncia, impacto sobre o status nutricional e epidemiologia molecular
em localidades endémicas.

Pesquisador: Filipe Anibal Carvalho Costa

Area Tematica:

Versao: 10

CAAE: 12125713.5.0000.5248

Instituicdo Proponente: FUNDACAQO OSWALDO CRUZ

Patrocinador Principal: Financiamento Proprio

DADOS DO PARECER

Numero do Parecer: 2.483 912

Apresentagdo do Projeto:

Trata-se de resposta a pendéncias referentes a Emenda ao projeto CAAE: 12125713.5.0000.5248,
aprovado pelo CEP Fiocruz/IOC, em
20/05/2013, com o Parecer Numero: 277.050.

Segundo o pesquisador principal, serdo incluidos no estudo moradores em areas do MST em duas novas
localidades - municipios de Teresina-Pl e S&o Jo&o do Piaui-Pl. Os participantes responderdo questionérios
epidemiolégicos e enfregardo amostras de fezes para diagndstico coproparasitologico. As amostras de fezes
serdo analisadas por meio de técnicas parasitoldgicas e moleculares. Além disso, serdo realizadas
avaliacdes antropomeétricas nas crian¢as das localidades estudadas, comparando-se pessoas parasitadas e
nao parasitadas, quanto aos seus status nutricionais, utilizando-se os escores de desvio-padréao dos

parametros peso-idade, altura-idade e peso-altura e o indice de Massa Corporal.
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1eC

= FUNDAGAO OSWALDO CRUZ - £~ Plataforma
e Cruz FIOCRUZ/IOC %

arsil

PARECER CONSUBSTANCIADO DO CEP

DADOS DA EMENDA

Titulo da Pesquisa: Giardiase: prevaléncia, impacto sobre o status nutricional e epidemiologia molecular
em localidades endémicas.

Pesquisador: Filipe Anibal Carvalho Costa

Area Tematica:

Versdo: 13

CAAE: 12125713 50000 5248

Instituigao Proponente: FUNDACAO OSWALDO CRUZ
Patrocinador Principal: Financiamento Proprio

DADOS DO PARECER

Numero do Parecer: 4.128 222

Apresentagio do Projeto:

Trata-se de resposta a pendéncias da sexta Emenda relativa ao projeto “Giardiase: prevaléncia, impacto
sobre o status nutricional e epidemiologia molecular em localidades endémicas”, aprovado pelo CEP
Fiocruz/IOC com o parecer no 277.050

As informagdes elencadas nos campos: “Apresentacéio do projeto”, “Objetivo da Pesquisa” e “Avaliacdo
dos Riscos e Beneficios” foram retiradas do documento gerado na Plataforma Brasil: “PB INFORMACOES
BASICAS 1437426_E6.

Segundo o pesquisador, serdo incluidos, no estudo, dois municipios, Melgaco e Bagre, no Estado do
Para, Brasil e seus habitantes. Serdo convidados a participar do estudo 500 moradores da regido, sendo os
mesmos abordados por visitas domiciliares do grupo de pesquisa, que explicara sobre o projeto. Todos os
procedimentos realizados nos participantes dos distritos supra citados serdo exatamente iguais aos
descritos para os individuos participantes das outras regides, como consta no projeto anexado e aprovado
pelo Comité de Etica em pesquisa inscrito sob o nimero CAAE: 12125713.5.0000.5248.

Objetivo da Pesquisa:

Objetivos do projeto aprovado:

Endereco: Av. Brasil 4036, sala 705 (Campus Expansao)

Bairro: Manguinhos CEP: 21.040-360
UF: RdJ Municipio: RIO DE JANEIRO
Telefone: (21)3882-9011 Fax: (21)2561-4815 E-mail: cepfiocruz@ioc fiocruz.br
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Mecessita Apreciagio da CONEP:
Nao

RIO DE JANEIRO, 08 de QOutubro de 2019

Assinado por:

Maria Regina Reis Amendoeira
(Coordenador(a))

Situagao do Parecer:
Apravado

Necessita Apreciacdo da CONEP:
Néo

RIO DE JANEIRO, 01 de Julho de 2020

Assinado por:

Maria Regina Reis Amendoeira
(Coordenador(a))
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