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APRESENTACAO

A colecdo “Projetos Inovadores e Producéo Intelectual na Microbiologia 2” é uma
obra que apresenta um compilado de 4 capitulos distribuidos em tematicas que abordam
de forma categorizada e interdisciplinar trabalhos e pesquisas que envolvem as diversas
areas de aplicagéo da Microbiologia. Seu objetivo principal € a apresentagéo e divulgacéo
de pesquisas cientificas que utilizam os microrganismos como objeto de estudo.

Além disso, o foco desta coletédnea € apresentar de forma categorizada e clara
estudos desenvolvidos em diversas instituicoes de ensino e pesquisa do pais. Em todos
esses trabalhos a linha condutora foi 0 aspecto relacionado a Biologia Molecular, Biologia
Celular, Bacteriologia, Micologia, Virologia, Parasitologia, Imunologia, Infectologia,
Patologia, Biotecnologia, Medicina, Saude Publica e areas correlatas.

O avanco tecnologico e cientifico tem elaborado ferramentas que tém contribuido
com inumeras pesquisas relacionadas a varias aplicacdes dos microrganismos, que por
vezes, pode ser uma interagdo benéfica com os seres vivos ou pode trazer prejuizos e
sequelas a satde humana e dos demais organismos vivos.

Diversos assuntos que séo discutidos neste livro tém a proposta de fundamentar
o conhecimento de Graduados, Mestres, Doutores e todos aqueles que de alguma forma
se interessam pelas Ciéncias Biolégicas e pelas Ciéncias da Salude em aspectos da
Microbiologia Bésica, Microbiologia Clinica e Microbiologia Médica. Possuir um material
que demonstre a aplicagédo da Microbiologia em diversas areas do conhecimento, de forma
temporal e com dados substanciais de regides especificas do pais tem sido relevante, bem
como, abordar temas atuais e de interesse direto do meio académico.

Neste contexto, este livro “Projetos Inovadores e Produgédo Intelectual na
Microbiologia 2” apresenta uma teoria bem fundamentada nos resultados praticos obtidos
por varios pesquisadores, professores e académicos que arduamente desenvolveram seus
estudos que aqui estdo apresentados de maneira concisa e didatica. Sabemos o quéao
importante é a divulgacéo cientifica, por isso evidenciamos também a estrutura da Atena
Editora, que é capaz de oferecer uma plataforma consolidada e confiavel, permitindo que
esses pesquisadores exponham e divulguem seus trabalhos cientificos.

A vocé leitor(a), uma excelente leitura.

Renan Monteiro do Nascimento
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CAPITULO 1

ANALISE MICROBIOLOGICA PRE E POS ASSEPSIA
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Felipe de Andrade Bandeira
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Jatai/Goias
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Larissa Alves Peixoto

Universidade Federal de Jatai
Jatai/Goias
http://lattes.cnpq.br/8633110243088418

Izadora Rodrigues da Cunha
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Guilherme Silveira Rocha

Universidade Federal de Jatai
Jatai/Goias

Flavia Ferreira Costa
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Universidade Federal de Jatai
Jatai/Goias

RESUMO: Entende-se por contaminagdo
cruzada, no ambiente hospitalar, a transferéncia
de microrganismos de carater patogénico de um
meio contaminado para um meio anteriormente
asseéptico. Nesse sentido, por mais que os
protocolos de higiene sejam rigorosos em
grandes hospitais e centros de tratamento, as

Projetos Inovadores e Produgéao Intelectual na Microbiologia 2

maos de profissionais de saude ndo estao livres
da contaminagédo por bactérias, virus e fungos
devido, por exemplo, a0 manuseio cada vez
mais frequente de aparelhos celulares, o que
pode estar associado a quadros infecciosos
de pacientes e no aumento do seu tempo de
recuperacdo. Nesse ambito, buscando orientar
e alertar seus alunos quanto a esse problema
recorrente, o curso de Medicina da Universidade
Federal de Jatai realizou, durante o periodo letivo
de 2019.2, com os académicos do 3° periodo,
uma avaliacdo qualitativa da proliferacéo
de diferentes microrganismos provenientes
de amostras das maos dos estudantes e de
seus oObjetos pessoais. Dessa maneira, foi
possivel observar a importancia do cuidado e
desenvolvimento de medidas profilaticas e de
higiene pessoal de forma completa e cautelosa.
Neste trabalho apresentamos um relato de
experiéncia, tendo como modelo a aula pratica
em Microbiologia Médica no curso de Medicina
da Universidade Federal de Jatai, na qual a
experiéncia péde ser realizada. Por meio desse
experimento, foi possivel verificar que uma
higienizagdo adequada das maéos, seguindo o
preconizado pela Agéncia Nacional de Vigilancia
Sanitaria (ANVISA), é essencial e constitui uma
medida de prevencdo primaria no controle de
infecgcOes locais e sistémicas, principalmente em
um contexto hospitalar.

PALAVRAS-CHAVE: Infectologia, Microbiologia,
Prevencéo Priméaria.
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MICROBIOLOGICAL ANALYSIS OF HAND PRE AND POST ASSEPSIS

ABSTRACT: Cross contamination, in the hospital environment, means the transfer of
pathogenic microorganisms from a contaminated medium to a previously aseptic medium. In
this sense, even though hygiene protocols are strict in large hospitals and treatment centers,
the hands of health professionals are not free from contamination by bacteria, viruses and
fungi due, for example, to the increasingly frequent handling of devices cell phones, which
can be associated with infectious conditions of patients and in the increase of their recovery
time. In this context, seeking to guide and alert its students to this recurring problem, the
Medicine course of the Federal University of Jatai conducted, during the 2019.2 academic
period, with the students of the 3rd period, a qualitative assessment of the proliferation of
different microorganisms from samples of students’ hands and their personal objects. In this
way, it was possible to observe the importance of care and the development of prophylactic
and personal hygiene measures in a complete and cautious way. In this work, we present
an experience report, using as a model the practical class of Medical Microbiology in the
Medicine course of the Federal University of Jatai, in which the experience could be carried
out. Through this experiment, it was possible to verify that an adequate hand hygiene, following
the one recommended by National Sanitary Surveillance Agency (ANVISA), is essential and
constitutes a primary prevention measure in the control of local and systemic infections,
especially in a hospital context.

KEYWORDS: Infectology, Microbiology, Primary Prevention.

11 INTRODUGAO

No final do século XX, o termo “infec¢cbes relacionadas a assisténcia em saude” (IRAS)
passou a ser utilizado para referenciar as infeccées adquiridas em quaisquer ambientes
que fossem realizados procedimentos de assisténcia. Sdo definidas como doengas de
origem infecciosas adquiridas por pacientes apds 48 horas de sua admissao em ambientes
de assisténcia a saude, podendo se manifestar durante a internacao, apés transferéncia
de unidade ou ap6s o paciente receber alta. Essas infecgdes, antes conhecidas como
“infeccdes hospitalares”, ja tinham destaque no mundo todo durante esse século, visto
que representavam uma significativa parcela de causa da letalidade em hospitais, tempo e
custo de internagdes e ainda da resisténcia microbiana as terapéuticas. Essa realidade é
preocupante no Brasil frente a inexisténcia de servicos de saude com instalagdes adequadas
para toda a populacdo e também pela insciéncia dos profissionais aos cuidados contra
as IRAS. Nesse sentido, os surtos de micobactérias com rapida formagéo das unidades
formadoras de col6nias (UFC) em procedimentos invasivos e também de enterobactéricas
resistentes a vancomicina séo observados até entdo (PADOVESE; FORTALEZA, 2014).

Muitas dessas IRAS séo controladas ainda com medidas de prevencao bésica que
devem ser utilizadas rotineiramente em todos os procedimentos de assisténcia em salde.
Nesse quadro, destaca-se a higienizacéo correta das maos, o qual pode ser realizado
com agua e sabonete liquido ou uma solugédo alcodlica adequada. Ademais, objetos
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que possibilitem a proliferacdo de microrganismos - como pulseiras, anéis ou relégios -
devem ser retirados durante o processo de higienizacéo e de realizagdo do procedimento
(BRASIL, 2017). Observa-se entdo a necessidade ndo sé do servigo de saude oferecer aos
profissionais equipamentos acessiveis que facilitem esse processo de higienizacdo, mas
principalmente de que os profissionais de saude tenham em sua formagéo educacional o
conhecimento desses procedimentos.

No Brasil, o controle de infeccdo hospitalar foi regulamentado pelo Ministério da
Saude através da criagdo do Programa Nacional de Controle de Infeccdo Hospitalar
com a promulgacgéo da Lei Federal n.° 9.431 que obrigou todos os hospitais brasileiros a
constituirem uma Comissédo de Controle de Infecgdo Hospitalar (CCIH), encarregada de
executar tarefas importantissimas, como: detectar os casos de infec¢do hospitalar, elaborar
normas de padronizagao, colaborar com o treinamento de todos os profissionais de saude,
realizar controle da prescricdo de antibidticos e oferecer apoio técnico a administracao
hospitalar. A CCIH devera manter visitas diarias de busca ativa e fazer relatoérios mensais
que permitam a andlise continuada das taxas de ocupagdo e de infecgdo, do uso de
dispositivos invasivos e do perfil microbiol6gico (FLORENTINO et al., 2020). Dessa forma,
as medidas preconizadas para a prevencao das IRAS incluem rigorosa Higiene de Maos,
uso correto de equipamento de protecdo individual, e processo de limpeza e desinfeccéo
de artigos e superficies do ambiente de saude (PAULA et al., 2017).

A promoc¢ao educacional de praticas baseadas em evidéncias é o primeiro pilar de
acao de eliminacao de IRAS (BRASIL, 2020). Diante disso, o presente artigo justifica-se por
apresentar um relato de experiéncia realizado com académicos do curso de Medicina como
forma de explicitar a importancia do cuidado e desenvolvimento de medidas profilaticas e
de higiene pessoal, seguindo o modelo preconizado pela Agéncia Nacional de Vigilancia
Sanitaria (ANVISA), para alunos que atuarao como futuros profissionais da area da saude.

21 RELATO DE EXPERIENCIA

Durante o segundo semestre de 2019, os académicos do 3° periodo do curso de
Medicina da Universidade Federal de Jatai realizaram aula pratica experimental proposta no
Médulo “Determinantes Biol6gicos do Processo Saude-Doencga I”, Submodulo “Microbiologia
Médica I”. A aula ministrada pela docente do curso de Medicina da Universidade Federal
de Jatai, teve como objetivo a melhor compreensdo da contaminagdo das méos e de
objetos pessoais e suas influéncias em ambiente hospitalar, seja em condi¢cdes de pré-
assepsia ou de pds-assepsia. O experimento realizado no “Laboratério de Microbiologia e
Parasitologia”, localizado no prédio do curso de Medicina da Universidade Federal de Jatai
no Campus Jatobd, e no Laboratério de Microbiologia do curso de Medicina Veterinaria.
Também contou com a participacéo de auxiliares do laboratério que esclareceram duvidas
dos alunos quanto aos procedimentos a serem realizados.
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Inicialmente foi pedido aos académicos que se dividissem em pequenos grupos de 4
integrantes, possibilitando uma maior participacéo e interagéo dos alunos com a atividade
proposta. Posteriormente, cada grupo recebeu um meio de cultura (placa de agar nutritivo),
nas quais deveriam depositar amostras nas condi¢des pré e pds assepsia das maos e de um
objeto pessoal de um dos componentes. A assepsia foi realizada por lavagem convencional
das maos com agua e sabao ou uso de alcool 70%. Dessa forma, foi realizada a coleta de
exemplares da méo de um dos alunos e também de seu aparelho telefénico. As amostram
foram coletadas com swab estéril com meio de transporte e foram semeados nas placas
de cultura contendo. Em seguida, as placas de agar nutritivo, juntamente com as amostras
coletadas, foram armazenadas por um periodo de sete dias.

Ap6s o periodo em questdo, os académicos retornaram ao laboratério para a
andlise dos resultados obtidos. Foi realizada anélise macroscopica e de coloragcdo dos
microrganismos que cresceram nas placas. No meio de cultura foram identificadas
unidades formadoras de colénia (UFC) sugestivas das bactérias: Staphylococcus aureus,
Staphylococcus epidermidis, bactérias do género Enterococcus e Escherichia coli ou outras
bactérias de formato bacilar. Além disso, também foram identificadas estruturas puntiformes
de coloragao escura sugestivas de microrganismos pertences ao reino Fungi, assim como
estruturas semelhantes a hifas que sugerem a presenga dos mesmos microrganismos.
Percebeu-se ao longo desse periodo uma maior colonizagdo da méo na condi¢do preé-
assepsia em relagdo a condi¢do pds-assepsia e uma colonizagéo intensa em relacdo ao
dispositivo eletronico. No entanto, mesmo apoés a assepsia das maos observou-se bactérias
que estdo associadas a quadros infecciosos locais e sistémicos.

31 DISCUSSAO

A maioria das IRAS é causada por um desequilibrio da relagéo existente entre a
microbiota humana normal e os mecanismos de defesa do hospedeiro. Isto pode ocorrer
devido a propria patologia de base do paciente, procedimentos invasivos e alteracbes da
populagdo microbiana, geralmente induzida pelo uso de antibiéticos (MOURAQ; CHAGAS,
2020). sdo infeccOes causadas por grande variedade de fungos, bactérias e virus adquiridos
durante a assisténcia em salde. Esses agentes séo transmitidos por contaminacgéo cruzada
quando em contato com o ambiente de salde, ja que as superficies servem de abrigo
aos micro-organismos quando ocorrem falhas na limpeza ambiental, no processamento de
artigos e roupas e no uso as precaugdes-padrao. Desse modo, a infec¢éo pode se instalar
no organismo do paciente, dependendo das suas condigbes de saude (PAULA et al., 2017).

Sendo assim, essas infec¢des sdo um grave e preocupante problema nos ambientes
de salde, ja que os individuos nesses locais s@o susceptiveis a desenvolver doencas
infecciosas de forma mais facil com prognéstico ruim em consequéncia da hospitalizagéo e

da realizacdo de procedimentos invasivos ou imunossupressores.
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A coleta e cultivo em agar nutritivo foi realizado de forma interativa a fim de que
os estudantes vissem, de maneira pratica, o contetdo teérico da disciplina microbiologia
ministrado ao longo do semestre. A atividade teve como objetivo criar um campo de discusséo
ativa que fizesse os estudantes notarem a importancia do cuidado e desenvolvimento
de medidas profilaticas e de higiene pessoal, por meio da observagéo e identificagdo da
proliferacao de diferentes microrganismos provenientes de amostras de maos antes e ap6s
a higienizacédo e de amostra proveniente de aparelho celular. Associando esses achados as
suas praticas médicas futuras em ambientes de assisténcia a saude.

As IRAS estao associadas com falhas na prevencéao da propagacéo de patdégenos e
sdo responsaveis pelo desenvolvimento de resisténcia bacteriana aos antibiéticos, além de
serem um problema de saude global estando relacionadas com o aumento da mortalidade
nos ambientes de assisténcia a satde (BOMBASSARO et al., 2020).

A identificacdo de maior quantidade de unidades formadoras de colénia (UFC)
de material proveniente de maos na condi¢do pré-assepsia em relagéo a condicdo pds-
assepsia e uma colonizagéo intensa em relagdo ao dispositivo eletrébnico comprova que a
correta técnica de higienizagdo das méaos e objetos de uso pessoal é fundamental na pratica
médica e deve ser realizada de maneira completa e cautelosa. Isso porque essa medida
pode evitar a colonizagdo de bactérias de importancia médica e associadas a quadros
infecciosos locais e sistémicos. As maos dos profissionais de satde séo parte fundamental
na transmissdo de microrganismos patogénicos, estudos relatam contaminacdo por
patdégenos nas maos de 20-40% dos profissionais de saude analisados. Associados as
maos, os estudos relacionam que o contato com superficies é responséavel por cerca
de 80% dos casos de IRAS (BOMBASSARO et al., 2020). E importante destacar que a
prevencao da infecgao hospitalar, relacionada ao ambiente, depende dos meios de controle
dos microrganismos patogénicos, da aplicacdo de medidas de assepsia e do tratamento
que se da ao material e ambientes contaminados por eles (MOURAQ; CHAGAS, 2020).

Assim, evidencia-se a importancia de objetos na transmissdo de patdégenos em
ambientes de salde. Dentre esses é possivel destacar computadores, macas, maganetas
e, principalmente, celulares. O manuseio de celulares por profissionais de salde e
visitantes dentro de hospitais, unidades de terapia intensiva ou centros de terapia intensiva,
assim como consultérios, contribuem para a propagacéo de microrganismos. Dentre eles
bactérias que colonizam pele humana e que apresentam resisténcia aos antibiéticos mais
utilizados na area médica, como a penicilina, meticilina e vancomicina. Além de bactérias
multirresistentes como a Pseudomonas sp. e Acinetobacter sp, que inclusive podem
sobreviver em objetos por longos periodos (MCGUINNESS et al., 2017; OTTO, 2017).

Nesse contexto, a experiéncia dos estudantes foi essencial para reforcar a
importancia de medidas profilaticas de higienizacdo que deverdo ser empregadas em
situacdes de pratica clinica e hospitalar tendo em vista futuros profissionais de saude. A
reducdo das IRAS esta relacionada a diversos fatores e entre eles esta o mais simples,
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barato e bastante eficaz, que é a correta higienizacdo das maos e objetos. Estudos
demonstram que € possivel evitar ou reduzir significativamente a chance de contaminagéo
utilizando antissépticos como alcool 70%, clorexidina e iodo, além de sabonetes associados
a antissépticos na lavagem das méos e limpeza de objetos, de forma periédica e com
técnica adequada (BRASIL, 2014; MOREIRA et al., 2020).

Nesse sentido, acdes educativas sdo essenciais para aumentar a adesdo dos
profissionais da saude nessa pratica. Dessa forma, essas experiéncias durante as aulas
assegura a transmissa@o da importancia e estimulagdo discussbes sobre as praticas de
higiene em servicos de saude desde a formagédo do médico.

Diante disso, concluimos que as metodologias préaticas sdo ferramentas importantes
na construgcdo do conhecimento e no desenvolvimento dos estudantes como profissionais
de saude. Assim, nesse relato de experiéncia foi possivel identificar a eficacia desse
experimento pratico para o aprendizado e prevencao de contaminag¢des cruzadas no futuro
cenario profissional dos estudantes.
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RESUMO: Introducgao: As maos séo as principais
ferramentas de trabalho dos profissionais da
area de saude, porém sdo também meios
para transmissdo cruzada de microrganismos
patogénicos. Deste modo, o critério na
higienizagdo das méos é de suma importancia
para a prevengdo e redugcdo das infeccoes

Projetos Inovadores e Produgéao Intelectual na Microbiologia 2

cruzadas. Objetivo: Avaliar o conhecimento
de um grupo de pessoas em relacdo aos
procedimentos adotados para lavagem das méos,
aos materiais que devem ser utilizados, os riscos
de ndo possuirem esses habitos e apresentar as
formas corretas a serem adotadas para uma boa
higienizacao das maos. Métodos: Realizagéo de
intervencéo educativa e sua avaliagéo através
de um questionario pré-pos intervengéo com 05
questbes objetivas feitas na plataforma google
forms online. Resultados: A diferenga do nivel
de conhecimento pré-pos intervengéo foi maior
para a questdo 04 sobre a microbiota das maos,
com um incremento de 65,3%. Nas questbes
restantes houve um aumento menor no nivel de
conhecimento, supéem se pelo alto nivel prévio
de conhecimento do grupo, haja visto os altos
valores prévios a intervencdo educativa (69,5%
- 95,6%). Os resultados de todas as questdes
pés intervencdo foram corretas indicando
melhora substancial do conhecimento do grupo
e eficacia da intervencdo educativa. Conclusao:
A pesquisa indicou a necessidade de planos de
conscientizagéo e estratégias para melhoria das
praticas de higienizacdo das méaos e educacéo
para o desenvolvimento de habitos individuais,
com o intuito de diminuir os riscos biolégicos e
suas transmissoes.

PALAVRAS-CHAVE: Microbiota; Seguranca do
paciente; Higiene das Maos.

MICROBIOTA CONTROL OF HANDS,
PROJETO UDF, ACIDENTES ZERO, 2020

ABSTRACT: Introduction: Hands are the
main working tools of health professionals, but
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they are also substantial for the cross-transmission of pathogenic microorganisms. Thus
the criterion in the hand hygiene is extremely important for the prevention and reduction of
cross infections. Objective: To assess the knowledge of a group of people in relation to the
procedures adopted for hand washing, the materials that must be used, the risks of not having
these habits and to present the correct ways to be adopted for good hand hygiene. Methods:
Educational intervention and evaluation through a pre-intervention questionnaire with 05
objective questions made on the google forms online platform. Results: The difference in
the level of pre-intervention knowledge was greater for question 04 on hand microbiota, with
an increase of 65.3%. In the remaining questions there was a minor increase in the level
of knowledge, it is assumed by the high previous level of knowledge of the group, having
seen the high values prior to educational intervention (69.5% - 95.6%). The results of all
post-intervention questions were correct, indicating a substantial improvement in the group’s
knowledge and the effectiveness of the educational intervention. Conclusion: The research
indicated the need for awareness plans and strategies for improving hand hygiene practices
and education for the development of individual habits, in order to reduce biological risks and
their transmission.

KEYWORDS: Macrobiotics; Patient Safety; Hand Hygiene.

INTRODUCAO

A importancia da lavagem das méaos no controle de infec¢ao hospitalar é conhecida
desde 1847, quando Ignaz P. Semmelweis introduziu essa técnica entre os médicos
e estudantes de Medicina com adjunto a utilizagdo de solugéo clorada, obtendo queda
significativa na incidéncia de infec¢é@o puerperal®2.

Na pele, encontram-se dois tipos de flora: residente e transitéria. A flora residente,
que néo é atingida pela lavagem das maos, localiza-se em camadas mais profundas e pode
ser inativada por antissépticos. As bactérias comumente encontradas sao Gram-positivas.
Essa flora € de baixa viruléncia e raramente causa infec¢gdo. Em pacientes imunodeprimidos,
pode ocasionar infecgcbes sistémicas apds procedimentos invasivos. A flora transitoria é
composta por bactérias Gram-negativas e estafilococos, microrganismos frequentemente
responsaveis pelas infec¢des hospitalares. Por estar presente na superficie, é facilmente
removivel pela lavagem com agua e sabao?2.

De acordo com a Agencia Nacional de Vigilancia Sanitaria (ANVISA), a higienizacao
das méaos é reconhecida mundialmente como uma medida primaria, mas muito importante,
no controle de infecgbes relacionadas a assisténcia a saude. Por esse motivo, tem sido
considerada como um dos pilares da prevencao e do controle de infecgdes nos servigcos
de salde, incluindo aquelas decorrentes da transmissdo cruzada de microrganismos
multirresistentes. As infeccoes relacionadas a assisténcia a satde constituem um problema
grave e um grande desafio, exigindo dos responséaveis pelos servicos de saude acbes
efetivas de prevencéo e controle. Tais infeccdes ameagam tanto os pacientes quanto os
profissionais de saude, podendo acarretar Ihes sofrimentos e resultar em gastos excessivos
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para o sistema de saude. Podem, ainda, ter como efeito processos e indenizagdes judiciais,
nos casos comprovados de negligéncia durante a assisténcia prestada.

As maos séo consideradas as principais ferramentas dos profissionais que atuam
nos servicos de saude, pois é através delas que eles executam suas atividades. Assim, a
segurancga dos pacientes, nesses servigos, depende da higienizacao cuidadosa e frequente
das méaos desses profissionais®.

E importante a conscientizagéo dos profissionais da saude e da populagéo que usa
seus servigos sobre a importancia da lavagem das méos no cuidado com o paciente, para
prevenir a infecgdo cruzada e o uso indiscriminado de antimicrobianos, que favorecem o
desenvolvimento de resisténcia bacteriana e os gastos excessivos?2.

Dentro dessas premissas, este estudo tem por finalidade, avaliar o conhecimento
de um grupo de pessoas acerca da higienizacdo das méos. Inicialmente o estudo seria
realizado com os estudantes de odontologia do Centro Universitario do Distrito Federal UDF.
Contudo, dentro da necessidade de isolamento social devido a pandemia de COVID-19,
este foi aplicado aos familiares dos discentes.

METODOLOGIA

Trata-se de um estudo quantitativo, dentro do Projeto UDF Acidente Zero, CAAE:
18050119.2.0000.5650. A pesquisa foi realizada por um grupo de 06 académicos do curso
de odontologia, do Centro Universitario do Distrito Federal UDF, dentro da disciplina de
Ergonomia e Biosseguranca.

O projeto foi composto pela producéo de um material educativo, um video educativo
sobre a higiene das méaos (https://www.instagram.com/tv/CAbGhXoFcBBVeBEsDzMQabv7
odywTQri6FxGCc0/?hl=pt-br).

Foi criado um questionario na plataforma google forms com 05 questdes sobre o
tema higienizacdo das maos (https://docs.google.com/forms/d/e/1FAIpQLSfuP0885Uy
VYdG6WsijjWjgkLpZTj6LfZWgqqic79_pZOtPBg/viewform) com a finalidade de avaliar a
diferencga do nivel de conhecimento do grupo antes e ap6s a intervencao.

A intervengéo teve como publico alvo, familiares que residem junto aos académicos
que compde este estudo. Cada académico apresentou de forma presencial a seu familiar,
0 questionario, uma palestra e um video educativo.

Foi aplicado o questionario online (Quadro1) e depois realizada a intervencao
educativa com a apresentacao de um video sobre a técnica para a higienizagdo das méaos
simples, com agua e sabonete liquido (Quadro2), assim como a técnica de higienizacéo
das maos com solucdo alcodlica (Quadro3). Conjuntamente foi realizada uma palestra
sobre o controle da microbiota das maos. Seguido de nova avaliagéo por questionario pos

intervencéo.
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1. Qual a melhor apresentagcao dos sabonetes para a higienizagao simples das maos.
Marque uma ou mais alternativas:

a. Sabonete em barra.

b. Sabonete liquido.

c. Sabonete de espuma.

d. Sabonete com antissépticos.

2. No ambiente clinico apés a higienizacao simples das maos com agua e sabao, é correto
realizar a secagem das maos com:

a. Toalha de pano.

b. Lengo umedecido.

c. Papel toalha.

d. Papel higiénico.

3. Qual produto é mais indicado para a realizacao da friccao das maos?
a. Solugéo alcodlica 70%.

b. Agua.

c. Solugéo alcoolica 96°.

d. Alvejante.

4. Em relacao a microbiota das maos, marque a alternativa que apresenta reducéao da
microbiota residente e eliminagao da transitéria.

a. Friccao das maos.

b. Higienizacéo simples das maos com agua e sabao.

c. Lavagem das maos com agua.

d. Higienizag&o cirargica das mé&os com agua e solugao antisséptica.

5. Com relagao a friccdo das maos com solucéo alcodlica, qual alternativa abaixo esta
correta sobre a sua indicacao?

a. Quando as méos estiverem visivelmente sujas.

b. Antes e apés o contato com o paciente.

c. Antes de procedimentos cirargicos.

d. Apos procedimentos cirurgicos.

Quadro 1. Questionério de conhecimentos sobre as técnicas de higienizacdo as méaos. Projeto
UDF, Acidentes Zero. Centro Universitario do Distrito Federal, 2020.

Projetos Inovadores e Produgéao Intelectual na Microbiologia 2 Capitulo 2 _



e : eg g Como Higienizar as Maos
Como Fazer a Fricgao Anti-Séptica das com Agua e Sabonete?

Maos com Prepa ragaes Al(o&licaS? Higienize as m3os com dgua e sabonete apenas quando estiverem

visivelmente sujas! Sendo, friccione as mos com preparagdes alcodlicas!
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Friccione as maos com Preparagdes Alcodlicas! Higienize as maos com
igua e sabonete apenas quande estiverem visivelmente sujas!
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com o auwdio da pakma da M0 da méo direita conira a paima da mdo 58035, 5UGS Md0S.
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Lavagemdas
M3oscom

Sabonete Liquido Aplicagdodo

Alcool em Gel

Quadro 2 e 3. Passo a passo da técnica de higienizagéo simples das maos com agua e
sabonete e solucéo alcodlica (imagens extraidas da intervencéo educativa, Projeto UDF,
Acidentes Zero - Centro Universitario do Distrito Federal 2020 e Ministério da Saude 2019).

RESULTADOS

Participaram do estudo 23 pessoas de diferentes profissbes, como area de
seguranca, area da saude, mecénico de carro e dona do lar, nenhum possuia formagéo na
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area da saude.

Na tabela 1 sdo apresentados os resultados do Questionario Pré — Pés intervengéo

educativa.
Questodes Nivel de acerto Pré- Nivel de acerto Pos- Diferenca no acerto %
Intervencéao Intervengéao
n. % n. %
Questéo 1 16 69,5% 23 100% 30,5%
Questao 2 22 95,6% 23 100% 4,4%
Questéo 3 21 91,3% 23 100% 8,7%
Questéo 4 08 34,7% 23 100% 65,3%
Questao 5 20 86,9% 23 100% 13,1%

Tabela1. Controle da Microbiota das Maos. Projeto UDF, Acidentes ZERO, 2020.

A diferenca do nivel de conhecimento pré-pos intervencao foi maior para a questéao
04 sobre a microbiota das maos, com um incremento de 65,3%. Nas questdes restantes
houve um aumento menor no nivel de conhecimento, supdem se pelo alto nivel prévio de
conhecimento do grupo, haja visto os altos valores prévios a intervencéo educativa (69,5%
- 95,6%).

A maioria dos participantes ja tinham um certo conhecimentos acerca do assunto.
Contudo apés as informacgdes passadas na palestra e videos sobre higienizagdo das maos
e friccdo das méos com solucéo alcodlica, houve um aumento significativo de aprendizado,
obtendo se 100% de acerto em todas as questdes abordadas.

DISCUSSAO

Em 2019, a Revista de Enfermagem da UFPE?™, publicou um artigo referente
a avaliacdo do conhecimento e a compreensédo dos profissionais da saiude em relagédo
a pratica de higiene das maos. Foram abordados; médicos, enfermeiros, técnicos e
auxiliares de enfermagem, maqueiros, pessoal da limpeza, nutricionistas, farmacéuticos,
fisioterapeutas, técnico de laboratério, recepcionistas e telemarketing. O estudo mostrou
que 100% dos profissionais consideram importante a pratica da higienizagdo das méaos,
64% afirmaram que praticam uma perfeita higienizacdo das méos, antes e apés o contato
com o paciente, 36% admitiram que nao praticavam uma perfeita higienizagédo antes e apos
o contato com o paciente.

Nota se que no estudo supracitado, todos os participantes eram da area de salde
e mesmo assim 36% deles nao praticavam as técnicas de higienizacdo. Destaca se que,
embora o entendimento acerca da efetividade da higienizacdo das maos na precaucao de
infeccoes seja disseminado, a adesdo dos profissionais a essa pratica ainda se apresenta
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de forma insuficiente3, indicando a necessidade de continua formagéo e automonitorizagéo
das praticas como por quadros com marcacgao da pratica, por exemplo.

Neste estudo, todos os participantes ndo eram da area de saude e tinham um
conhecimento geral acerca do assunto. Foi uma surpresa que o nivel de compreensao
deles chegou a 100% de acerto o que indicou a eficiéncia da intervencéo realizada.

Diante de tal exposto, vemos a necessidade de campanhas para a educacdo do
publico em geral sobre a higienizagdo das maos, principalmente em tempos de pandemia
COVID-19, e a regulacdo de programas de treinamento e automonitorizagdo para os

profissionais de saude afim de prevenir as infeccoes cruzadas.

CONCLUSAO

Com intuito de conscientizar os familiares dos alunos responsaveis por esse artigo
sobre a importancia da higienizagdo das méos, tanto em ambientes hospitalares quanto
fora deles, realizou-se essa intervengéo sobre as boas praticas em higiene das maos que
foi de grande importancia para aqueles que a presenciaram.

No inicio, parte dos participantes da pesquisa demonstraram falta de conhecimento
sobre a necessidade desses habitos, apenas os realizavam quando necessario. O
questionario apontou as dificuldades e duvidas existentes, porém apos o video e a palestra
sobre o assunto, alcancou-se o objetivo de conscientizagdo e adogéo de boas praticas.

De acordo com a Organizacao Mundial da Saude (OMS), a higienizacdo das méaos
e a medidas mais efetiva na protecéo contra a infec¢do cruzada, e dentro de uma situacéo
impar como a que estamos vivendo, de pandemia do Covid-19, essas boas praticas se
fazem cada vez mais necessarias. Desse modo, conclui-se que o projeto UDF, Acidente
Zero e de extrema importancia ao trazer a discussdo da importancia da higienizacéo
das méos e para introduzir o discente de Odontologia nos primeiros passos da pesquisa
cientifica.
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RESUMO: As parasitoses intestinais constituem
um dos principais problemas de saude publica,
apresentando-se de forma endémica em diversas
areas do Brasil. Sdo varios os fatores que podem
contribuir para aumentar o risco de infeccao,
porém a auséncia de saneamento basico e o
néo estabelecimento de praticas de higiene, séo
condigcbes importantes para o favorecimento
da ocorréncia de parasitoses em humanos.
Com o objetivo de investigar a prevaléncia dos
principais parasitos intestinais no municipio de
Itamaraju - Bahia foram avaliados os registros
de exames obtidos de pacientes do Laboratorio
de Andlises e Pesquisas Clinicas de Itamaraju -
LAPCI, no periodo compreendido entre janeiro
de 2010 a setembro de 2012. No total, foram
analisados 10.522 exames, dos quais, 48%
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foram positivos para, pelo menos, um parasito, sendo que, o mais frequente foi o protozoario
Entamoeba histolytica, seguido da E. coli, ambos, mais prevalentes na idade adulta (acima
de 16 anos). A faixa etaria mais afetada por enteroparasitos foi de 0-15 anos, e nesta houve
uma maior prevaléncia de Giardia lamblia. Desse modo, espera-se que os resultados deste
trabalho, contribuam para alertar e fundamentar o poder publico sobre as necessidades de se
estabelecer politicas de saude publica que visem a prevencao e controle dessas parasitoses.
PALAVRAS-CHAVE: Enteropatias parasitarias; Entamoeba histolytica; Giardia lamblia;
Saude Publica; Parasito; Protozoa.

PREVALENCE OF INTESTINAL PARASITES IN THE MUNICIPALITY OF
ITAMARAJU - BAHIA

ABSTRACT: The intestinal parasites are one of the main public health problems, being in an
endemic form in many areas of Brazil. There are many reasons that can increase the risk of
infection, but the absence of basic sanitation and hygiene practices are important conditions
in favor of parasitic infections in humans. To investigate the prevalence of main intestinal in
municipality of ltamaraju-Bahia, were evaluated the records of exams obtained from patients
in the Laboratory of Clinical Analysis and Research of Itamaraju, in the period from January
2010 to September 2012. In total, 10.522 exams were analyzed of which 48% had tested
positive for at least one parasite, and the most frequent was the protozoan Entamoeba
histolytica, followed by E. coli, both being more prevalent more prevalent in people aged 16
years and older. Also, the age group most affected for enteroparasites is 0-15 years, and there
was a greater prevalence of Giardia lamblia. This way, it is expected that the results of this
work contribute to warn and inform the government about the need to establish public health
policies aimed at the prevention and control of these parasites.

KEYWORDS: Intestinal diseases parasitic; Entamoeba histolytica; Giardia lamblia; Public
health; Parasite; Protozoa.

INTRODUCAO

O parasitismo € a associagdo entre seres vivos com beneficio unilateral, sendo
0 hospedeiro prejudicado pelo parasito. O hospedeiro fornece alimento e refugio para o
parasito que apesar de raramente causar morte, pode provocar danos a saude (SILVA;
SANTOS; FONSECA, 2010). As enteroparasitoses, também chamadas enteropatias
parasitarias ou parasitoses intestinais, € considerada um problema de salude publica no
Brasil, pois interferem na absorcéo de nutrientes, levam ao sangramento intestinal, reduzem
a ingestéo alimentar e, em casos agravados, causam complica¢cdes expressivas como
obstrucéo intestinal, formagédo de abscessos, sendo que em casos de superpopulagéo,
pode levar o paciente a morte (SANTOS; MERLINI, 2010).

As enteroparasitoses na populacdo brasileira apresentam ampla distribuicao
geografica e elevados indices de prevaléncia, e tal fato deve-se as precarias condi¢cbes
sanitarias que propiciam a disseminacdo dos parasitos (FONSECA et al., 2010). Elas
apresentam variacbes inter e intra-regionais, dependendo de condi¢des sanitarias,
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educacionais, econdmicas, sociais, indice de aglomeragédo da populacdo, condicbes de
uso e contaminagéo do solo, da 4gua e alimentos, da capacidade de evolucdo das larvas
e ovos de helmintos e de cistos de protozoarios em cada ambiente (TIETZ MARQUES et
al., 2010).

Os helmintos enteroparasitos mais frequentemente encontrados em humanos no
Brasil sédo: Ascaris lumbricoide, Trichuris trichiura e os ancilostomideos como Necator
americanus e Ancylostoma duodenale. Dentre os protozoarios destacam-se Entamoeba
histolytica e Giardia lamblia (FERREIRA; FERREIRA; MONTEIRO, 2000).

As principais fontes de contaminacdo do ser humano por enteroparasitoses
encontram-se no solo e na agua, causada principalmente pelo langcamento de dejetos in
natura através de rede de esgoto. Por essa via, 0s ovos, cistos e larvas dos parasitos
podem ser transportados a longas distancias, levados pela 4gua, promovendo a infeccéo
de novos hospedeiros (CANTOS et al., 2003).

Os parasitos intestinais provocam diversas alteragdes patolégicas nos individuos,
de crianca a adulto, e levam a sintomatologia variada como quadros leves caracterizados
por anorexia, irritabilidade, distarbios do sono, vémitos ocasionais, nauseas e diarreia
(ROQUE et al., 2005).

Ainda segundo Roque e colaboradores (2005) predomina-se o multiparasitismo na
populacdo onde a exibicdo da espécie de parasito diretamente eliminada ou a presenca
de determinados sintomas, sédo insuficientes para o diagndstico, sendo essencial o exame
parasitolégico. Os parasitos podem localizar-se em tecidos, sangue e trato digestivo, sendo
geralmente detectados nas fezes (OLIVEIRA; CHIUCHETTA, 2010).

As formas parasitarias variam quanto ao seu peso e sobrevida no meio exterior.
Assim, ndo existe um método capaz de diagnosticar, ao mesmo tempo, todas as formas
parasitarias. Alguns métodos sdo mais abrangentes, permitindo o diagnostico de varios
parasitos intestinais, no entanto, outros sdo especificos e indicados para um parasito em
especial. Entre os métodos gerais podemos citar o método de Hoffman, Pons e Janer e os
métodos de centrifugacdo (MIFC, Faust e Baermann - Moraes) (NEVES, 2005).

A prevencgéao dessas doencas envolve a identificacao de areas com maior incidéncia
para que se possam empreender medidas de controle e tratamento da populacdo. Na
Bahia, ha o Programa de Saneamento Ambiental da Baia de Todos os Santos (Bahia Azul)
que iniciou em meados da década de 1990, tendo por objetivo relatar a prevaléncia e a
incidéncia de parasitoses intestinais nas cidades baianas, visando a ampliagéo do sistema
de esgotamento sanitario para 80% das residéncias municipais que aplicam o programa
(MASCARINI et al., 2009).

Neste prisma, esta pesquisa tem como objetivo principal o levantamento da ocorréncia
das principais enteroparasitoses através da quantificacdo dos casos diagnosticados no
principal laborat6rio de andlises clinicas do municipio de Itamaraju-BA, no intuito de fornecer

dados inéditos, que poderao dimensionar a prevaléncia destas doengas entre o periodo de
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janeiro de 2010 a setembro de 2012, e fornecer um panorama geral dos casos positivos

para embasar possiveis mudangas nas politicas publicas em saude deste municipio.

METODOLOGIA

O estudo foi realizado no municipio de ltamaraju - BA, o qual possui populacao de
67.803 (Sessenta e sete mil oitocentos e trés) habitantes em 2009 segundo dados do IBGE
(SUPERINTENDENCIA DE ESTUDOS ECONOMICOS E SOCIAIS, 2010). A pesquisa foi
realizada tendo como base os registros de analises do LAPCI - Laboratério de Analises
e Pesquisas Clinicas de Itamaraju, com resultados de exames parasitologicos de fezes
realizados no periodo de janeiro de 2010 a setembro de 2012.

O laboratoério rotineiramente utiliza para analise das amostras fecais o0 método de
Hoffman. Segundo Neves (2005), o procedimento se baseia em: dissolver de 2 a 5 g de
fezes no béquer com um pouco de agua e em seguida coar a suspensdo em gaze ou
tamis, em uma taca de sedimentacdo. Apds esse passo, espera-se a sedimentagédo por
um periodo de 2 a 24 horas e entdo, com o auxilio de uma pipeta Pasteur, coleta-se do
fundo cénico da taga um pouco do sedimento. O material coletado é disposto sobre uma
lamina de vidro, corado com 01 ou 02 gotas de lugol, coberto com laminula e examinado
em microscopio 6tico.

Para registro dos resultados, o LAPCI elabora fichas padréo para informatizacéao e
viabilizagdo de um banco de dados, com o nome do paciente, sexo, idade e resultado da
amostra. Os resultados obtidos s@o repassados e registrados no programa LABOL®, um
software para Laboratoério de Analises Clinicas.

Foi realizada uma pesquisa de cunho quantitativo por tracar o levantamento
numérico dos resultados de exames coproparasitologicos diagnosticando as principais
enteroparasitoses na populacao e periodo de tempo determinados expressando, em seus
resultados, a analise estatistica deste levantamento que traduzem e demonstram uma
situacdo mais geral e real. Para Creswell (2010) este tipo de pesquisa proporciona uma
definicdo quantitativa ou numérica de resultados, costumes ou conceitos de uma populagéo,
estudando-se uma amostra da mesma, no qual a partir dos resultados, o pesquisador infere
ou afirma sobre a populacdo, em analises estatisticas.

Os dados quantificados foram obtidos das fichas de registro do arquivo pessoal
do LAPCI e foram analisados os topicos: sexo do paciente, resultado negativo por sexo,
resultado positivo para cada doenga por sexo e faixa etaria (BAPTISTA et al., 2006).

Para verificar se 0 nimero de exames com resultados positivos difere entre géneros
sexuais, foi realizado um teste de qui-quadrado com nivel de significancia a de 0,5. A
andlise estatistica foi realizada usando o software R® (R Core Team, 2013) e a construgéo
dos gréficos e tabelas foi realizada no software Microsoft Excel®.

Em cumprimento aos preceitos éticos da pesquisa, segundo a Resolugéo n° 196, de
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10 de outubro de 1996, do Conselho Nacional da Saude, Art IV.1, paragrafo g, onde foram
respeitados os direitos de sigilo das informacdes pessoais assegurando a privacidade
dos sujeitos envolvidos na pesquisa, utilizando-se apenas informagbes secundarias
(BRASIL, 1996). Além disso, os resultados obtidos foram utilizados somente para os fins
propostos nesta pesquisa, ficando sob responsabilidade da equipe pesquisadora, o sigilo e
confidencialidade dos dados pessoais contidos nas amostras.

RESULTADOS

Foram analisados 10.522 exames parasitolégicos no periodo de janeiro de 2010 a
setembro de 2012, sendo 52% (5.523) negativo e 48% (4.999) positivo para qualquer tipo
de enteroparasito.

Quanto a variavel de género sexual analisada, observa-se que no total de exames
analisados ha uma diferenga entre os individuos, onde 62,42% eram mulheres e 37,58%
eram homens, independente do resultado positivo ou negativo dos exames. Dentre os
parasitados também houve diferenca, onde o género feminino destacou-se com 62,97%
(3.148 exames) em relagéo ao género masculino com 37,03% (1.851 exames) do total de
exames positivos para qualquer enteroparasitose.

Na associagédo entre variaveis do género sexual e os seus respectivos exames
positivos e negativos, ndo houve diferenca significativa entre os homens e mulheres
afetados (x?=1,23; p=0,26) apesar do predominio de exames do sexo feminino. Isso
significa que ndo houve maior prevaléncia de mulheres afetadas, pois os parasitos nao
fazem distingcdo entre hospedeiros masculinos ou femininos, assim, o alto resultado de
exames positivos para mulheres, deve-se apenas ao fato de que mais mulheres fizeram o
exame em relagdo ao numero de homens.

Diante do total de exames analisados (10.522), obteve-se um total de 14.778
resultados, e isto se justifica pelo fato de que muitas pessoas apresentaram positividade
para mais de um parasito elevando o numero de resultados em relagdo ao numero de
pessoas (exames) analisadas.

Deste universo de resultados é que se observou um total de 62,63% (9.255) de
resultados positivos somando-se todos os parasitos identificados nas amostras, e se
observou uma grande predominancia de protozoarios (83%) sobre helmintos (17%)
identificados nestes resultados.

Como demonstrado no grafico 1, os parasitos encontrados, seguidos da sua
frequéncia sdo: Entamoeba histolytica (32,26%), Entamoeba coli (28,86%), Giardia lamblia
(21,63%), Ascaris lumbricoides (9,97%), Ancylostoma duodenale (2,32%), Trichuris trichiura
(1,57%), Strongyloides vermiculares (1,22%), Enterobius vermiculares (1,19%), Taenia sp.
(0,93%), Endolimax nana (0,02%), Schistosoma mansoni (0,02%). O parasito Hymenolepis

nana, apesar de ser passivel de ser diagnosticado nos exames realizados pelo laboratério,
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nao foi encontrado em nenhum resultado.

2986

Grafico 1 — Distribuicao relativa das espécies de enteroparasitos encontradas nos exames da
populacdo analisada - Itamaraju, Bahia, Brasil — 2010-setembro 2012.

DISCUSSAO

Em divergéncia aos estudos realizados por Carvalho et al. (2002) e Alves et al.
(2003), a atual pesquisa apresentou mais resultados negativos (52%) que positivos (48%),
assemelhando-se a pesquisa de analises enteroparasitolégica em um grupo amostral no
municipio de Paraiba do Sul, RJ (BAPTISTA et al., 2006). Diante das mesmas condi¢des
ambientais, a maior taxa negativa de incidéncia e prevaléncia de enteroparasitoses na
populagédo estaria condicionada ndo s6 a uma mudanga de habitos, mas também ao
desenvolvimento de imunidade progressiva e duradoura contra os organismos patogénicos
(LODO, 2010).

No que diz respeito a variavel sexo/género, as mulheres, tanto no total de exames
quanto no total de resultados positivos, sdo maioria em relacdo aos homens. As mulheres
costumam ter maior conhecimento sobre as doenc¢as e maior cuidado pessoal, atentando-
se mais para os sintomas e procurando mais os servigos de saude, resultando num maior
numero de mulheres na populagéo decorrente e do maior niumero de dbitos precocemente
para os homens (ROMERO et al., 2010).

Diante os resultados encontrados de enteroparasitos, observa-se que houve uma
predominéncia de giardiase na faixa etaria de 0 — 15 anos e a deteccdo de Entamoeba
Histolytica foi superior na faixa etaria acima de 16 anos. Na comparacao entre os resultados
positivos para os tipos de organismos patogénicos presentes na populagéo estudada, pode-
se perceber grande predominéncia de protozoarios em relagédo aos helmintos, semelhante
em andlises parasitoldgicas de fezes em grupos amostrais, no municipio de Florianopolis,
SC (NOLLA; CANTOS, 2005).
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A menor incidéncia de helmintoses (17% dos parasitos detectados) pode sugerir que
a populacdo em estudo esteja realizando uma auto-medicacgéo restrita para helmintos, o
que é sabidamente reconhecido como pratica habitual entre a populagéo e por muitas vezes
recomendada pelos atendimentos em Unidades Basicas de Saude e em estabelecimentos
comerciais privados como farmacias e drogarias (NOLLA; CANTOS, 2005). Porém esta
conduta além de ser contra indicada é falha quanto a abrangéncia no que tange as
protozoonoses. Ainda neste aspecto, num estudo realizado na regido Nordeste do Brasil,
percebeu-se que apenas o tratamento dos parasitados ndo resulta na diminuicdo da
prevaléncia, sendo fundamental o estabelecimento de uma politica de saude que nédo seja
baseada sé no diagnéstico e tratamento individual, mas que vise a eliminacao das fontes
de infeccdo (FONTES et al., 2003).

Na distribuicdo relativa de enteroparasitos por espécie ocorrente, observa-se uma
prevaléncia maior das amebiases em ltamaraju-BA, com destaque para a E. histolytica,
que apresentou-se mais frequente no total 32,26% dos resultados analisados. A infec¢éo
amebiana tem carater mundial, entretanto, ndo se observa qualquer correlagdo entre a
prevaléncia e a sua manifestacao clinica, pois os resultados do parasitismo s@o variaveis
ao decorrer da idade (REY, 2002).

Ainda que encontrada desde a infancia até idosos, a incidéncia de E. histolytica
€ maior nas faixas etarias adultas, devido a algumas atividades profissionais que tém
contato direto com material contaminado como: manutencdo de esgotamento sanitério,
manipulagéo de alimentos irrigados por agua contaminada, dentre outros (REY, 2002).

A faixa etaria mais prevalente na ocorréncia de enteroparasitoses independente
da relacdo com a espécie, de parasito foi na de 0 — 15 anos, onde entende-se que
criancas e adolescentes estdo mais vulneraveis a infec¢do por parasitos, devido a falta
de conhecimento basico de higiene e da maior exposicdo aos agentes infecciosos a partir
do contato com o solo, no qual desenvolvem uma série de brincadeiras (BAPTISTA et al.,
2006).

E nesta faixa etaria, diferente dos individuos maiores de 16 anos, o parasito mais
ocorrente foi a G. lamblia, desta forma, entende-se que o comportamento de risco, o baixo
nivel de conhecimento e os maus habitos higiénicos caracteristicos destas idades, e a
precaria condicdo de saneamento basico de grande parte da populacdo de ltamaraju-BA,
associados a facilidade de transmisséo e infeccao da giardiase, tornam este grupo mais
suscetivel a sua ocorréncia, bem como de outras enteroparasitoses. De fato, a literatura
mostra que este parasito é encontrado principalmente em criancas com idade de 0 a 5
anos, e os adultos apresentam uma certa imunidade, ndo ocorrendo tantas reinfeccoes
(FONTES et al., 2003).
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CONCLUSAO

As doencas parasitarias intestinais séo enfermidades que atingem as populacdes
humanas desde sua origem e é considerada um problema de saude publica por afetarem
milhdes de pessoas em todo o mundo.

A contaminagéo fecal oral é considerada a principal fonte de disseminacdo dessas
doencas, que estdo diretamente relacionadas com as condi¢cdes socioeconémicas dos
individuos como: a precariedade no saneamento basico, o baixo nivel de higiene pessoal
e coletiva, a precariedade das moradias, o agrupamento de pessoas, o baixo nivel de
escolaridade e a idade do hospedeiro.

Os resultados obtidos nesse estudo reafirmam a necessidade de maior atencéo das
politicas publicas em saude, voltadas para estas idades, e da educagédo para saude que
devem ser desenvolvidas pelas escolas, ja que estes individuos estdo em idade escolar.
Segundo os Parametros Curriculares Nacionais - PCNs de Ciéncias da Natureza, os
assuntos referentes a saude individual e coletiva sdo conteudos desenvolvidos em temas
de abordagem significativa para os estudantes e devem ser trabalhados como temas
transversais ao longo dos contetdos curriculares.

Evidenciou-se também que devido a alta prevaléncia do protozoario E. histolytica,
que tem sua transmisséo intimamente relacionada a contaminacgéo da 4gua e dos alimentos,
as condigdes sanitarias e aos baixos niveis de higiene e de saneamento basico, ha também
a necessidade de maior atencéo das politicas publicas e dos programas de saude publica,
nestes aspectos, para prevencédo, diagnoéstico, tratamento e consequente modificacdo
desta realidade.

Esses dados podem contribuir com os 6rgdos publicos municipais ou estaduais
numa elaboragéo de politicas publicas em saude que visem planejar e executar agcbes com
o intuito de amenizar os problemas aqui identificados.
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ABSTRACT: In Brazil, an epidemic of Zika virus (ZIKV) infections was declared in 2015 that
coincided with alarming reports of microcephaly in newborns associated with mother infection.
Although the virus has placental tropism, changes in the tissue morphology and immunity of
infected patients have not yet been elucidated. Here, we investigated the histopathological
and ultrastructural changes along with the immunological profile and the BDNF expression
in rare placental material. Tissues were obtained in the 2015-2016 Brazilian epidemic, of
ten ZIKV-infected patients during pregnancy, five resulting in cases of fetal microcephaly
and five non-microcephaly, compared to five non-infected control placentae. Viral antigens
were only detected in samples from the ZIKV infected patients. Infected placentae presented
histopathological severe damage, while the ultrastructural evaluation showed abnormal
organelles, such as clusters of virus-like particles consistent with the ZIKV dimensions.
Increased infiltration of CD68* and TCD8* cells, expression of MMPs, cytokines (IFN-y
and TNF-a) and other immunological mediators (RANTES/CCL5 and VEGFR-2) confirmed
excessive inflammation and vascular permeability dysfunction. An evaluation of BDNF showed
a decrease that could modulate neuronal damage in the developing fetus. The placental
changes caused by ZIKV are not pathognomonic, however, the data provide evidence that
this infection leads to severe placental injury.

KEYWORDS: Immune response, histopathology, ultrastructure, cytokines, flavivirus.

ZIKA INDUZ DANOS E INFLAMAGAO NAS PLACENTAS HUMANAS

RESUMO: No Brasil, foi declarada em 2015 uma epidemia de infecgbes pelo virus Zika
(ZIKV) que coincidiu com relatos alarmantes de microcefalia em recém-nascidos associada
a infeccdo materna. Embora o virus apresente tropismo placentario, as alteragdes na
morfologia do tecido e na imunidade dos pacientes infectados ainda nao foram elucidadas.
Aqui, investigamos as alteracdes histopatologicas e ultraestruturais juntamente com o perfil
imunolodgico e a expressdo do BDNF em material placentario raro. Os tecidos foram obtidos na
epidemia brasileira de 2015-2016, de dez pacientes infectadas pelo ZIKV durante a gravidez,
cinco resultando em casos de microcefalia fetal e cinco ndo microcefalia, em comparagéo
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com cinco placentas controle nédo infectadas. Os antigenos virais foram detectados apenas
em amostras de pacientes infectadas com ZIKV. Placentas infectadas apresentaram dano
histopatolégico grave, enquanto a avaliagéo ultraestrutural mostrou organelas anormais, como
aglomerados de particulas semelhantes a virus compativeis com as dimensoées do ZIKV. O
aumento da infiltracéo de células CD68 + e TCD8 +, expressao de MMPs, citocinas (IFN-y
e TNF-a) e outros mediadores imunolégicos (RANTES / CCL5 e VEGFR-2) confirmaram
inflamacdo excessiva e disfuncdo da permeabilidade vascular. Uma avaliagdo do BDNF
mostrou uma diminuicdo que poderia modular o dano neuronal no feto em desenvolvimento.
As alteragOes placentarias causadas pelo ZIKV ndo sdo patognomoénicas, no entanto, os
dados fornecem evidéncias de que essa infeccao leva a lesdes placentéarias graves.
PALAVRAS-CHAVE: Resposta imune, histopatologia, ultraestrutura, citocinas, flavivirus.

11 INTRODUCTION

Zika virus fever has emerged as an important arbovirus disease whose transmission
has impacted numerous regions worldwide. Its etiological agent, Zika virus (ZIKV), was
first isolated more than seventy years ago in the Zika forest of Uganda from the blood of
sentinel Rhesus monkeys during a 1947 study on yellow fever transmission. For nearly sixty
years, serological evidence of ZIKV infections in humans was only detected sporadically on
the continents of Africa and Asia. This rare occurance changed in 2007 when an epidemic
appeared with a large incidence of the disease in Micronesia that was followed by another
in Polynesia in 2013 before its subsequent appearance worldwide (1). In Brazil, a Zika
epidemic was declared in 2015 from its appearance in the Northeast of the country that
rapidly propagated across the country (1,2). This epidemic was soon followed by alarming
reports of microcephaly in fetuses and newborns that were associated with mothers
infected by ZIKV, which led to a declaration by the World Health Organization (WHO) of a
public health emergency of international concern (3-5). In 2017, the Brazilian Ministry of
Health adopted new parameters to measure the cephalic perimeter and identify cases of
microcephaly, following the WHO recommendation. For boys, the measurement is equal to
or less than 32.5 centimeters and for girls, 31.5 centimeters (6).

Many authors have reported on the capacity of ZIKV to infect neurons and
other neuronal cells that most likely detrimentally affect their function and contribute to
congenital Zika syndrome (CZS), which has as its main characteristics microcephaly and
ventriculomegaly (1,3-5,7,8). In this scenario, studies aiming to understand the mother-
fetus interface of ZIKV vertical transmission have been strongly recommended (9). In the
vertical transmission, one major barrier is the placenta, a highly specialized organ that
ensures the fetus’development, by allowing the exchange of nutrients, solutes and acting
as physiological barrier against toxic molecules and pathogens, such as viruses (9,10).
Estimates are that the viral genome can be detected in the placenta of 20%—-50% of pregnant
women exposed to ZIKV(11). However, the mechanism by which ZIKV crosses the placenta
to establish an infection in a fetus has not been completely elucidated.
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To date, ZIKV has been identified in amniotic fluid and a range of placental cells
(syncytiotrophoblasts, cytotrophoblasts, decidual and endothelial cells) as well as cells of
the maternal immune system present in the placenta, such as macrophages and dendritic
cells (4,12—-15). At present, definitive evidence is lacking for the histopathological changes
associated with a ZIKV infection during an active immune response in the placenta of
pregnant patients. Defining these changes could have major implications in understanding
the impact of a positive ZIKV diagnosis for a pregnant mother on the severity of the condition
for their fetus as a predictor for microcephaly.

Here, we present the clinical aspects of 10 pregnant patients infected with ZIKV
during the outbreak that occurred in Rio de Janeiro between 2015 and 2016. Five of these
pregnancies ended with the birth of infants that presented with microcephaly (ZIKV*MIC*) and
the other five with infant that did not present with microcephaly (ZIKV*MIC-). Microcephaly
was the only clinical aspect of the newborn considered as it is detectable at the time of
delivery and is one of the most prominant characteristics of CZS. Here, we describe the
histopathological features observed in both groups of infected placentae with a comparison
to five, uninfected control placentae. In addition, we report on the detection of viral antigens in
placental cells, some of immune cells, cytokines, proinflammatory mediators, ultrastructural
changes and the detection of virus-like particles by electron microscopy. Finally, we
evaluated the expression of brain derived neurotrophic factor (BDNF), an essential factor
for fetal brain development, which may be one of the determinant proteins that contribute to

the severity of microcephaly due to vertical transmission in ZIKV infection.

21 MATERIAL AND METHODS

2.1 Ethical statements and sample collection

All procedures performed during this study were approved by the Ethics Committee
of the Oswaldo Cruz Foundation/ FIOCRUZ (CAEE: 65924217.4.0000.5248) and by the
Ethics Committee of Faculty of Campos Medicine/Benedito Pereira Nunes Foundation
(CAEE: 65924217.4.3001.5244). Consent and permission were obtained from patients and
participating institutions. Ten placentae were collected from women infected by ZIKV during
pregnancy that resulted in the birth of five babies with birth microcephaly (ZIKV*MIC*) and
five with normal cranial circumference at birth (ZIKV*MIC-). After delivery, placenta samples
were fixed in 10% formalin or 2.5% glutaraldehyde. Samples from ZIKV infected women
were collected at the Hospital Plantadores de Cana, Hospital Geral Dr. Beda from Campos
dos Goytacazes, RJ, Brazil and Hospital de Clinicas Padre Miguel, from Rio de Janeiro,
RJ, Brazil. As a reference control, five samples of term placenta from healthy donors
were included. All samples were collected between 2015-2016 that coincide with the ZIKV
epidemic in Brazil.
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2.2 Histopathological investigation

Fixed placenta samples were dehydrated in ethanol, clarified in xylene and blocked
in paraffin. Tissue sections (4 um thick) were mounted onto glass sides, deparaffinized in
three baths of xylene and rehydrated with decreasing concentrations of ethanol (100 to
70%) before staining with hematoxylin and eosin for histological examination. Prepared
specimens were observed by light microscopy (Olympus, Japan) and digital images captured
using Image-Pro Plus software version 7. All images were coded to blind evaluators to
ZIKV*" and MIC*- prior to analysis.

2.3 Morphometry

Collagen was revealed by Picro Sirius Red and slides were observed under polarized
light microscopy (Olympus). Fifty fields were randomly acquired at 400x magnification from
across the placenta samples (Zika-infected and control) and the area of collagen was
measured to calculate the percentage of collagen area (collagen area/total area of the
image).

2.4 Immunohistochemistry assays

Paraffin-embedded tissue sections (4 pm) were mounted onto glass slides,
deparaffinized in xylene and rehydrated with alcohol. Antigen retrieval was performed by
heating the tissue in the presence of citrate buffer by 20 minutes at 60°C (pH 6.0) (Spring
Bioscience, CA, USA). Next, tissues were blocked for endogenous peroxidase with 3%
hydrogen peroxidase in methanol and rinsed in PBS (pH 7.4) (Spring Bioscience).
Sections were incubated in Protein Blocker solution (Spring Bioscience) for 5 min at room
temperature to reduce non-specific binding. Samples were then incubated overnight at 4
°C with anti-human monoclonal antibodies against: flavivirus E protein (4G2 - produced
in house, diluted 1:200), CD8 [C8/144B ] (DAKO Cytomation, USA, diluted 1:200), CD68
[KP1] (Biocare Medical, USA, diluted 1:100), CD4 [SP35] (Cell Marque, USA, diluted
1:100), RANTES/CCL5 [F11] (Santa Cruz Biotechnology, USA, diluted 1:100), TNF-a [
KT31] (Abbiotec, USA, diluted 1:200), IFN-y [P01579] (Abbiotec, diluted 1:200), VEGFR-2
[E3712] (Spring Bioscience, diluted 1:50), Zika NS1 [SQab1609] (Arigo, USA, diluted 1:200)
or BDNF [SAB2108004] (Sigma-Aldrich, USA, diluted 1:50). After three washes, sections
were incubated with an anti-mouse or anti-rabbit IgG-HRP conjugate (Spring Bioscience) for
40 min at room temperature. HRP was revealed by its activity on the chromogen substrate
diaminobenzidine (Dako, USA) and sections were counterstained in Mayer’s hematoxylin
(Dako). For negative controls, samples were incubated with either only primary antibodies
or secondary HRP conjugated antibody prior to exposure to chromogen substrate.
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2.5 Quantification of positive cells by immunohistochemistry

Slides were observed on an Olympus BX 53F microscope. For each specific
antibody stain, images from 50 random fields were acquired at 1000x magnification using
the software Image Pro version 7 from samples originating from all placentae (ZIKV infected
and controls). The number of positive cells were quantified in each of the 50 fields and
after segregating the fields to the three conditions (ZIKV*MIC*; ZIKV*MIC- and ZIKV-MIC")
the mean number of positive cells per field was calculated. All image acquisitions were
performed by an individual blinded to the diagnosis associated with the tissue sample.
Figures present representative fields to best convey the quantification results.

2.6 In situ hybridization

In situ hybridization studies were performed on placentae tissue sections from
all cases and controls using a commercial RNA scope Target Probe (catalog #463781;
Advanced Cell Diagnostics, USA) that was complementary to sequences 1550-2456 of
the ZIKV genome. Pretreatment, hybridization and detection techniques were performed
according to manufacturer’s protocols. The probe-target complex was revealed by alkaline
phosphatase activity on the chromogen substrate nitroblue tetrazolium and bromo-
chloroindolyl- phosphate.

2.7 Immunofluorescence assay

Paraffin-embedded tissue sections (4 pm) were mounted onto glass slides,
deparaffinized in xylene, exposed to decreasing concentrations of ethanol from 100 to
70% and then fully rehydrated in PBS with decreasing alcohol content to 0%. Next, slides
were incubated in PBS with 1% bovine serum albumin for 30 min and then permeabilized
30 min in PBS with 0.5% Triton X-100 at room temperature. After washing, slides were
co-stained overnight at 4 °C with a 1:200 dilution of a mouse IgG monoclonal anti-Zika
NS1 [SAB2108004] (Arigo) and a rabbit IgG monoclonal anti-human CD163 [EPR19518]
(Abcam, UK). After washing, sections were incubated with an Alexa 488-conjugated rabbit
anti-mouse IgG and Alexa 555-conjugated goat anti-rabbit IgG, diluted 1:200. After washing
and mounting, slides were imaged using a Zeiss LSM 510 Meta confocal microscope (Carl
Zeiss, Germany).

2.8 Molecular diagnosis by RT-PCR

Human serum samples collected on the day of delivery were obtained from six
patients and sourced for the isolation of viral RNA using Qiagen RNAEasy. RNA was
quantified with the Qubit RNA HS Assay Kit (Thermo Fisher Scientific, USA) and purity was
evaluated using NanoDrop ND-1000 Spectrophotometer (NanoDrop Technologies, USA)
followed by the synthesis of cDNA using First-Strand Synthesis System® (Invitrogen, USA).

The amplification reaction was routinely performed by combining the reverse transcription
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of viral RNA and the subsequent Tag polymerase amplification in a single reaction. The
Tagman PCR Master Mix kit (Invitrogen) was used to amplify the the oligonucleotide set
utilized targeted the intergenic region of the Membrane/Envelope as described by Lanciotti,
2008 (16). Results were conclusive in two samples.

2.9 Molecular diagnosis by PRNT,

0%

A plaque-reduction neutralization test (PRNT) was performed to detect the presence
of neutralizing antibodies against ZIKV in the serum obtained from the six patients
mentioned above. Serum samples were incubated at 58 °C for 30 min and then subjected
to a series of two-fold dilution beginning from 1:5 to 1:2,560 that were individually incubated
with an equal volume containing 100 plaque forming units (PFU) of ZIKV (strain MR 766)
at 37 °C. After 1h, the virus-plasma mixture was inoculated onto a confluent monolayer
of VERO cells. After an additional hour, inoculum was removed and a semisolid medium
(1.4% carboxymethylcellulose in alpha-MEM supplemented with 1% fetal bovine serum)
was layered on top of the cells, which were cultured for 5 days before fixation with 4%
formaldehyde. Cells were stained with a crystal violet dye solution and the PRNT end-
point titers were expressed as the reciprocal of the last serum dilution showing a =90%
reduction in plaque counts. A PRNT, titer 220 was considered positive for the presence of
neutralizing antibodies against to ZIKV.

2.10 Electron Microscopy analysis

Placental tissue samples were fixed with 2.5% glutaraldehyde in sodium cacodylate
buffer (0.1 M, pH 7.2), post-fixed with 1% buffered osmium tetroxide, dehydrated in an
acetone series (30, 50, 70, 90 and 100%) and embedded in EPON that was polymerized at
60 °C for 3 days. Ultrathin sections (60 nm) were contrasted with uranyl acetate and lead
citrate before visualization on a JEOL 1001 transmission electron microscope (Jeol Lid.,
Tokyo, Japan).

2.11 Statistical analysis

Data were analyzed with GraphPad Prism software v 6.0 (GraphPad Software, CA,
USA) using non-parametric statistical tests. Significant differences between the analyzed
groups were determined using the One-Way ANOVA test with post-hoc Tukey, with a
threshold of P < 0.05.

31 RESULTS

3.1 Clinical data of pregnant women (ZIKV+*) with babies that did not present
microcephaly (MIC")

Case 1: A42 year-old patient that reported exanthema and pruritus in the first trimester
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of gestation. Her serology for IgG against cytomegalovirus, rubella, dengue, toxoplasmosis
and HIV were negative. At 39 weeks of gestation, she delivered a baby boy by cesarean that
presented a cephalic circumference of 35 cm. The placenta weighed 640 g.

Case 2: A 23 year old patient that reported fever, arthralgia, exanthema and pruritus
in the third trimester of gestation. Her IgM serology was positive for Zika, the PRNT,
was positive (Supplementary Table 1) and the qPCR was positive for Zika in serum (820
copies/ml) and urine (160 copies/ml). Her IgG serology was positive for cytomegalovirus
and rubella. The test for dengue NS1 was negative. At 38 weeks of gestation, her baby girl
was born by cesarean delivery that presented with cephalic circumference of 37 cm. The
placenta weighed 555g.

Case 3: A 21 year old patient that reported fever in the second trimester of pregnancy.
Her IgM serology for ZIKV was positive and non-reactive for dengue, chikungunya,

rubella, toxoplasmosis, HIV, syphilis and cytomegalovirus. The PRNT_ . was positive for

90%
neutralizing antibodies. Her IgG serology was positive for cytomegalovirus and rubella.
At 41 weeks of gestation, her baby girl was born by cesarean delivery that presented a
cephalic circumference of 36 cm.

Case 4: A 26 year old patient that reported exanthema and arthralgia in the second
trimester of gestation. The qPCR was positive for Zika in serum (690 copies/ml) and the
PRNT,,,, was positive for neutralizing antibodies. At 37 weeks of gestation, her baby boy
was born by cesarean delivery that presented a cephalic circumference of 36.5 cm.

Case 5: A 34 year old patient that reported exanthema and pruritus in the third
trimester of gestation. At 38 weeks of gestation, her baby girl was born by cesarean that

presented a cephalic circumference of 34 cm.

3.2 Clinical data of pregnant women (ZIKV*) with babies that presented
microcephaly (MIC*)
Case 6: A 29 year old patient that reported exanthema and pruritus in the second

trimester of gestation. Her IgM serology was positive for Zika and the PRNT_ ., was positive

90%
for neutralizing antibodies. At 38 weeks of gestation, her baby girl was born by cesarean that
presented a cephalic circumference of 30 cm.

Case 7: A 24 year old patient that reported exanthema and pruritus in the second
trimester of gestation. Her IgM serology for dengue, herpes, chikungunya, rubella,
toxoplasmosis, HIV and cytomegalovirus were non-reactive. Her IgG serology was positive
for dengue, herpes, rubella and cytomegalovirus, and negative for toxoplasmosis. A dengue
NS1 test was negative. At 38 weeks of gestation, her baby boy was born by cesarean that
presented a cephalic circumference of 29 cm. The newborn also had ventriculomegaly.

Case 8: A 35 year old patient that reported exanthema, shiver and pruritus in the first

trimester of gestation. Her IgM serology was positive for Zika and the PRNT, ., was negative

90%
for neutralizing antibodies. Her IgG serology for cytomegalovirus and rubella were positive
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while negative for dengue, toxoplasmosis and HIV negative. At 38 weeks of gestation, her
baby girl was born by cesarean with a cephalic circumference of 29 cm.

Case 9: A 25 year old patient that reported exanthema and pruritus in the third
trimester of gestation. Her IgM serology was positive for Zika and the PRNT, ., was positive
for neutralizing antibodies. At 37 weeks of gestation, her baby girl was born by cesarean
with a cephalic circumference of 27 cm. The placenta weighed 565g.

Case 10: A 28 year old patient who experienced fever in the third trimester of
pregnancy. Her IgM serology for dengue, chikungunya, rubella, toxoplasmosis, HIV, syphilis
and cytomegalovirus were non-reactive, and positive for ZIKV. Her IgG serology was
positive for cytomegalovirus and rubella. At 38 weeks of gestation, her baby boy was born
by cesarean delivery with a cephalic circumference of 28 cm. The baby also presented
artrogriposis, with lower and upper limb involvement. The placenta weighed 670g.

3.3 Histopathological analysis

The histopathological analysis of control samples showed a regular arrangement
of the decidual layer and normal chorionic villi that included syncytiotrophoblasts,
cytotrophoblasts and endothelial cells (Figures 1A-C), which suggested that the collection
and fixation of placental samples was adequate. For the evaluation of the placenta samples
from ZIKV mothers, the full range of samples were imaged and qualified for histological
alterations. In infected placentae, we observed relevant damage in the decidua and chorionic
villi (Figures 1D-R). Large areas of immature chorionic villi were evident that included
inflammatory changes seen as acute deciduitis and villositis, chronic villositis (lymphocytic
infiltrate), fibrous endothelial thickening, vascular and intervillous congestion and focus of
intevillositis. Other alterations were present: calcification, edema, fibrin deposits and villous
hypoplasia. In addition, a few incidences of ischemic lesions were identified as infarct and
decidual vasculopathy (fibrinoid necrosis) (Supplementary Table 1). No correlations were
apparent with the presentation of microencephaly in infants after birth suggesting that the
changes observed represented the effects that can be expected in placenta from a maternal
ZIKV infection that are not predictive for the impact on fetus development.
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Figure 1- Placentae histopathology. A-C) Placentae from non-ZIKV patients stained with

H&E and presenting normal features: maternal decidua (Dec) and chorionic villi (CV). (D-R)

Placentae from ZIKV infected patients that presented a range of different alterations such as
vascular congestion (VC), intervillous congestion (IC), macrophage infiltrate (MQ), lymphocytic
infiltrate villous (Ly), hemorrhage (He), endothelial thickening (Th), immature chorionic villi (Im),
Hofbauer cells (Hf), calcification (Ca), fibrin areas (Fi), infarct (IFT) and ischemia (Is).
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Histopathological changes PRNT titer

Acute and chronic deciduitis, chronic intervillositis, intervillous congestion,
Case 1 d L -
ysmorphic villi.

Edema, hemorrhage, endothelial thickening, immature chorionic villi and
Case 2 | chronic deciduitis, extramedullary hemopoiesis, perivascular fibrosis, 1/20
villositis and stromal fibrosis.

Immature chorionic villi, chronic and acute deciduitis, Hofbauer’s cell

Case 3 hyperplasia, villositis, intervillositis 120

Case 4 _Excesswe synpytl_al n_o_des, intervillous co_nge_stlo_n_, fibrinoid necrosis, 1/640
immature chorionic villi, basal focal chronic villositis.
Chronic deciduitis, immature chorionic villi, Hofbauer’s cell hyperplasia,

Case 5 . R R
and intervillositis

Case 6 Endothelial thickening, fibrin areas, infarct, calcification, chronic 1/80
deciduitis, basal chronic villositis, immature chorionic villi.

Case7 Focal acute and chronic deciduitis, excessive syncytial nodes, intervillous )

congestion, immature chorionic villi, basal focal chronic villositis.

Fibrin areas, immature chorionic villi, villositis, acute deciduitis, ischemia
Case 8 | from chronic maternal vascular hypoperfusion, villous rarefaction 110
(secondary to ischemia) and hypoplasia.

Endothelial thickening, ischemia from chronic maternal vascular
Case 9 | hypoperfusion, vascular congestion, calcification, immature chorionic villi, 1/20
extramedullary hemopoiesis.

Endothelial thickening, calcification, acute and chronic deciduitis, basal
Case 10 L R
chronic villositis, immature chorionic villi.

Supplementary Table 1. Description of all histopathological changes found in the patients’ HE
stained slides and PRNT titers.

3.4 Ultrastructural alterations and Zika virus particles

No evidence of ultrastructural changes was observed in placental cells from control
patients, represented in images form a single control 1 (Figures 2A-D), which again
suggests the the collection and treatment of samples maintained their structural integrity.
The cytotrophoblasts presented normal aspects for all organelles, including the mitochondria
and the nucleus, which was heterochromatic (Figure 2A-B). Syncytiotrophoblasts presented
an electron dense cytoplasm, as expected, with heterochromatic nuclei (Figure 2C). In the
extracellular matrix, collagen filament structures were readily identified in transverse and
longitudinal sections (Figure 2D). In contrast, the analysis of infected placentae showed
cytotrophoblasts with little nuclear variation and an electron lucid cytoplasm containing
swollen mitochondria showing a loss of cristae and ruptured membranes (Figure 2E-F). The
syncytiotrophoblasts aspects were extensively modified with an enlargement of vesicles and
apoptotic bodies along with an absence of their normal membrane extensions and secretions
of microvesicles (Figures 2E and G). An investigation of the extracellular matrix across the
images of placenta samples from the different donors did not reveal collagen filaments,
which suggests a decrease in this matrix component (Figure 2H). Multiple occurrences of
clusters were identified that presented a profile reminescent of virus-like particles, which
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were often positioned adjacent to the endoplasmic reticulum of cytotrophoblast cells. These
particles were measured to have a diameter of ~25 nm in diameter, which is consistent with
the dimensions of ZIKV (Figure 2I-K).

Control 1

ZIKV Case 1

Figure 2- Electron microscopy analysis of placental sections showed alterations and virus-
like particles in ZIKV infected samples. A-D) Electron microscopy images of ultrathin sections of
placental tissue from a single, non-ZIKV infected mother that exhibited regular cytotrophoblasts (CTB),
syncytiotrophoblasts (STB), nucleus (N), mitochondria (M) and collagen filament structures (COL).
E-H) Electron micrographs of ultrathin sections of placental tissue from different ZIKV-infected mothers
showing CTB with alterations in the cytoplasm, nuclear variation (N) and swollen mitochondria with a
loss of cristae and membrane rupture. The identified STB presented an enlargement of vesicles and
apoptotic bodies (asterisks) along with an absence of normal membrane extensions and evidence
of microvesicle secretion. The extracellular matrix (EM) did not present collagen filaments. I-K)
Identification of clusters of virus-like particles that were positioned near the endoplasmic reticulum (ER)
of CTB and ~25 nm in diameter, which is consistent with the dimensions of ZIKV.

3.5 Viral detection in the placentae

The placental tissue samples were screened for the presence of ZIKV E and NS1
protein using immunohistochemistry. These viral antigens were detected in all samples
obtained from infected patients, while immunostaining was negative in samples of control
placentae (Figures 3A and E). The E structural protein was detected in decidual cells and in
syncytiotrophoblasts as well as endothelial and mesenchymal cells of chorionic villi (Figures
3B-D). The NS1 protein was also detected in cytotrophoblasts, syncytiotrophoblasts and
mesenchymal cells, moreover in Hofbauer cells of chorionic villi and in decidual cells (Figures
3F-H). Viral antigens were detected mainly within the cytoplasmic region of cells with minor
to indefinite staining in the nuclear area. The anti-NS1 antibody used in these assays is
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ZIKV specific, therefore, it was able to differentiate ZIKV from other flaviviruses. Additionally,
the replication was also confirmed by in situ hybridization using a probe that anneals only to
the negative strand of the ZIKV RNA, which revealed the presence of this RNA in decidual
cells, syncytiotrophoblasts, cytotrophoblasts and villous mesenchymal cells (Figures 3J-L).
All controls were negative for the immunohistochemistry and in situ hybridization (Figures
3l). The staining pattern observed strongly suggests that the replication of ZIKV was in
progress at the time of birth.

Control 1

NS1 4G2

ZIKV (-)ssRNA

Figure 3- Detection of viral antigens. Tissue sections were probed by immunohistochemistry for the
E (A-D) and NS1 (E-H) antigens of ZIKV as well as by in situ hybridization for the genome of ZIKV
(I-L). Representative images of control placentae (A, E and I) showing the absence of reactivity for the
antigens and genome of ZIKV. Representative images of placenta from ZIKV* placenta, independent
of the cephalic circumference of the infant, show: (B-D) the presence of E protein in decidual cells
(DC) of decidua (Dec), mesenchymal cells (MS), endothelial cells (En) and syncytiotrophoblast (STB)
of chorionic villi (CV) that was independent of the cephalic circumference of the infant; (F-H) NS1
protein detected in decidual cells (DC) of decidua (Dec), mesenchymal cells (MS), Hofbauer (Hf),
syncytiotrophoblast (STB) and cytotrophaoblast (CTB) of chorionic villi (CV); and (J-L) Detection of ZIKV
RNA negative strand by in situ hybridization in decidual cells (DC) of decidua (Dec), mesenchymal cells
(MS), syncytiotrophoblast (STB) and cytotrophoblast (CTB) of chorionic villi (CV).

3.6 Characterization of Cell Subpopulations

To gain further insight into the subpopulations of immune cells that could be

migrating to inflamed tissues, immunohistochemistry was performed to characterize the
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cell types present in the placentae. A significant upsurge in the number of CD68* cells were
detected in both groups of infected placentae (ZIKV+*MIC-and ZIKV*MIC*), which suggested
a recruitment of macrophages and hyperplasia caused by the infection in the basal decidua
and Hofbauer cells (Figures 4C-F). The incease of macrophages were quantified to be
5- and 6-fold in placentae of ZIKV*MIC- and ZIKV*MIC* groups, respectively (Figure 4G).
Even though T CD8* cells were found in the same areas (Figures 4J-M), few CD4+ cells
were detected within the tissues (Supplementary Fig. 1). The T CD8* lymphocytes were
increased 7- and 8-fold in the tissues from ZIKV*MIC- and ZIKV*MIC+* groups, respectively
(Figures 4N). The control placentae showed a low number of positive cells for both markers
(Figures 4A-B and H-I). Additional evidence for the replication of ZIKV in macrophages
was observed by the colocalization of NS1 protein with the CD163 marker for differentiated
macrophages in dual stained immunofluorescent images (Figure 4P). As expected, no
signals were observed for NS1 in control tissue (Figure 40).
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Figure 4- Increased cellularity of mononuclear cell subpopulations in ZIKV-infected placental
tissues. CD68 and CD8 were detected in placenta samples by immunohistochemistry. A-B) CD68*
cells in decidua and chorionic villi of control placenta. C-F) CD68* cells in decidua and chorionic
villi of ZIKV infected placentae. G) Quantification of CD68* cells showing a 5 or 6-fold increase in
placentae of ZIKV*MIC-and ZIKV*MIC* groups, respectively. H-I) CD8* cells in decidua and chorionic
villi of control placentae. J-M) CD8* cells in decidua and chorionic villi of ZIKV infected placentae. N)
Quantification of CD8* cells showing a 7 or 8-fold increase in the tissues of ZIKV*MIC-and ZIKV*MIC*
groups, respectively. 0O-P) Immunofluorescence for the presence of ZIKV NS1 protein (green) and
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CD163 (red; biomarker for macrophages) showing colocalization. Nuclei were stained using DAPI
(blue). O) ZIKV NS1 antigen was not detected in the control placenta. Data are represented as mean
+ SDM. Asterisks indicate differences that are statistically significant between groups (***p < 0.001).
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Supplementary Fig. 1- Detection of T CD4+ Lymphocytes in control and ZIKV-infected
placental tissues. A) Detection of CD4+ cells by immunohistochemistry in chorionic villi of
control placenta. B-C) Detection of CD4+ cells by in chorionic villi and decidua of infected
placentae.

3.7 Cytokines and Mediators profile in the placentae

Based on the inflammatory infilirate observed in H&E stained sections and the
detection of an increase in number of immune cells in infected placentae, the production
of cytokines and mediators were investigated. The expression of TNF-a and IFN-Y was
evaluated due to their participation in a pro-inflammatory response. In addition, Additionally,
the markers VEGFR-2 and RANTES/CCLS5 were included as they have been implicated with
an alteration in vascular permeability. In control samples, all markers were detected at low
levels (Figures 5A-H). TNF-a expression was diffuse in Hofbauer and mesenchymal cells in
the chorionic villi and in decidual cells (Figure 5A). lts expression was 12-fold higher in the
ZIKV*MIC-group and 16-fold higher in the placenta from the ZIKV*MIC* group (Figure 5B).
IFN-Y was found mostly in decidual cells and decidual macrophages (Figure 5C), with a 3-
and 5-fold increase in the ZIKV*MIC-and ZIKV*MIC* groups, respectively (Figure 5D). The
expression of VEGFR-2 was found in endothelial and mesenchymal cells in chorionic villi
as well as in circulating macrophages within the vessels and in endothelial cells in decidua
(Figure 5E). This receptor had an increased expression level of 11- and 13-fold in the
ZIKV*MIC-and ZIKV*MIC* groups, respectively (Figure 5F). The chemokine RANTES/CCL5
was detected mainly in the endothelium and in Hofbauer cells located within the chorionic
villi and in decidual cells and syncytiotrophoblasts of the decidua (Figure 5G). RANTES/
CCL5 was expressed 4- and 5-fold upward in ZIKV*MIC-and ZIKV*MIC* groups, respectively,
compared to control group (Figure 5H). The statistical analysis of the expression of all these
markers determined that they were significantly increased in the ZIKV* patient placentae
compared to ZIKV- control tissues (Figures 5B, D, F and H).
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Figure 5- Cytokine-producing cell profile. Detection of TNF-a, IFN-y, VEGFR-2 and RANTES/
CCL5 by immunohistochemistry show A) TNF-a in cells of chorionic villi in control placentae (Left
panel) and ZIKV infected placentae (Right panel). C) Production of IFN-y in macrophages as well
as endothelial cells in chorionic villi and decidual cells of the decidua of control placentae (Left
panel) and ZIKV infected placentae (Right panel). E) VEGFR-2 was expressed in endothelial cells
of decidua and chorionic villi in control placentae (Left panel) and ZIKV infected placentae (Right
panel). G) RANTES/CCLS5 present mainly in the endothelium and Hofbauer cells located within the
chorionic villi and decidual cells and syncytiotrophoblasts of the decidua in control placentae (Left
panel) and ZIKV infected placentae (Right panel). Quantification of the cells positive for B), D, F and
H) Quantification of the number of cells expressing TNF-a (B), IFN-Y (D), VEGFR2 (F) and RANTES/
CCL5 (H) showed an increased expression of local pro-inflammatory cytokines and mediators in
ZIKV positive placentae compared to controls. Data are represented as mean + SDM. Asterisks
indicate differences that are statistically significant between groups (**p < 0.01) or (***p < 0.001).

3.8 Changes in placental collagen and matrix metalloproteinases

The absence of collagen in the electron micrographs was confirmed by its specific
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staining with Picro Sirius Red, which showed that a ZIKV infection led to a drastic decrease in
placental collagen (Figure 6A). The reduction was 5- and 9-fold in the tissues from ZIKV+MIC-
and ZIKV*MIC* groups, respectively (Figure 6B). The levels of collagen can be altered by
matrix metalloproteinases (MMPs), which can degrade collagen and are known to play a
crucial role in pregnancy. MMPs are increased during inflammation from their production
by the infiltrated immune cells. An investigation of MMP-2 and MMP-9 levels showed that
both proteins were expressed at low levels in decidual cells and chorionic villi cells of control
placenta. However, their expression was substantially elevated in the placenta from ZIKV*
mothers and displayed a diffuse pattern (Figures 6C and E). MMP-2 levels were 6- and 8-fold
greater in ZIKV*MIC- and ZIKV*MIC* groups, respectively (Figure 6D). MMP-9 increased 11-
and 10-fold in ZIKV*MIC-and ZIKV*MIC* groups, respectively (Figure 6F).

ZIKV

Collagen

FEFF (%S
R

S
SEE

Case 2

Case4  Case7

SoEewEm T

Cont 4

Cont 1 Cont 2
” - v

£ ¥y
! C\'/. ,.ﬁ‘ -1.-# H ‘

BN S, Eso ¥ GBog
53 .é b 3w . g -
Re B ’/” 4 Dec % 2 gsoa g iig% 3)
A o i . &

PP LLNA DN 604 s 00
S AETR 07070 0700 @ @~ o
S G ICIICEN
CEC TCCFFSF ST I (%

Figure 6- Detection and quantification of collagen, MMP-2 and MMP-9 collagenases
expression. A) Collagen detection by Picro Sirius Red staining in placental tissues. B) The
percent collagen area was quantified in all cases that showed a decrease in the expression of
collagen in infected placentae. C-E) Detection of MMP-2 and MMP-9 in decidual cells and cells
located within the chorionic villi in both control and ZIKV infected placentae. D-F) Quantification
of the number of cells expressing MMP-2 and MMP-9 showed an increased expression in ZIKV
infected placental tissues. Data are represented as mean + SDM. Asterisks indicate differences
that are statistically significant between groups (**p < 0.01) or (***p < 0.001).
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3.9 BDNF expression in placental cells

Lastly, the placental expression of an important neurotrophine related to
neurogenesis, BDNF, was detected and quantified by immunohistochemistry. In control
samples, BDNF was readily detected by an intense and diffuse signal in cells of decidua
and chorionic villi (Figure 7A-B). The intensity was noticeably diminished in samples from
ZIKV* placentae and the number of BDNF expressing cells was considerably lower (Figure
7C-F). By quantification, there were 12.35 positive cells for BDNF / mm? in the control group
and 4.25 positive cells for BDNF / mm?2 in the ZIKV + MIC group, which had no statistical
difference. In the ZIKV*MIC* group, only 0.7 BDNF positive cells/mm? were detected, which
was significantly different (Figure 7G).
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Figure 7- BDNF detection and quantification in placental tissues. A-F) Detection of BDNF
in cells of chorionic villi and maternal decidua of controls and ZIKV infected placentae by
immunohistochemistry. G) A quantification of the number of cells expressing BDNF showed a
decreased in the expression of this hormone in ZIKV* MIC* cases. Data are represented as
mean + SDM. Asterisks indicate differences that are statistically significant between groups (**p
<0.01).

41 DISCUSSION

Here, we investigated the impact of a maternal ZIKV infection on placental tissue in
patients who gave birth to babies with or without microcephaly during the ZIKV outbreak in
Brazil. The histopathology of the ZIKV infection on placenta in Brazilian patients has been
studied previously by our group and some alterations are common in most cases, such as
a delayed villi maturation, fibrin deposits, calcification and inflammatory changes in villi and
the decidual layer (4,15). The main alteration observed in the placentae of the cases studies
was the delay in villi maturation, confirmed by other groups (17—-19). These histopathological
alterations are similar to those described in the placentae from ZIKV* women in French
Guiana, such as villitis, intervillositis, calcification, infarct, ischemia, inflammatory infiltrate
and fibrin deposits (20—22). Overall, the placental changes discovered in ZIKV infection are
non-pathognomonic and often have particular characteristics in different patients.

In addition to confirming the histopathological modifications associated with a ZIKV
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infection, we examined cells of the placentae at an ultrastructural level. The intracellular
damage caused by the virus was observed principally in mitochondria of cytotrophoblasts.
There also was an increase in the vesicles present in the syncytiotrophoblasts and it was
difficult to detect collagen filaments in the samples from infected patients. While different
ultrastructural damage has been observed previously with ZIKV infections, this is the first
report on modifications in the structure of organelles in placental tissue obtained from a
human in vivo infection (4,23). In addition to the organellar alterations, the presence of
clusters of virus-like particles were identified positioned near to the endoplasmic reticulum
of cytotrophoblasts.

The viral antigens E and NS1 as well as the genomic RNA of ZIKV were detected
in numerous cells throughout the placentae, in both fetal or maternal portions that included
trophoblasts. These results provide further proof that placental cells are susceptible and
permissive to ZIKV infection, which is consistent with the hypothesis that ZIKV can reach
the developing fetus by progressive cell to cell infections that can penetrate the placental
barrier (4,15,21,24-27). It is important to note that results presented here provides ample
evidence that the ZIKV established a persistent, replicating infection in the placenta months
after the reported onset of the acute infection based on the detection of virus by RT-PCR,
electron microscopy and immunohistochemistry as well as markers of replication from in
situ hybridization and viral antigens at the moment of delivery.

Hofbauer cells and decidual macrophages are residents in the placenta that have
a regulatory role in pregnancy to maintain a homeostatic environment, which is essential
for fetal development (28). We detected a large increase in the number of macrophages in
placenta from infected mothers. In addition, fluorescence microscopy captured colocalization
of ZIKV NS1 in CD163* activated macrophages that suggested these cells were sites of
virus replication. Macrophages have been previously identified as principal targets for ZIKV
infection and could provide a pathway for the vertical transmission of ZIKV through their
activation that can lead to a prominent and diffuse hyperplasia (15,21,29-31). Infected
CD163* cells have already been suggested as one of the factors associated with virus
delivery to the fetus that lead to ZIKV-induced fetal damage (32).

In the samples analyzed in this study, we found an expressive increase in the
numbers of T CD8* lymphocytes. Regla-Nava and colleagues suggested that the lack of T
CD8+ cells, which occurs in mice exhausted by a previous infection, such as dengue fever,
could facilitate ZIKV infection (33). Most patients in our study were IgG negative or not
reactive for dengue suggesting that none were compromised by a previous infection that
have facilitated their ZIKV infection. Even the exception, case 7, still had an increase in the
migration of T CD8* cells to the placenta. This increase in T CD8* lymphocytes has been
observed in non-human primates after the decrease of viremia, which suggests a protective
role for T CD8* cells in controlling ZIKV replication (34). In humans, while few reports have

shown the cellular profile in the placenta from ZIKV infected mothers, our observation from
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a pregnancy of only 15 weeks showed the same characteristics (15). Another case report
that presented as positive for T CD8* lymphocytes was even more expressive for T CD4+
(21), which was unlike our samples where the number T CD4* cells were insufficient for
quantification.

The increase in macrophages and T CD8* cells characterizes a chronic inflammatory
environment in the placenta, with lesions such as deciduitis and villitis observed in all
cases (35). Immunity is essential for the development of a pregnancy, from implantation to
delivery, and it is now known that maternal immune activation (MIA) is dynamic and normally
very effective at preventing viral infections (36—38). However, ZIKV appears to establish a
placental infection that bypasses the MIA and promotes inflammation. This environment can
be initiated through the release of pro-inflammatory cytokines, such as TNF-a and IFN-Y
whose levels are exacerbated in this study, which induce chemotaxis and cellular activation
that also increase the expression of MHC-1 for even more intense actions by cytotoxic
lymphocytes. The evaluation of these cytokines was prioritized in our study, since TNF-a
is an evident cytokine in an inflammation process, while IFN-Y activity has already been
associated with microcephaly in studies with neuronal cells and patients serum (39).

The levels of VEGFR-2 receptor and RANTES/CCL5 mediator were also elevated in
the tissues studied, which can lead to an increase in vascular permeability and could cause
a large circulatory dysfunction as the fibrin deposits. Fibrin deposits in the placenta can
observed in cases of spontaneous abortion, premature birth and fetal death, which suggests
a direct affect on the development of the fetus and pregnancy (40). The expression of
VEGFR has already been related to other pathologies in the placenta and RANTES/CCL5
has been previously observed in ZIKV placental infection (15,31,41,42). Their changes can
lead to edema and a failure in the distribution of nutrients as well as hormones necessary
to maintain tissue homeostasis.

In our study, placental tissues infected with ZIKV showed a large decrease in the
expression of collagen, which corroborated findings from the ultrastructural analysis and
was consistent with the higher production levels of MMP-2 and MMP-9 enzymes. The
extracellular matrix (EM) provides an environment conducive to placental development,
regulating cellular functions such as signaling, proliferation, migration and invasion. EM is
composed of proteoglycans, glycosaminoglycans and has collagen as its main structural
component. Most placental collagen is type Il (around 60%), followed by type | collagen
(approximately 30%) and the other types are IV, V and VI (43,44). MMPs play a role in the
implantation, vasodilatation and separation of fetal membranes, developing a crucial role
in collagen degradation according to the signaling by hormones (45,46). It is known that
the inflammatory environment leads to the release of MMPS by immune cells (47). Due to
the highly inflammatory environment caused by ZIKV infection, it is certain that the immune
cells have secreted and caused this increase in MMPs and consequently the degradation

of collagen, leading to malefic tissue remodeling for placental homeostasis. The increase in
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MMPs in infected placentas may have contributed to the immaturity of the villi.

In all analyses of immune cells and cytokines profile, there were no statistical
differences observed between the samples of ZIKV*MIC- and ZIKV*MIC* groups. The only
exception was the IFN-Y, where there was no difference between the ZIKV*MIC-group and
the control, even though there was an increase. Our results showed that there is a large
inflammation response in the placenta from mothers with a ZIKV infection, but if it has a role
in the changes in brain fetal development, it is subtle.

In the absence of a clear role for the inflammation response in the presentation of
microcephaly, the amount of placental BDNF, a factor described as a determinant for fetal
brain development, was evaluated (48,49). BDNF is a neurotrophic factor that is produced in
placental tissue and plays an important role in cytotrophoblast differentiation and proliferation
(50,51). Additionally, this neurotrofin promotes neuronal growth and differentiation in the
central and peripheral nervous system during fetal development (52,53). The placentae
of patients infected with ZIKV, especially from the group that presented infants with
microcephaly, showed a decrease in BDNF expression, which suggests that BDNF levels
in the placenta could serve as predictive marker for the extent of damage during fetal brain
development. However, it is important to emphasize that BDNF would not act alone in
the damage to the development of the fetal nervous system, since there was no direct
relationship between the amount of BDNF and the size of the head circumference. Other
biomarkers must be discovered and related to those already mentioned in the literature for

elucidate fetal damage with direct infection to fetal neuronal cells (32,54)

51 CONCLUSION

As summarized in Figure 8, our work corroborates other studies that show that many
placental cells are susceptible and permissive to ZIKV infection. In addition, there is a large
involvement of immune cells and pro-inflammatory cytokines in the infected tissue, leading
to changes in activation and recruitment of circulating cells as well as alterations in the
extracellular matrix and vascular permeability. Statistically, the inflammatory response in
the placenta did not have a straight impact on the presentation of microcephaly, subtle
differences were evident and an expanded study may uncover relevant biomarkers. BDNF,
which is important in the development of the brain, was found in the placenta, and could
be a promising marker to predicting the impact of a maternal ZIKV infection on fetal brain
alterations if considered together with others. As infected, pregnant women are the main
target population for a possible vaccine against Zika, knowledge of the immune cells
involved in placental inflammation, including the cytokines and mediators released by local
cells, in the course of disease is crucial for its development. The discoveries from this study
highlight this need and advance the current description placental change that contribute to
congenital ZIKV pathogenesis.
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Figure 8 and Graphical Abstract- Schematic drawing of placental cells detected infected
with ZIKV and cytokines and mediators produced by the mononuclear inflammatory
infiltrate. The scheme represents the functional unit of the placenta (chorionic villus)
and the maternal region (decidua), comprised of cytotrophoblast (CTB), endothelial cells
(En), syncytiotrophoblast (STB), mesenchymal cells (MS), fibroblasts (Fi), Hofbauer (Hf),
macrophages (M), decidual cells (DC) and extracellular matrix, containing collagen (COL).
In the placentae of infected patients, ZIKV antigens were detected in all these cells and there
was an increase in the number of macrophages and Hofbauer cells, which are responsible for
the production of matrix metalloproteinases that degrade the collagen as well as TNF-a that
activates and attracts other immune cells. There was also an increase in T CD8* lymphocytes,
responsible for the production of IFN-Y, which further activates macrophages. In endothelial
cells, there was large expression of VEGFR-2 and RANTES, which increases vascular
permeability and are able to induce macrophages migration.
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