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RESUMO

PERFIL SOROLOGICO E OXIDATIVO DE GESTANTES RECEBENDO
TRATAMENTO PARA INFECCAO PELO Toxoplasma gondii E
ACOMPANHAMENTO DOS RESULTADOS PERINATAIS

AUTORA: Hellen Lopes de Paula
ORIENTADORA: Thissiane de Lima Gongalves Bernasconi
COORIENTADORA: Sandra Trevisan Beck

A toxoplasmose € uma patologia de abrangéncia mundial, causada pelo protozoario
Toxoplasma gondii (T. gondii), que pode acometer o ser humano em qualquer periodo da vida,
porém, torna-se de extrema relevancia quando atinge pela primeira vez mulheres na gestacéo.
A doenga neste periodo, na maioria dos casos sem manifestacfes clinicas, pode levar ao
acometimento fetal, provocando complicacdes. Entre os principais fatores envolvidos na
fisiopatologia das doengas, incluindo a toxoplasmose, destaca-se o estresse oxidativo. Diante
disso, este trabalho objetivou verificar em gestantes diagnosticadas e tratadas para infec¢do por
T. gondii, possiveis alteragfes nos parametros imunologicos, clinicos e oxidativos, bem como
avaliar os resultados perinatais. O estudo contou com 27 gestantes pertencentes ao grupo
controle, e 55 com a doenca, destas, 42 confirmaram fase aguda e 26 fizeram uso do esquema
triplice (sulfadiazina, pirimetamina e acido folinico — SPAF) como tratamento, sendo 0s grupos
constituidos por essa descricdo. As amostras e dados foram coletados no periodo de fevereiro
de 2017 a setembro de 2019. As participantes com toxoplasmose foram infectadas durante o
Surto ocorrido em 2018 na cidade de Santa Maria, Rio Grande do Sul, Brasil. Os critérios
imunologicos foram avaliados através da deteccdo de imunoglobulina M (IgM) e
imunoglobulina G (IgG), bem como teste de avidez de 1gG, sendo relacionados com a
sintomatologia. A analise da condicéo geral foi realizada por parametros clinicos e laboratoriais.
Ja o estresse oxidativo foi determinado pela quantificacdo de marcadores de dano oxidativo
(substancias reativas ao acido tiobarbitdrico (TBARS) e oxido nitrico (NO)), assim como
protetores do estresse oxidativo (grupamentos tidlicos proteicos (P-SH) e ndo proteicos (NP-
SH), vitamina C, capacidade plasmatica de reducdo de ferro (FRAP)), além da verificacdo da
atividade da enzima 8-aminolevulinato desidratase (3-ALA-D). Os resultados perinatais foram
averiguados pelo grau de comprometimento clinico dos recém-nascidos através de analise de
registros médicos. A resposta sorologica materna foi heterogénea, com maiores niveis de
anticorpos IgM entre as gestantes que apresentaram sintomas no momento do diagnéstico. Em
algumas gestantes, foram encontrados niveis menores de IgM, nem sempre acompanhados de
baixa avidez de 1gG, a despeito do diagndstico de infeccdo aguda, diferindo do perfil sorolégico
classico esperado. O tratamento instituido no momento da detec¢do da doenca, para todas as
gestantes, permitiu que apenas trés recém-nascidos apresentassem a forma congénita. Os
parametros marcadores de dano (TBARS e NO), assim como a maioria dos antioxidantes (P-
SH, NP-SH e FRAP) e atividade da enzima 3-ALA-D, mostraram-se superiores nas gestantes
com a doenca, indicando que o tratamento farmacol6gico recebido pode ter estimulado uma
resposta compensatoria protetora. A partir deste estudo, ouve um acréscimo de informac6es na
literatura a respeito do tema, salientando a necessidade de novos biomarcadores, bem como
reforcando a importancia da instituicdo e manutencdo do tratamento.

Palavras-chave: Antioxidantes. 5-ALA-D. Gestantes. Toxoplasmose. Tratamento.



ABSTRACT

SEROLOGICAL AND OXIDATIVE PROFILE OF PREGNANT WOMEN
RECEIVING TREATMENT FOR INFECTION BY Toxoplasma gondii AND
FOLLOW-UP OF PERINATAL RESULTS

AUTHOR: Hellen Lopes de Paula
ADVISOR: Thissiane de Lima Gongalves Bernasconi
COADVISOR: Sandra Trevisan Beck

Toxoplasmosis is a worldwide pathology, caused by the protozoan Toxoplasma gondii (T.
gondii), which can affect humans at any period of life, however, it becomes extremely relevant
when it affects women for the first time during pregnancy. The disease in this period, in most
cases without clinical manifestations, can lead to fetal involvement, causing complications.
Among the main factors involved in the pathophysiology of diseases, including toxoplasmosis,
oxidative stress stands out. Therefore, this study aimed to verify in pregnant women diagnosed
and treated for T. gondii infection, possible changes in immunological, clinical and oxidative
parameters, as well as to evaluate the perinatal results. The study included 27 pregnant women
belonging to the control group, and 55 with the disease, of which 42 confirmed the acute phase
and 26 used the triple regimen (sulfadiazine, pyrimethamine and folinic acid - SPFA) as
treatment, and the groups consisted of this description. Samples and data were collected from
February 2017 to September 2019. Participants with toxoplasmosis were infected during the
2018 outbreak in the city of Santa Maria, Rio Grande do Sul, Brazil. The immunological criteria
were evaluated through the detection of immunoglobulin M (IgM) and immunoglobulin G
(1gG), as well as 1gG avidity test, being related to the symptomatology. The analysis of the
general condition was performed by clinical and laboratory parameters. Oxidative stress was
determined by the quantification of oxidative damage markers (thiobarbituric acid reactive
substances (TBARS) and nitric oxide (NO)), as well as oxidative stress protectors (protein (P-
SH) and non-protein (NP-SH) thiols groups, vitamin C, plasma iron reduction capacity
(FRAP)), in addition to the verification of the activity of the enzyme &-aminolevulinate
dehydratase (6-ALA-D). Perinatal outcomes were assessed by the degree of clinical impairment
of newborns through analysis of medical records. The maternal serological response was
heterogeneous, with higher levels of IgM antibodies among pregnant women who had
symptoms at the time of diagnosis. In some pregnant women, lower levels of IgM were found,
not always accompanied by low 1gG avidity, despite the diagnosis of acute infection, differing
from the expected classic serological profile. The treatment instituted at the time of detection
of the disease, for all pregnant women, allowed only three newborns to present the congenital
form. The damage marker parameters (TBARS and NO), as well as most antioxidants (P-SH,
NP-SH and FRAP) and 3-ALA-D enzyme activity, were higher in pregnant women with the
disease, indicating that the pharmacological treatment received may have stimulated a
protective compensatory response. From this study, there was an increase in information in the
literature on the subject, emphasizing the need for new biomarkers, as well as reinforcing the
importance of instituting and maintaining treatment.

Keywords: Antioxidants. 5-ALA-D. Pregnant women. Toxoplasmosis. Treatment.
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1 INTRODUCAO

A toxoplasmose € uma importante zoonose ocasionada pelo protozoario Toxoplasma
gondii (T. gondii), que afeta, de forma cronica, cerca de 30% da populacéo global (LIU et al.,
2015). E considerada um problema de satde publica, apresentando relevancia no &mbito médico
e veterinario em nivel mundial (EL BISSATI et al., 2018; LIU et al., 2015). Apresenta especial
importancia quando a mulher adquire a infeccdo no periodo gestacional, pelos riscos aos quais
o feto é exposto (AHMED; SOOD; GUPTA, 2020). O diagnostico precoce, apesar de
complexo, e o tratamento, sdo essenciais, e visam prevenir a transmissao ou a diminuicdo de
sequelas para o concepto (BRASIL, 2018a).

O estresse oxidativo é reconhecido por ter papel central em varios disturbios, incluindo
complicagcbes na gravidez. Tem por definicdo ser o desequilibrio na concentracdo de
substancias pro-oxidantes e antioxidantes, sendo que qualquer alteracdo nessa relacdo pode
gerar perturbacdo no organismo. Pequenas mudancas podem ser solucionadas pela homeostase
celular, porém quando em proporcGes maiores podem levar a danos irreparaveis (BURTON;
JAUNIAUX, 2011). E sabido que este desequilibrio esta envolvido na fisiopatologia da
toxoplasmose (SZEWCZYK-GOLEC et al., 2021), entretanto, quando a infeccéo esta presente
na gestacao, ainda carece maiores esclarecimentos.

Estreitamente relacionada a alteracdes oxidativas esta a enzima delta-aminolevulinato
desidratase (6-ALA-D). Esta enzima possui grupamentos sulfidrilicos sensiveis a oxidagéo
gerada por agentes oxidantes. Apresenta importante funcao na biossintese do heme e, encontra-
se inibida em situacbes pro-oxidantes, podendo gerar o acimulo do seu substrato, acido 5-
aminolevulinico (ALA), que acaba intensificando a producéo de espécies reativas, contribuindo
para o cenario de estresse oxidativo (BONFANTI et al., 2011; ZANINI et al., 2014).

No ano de 2018, ocorreu em Santa Maria, sul do Brasil, 0 maior surto de toxoplasmose
humana descrito no mundo, até a atualidade, atingindo diversas gestantes, sendo a agua
apontada como veiculo de transmissdo (CONCEICAO et al., 2021; MINUZZI et al., 2020;
PREFEITURA DE SANTA MARIA, 2018).

Diante dessa situacdo sem precedentes, da importancia do tema em questdo, e com o
objetivo de sanar lacunas existentes na literatura, o presente estudo foi desenvolvido. Até o
nosso conhecimento, ndo ha estudos com relagdo ao estresse oxidativo, incluindo a avaliacdo
da atividade da enzima 3-ALA-D, em mulheres que tiveram toxoplasmose aguda na gestacao,

e que estivessem em tratamento com sulfadizina, pirimetamina e acido folinico (SPAF).
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1.1 REVISAO DE LITERATURA

1.1.1 Toxoplasmose
1.1.1.1 Epidemiologia

A toxoplasmose é uma doenca comum, distribuida mundialmente, apontada como uma
infeccdo parasitéria negligenciada e relevante questao de satde publica (AGUIRRE et al., 2019;
BRASIL, 2018a). E estimado que um terco da populacio do mundo esteja cronicamente
infectada, variando a taxa de soropositividade de 10 a 90%, de acordo com a regido geografica,
habitos culturais, alimentares e de higiene (FALLAHI et al.,, 2017; MAREZE et al., 2019;
PEYRON et al., 2019).

Essa doenca, normalmente ocorre de maneira assintomatica ou se manifesta de forma
inespecifica. Entretanto torna-se particularmente relevante nas primo-infecges em gestantes,
visto o risco de acometimento fetal, sendo considerada uma das infec¢Bes intrauterinas mais
comuns no mundo todo (BRASIL, 2012; WUJCICKA et al., 2018). Dados contabilizam que
entre 1 e 10 criancas nascem infectadas a cada 10.000 nativivos no mundo (DIESEL et al.,
2019).

A incidéncia no Brasil esta entre as mais elevadas relatadas pela literatura, sendo que a
prevaléncia na sua populacdo varia de 42 a 90% (BRASIL, 2018a; DIESEL et al., 2019).
Estima-se que entre 6.000 a 9.000 casos da doenca na sua forma congénita ocorram por ano.
Varios surtos ja ocorreram em diferentes regides do pais (BRASIL, 2018b; VILLAR et al.,
2020), incluindo o ocorrido na cidade de Santa Maria, Rio Grande do Sul, Brasil, no ano de
2018, considerado o maior a nivel mundial, descrito até 0 momento, com cerca de 2270 casos
notificados, mais de 900 casos confirmados, dentre estes, 146 gestantes (CONCEICAO et al.,
2021; PREFEITURA DE SANTA MARIA, 2018). O meio ambiente altamente contaminado,
inclusive a dgua a ser ingerida, representam consideraveis fontes de infec¢do (BRASIL, 2018b).

Especialmente para essa doenca, no nosso pais, a vigilancia epidemioldgica encontra-se
em processo de estruturacdo (BRASIL, 2018a). O Ministério da Salde, juntamente com outras
entidades, desenvolve, desde 2015, acdes com a finalidade de padronizar medidas para atuacao
em situacOes de toxoplasmose na gestacdo, em recém-nascidos e surtos. Entretanto, casos
isolados ndo possuem notificagdo obrigatoria (BRASIL, 2021). Encontra-se também em fase

de incorporacio aos procedimentos oferecidos pelo Sistema Unico de Saude (SUS), a triagem
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neonatal da toxoplasmose congénita, através da pesquisa de imunoglobulina M (IgM) anti- T.
gondii no exame do Teste do Pezinho (BRASIL, 2018b).

1.1.1.2 Agente Patdgeno
O agente etioldgico da toxoplasmose € o protozoario T. gondii, (Figura 1). Um parasita
intracelular obrigatério do Filo Apicomplexa, que pode infectar qualquer animal de sangue

quente, inclusive humanos (BLUME; SEEBER, 2018). Entretanto, apresenta como hospedeiro
definitivo a familia dos felinos (ATTIAS et al., 2020).

Figura 1 — Representacédo do protozoario Toxoplasma gondii

Fonte: Adaptacdo de SOUZA; BELFORT (2014).

No ciclo de vida do parasita, trés formas podem ser infectantes: taquizoitas (estagio de
fase aguda e divisdo acelerada), bradizoitas (presentes na infeccdo cronica, geram os cistos nos
tecidos e multiplicam-se de forma lenta) e esporozoitas (encontradas somente no hospedeiro
definitivo, sendo liberadas nos oocistos contidos nas fezes desses animais) (ATTIAS et al.,
2020).

Os humanos, hospedeiros intermediarios, podem adquirir a doenca por diferentes vias:
pela ingestdo de cistos teciduais (através do consumo de carne crua ou malcozida), oocistos

(contidos no solo, 4gua ou alimentos contaminados), transmissdo da mae para o feto, transfusdo
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de sangue ou transplante de 6rgdos. Apos contato, 0s cistos e oocistos se rompem, liberando
bradizoitas e esporozoitas no intestino, que por sua vez infectam células e se transformam em
taquizoitas, caracterizando a fase aguda. Com o avango da infeccdo, esses taquizoitas
transformam-se em bradizoitas, evidenciando a fase cronica (ATTIAS et al., 2020; ROBERT-
GANGNEUX; DARDE, 2012; SAADATNIA, G.; GOLKAR, M., 2012). Na figura 2, é

representado o ciclo biolégico do microrganismo.

Figura 2- Ciclo biologico do protozoario Toxoplasma gondii
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Fonte: Adapta¢do de SOUZA; BELFORT (2014).

As principais vias de contaminacdo do ser humano séo a oral e a transplacentéria, e a
agua contaminada considerada importante fonte de infeccdo (SOUZA; BELFORT, 2014).
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1.1.1.3 Transmissdo Vertical

A toxoplasmose pode ser transmitida da mae para o filho (transmisséo vertical), sendo
indispensavel monitoramento (LEEPER; LUTZKANIN I11, 2018; SOUZA; BELFORT, 2014).
Essa transmisséo ocorre com maior probabilidade quando a infecgdo ocorre pela primeira vez
durante o periodo gestacional ou proximo a concepcdo (FELDMAN; KELLER; BORGIDA,
2016; ROSTAMI et al., 2019).

O risco dessa contaminacdo ao feto depende de diversos fatores, tais como: imunidade
materna, carga parasitaria e idade gestacional em que ocorreu a infec¢do, viruléncia da cepa ou
genotipo do microrganismo e atraso ao comecar a terapia medicamentosa depois de infec¢do
aguda da méde (CAPOBIANGO et al., 2014; ROSTAMI et al., 2019). As chances aumentam
no decorrer da gestacdo, varia de 2% no periodo periconcepcional, 10 a 25% no primeiro
trimestre, 30 a 45% no segundo, 60 a 65% no terceiro e até 80% antes do parto. No entanto, a
gravidade da doenca no feto, é de ordem contraria, sendo alta no comeco da gestacdo e
diminuindo com o avan¢o das semanas (CAPOBIANGO et al., 2014), conforme mostra a

Figura 3:

Figura 3- Transmissao e consequéncias ao feto/recém-nascido
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Intermediario risco de aborto,
manifestactes de doengas no natimorto ou parto natimorto, parto prematuro,
prematura cegueira, corioretinite, retardo
mental, alteragdes neuroldgicas ou
maorte

recém-nascido

Alto risco de infecgdo congénita.
Baixo risco de manifestacdes clinicas
evidentes no recém-nascido.

Fonte: Adaptagdo de BORGES et al. (2018).

A placenta desempenha significativa funcdo nesse processo, uma vez que é uma barreira
natural a protecdo do feto contra microrganismos e sua multiplicacdo. Atua de forma mais
eficiente para impedir a transmisséo no principio da gestacéo, tornando-se mais permeavel ao
final (FALLAHI et al., 2017).



19

Mais de 90% das gestantes que adquirem essa infeccdo ndo apresentam sintomas, bem
como 85% dos neonatos que nascem afetados (FELDMAN; KELLER; BORGIDA, 2016).

1.1.1.4 Diagndstico Materno

A toxoplasmose é considerada um critério de risco gestacional (BRASIL, 2018a), e 0
diagnodstico precoce nessas pacientes é fator consideravel para diminuir o risco de transmisséo
vertical e desenvolvimento de sequelas na crianca afetada. Em caso de confirmacdo do
diagndstico, a mae deve iniciar rapidamente o tratamento (BERNARDO; CHINZON;
CHAVES, 2015).

Como citado anteriormente, a maior parte dos casos da doenga ocorre sem sintomas ou,
quando presentes, estes sdo inespecificos como febre, cefaleia e linfadenomegalia (BRASIL,
2012; PEYRON et al, 2019). Diante dessas evidéncias, o diagndstico materno clinico é dificil,
e acaba tornando-se basicamente laboratorial, sendo a forma mais utilizada para essa avaliagcao
0 emprego de metodos de deteccdo no soro, uma vez que a demonstracdo direta do parasita é
complexa (BRASIL, 2012; FELDMAN; KELLER; BORGIDA, 2016; YBANEZ; YBANEZ;
NISHIKAWA, 2020).

A interacdo do microrganismo com o organismo pela primeira vez, leva a producéo de
imunoglobulinas especificas. Cada isotipo apresenta uma cinética diferenciada, variando de
acordo com a fase da infec¢cdo, conforme demonstrado na Figura 4. De forma geral, a IgM e a
imunoglobulina A (IgA) surgem na primeira semana, com pico apos um més, a Imunoglobulina
E (IgE) apresenta niveis maximos em cerca de trés meses de infecgédo, e a Imunoglobulina G

(1gG) surge cerca de duas semanas ap0s a IgM, com pico em 2-3 meses (DARD et al., 2016).
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Figura 4 — Cinética apresentada pelas imunoglobulinas especificas na toxoplasmose
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Fonte: Adaptacdo de DARD et al. (2016).

Nas gestantes, € realizada a deteccdo dos anticorpos das classes IgM e 1gG no soro
(Quadro 1). Se ambos forem nao reagentes, a infeccdo ndo procede. J4, se IgM negativo e IgG
positivo, no primeiro trimestre, indica que a infeccdo antecede a gestacdo, sendo esta gestante
considerada imune, embora exista a possibilidade de se contaminar com genotipos diferentes
da primeira infec¢do. Um teste de IgM positivo, independente dos niveis de 1gG, requer exames
adicionais para determinar o status da infec¢do. Sendo indicado, neste caso, a avaliacdo do teste
de avidez de 1gG, para medir a intensidade da ligacdo antigeno-anticorpo, que cresce de acordo
com o tempo que a infecgdo permanece. A avidez elevada demanda de pelo menos 3 meses, e
dessa forma auxilia a descartar incertezas (BRASIL, 2012; FELDMAN; KELLER; BORGIDA,
2016).
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Quadrol- Resultados das sorologias IgM e 1gG das gestantes e possiveis condutas
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Fonte: (BRASIL, 2018a).

Infeccio muito recante ou IgM falso pasitive.

Sempre que os anticorpos forem reagentes, € necessario entender se a infecgdo ocorreu
antes ou depois da concepgdo, para isso, 0 tempo de gestagdo em que 0s exames forem
realizados ajudam a identificagdo do momento em que ocorreu a infeccdo (PEYRON et al.,
2019).

Nem sempre é facil chegar ao diagnostico de toxoplasmose adquirida durante o periodo

gestacional (SANTOS; DE SA, 2021). Nos testes soroldgicos realizados ap6s as 16 semanas,
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nao € necessario a realizacdo da avidez de 1gG, pois mesmo que esta esteja alta, ndo teria como
afirmar que a infeccdo ndo ocorreu depois da concepgéo (BRASIL, 2012). Em algumas pessoas,
a presenca de IgM pode persistir, assim como a avidez de 1gG pode permanecer baixa por mais
tempo, ndo sendo estes achados certeza de infeccdo recente. Exames soroldgicos sequenciais,
podem ser utilizados para auxiliar a definicdo do momento da infeccdo (BRASIL, 2012;
PEYRON et al., 2019). Entretanto é recomendado que o tratamento seja iniciado sempre que
tenha o diagndstico de doenca aguda ou que esta seja provavel (SANTOS; DE SA, 2021).

1.1.1.5 Toxoplasmose Congénita

Quando a mée adquire a toxoplasmose pela primeira vez durante o periodo gestacional,
0 protozoério acaba entrando em contato com o feto pela infeccdo da placenta (MONTOYA,;
LIESENFELD, 2004).

Apesar da grande maioria dos bebés ndo apresentarem manifestagdes clinicas ao nascer,
alguns estudos revelam que até 90% das criancas podem vir a apresentar sintomas
posteriormente, seja durante o primeiro ano de vida, na infancia, ou até mesmo na vida adulta.
Esses recém-nascidos precisam de tratamento para evitar essas manifestacGes tardias (DIESEL
et al., 2019; FELDMAN; KELLER; BORGIDA, 2016).

Quando o feto é atingido no inicio da gestacéo, inimeras manifestacdes severas podem
ser observadas, inclusive a morte, entretanto, quando a infecgéo se sucede no final, muitas vezes
ocorre de forma subclinica ao nascimento (KIEFFER; WALLON, 2013).

Entre os danos funcionais e anatdmicos resultantes da transmissdo para o feto, podem
ser encontrados: restricdo de crescimento intrauterino, prematuridade e/ou manifestacdes
clinicas e sequelas como, por exemplo: microftalmia, microcefalia, lesbes oculares,
calcificagcbes cerebrais, retardo mental, hidrocefalia, pneumonite, erupcdo cutanea,
hepatoesplenomegalia e morte fetal (BRASIL, 2012).

O rastreamento deve ser realizado em todos 0s recém-nascidos cuja mae teve suspeita
ou diagndstico de toxoplasmose adquirida no periodo gestacional, devendo ser submetido a
investigacdo completa, incluindo exame clinico e neuroldgico, oftalmolégico completo com
fundo de olho, imagem cerebral (tomografia computadorizada ou ecografia), hematologico e
de funcdo hepatica (BRASIL, 2012).

A ultrassonografia pode ser utilizada para detectar algumas complicagdes decorrentes
da toxoplasmose no feto. Alguns achados podem sugerir que o feto esteja afetado, incluindo:

ventriculomegalia bilateral ou unilateral, calcificagdes intra-hepaticas ou intracranianas, ascite,
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esplenomegalia, hepatomegalia e restricdo de crescimento intrauterino. Se anormalidades ndo
forem encontradas, a monitorizacdo por meio do ultrassom deve ser continuada durante toda a
gestacdo, pois a presenca de sinais atipicos pode determinar a alteracdo do tratamento
(BRASIL, 2012; FELDMAN; KELLER; BORGIDA, 2016).

O exame de amniocentese deve ser disponibilizado para realizacdo de testes de reacao
em cadeia da polimerase (PCR) do liquido amniético, a fim de auxiliar no diagnéstico pelo
método direto de detecgdo do acido desoxirribonucleico (ADN) do parasita. Essa coleta deve
ser feita apds 18 semanas de idade gestacional e 4 ou mais semanas ap0s a possivel data de
contaminacédo, a fim de evitar resultados incorretos pelo tempo que 0 microrganismo necessita
para ultrapassar a placenta (BRASIL, 2018a; PEYRON et al., 2019).

Ap0s 0 nascimento, é realizada a triagem soroldgica nos recém-nascidos. Em geral as
dosagens de 1gG sdo semelhantes as da mée no instante do parto, pois essa imunoglobulina
pode ser transferida através da placenta. Dessa forma, 1gG reagente, pode significar transmisséo
congénita ou niveis maternos, e deve ser monitorada durante o primeiro ano de vida. Ja a
presenca de IgM e IgA caracterizam toxoplasmose congénita pelo fato de ndo ultrapassarem a
barreira placentaria, porém sua auséncia ndo descarta a infeccdo (BRASIL, 2018a; SOUZA,;
BELFORT, 2014).

1.1.1.6 Tratamento

Gestantes

O tratamento é indicado quando existe suspeita ou confirmacdo de infeccdo aguda
durante a gestacdo, devendo ser introduzido o quanto antes, a fim de diminuir as chances de
transmissdo para o feto. Se a patologia ocorrer antes das 18 semanas, o0 tratamento € iniciado
com espiramicina, sendo modificado para esquema triplice a partir das 18 semanas, devido a
maior viruléncia das cepas no Brasil, com vistas a diminuir o risco de sequelas decorrentes da
infeccdo fetal (TELESSAUDERS-UFRGS, 2019).

A espiramicina € um antibiotico macrolideo, parasitostatico, que tem como principal
objetivo prevenir a infec¢éo fetal, obtendo sua acao sem ultrapassar a barreira placentaria, sendo
assim, sem efeitos teratogénicos para o feto e toxicidade paraa mde (BERNARDO; CHINZON;
CHAVES, 2015; KIEFFER; WALLON, 2013). A mesma permanece em altas concentragoes

na placenta, protegendo o contato do feto com o parasita, entretanto, ndo apresenta efeito
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terapéutico no feto j& infectado (AVCI et al., 2015; BERNARDO; CHINZON; CHAVES,
2015).

O esquema triplice, combinacgdo de sulfadiazina (inibidora da dihidropteroato sintetase),
pirimetamina (inibidor da diidrofolato redutase) e acido folinico (SPAF) consegue atravessar a
barreira placentéria. Este tratamento é usado quando a infeccdo do feto é de grande suspeita ou
ja constatada, ndo sendo administrada no inicio da gestacdo, devido aos possiveis problemas
hematol6gicos, como neutropenia e anemia aplastica, provocados pela supressdo da medula
Ossea, e teratogenicidade. A sulfadiazina e pirimetamina atuam sinergicamente, inibindo a
biossintese do &cido félico, expressando maior efetividade contra a forma de taquizoitas do
protozodrio. Por sua vez, o acido folinico previne a toxicidade hematoldgica da pirimetamina,
ndo apresentando atividade contra o agente patégeno (ASSOLINI et al., 2017; BERNARDO;
CHINZON; CHAVES, 2015; DUNAY et al., 2018; FELDMAN; KELLER; BORGIDA, 2016).
Essa associacdo é oferecida por ser fortemente parasiticida, diminuindo assim, o risco de
manifestacdes clinicas, bem como possivelmente a reducdo da transmissdo (KIEFFER;
WALLON, 2013).

Recém-nascidos

O tratamento, utilizado em casos suspeitos ou confirmados de toxoplasmose congénita,
é 0 esquema triplice (SPAF), e deve ser administrado desde o nascimento. Em casos
confirmados, estendende-se durante o primeiro ano de vida (MITSUKA-BREGANO; LOPES-
MORI; NAVARRO, 2010).

1.1.1.6.1 Tratamentos alternativos

Os tratamentos citados acima, sdo preconizados conforme protocolos do Ministério da
Salde, entretanto possuem algumas limita¢6es. Diante disso, algumas drogas ou compostos,
com os mais diversos mecanismos de acdo, tém sido testados in vitro e in vivo, como possiveis
alternativas para a terapia desta infeccdo (BARBOSA et al., 2015; MONTAZERI et al., 2017;
SZEWCZYK-GOLEC et al., 2021).

1.1.1.7 Medidas de prevengéo e controle

A profilaxia deve ser fundamentada em a¢des que diminuam ao maximo as 3 formas
infectantes do parasita (MITSUKA-BREGANO; LOPES-MORI; NAVARRO, 2010). Medidas
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de salde publica para prevencdo da infecgdo sdo uma abordagem possivel para diminuir a carga
de doencas, incluindo, rastreamento soroldgico durante a gravidez, bons habitos alimentares e
de higiene (BRASIL, 2012; DUBEY, 2008; MONTOYA,; LIESENFELD, 2004).

1.1.2 Estresse Oxidativo

Estresse oxidativo é o estado reconhecido pela perda do equilibrio entre substancias
oxidantes e antioxidantes, podendo ocorrer pelo aumento da producéo de espécies reativas de
oxigénio (EROs), ou diminuicdo de sua remogéo pelos seus respectivos sistemas de defesas no
organismo (AGARWAL et al., 2012; AOUACHE et al., 2018; HALLIWELL, 2001).

A terminologia EROs é usada para fazer referéncia a espécies derivadas do oxigénio,
sendo mais reativas que ele mesmo, abrangendo tanto radicais livres, como intermediarios ndo-
radicalares do elemento (BURTON; JAUNIAUX, 2011; HALLIWELL, 2001). A Tabela 1 traz

0S principais representantes e suas caracteristicas.



Tabela 1 — Caracteristicas das principais espécies reativas de oxigénio
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Espécies Estrutura quimica Descricao Ocorréncia Acéo
Superdxido O, Radical mais Aproximadamenteem  Na maioria das
. x todas as células reacOes atua
potente na indugéo .
aerdbicas como agente
o de dano celular redutor
1.
7‘2 Hidroxila *OH Altamente reativo Formado a partir da DNA, proteinas,
(&)
"§5 homadlise da agua carboidratos e
14 .
lipideos
Hidroperoxila HOO- Protonado a partir ~ Através do perdxido de Membranas
do O, hidrogénio biologicas
Peréxido de H.0; Mais deletérioao  Reacdes para produgdo Proteinas e
D Hidrogénio organismo de *OH lipidios
1.
ch Oxigénio 1AO; Molécula de Produzidos pelos Mutagdes no
(&)
-‘S“ Singlete oxigénio excitada fagdcitos, inducédo DNA
lg luminosa e reacdes
2 .
catalisadas pelas
peroxidases

Fonte: Adaptado de OLIVEIRA; SCHOFFEN (2010); complementado com informacdes de ABUJA,;

ALBERTINI (2001); e BARREIROS; DAVID; DAVID (2006).

Radical livre € uma espécie apta de existir de forma independente, e possui em sua

estrutura, um ou mais elétrons desemparelhados (HALLIWELL, 2001). Este elétron

desemparelhado normalmente confere importante grau de reatividade (VALKO et al., 2007).

Vaérios elementos sdo capazes de formar radicais livres, entretanto os mais relevantes para 0s
sistemas bioldgicos sdo o oxigénio e nitrogénio (BURTON; JAUNIAUX, 2011).

Todo metabolismo aerdbico estd constantemente exposto ao efeito oxidante dessas

espécies reativas, pelo fato de serem formadas no decorrer de processos de consumo de oxigénio
(02) (AGARWAL et al., 2012; RIBEIRO et al., 2005). A reducdo incompleta de Oz na cadeia
respiratdria mitocondrial € uma das mais importantes fontes de formacdo de EROs (ABUJA;
ALBERTINI, 2001), conforme demonstrado abaixo na Figura 5.
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Figura 5- Formacéo de espécies reativas de oxigénio a partir do oxigénio molecular
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Fonte: Adaptacdo de AUGUSTO (2006).

A producdo de EROs é obtida a partir do metabolismo intracelular normal de
mitocdndrias, enzimas e peroxissomos. Alem disso, varios agentes externos também podem
contribuir, como luz ultravioleta, radiagéo ionizante, citocinas inflamatorias, quimioterapia, bem
como toxinas ambientais (FINKEL; HOLBROOK, 2000).

A diminuicdo dos niveis de EROs, abaixo do limite esperado, pode impedir importantes
funcoes fisiologicas destes, como por exemplo, facilitacdo da quimiotaxia, sintese de energia,
defesa imunoldgica (fagocitose), regulacdo do crescimento da célula, producéo de substancias
biologicas (prostaglandinas e colageno) e sinalizacao intracelular (CORRALES; ARIZA, 2012;
FINKEL; HOLBROOK, 2000).

Da mesma maneira, a elevacédo destas, pode ser igualmente prejudicial, levando a morte
das células, acelerando o envelhecimento, dentre outros maleficios (FINKEL; HOLBROOK,
2000). O dano na célula resulta principalmente da acdo dessas espécies reativas sobre
macromoléculas como acidos nucleicos, acucares, lipidios e proteinas, impedindo estes de
realizarem sua funcdo normal (VALKO et al., 2007; VASCONCELOS et al., 2007). Inclusive
metais, como o ferro e cobre, estdo envolvidos na catalise de algumas reacgdes, contribuindo
para essas modificacdes (FERREIRA; MATSUBARA, 1997).

Todos os componentes da célula sdo passiveis de sofrer acdo das espécies reativas,
entretanto, a membrana celular constitui um dos principais focos de atuacdo (FERREIRA;
MATSUBARA, 1997; VASCONCELOS et al., 2007).

A peroxidacao lipidica é o processo onde os lipidios que fazem parte da estrutura da
membrana celular ou organelas subcelulares, que contenham dupla (s) ligacédo (6es) de carbono,
especialmente &cidos graxos poli-insaturados, sofrem ataque desses agentes oxidantes
(AYALA; MUNOZ; ARGUELLES, 2014; JAKOVLIJEVIC et al., 2012). Essa modificacio

gera alteracbes nas suas propriedades quimicas e fisicas, com consequente mudanga na
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estrutura, permeabilidade, fluidez, risco de ruptura e morte celular, além de originar diversos
produtos secundarios, principalmente aldeidos, com a capacidade de intensificar essas
transformagdes (DEL R10O; STEWART; PELLEGRINI, 2005; VASCONCELOS et al., 2007).
As etapas desse processo estdo representadas na Figura 6.

Figura 6 — Etapas do processo de peroxidacéo lipidica
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Fonte: (AUGUSTO, 2006).

O malondialdeido (MDA) é um desses produtos, considerado 0 mais mutagénico, e muito
usado como marcador de estresse oxidativo e lipoperoxidacéo, sendo facilmente avaliado. Um
dos ensaios mais usados para essa determinacdo € a técnica de substancias reativas ao acido
tiobarbitarico (TBARS), onde o MDA reage com o acido tiobarbitarico (TBA) levando a
formacdo de compostos colorimétricos, permitindo quantificacio (AYALA; MUNOZ;
ARGUELLES, 2014; CUFFE; XU; PERKINS, 2017; DATOR et al., 2019).

Também ligado a questdes oxidativas, encontra-se o 6xido nitrico (NO), um radical livre
que representa um dos mediadores de processos extra e intracelulares mais relevantes (DUSSE;
VIEIRA; CARVALHO, 2003). E conhecido por desenvolver importantes funcdes nos sistemas
biologicos, tais como, inibicdo da agregacao plaquetéria, prevencdo da adesdo de plaquetas e
neutrofilos as células endoteliais, vasodilatacdo, inibicdo da migracdo e proliferacdo de células
musculares lisas, regulacdo da apoptose e manutencdo da funcdo de barreira das células
endoteliais (ROSSELLI; KELLER; DUBEY, 1998). Entretanto, pode ser altamente téxico em
circunstancias de desequilibrio oxidativo (DUSSE; VIEIRA; CARVALHO, 2003).
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A exposicdo do organismo as mais diversas fontes de oxidantes, fez com que diferentes
mecanismos de acdo fossem estabelecidos pelos sistemas antioxidantes, tais como: preventivos
(impedem a formagdo), de reparo (auxiliam na reconstituicdo das estruturas lesadas) e
varredores (impedindo a acdo) (BARBOSA et al., 2010; VALKO et al., 2007).

Por definicdo, o termo “antioxidantes” refere-se a qualquer substancia capaz de prevenir
ou retardar a oxidacdo de um substrato oxidavel, mesmo que em concentra¢cdes menores que
este (VILLANUEVA; KROSS; 2012). Apresentam a importante funcdo de proteger o
organismo, reduzindo ou inibindo a agédo prejudicial das EROs, dessa forma, auxiliando na
manutencdo do balanco oxidante/antioxidante (AGARWAL et al., 2012; BARBOSA et al.,
2010). Normalmente séo divididos em 2 categorias: enzimaticos e ndo-enzimaticos (BIRBEN et
al., 2012). Outros critérios também podem ser levados em consideracao para mais classificagcoes:
exogeno ou endogeno, origem (natural ou sintético), primario ou secundario, propriedades
fisico-quimicas (hidrossolivel ou lipossolivel) (PISOSCHI; POP, 2015; VERTUANI;
ANGUSTI; MANFREDINI, 2004).

Os principais representantes do sistema antioxidante enzimatico sdo: superoxido
dismutase (SOD) (EC 1.15.1.11), catalase (CAT) (EC 1.11.1.6), e glutationa peroxidase (GSH-
Px) (EC 1.11.1.9) (BIRBEN et al., 2012). Essas enzimas aléem de possuirem outras funcdes
essenciais nos organismos, sao consideradas imprescindiveis como a primeira linha de protecao
contra o ataque das EROs (IGHODARO; AKINLOYE, 2018; PISOSCHI; POP, 2015).

Aenzima SOD transforma Oz¢", em O2 e H20,. O H.02em quantidades excessivas é toxico
para 0 organismo, e na presenca de fon ferroso (Fe?"), através da Reacdo de Fenton, é
transformado no prejudicial *OH. Por sua vez, a CAT nos peroxissomos, e a GSH-Px na
mitocdndria, decompde o H2O. em compostos menos reativos. A agdo dessas enzimas,
representada na Figura 7, reduz muito os danos induzidos pelas espécies reativas (IGHODARO;
AKINLOYE, 2018).
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Figura 7- A¢do do sistema oxidante enzimatico
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Fonte: Adaptagdo de PENG et al. (2014).
CAT: catase; SOD: superéxido dismutase; GPx: glutationa peroxidase; GR: glutationa redutase; GSH: glutationa
reduzida; GSSG: glutationa oxidada.

A CAT humana é formada por quatro subunidades idénticas de proteinas, sendo cada
uma destas, composta de um grupamento prostético heme e quatro dominios diferentes. Esta
localizada dentro da célula, em grande quantidade nos peroxissomos, local onde também tem
alta producdo de H>O, (GLORIEUX; CALDERON, 2017; YOUNG; WOODSIDE, 2001).
Possui importante papel no controle da concentracéo de H2O2, regulando dessa forma os danos
gerados por este (GLORIEUX; CALDERON, 2017; GOYAL, M. M.; BASAK, 2010).

Os antioxidantes abrangem do mesmo modo, um sistema ndo enzimatico, o qual inclui
alguns compostos provenientes da dieta, tais como: vitaminas E, C, flavonoides, selénio e zinco.
E também, substancias produzidas pelo proprio organismo, ou seja, enddgenas, como L-
ariginina, coenzima Q10, glutationa, melatonina, &cido Urico, bilirrubina, transferrina, entre
outras (PHAM-HUY; HE; PHAM-HUY, 2008).

A vitamina C ou acido ascérbico é uma vitamina hidrossoltvel, essencial para varias
funcbes bioldgicas, como a biossintese de neurotransmissores e colageno (PHAM-HUY'; HE;
PHAM-HUY, 2008). Como antioxidante, comporta-se como agente redutor eliminando
espécies reativas prejudiciais. Este mecanismo auxilia na prevencdo de danos ao DNA, lipidios
e proteinas (GROSSO et al., 2013). Atua sinergicamente com a vitamina E, na reducdo de
radicais livres e também auxiliando na reciclagem a vitamina E oxidada (AGARWAL,;
GUPTA; SHARMA, 2005; PHAM-HUY; HE; PHAM-HUY, 2008).

A glutationa reduzida (GSH) é o principal composto sulfidrila ndo proteico do
organismo, € um antioxidante sollvel, presente em grande quantidade em todos os

compartimentos celulares, possuindo diversas fungdes biologicas. Este grupamento tidlico ou
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sulfidrilico (-SH), presente em sua estrutura, € responsavel pela desintoxicagdo contra as EROs
e peroxidos de lipidios, bem como pela manutencao do estado redox. Sua forma reduzida (GSH)
atua contra essas moléculas, formando a sua versdo oxidada (GSSG), mediada pela GSH-Px,
que é reduzida pela glutationa redutase (GSH-Rd) gerando novamente GSH. Essa relacdo
GSH/GSSG, é um bom determinante de estresse oxidativo. Atua também na conversdo das
vitaminas C e E as suas formas ativas, como cofator de enzimas e na protecdo contra apoptose
(ADEOYE et al., 2018; BIRBEN et al., 2012).

Os grupamentos —SH, presentes em algumas moléculas nos sistemas bioldgicos, sao de
grande importancia para regulacéo e manutencéo do balango redox (GORI et al., 2014; YANG,;
GUAN, 2015). Possuem papel relevante em funcdes fisiologicas e processos patologicos por
apresentarem capacidade de reducdo, quelacdo e nucleofilicidade. Os mesmos podem ser
divididos em grupamentos tiolicos proteicos (envolvem proteinas de sinalizacao reguladas por
tiois (ex.: quinases), proteinas de armazenamento de tiois (ex.: aloumina) e proteinas contendo
tiois propriamente envolvidos na regulacdo redox (ex.: GSH-Px), e ndo proteicos (como GSH,
cisteina e homocisteina) (YANG; GUAN, 2015). A quantificacdo dos grupamentos —SH ocorre
pela reagdo destes com o 5°,5’°-ditiobis-(2-acido nitrobenzoico) (DTNB) e pode ser realizada
tanto nos eritrécitos como no plasma (BOYNE; ELLMAN, 1972).

Para a avaliagdo do sistema antioxidante de forma geral podemos mencionar 0s
seguintes testes: Capacidade antioxidante total equivalente ao trolox (“Trolox equivalent
antioxidant capacity”) (TAC) e Poder antioxidante redutor do ferro (“Ferric reducing —
antioxidante power”) (FRAP) (KUSANO; FERRARI, 2008). O ensaio TAC determina a
capacidade dos antioxidantes em inibir o cation radical 2,2-azinobis (3-etilbenzotiazolina-6-
sulfonato) (SHAHIDI; ZHONG, 2015). Enquanto a técnica FRAP testa a forca antioxidante da
amostra em reduzir ions férricos em ferrosos (VASCONCELOQOS et al., 2007). A principal
vantagem é o fato de levarem em consideracéo a capacidade de todos os antioxidantes, ao inves
da analise de compostos isolados, principalmente devido a interacdo que pode existir entre eles
(BARTOSZ, 2003, KUSANO; FERRARI, 2008).

1.1.3 Enzima Delta-Aminolevulinato desidratase

A enzima 6-ALA-D (E.C. 4.2.1.24), também denominada como 5- aminolevulinato-
hidroliase ou porfobilinogénio sintase € uma zinco metaloproteina citosélica que participa da
biossintese do heme, funcdo de extrema importancia para todos os organismos aerébicos
(EMANUELLLI, 1997; JAFFE et al., 1995; PANIZ et al., 2007). Atua nessa via catalisando a
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condensacéo assimetrica e ciclizagdo de duas moléculas de ALA para formar o porfobilinogénio
(PBG) (Figura 8), o precursor monopirrélico das moléculas tetrapirrélicas (corrinas, bilinas,
clorofilas e hemes) (DJORDJEVIC, 1985; EMANUELLI, 1997; GIBBS; CHAUDHRY;
JORDAN, 1985). Essas moléculas compdem grupos prostéticos de relevantes proteinas como
mioglobina, hemoglobina, e enzimas como CAT, peroxidases e citocromos (SOUZA et al.,
2007).

Figura 8- Formac&o do porfobilinogénio catalisada pela enzima 8-ALA-D
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Fonte: Adaptacdo de ROCHA et al. (2012).

A 3-ALA-D possui alta sensibilidade ao oxigénio, assim como todas as enzimas
desidratases. Esta caracteristica estd associada a seus residuos de cisteina fortemente reativos,
necessarios para sua estabilidade e atividade (GIBBS; CHAUDHRY; JORDAN, 1985). Esses
grupamentos, em condi¢fes oxidantes, tornam-se suscetiveis e levam a inibicdo da enzima. Essa
inibicdo prejudica a producdo de moléculas tetrapirrélicas e leva ao acimulo de ALA. O
acumulo desse substrato, tem se mostrado um indutor de eventos pré-oxidantes, pelo aumento
da geragdo de espécies reativas, como H202, Oz+" e *OH, intensificando o desequilibrio redox
(DE LUCCA et al., 2016a; LA-LLAVE-LEON et al., 2017; ZANINI et al., 2014).

A inibicdo da enzima pode ser revertida e/ou prevenida, in vitro, pela adi¢do de zinco
(Zn*?) ou agentes redutores, como o ditiotreitol (DTT), sendo possivel calcular o seu indice de
reativacdo. Essa ocorréncia indica que a oxidacao de grupos —SH esta envolvida na inibicao da
d-ALA-D (BAIERLE et al., 2014; ROCHA et al., 2012).
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A avaliacdo da 6-ALA-D tem sido relatada como um possivel marcador de estresse
oxidativo na fisiopatologia de algumas doengas (ROCHA et al., 2012). Dentre algumas
situacBes em que a enzima ja foi citada encontram-se estudos realizados durante a gestacdo em
gravidas saudaveis nos trés trimestres (DE LUCCA et al., 2019), nos diferentes modos de
entrega (VENDRAME et al., 2019a) e variagdo de tempo de duracédo de trabalho de parto com
avaliacdo de impacto nos neonatos (VENDRAME et al., 2019b), e expostas a condicGes de
risco por pré-eclampsia (DE LUCCA et al., 2016b), diabetes (DE PAULA et al., 2020;
RODRIGUES et al., 2018) e gemelaridade (JANTSCH et al., 2019).

1.1.4 Relagdo Toxoplasmose, Gestacao e Estresse Oxidativo

Os mecanismos da infeccdo pelo T. gondii na gestacdo, bem como suas complicacdes
para o feto ndo estdo bem descritos, porém cita-se 0 estresse oxidativo como uma possivel causa
(XU et al., 2012).

A gestacdo, por si sO, € um periodo onde o metabolismo oxidativo encontra-se
sabidamente elevado. Isso ocorre devido a grande demanda de oxigénio requisitada pela mée,
pelo feto e pela placenta, que é rica em mitocondrias. Esse cenario faz com que ocorra uma
maior producdo de EROs, no entanto, nas gestacdes normais, existe um equilibrio oxidativo
fisiologico (HASTIE; LAPPAS, 2014; VIDAL et al., 2014). Essa geracdo de EROs possui
funcéo essencial, entretanto em quantidades exacerbadas pode colaborar para o dano oxidativo
(RAMIRO-CORTIJO et al., 2016).

Alguns estudos foram realizados em gestantes humanas (ABDUL-RAHMAN;
MAHMOOD; AZIZ, 2015; ABDULAMEER, 2020; AZIZ; UMAR; ALI, 2006; MARCHIORO
et al., 2018; MOHAMMED et al., 2020; MUSTAFA; IBRAHEEM, 2019) e em modelo de
gestacdo animal (XU et al., 2012; XU et al., 2015) com toxoplasmose, abordando a avaliacdo
de estresse oxidativo nessas situacdes. No entanto, estes foram desenvolvidos em pacientes com
IgG reagente (fase cronica) (ABDUL-RAHMAN; MAHMOOD; AZIZ, 2015; MOHAMMED
et al., 2020), com IgM reagente (fase aguda), utilizando latex como método de detec¢do (AZIZ;
UMAR; ALI, 2006), inclusive sem fazer referéncia a fase da infeccdo que se encontravam
(MUSTAFA; IBRAHEEM, 2019), porém todos sem utilizacdo da terapia. Até 0 nosso
conhecimento, ndo foram realizados estudos com relagdo ao estresse oxidativo e avaliagdo da
atividade da enzima 3-ALA-D, em mulheres que tiveram toxoplasmose aguda na gestagéo, e

gue estivessem em tratamento com SPAF, o que justifica o presente estudo.
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1.2 OBJETIVOS

1.2.1 Objetivo Geral

Verificar em gestantes diagnosticadas e tratadas para infeccdo por T. gondii possiveis
alteragBes nos pardmetros imunoldgicos, clinicos e oxidativos, bem como avaliar os resultados

perinatais.

1.2.2 Objetivos Especificos

Nas amostras das gestantes diagnosticadas e tratadas para infecc¢éo por T. gondii, objetivou-se:
- Averiguar a resposta humoral de gestantes na fase aguda da infeccdo, associando a
presenca ou auséncia de sintomatologia, bem como condigdes clinicas gerais;
- Analisar marcadores de dano oxidativo, assim como protetores do sistema de defesa
antioxidante;
- Avaliar a atividade da enzima sulfidrilica 6-ALA-D.
Com os resultados perinatais, pretendeu-se:
- Determinar o grau de comprometimento clinico dos recém-nascidos de maes que

receberam tratamento para infeccéo pelo T. gondii.
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1.3 MATERIAIS E METODOS

Os materiais e métodos que pertencem a essa Tese, estdo apresentados sob a forma de
um artigo e um manuscrito. O artigo, encontra-se publicado no periddico cientifico Microbial
Pathogenesis, enquanto 0 manuscrito encontra-se submetido no periédico cientifico Diagnostic
Microbiology & Infectious Disease. Os itens Materiais e Métodos, Resultados, Discusséo e
Referéncias, estdo contidos nos mesmos.

O fluxograma abaixo explica 0 método que os grupos das participantes com a patologia
foram estabelecidos para a realiza¢do dos referidos estudos.

4 )

[ GESTANTES COM SUSPEITA TOXOPLASMOSE AGUDA (n= 55) ]

[ TOXOPLASMOSE AGUDA CONFIRMADA ] [ TOXOPLASMOSE AGUDA ]

ANTES DA GESTACAO (n=13) CONFIRMADA NA GESTACAO (n=42)

[ OUTROS TRATAMENTOS (n = 16) ] [ SPAF (n =26) ]

\ /
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Abstract: !

The aim of this study was to investigate the clinical and oxidative profile, including the activity
of the enzyme delta-aminolevulinate dehydratase (3-ALA-D), in women who acquired
toxoplasmosis during pregnancy and used the triple regimen (sulfadiazine + pyrimethamine +
folinic acid [SPFA]) as treatment. These parameters have not been evaluated in pregnant
women with toxoplasmosis who used the triple regimen. A total of 53 pregnant women were
recruited and divided into two groups: control (C; n = 27) and acute toxoplasmosis (AT; n =
26). Clinical data and blood samples were obtained from all patients. The clinical profile was
analyzed by checking parameters such as body mass index, blood pressure, and complete blood
count. Oxidative stress was evaluated by quantifying protein (P-SH) and non-protein (NP-SH)
thiol groups, vitamin C, plasma iron reduction capacity (FRAP), 6-ALA-D enzyme activity,
reactive substances to thiobarbituric acid (TBARS), and nitric oxide (NO). Changes in
hematological parameters (increased red cell distribution width and decreased hemoglobin and
mean corpuscular hemoglobin concentration), increased antioxidant system (P-SH, NP-SH,
FRAP, 6-ALA-D enzyme activity), as well as damage markers (TBARS and NO), were
significantly elevated in pregnant women with toxoplasmosis, compared to those in the control
group. Pregnant women treated for this acute infection showed increased damage markers, as
well as a significant increase in the antioxidant system, including the activity of the 6-ALA-D
enzyme. Given this evidence, it is suggested that these changes occur as a form of

compensation, with a possible contribution from drug therapy.

Keywords: Acute toxoplasmosis; Antioxidants; Delta-aminolevulinate dehydratase; Pregnant

women; Toxoplasma gondii.

! Abbreviations: AT, women who had acute toxoplasmosis during pregnancy; BMI, body mass index; C, control
group; 6-ALA-D, delta-aminolevulinate dehydratase; EDTA, ethylenediamine tetraacetic acid; FRAP, ferric
reducing ability of plasma; GSH, reduced glutathione; GSSH, oxidized glutathione; HUSM, University Hospital
of Santa Maria; 1gG, immunoglobulin G; IgM, immunoglobulin M; MDA, malondialdehyde; MCH, mean
corpuscular hemoglobin; MCHC, mean corpuscular hemoglobin concentration; MCV, mean corpuscular volume;
NO, nitric oxide; NP-SH, non-protein thiol groups; P-SH, protein thiol groups; RDW, red cell distribution width;
SPFA, sulfadiazine + pyrimethamine + folinic acid; TBARS, thiobarbituric acid reactive substances; UBS, Basic
Health Units.
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1. Introduction

Toxoplasmosis is a common zoonosis with worldwide distribution. Its etiological agent
is the intracellular protozoan Toxoplasma gondii [1]. This parasite infects humans as well other
warm-blooded animals and the infectious forms vary according to the route of transmission:
bradyzoites, by consumption of raw/undercooked meat and transplantation of solid organs,
sporozoites, by contamination of soil, water, fruits and vegetables, and tachyzoites,
transplacental transmission and blood transfusion [2, 3].

Studies estimate that about a third of the world’s population may be chronically infected
[2, 4]. Generally, in immunocompetent patients, the acute phase occurs asymptomatically or
manifests itself through non-specific symptoms [4]. This heterogeneous response depends on
individual characteristics, and may have different intensity, reflecting the production of
cytokines, which are involved in the manifestation of symptoms [5]. However, this infection is
extremely relevant when it occurs for the first time during the gestational period due to the
possibility of transmission to the fetus. According to the gestational age at which it occurs, the
risk of neonatal sequelae may present with different intensities [6, 7]. These clinical
manifestations can range from prematurity to perinatal death or severe eye and brain damage
[8, 9].

When maternal infection is suspected or confirmed, treatment should be started
immediately. The antibiotic spiramycin is administered until 18 weeks of gestation. After that
period, continuation of the medication is defined according to whether the fetus is infected or
not. If fetal infection is not confirmed, spiramycin is continued until delivery. However, if the
infection of the fetus is confirmed or suspected, or the maternal diagnosis of the infection occurs
after more than 18 weeks of gestation, the triple regimen (sulfadiazine, pyrimethamine, and
folinic acid [SPFA]) is then instituted and sustained until the end of pregnancy [ 10, 11].

Oxidative stress is defined as an imbalance between pro-oxidant substances and
antioxidant defenses, in favor of the first [12]. Antioxidant defense mechanisms act to control
the effects of oxidizing species [13]. This disparity is known to be involved in the
pathophysiology of toxoplasmosis, both in the infectious process caused by the pathogen and
in the response generated by the host [14].

During normal pregnancy, several complex events occur in a well-organized manner, so
that the development of the fetus occurs with an ideal supply of oxygen and nutrients, and the
delivery has a good outcome [15, 16]. Thus, oxidative metabolism is increased as a result of the

increase in oxygen demand, both from the mother and fetus, leading to a greater production of
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reactive oxygen species. However, in these situations, there is a physiological balance [17].
This elevation plays an essential role in pregnancy, but in exacerbated amounts, reactive oxygen
species, often associated with complications, can to oxidative damage [18].

The enzyme delta-aminolevulinate dehydratase (3-ALA-D) (EC 4.2.1.24) that
participates in the biosynthesis of tetrapyrrolic molecules, which are part of prosthetic groups
of proteins relevant to aerobic organisms, such as hemoglobin, is relevant in this context [19].
Its activity and stability are very sensitive to oxidizing agents because of the possible oxidation
of their thiol groups [20]. Its inhibition can generate an accumulation of aminolevulinic acid
substrate, which in turn exacerbates oxidative stress by forming reactive species [21]. To date,
there are no studies in the literature that address the behavior of the 6-ALA-D enzyme in
pregnant women in the acute phase of toxoplasmosis and receiving the triple scheme (SPFA)
as treatment.

In 2018, in the city of Santa Maria, Rio Grande do Sul, Brazil, the largest outbreak of
toxoplasmosis, where water was suspected as the possible transmission vehicle, was observed.
As a result of this outbreak, there were a significant number of people infected with T. gondii,
including many pregnant women [22, 23].

Given this context and the relevance and uniqueness of the theme presented, this study
sought to analyze the clinical and oxidative profiles of women who acquired the infection
during pregnancy and used SPFA as a treatment for toxoplasmosis. This study also observed
the activity of the enzyme &-ALA-D due to its relevance in aerobic organisms and the behavior

demonstrated in situations of oxidative stress.

2. Materials and Methods
2.1. Study Population

The study included 53 participants, divided into two groups: healthy pregnant women,
as the control group (C) (n = 27) and women who had acute toxoplasmosis during pregnancy
(AT) (n = 26). Group C participants were recruited from healthy women who underwent
prenatal care at Basic Health Units (UBSs) in the city of Santa Maria, Rio Grande do Sul, Brazil,
between February 2017 and June 2018. Patients with AT were selected from the Fetal Medicine
Outpatient Clinic of the University Hospital of Santa Maria (HUSM), Santa Maria, Rio Grande
do Sul, Brazil, with suspected T. gondii infection, between August 2018 and September 2019.
The diagnosis of toxoplasmosis was based on the detection of anti-T. gondii immunoglobulin

M (IgM), immunoglobulin G (IgG) antibodies and intensity of IgG avidity [24]. Pregnant
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women who obtained reagent anti-T. gondii IgM and IgG results, as well as low avidity of 1gG,
during pregnancy, were classified into the AT group. This study included pregnant women with
a single fetus in the third trimester of pregnancy (based on data provided by the first ultrasound)
and aged between 18 and 40 years. All patients included in the AT group received SPFA as
drug therapy for the treatment of toxoplasmosis, since the protocol of the Ministry of Health
indicated this treatment according to the clinical criteria presented by these pregnant women.
Patients with pre-existing chronic diseases, smokers, alcoholics, those with adjacent infections,
and those who were not treated with SPFA were excluded. All patients agreed to participate in
the survey by signing an informed consent form. The study was authorized by those responsible
for the UBSs, the Center for Permanent Education in Health, and the Municipal Health
Department, and the study was approved by the Research Ethics Committee of the Federal
University of Santa Maria (CAAE: 59366116.5.0000.5346).

2.2. Sample Collection and Processing

Before routine medical consultations, biological samples were collected, and a
questionnaire was applied by researchers to obtain clinical datas. Relevant information was
supplemented through access to the medical records.

Venous blood samples (8 mL) were collected in tubes containing heparin,
ethylenediamine tetraacetic acid (EDTA), and no anticoagulant. Serum and plasma samples
were obtained by centrifugation at 3000 rpm. After removing the plasma, the samples
containing heparin were washed with 0.9% NaCl solution three times to isolate erythrocytes.
Serum aliquots were separated and stored at -80 °C as soon as they were obtained. This was
done for performing the ferric reducing ability of plasma (FRAP) and nitric oxide (NO) tests at

a later stage, while the other tests were performed on the same day.

2.3. Serological diagnosis

The determination of antibodies anti- T. gondii IgM and IgG was performed using serum
by electrochemiluminescence immunoassay in a COBAS 6000 automated equipment (Roche®,
Basel, Switzerland). IgG avidity testing was performed on serum using the chemiluminescence
microparticle immunoassay (CMIA) on Architect 12000 analyzer (Abbott®, Illinois, USA). The

parameters used as reference were those provided by the manufacturers.
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2.4. Clinical and Laboratory Profile

Body mass index (BMI) was estimated by dividing the weight by height squared
(kg/m?). Hematimetric indices (erythrocytes, hemoglobin, hematocrit, mean corpuscular
volume [MCV], mean corpuscular hemoglobin [MCH], mean corpuscular hemoglobin
concentration [MCHC], and red cell distribution width [RDW]) as well as platelets and
leukocyte counts were evaluated in a blood sample containing EDTA, as determined using a
Sysmex XE 5000® automated cell counter (Sysmex Corporation, Kobe, Japan). Blood pressure

was measured using a calibrated aneroid sphygmomanometer (mmHg).
2.5. Oxidative Profile
2.5.1. Antioxidants

Thiolic groups were quantified using the method reported by Boyne and Ellman [25],
with modifications by Jacques-Silva et al. [26]. This determination consists of the reduction of
5,5-dithiobis  (2-nitrobenzoic acid) in phosphate buffer and measurement in a
spectrophotometer at 412 nm. Protein thiol groups (P-SH) were determined in plasma samples
and presented as nmol P-SH/mL plasma, while non-protein thiol groups (NP-SH) quantified in
erythrocytes were represented as nmol NP-SH/mL erythrocytes. Vitamin C was measured in
plasma samples, following the methodology of Galley et al. [27] modified by Jacques-Silva et
al. [26] in which the final orange-red product is determined using a spectrophotometer at 520
nm, and the results are given in pg vitamin C/mL plasma. The FRAP measurement was
performed in serum samples using an automated analyzer BS 380 ® (Mindray Medical
International, Shenzhen, China) following the method described by Benzie and Strain [28], and

the results are expressed in mmol/L.
2.5.2. Oxidants

The determination of lipoperoxidation in plasma samples was performed by measuring
the level of thiobarbituric acid reactive substances (TBARS) in the samples using a
spectrophotometer at 532 nm, following the technique described by Lapenna et al. [29], and the
results are represented in nmol malondialdehyde (MDA)/mL plasma. The NO evaluation
(through the nitrate/nitrite ratio) was performed in serum samples using an automated analyzer
BS 380 ®, following the method described by Tatsch et al. [30], and the results are expressed
in umol/L.
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2.5.3. Enzymatic Activity

The evaluation of the 5-ALA-D enzyme activity was performed in whole blood samples,
based on the method proposed by Berlin and Schaller [31], and the results are represented as
U/L (nmol PBG/h/mg Hb).

2.6. Statistical Analysis

Data analysis was performed using GraphPad Prism ® software (La Jolla, CA, USA)
version 6.0. The Shapiro-Wilk test was used to assess the normality of the samples. When the
groups were distributed parametrically, Student's t-test was applied, and the results were
represented as mean = standard deviation (SD). However, in the case of non-parametric
variables, the Mann—Whitney U test was used, and the results were represented as median and
interquartile range. Statistical significance was set at p < 0.05.

3. Results

A total of 53 pregnant women were included in this study. The clinical and laboratory
characteristics of the pregnant women are shown in Table 1. Some parameters analyzed showed
a significant difference in the group with the infection, compared to the control group, such as
high RDW and decreased hemoglobin and MCHC levels.
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Parameter C(n=27) AT (n = 26) P

Clinical and hematological
characteristics

BMI (kg/m?) 26.44 + 3.66 28.58 +4.34 0.0599
Erythrocytes (10%/mm?) 3.99 (3.73 - 4.30) 3.94 (3.70-4.07) 0.4005
Hemoglobin (g/dL) 11.83 +£1.04 11.24 + 0.87* 0.0376*
Hematocrit (%) 35.04 £ 3.06 34.00 £ 2.26 0.1884
MCV (micra®) 88.63 £ 6.39 87.70 £5.27 0.6205
MCH (pg) 30.60 (29.40-31.33)  29.10 (27.90-31.00) 0.1256
MCHC (%) 33.79+£1.13 33.05 £ 0.90* 0.0274*
RDW (%) 12.75 (12.43-13.35)  13.80 (13.50-14.20)*  0.0002*
Platelets (MIL/mmd) 219000 + 50660 218304 + 62278 0.9658
Leukocytes (mmd) 9800 (8150-11610) 11900 (9470-13400)  0.0878
Systolic Pressure (mmHg) 110.00 (100.00— 110.00 (110.00— 0.1602
110.00) 120.00)

Diastolic Pressure (mmHg)  60.00 (60.00-70.00)  60.00 (60.00-70.00) 0.6329

Table 1. Clinical and laboratory characteristics of pregnant women with and without

toxoplasmosis

Parametric data were evaluated by Student's t-test and are displayed as mean + SD.
Nonparametric data were evaluated using the Mann-Whitney U test and displayed as median
(interquartile range). The value of *p < 0.05, was considered statistically significant when
compared to the control group of pregnant women. AT, group with acute toxoplasmosis; BMI,
body mass index; C, control group; MCH, mean corpuscular hemoglobin; MCHC, mean
corpuscular hemoglobin concentration; MCV, mean corpuscular volume; RDW, red cell
distribution width.

The evaluated oxidative biomarkers and the 5-ALA-D enzyme activity are shown in
Figure 1. The levels of the thiol groups, P-SH and NP-SH (Figure 1a and 1b), were higher in
pregnant women with the infection, 59.17% (160.60 (146.80-192.80 nmol/mL)) and 18.26%
(907.10 £ 146.40 nmol/mL), compared to the control group (100.90 (91.25-134.70 nmol/mL))
and (767.00 = 221.50 nmol/ mL), respectively. The FRAP results (Figure 1d) showed a
significant increase in the levels in the AT group (380.00 [348.00-459.50 mmol/L]) compared
to the C group (283.00 (250.00-334.00 mmol/L]). TBARS levels (Figure 1e) were higher in

pregnant women with the infection (7.34 (6.12—72.60 nmol/mL]) compared to the control group
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(5.59 (4.22—-7.54 nmol/mL]). The NO values (Figure 1f) were almost three times higher in
participants with toxoplasmosis (433.00 (238.50-598.00 pumol/L]) when compared to group C
(155.00 (55.00 — 379.00 pmol/L]). The 8-ALA-D enzyme activity (Figure 1g) was 39.86%
higher in the AT group (42.42 + 11.98 U/L) than in the C group (30.33 + 13.47 U/L).
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Figure 1. Oxidative stress biomarkers and 6-ALA-D enzyme activity evaluated in pregnant

women with and without toxoplasmosis. Parametric data were evaluated by Student's t test and

displayed as mean £ SD. Nonparametric data were evaluated by the Mann—Whitney U test and

displayed as median (interquartile range). The value of *p < 0.05 was considered statistically
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significant when compared to the control group of pregnant women. 3-ALA-D, delta-
aminolevulinate dehydratase; FRAP, plasma iron reduction capacity; NO, nitric oxide; NP-SH,
non-protein thiol groups; P-SH, protein thiol groups; TBARS, thiobarbituric acid reactive
substances.

4. Discussion

In 2018, we witnessed the world’s largest outbreak of toxoplasmosis that occurred in
Santa Maria, Rio Grande do Sul, Brazil [22]. In these circumstances, a significant number of
pregnant women were concomitantly infected. Given this scenario, we sought to fill important
gaps in the literature such as elucidating the oxidative profile of patients using drug therapy,
including the assessment of the 3-ALA-D enzyme activity.

The diagnosis of toxoplasmosis in pregnant women is essential because of the
possibility of early initiation of treatment to reduce the chances of transmission of the infection
to the fetus. One of the available therapies is SPFA [11], which was used by all the pregnant
women in this study. In this combination, sulfadiazine and pyrimethamine act synergistically
as an efficient treatment, which inhibits the folate metabolic pathway and prevents the parasite's
survival and proliferation [32, 33]. Ludwig et al. (2022) [34] obtained low detection values
when analyzing the presence of parasitic DNA in placentas of women treated for acute
toxoplasmosis during pregnancy, associating this result with most patients having used SPFA
as a treatment. However, pyrimethamine can cause several adverse effects, which can lead to
changes in or discontinuation of therapy, even affecting the final outcome of pregnancy [33].
Among these consequences is its toxicity to human cells, causing hematological complications
such as leukopenia, anemia, and thrombocytopenia. The administration of folinic acid along
with this treatment is extremely important as it protects the bone marrow and reduces the
possible disorders associated with the use of pyrimethamine [32, 35]. When evaluating the
hematological characteristics of all the pregnant women in this study, we observed an elevated
RDW and decreased hemoglobin and MCHC levels (Table 1) in the group with toxoplasmosis
compared to the control, even when folinic acid was used as a shield.

Glutathione is one of the most important antioxidants produced by the body. It is the
compound with the largest amount of NP-SH and has numerous functions, including protection
against oxidative damage and maintenance of redox homeostasis [36, 37]. Our results showed
higher levels of P-SH and NP-SH (Figure 1a and 1b) in the group with toxoplasmosis under
treatment compared to the control group. James et al. (2004) [38] and Frye et al. (2013) [39]
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reported associations between behavioral improvemnet in patients with autism and, performed
evaluations of folinic acid supplementation along with other compounds. Interestingly, by
increasing the antioxidant function, they found an increase in reduced glutathione (GSH) and a
decrease in oxidized glutathione (GSSG), thereby decreasing the GSH/GSSG ratio. The
mechanism in this situation involves the transformation of this reduced folate derivative into 5-
methyl-tetrahydrofolate, converting sulfur-containing substances into glutathione, thus
improving the redox state [40]. In view of this, we suggest that this increase can be explained
by the influence of folinic acid supplementation.

In addition, with regard to antioxidant defenses, we observed an increase in FRAP
(Figure 1d) and 5-ALA-D enzyme activity (Figure 1g) in the AT group, which allows us to
infer that this system is overactive in these patients. According to Tiirkoglu et al. (2018) [41],
infection with toxoplasmosis itself was able to promote a response in the body, increasing
antioxidant levels in the liver of rats with acute infection. When considering the treatment,
Adisa et al. (2011) [42] demonstrated that the administration of sulfadoxine and pyrimethamine
was able to induce oxidative stress and that the body faces this change through the elevation of
antioxidants, including GSH.

The lipoperoxidation process is initiated when the interaction of reactive species with
polyunsaturated fatty acids from lipoproteins or membranes occurs. One of the end products of
this chain reaction is MDA, which was experimentally quantified using the TBARS technique.
MDA is a highly toxic product that is capable of reacting with important molecules such as
proteins and DNA and is potentially mutagenic, thus leading to damage to the organism [43,
44]. In this study, higher plasma levels of MDA were found in the AT group than in the control
group (Figure 1e). Aziz et al. (2006) [45] observed similar results in samples collected in the
first 3 months of pregnancy from patients in the acute phase of the infection who were not
treated and possibly attributed these changes in the body's response to the parasitic disease
itself.

NO plays relevant roles in biological systems such as in platelet aggregation, synaptic
transmission, and cytotoxicity. It acts as a free radical, in addition to playing a role in
suppressing and stimulating the immune system and acting against bacteria and viruses [46].
The levels of NO in the serum of the pregnant women in the AT group were higher than those
in the C group (Figure 1 f). This elevation may be associated with the body’s attempt to control
the infection caused by T. gondii, even helping to kill tachyzoites or changing the stage to
bradyzoites [14]. Similarly, Legorreta-Herrera et al. (2010) [47] found increased levels of NO,

MDA, and antioxidants in rats infected with malaria and treated with pyrimethamine,
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suggesting a possible involvement of oxidative stress as an immunomodulatory mechanism of
action of this drug and upregulation of antioxidants to compensate for this scenario.

The main limitation of our study was the fact that we were unable to obtain a group of
pregnant women with the disease who did not use the treatment, as this approach is a protocol
in cases of suspected or confirmed infection during this period in our country.

5. Conclusion

In conclusion, our results suggest an increase in oxidative stress, probably caused by the
disease as well as by an important compensation for the rise of the antioxidant system, which
seemed to be well influenced by the drug therapy in question.
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Abstract

The aim of the study was to describe the heterogeneity of the humoral immune response and
pregnancy outcomes in infected women during an outbreak of toxoplasmosis. Forty-two
pregnant women referred to the University Hospital of Santa Maria (HUSM), RS, Brazil in
2018 and 2019, were evaluated. Clinical symptoms were reported in 33.33% of the patients.
The majority (64.29%) of symptomatic pregnant women had IgM index >7.0. Considering
asymptomatic pregnant women, the most (46.43%) presented IgM index below 3.0. Low IgG
avidity are present in 23.53% of pregnant women with a IgM index <3.0. Three newborns had
the congenital form of the infection, and of these, only one had a reagent IgM serological result.
The serological response detected at the time of diagnosis of the infection is heterogeneous,
which can make it difficult to interpret the tests, due to the presence of non-classical serological
profiles.

Keywords: Acute toxoplasmosis; Diagnosis; Immune response; Pregnant women.
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1. Introduction

Toxoplasmosis is a zoonosis caused by the intracellular protozoan Toxoplasma gondii
(T. gondii) that affects humans and other warm-blooded animals, mainly through ingestion of
food and water or via contaminated soil.*?

The prevalence of infection may vary according to the geographic region,® affecting
about one-third of the world population.* In Brazil, the prevalence is 42-90%.° In pregnant
women, the prevalence follows this variation, with 31% in the city of Caxias do Sul (RS),
around 50% in Londrina and Rolandia (PR), and 91.60% in the state of Mato Grosso do Sul.®

In Santa Maria, Rio Grande do Sul State, southern Brazil, during the year 2018, there
was an outbreak of toxoplasmosis affecting the general population, which included pregnant
women and their fetuses. Water was identified as a likely vehicle for disease transmission.’
Official data reported 2,270 cases with more than 900 confirmed cases. Of these, 146 cases
were in pregnant women.® If a primary infection occurs during pregnancy, there is a possibility
of transmission of the parasite to the fetus, with the newborn (NB) manifesting the congenital
form of the disease.®!!

The incidence of congenital cases in Brazil is between four and ten cases for every
10,000 live births.*2 The transplacental passage of the parasite depends on several factors, such
as the gestational period in which the infection occurs and maternal immunity. As pregnancy
progresses the probability of parasitic transmission increases. However, the severity of the
infection for the fetus decreases.® Congenital toxoplasmosis can cause eye problems,
hydrocephalus and even death of the conceptus.** The screening of this pathology during
prenatal care is important, since this infection can occur without maternal clinical
manifestations. Thus, the results of laboratory tests will be the markers that will allow the
identification of susceptible pregnant women or the early diagnosis of the infection, resulting
in immediate treatment, reducing the magnitude of the fetal damage. >

However, in the case of pregnant women, the interpretation of serological results is a
challenge, as it is not always possible to determine whether there was a primary infection during
pregnancy.

The present study aimed to describe the heterogeneity of the humoral immune response
and clinical characteristics of pregnant women infected with T. gondii during an outbreak of
toxoplasmosis (2018), referred for care and treatment at a referral hospital in southern Brazil,

describing the consequences of this infection on NBs.
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2. Material and Methods

A cross-sectional observational study was conducted using a convenience sample. The
clinical records of 55 women suspected of having acute toxoplasmosis, between August 2018
and September 2019, were evaluated, who, after undergoing care and evaluation in Basic Health
Units in the city and region, were referred to the reference service for care at the Fetal Medicine
outpatient clinic of the University Hospital of Santa Maria (HUSM), RS, Brazil. Suspected
cases were women with laboratory tests immunoglobulin M (IgM) and immunoglobulin G
(1gG) reagents. Clinical and serological data were obtained through a questionnaire carried out
by the researcher before the routine medical consultation and data recorded in the medical
records. Toxoplasmosis prior to pregnancy was confirmed in 13 pregnant women, who had
highly avidity 1gG, and were in the first trimester of pregnancy. In these cases, IgM was
considered residual or due to re-exposure. Recent infection, likely to have occurred during the
gestational period, was confirmed in 42 pregnant women. These participants were treated, since
diagnosis until delivery, according to guidelines defined in a protocol established by the
Ministry of Health.!”. For 38 pregnant women, the delivery took place in the same hospital
where outpatient follow-up was performed, and the outcome in the NB was evaluated through
clinical testing and records in the medical record. The NBs were followed up until confirmation
of serology. The study was approved by the Ethics Committee for Research with Human Beings
at the Federal University of Santa Maria (UFSM) (CAAE: 59366116.5.0000.5346).

2.1 Serological diagnosis

The results of the serological markers IgM, 1gG, and IgG avidity specific for T. gondii
were evaluated, using the reference values provided by the manufacturers of the commercial
reagents.

Determination of anti-T. gondii IgM and IgG in the serum samples of pregnant women
and NBs, was performed using the electrochemiluminescence immunoassay in a COBAS 6000
automatic analyzer (Roche®, Basel, Switzerland), using following references: IgM index value
>1.0 is reagent, value >0.80 to <1.0 inconclusive, and <0.80 non-reagent; and IgG values >3.0
IU/mL is reagent, values >1.0 to <3.0 IU/mL inconclusive, and <1.0 IU/mL non-reagent. The
IgG avidity test was performed on the pregnant women's serum using the chemiluminescent
microparticle immunoassay (CMIA) on the Architect 12000 analyzer (Abbott®, Illinois, USA),
using the following avidity parameters: <50% low avidity, 50—-60% moderate, and >60% high
avidity.
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2.2 Complementary exams

Amniocentesis for the investigation of fetal infection was authorized by 17 patients. In
the collected amniotic fluid, the presence of the parasitic DNA was investigated using the
polymerase chain reaction (PCR) method in a real-time TagMan system, with a detection limit
of 25 copies/ml. Periodic ultrasounds were performed in all pregnant women to identify fetal
alterations.

In NBs, after birth, a complete investigation was performed through clinical
examination, examination of the fundus of the eye, evoked otoacoustic emissions (little ear
test), lumbar puncture, transfontanellar ultrasound, cerebral tomography (when necessary), as

well as liver and hematological evaluation for detection of congenital infection.

2.3 Therapeutic regimens

All patients were pharmacologically treated for the infection until the baby was born,
using spiramycin or a triple regimen (sulfadiazine, pyrimethamine, and folinic acid, SPFA)
according to a clinical protocol. After amniocentesis, if parasitic DNA was not detected,
spiramycin was indicated or maintained. Pregnant women were monitored for adverse effects
through periodic blood counts. Those babies congenitally affected by the infection were treated

with SPFA and steroids (prednisolone).

3. Results

The period of diagnosis and treatment of the 42 pregnant women in this study varied, as
shown in Figure 1. Most patients were diagnosed in the first trimester (50%). Seroconversion
was a diagnostic criterion in eight patients (one in the first, four in the second, and three in the
third trimester). Considering the treatment scheme, SPFA, was used and was maintained until
the end of pregnancy in 27 (64.28%) of pregnant women.

The pregnant women who participated in the study were young, mostly under 25 years
of age. At diagnosis, reported clinical symptoms were similar, or even absent. Congenital
toxoplasmosis occurred in three pregnancies. (Table 1).

The intensity of the serological response, considering the values of IgM and 1gG avidity
at diagnosis, can be seen in Tables 2 and 3. The greatest amplitude of IgM level was observed
among pregnant women who presented with low levels of 1gG avidity.

Clinical symptoms were reported by 14 (33.33%) of the patients at diagnosis. When

evaluated symptomatic pregnant women, the IgM index value was <3.0 in four (28.57%); in



60

one (7.14%) it was between 3.0 and 7.0, and in nine (64.29%), the IgM index value was >7.0
(Tables 2 and 3).

Among the 28 patients without clinical manifestations reported at diagnosis, 13
(46.43%) had an IgM index value <3.0, and 10 (35.71%) intermediate IgM index values
between 3.0 and 7.0. Only five patients (17.86%) present the IgM index value was >7.0 (Tables
2 and 3).

Analyzing the pregnant women with IgM index value <3.0 (n=17), the most, 13
(76.47%), did not present clinical symptoms during infection (Table 2).

A comprehensive review of maternal history, including gestational age at the time of
likely maternal infection, was conducted to aid in diagnosis (Figure 1). Out of the 42 pregnant
women, 17 (40.48%) underwent amniocentesis. The PCR result was positive in one woman;
however, congenital toxoplasmosis was reported in three of 38 NBs, regardless of the period of
onset and type of maternal treatment received (Table 4).

In all three cases, eye damage occurred. NB 1 died at the age of 4 months, and the
treatment was sometimes suspended due to neutropenia. NB 2 did not show signs or abnormal
exams at birth; however, during the serological follow-up after birth, he showed a significant
increase in 1gG levels, which reached 3,198 IU/mL after 17 days of birth, and bilateral retinal
damage, suggesting congenital transmission. NB 3 had reagent IgM at birth (1.84), with an IgG
level of 207.8 IU/ml. The 1gG level decreased after 1 month (112.6 1U/ml) and increased again
after 6 months (209.1 1U/ml). The IgG level in the other NBs, not affected by congenital

toxoplasmosis, decreased during follow-up.

4. Discussion

Infections by protozoa, in general, do not usually cause serious damage in most infected
individuals, because the immune system controls the infection, inhibiting the multiplication of
the infecting agent, even without sterilization action. In toxoplasmosis, this balance between
parasitism and the immune response of the immunocompetent host can be maintained for a long
period without causing disease.*®

In the study group, 50% of the patients were diagnosed in the first trimester of
pregnancy. Diagnosis during this period is extremely important. As the probability of
congenital infection during this period is lower, treatment may contribute to a good outcome of
pregnancy®, as evidenced in the present study, where one NB in this group had a congenital

infection.
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In a recent study that evaluated the presence of ocular toxoplasmosis in 187 NBs of
mothers with suspected acute toxoplasmosis during pregnancy, 55.40% of pregnant women
received treatment. Among the 187 NBs, 15.51% (29) were diagnosed with congenital
toxoplasmosis.'® In our study, all 42 pregnant women received treatment, with only three NBs
diagnosed with congenital toxoplasmosis at birth (7.89%) where one died. The diagnosis of this
maternal infection occurred in the 22nd week of pregnancy. NBs whose mothers were
diagnosed and treated at seventh and 36th weeks of gestation had retinochoroiditis with a healed
lesion. Although the number of pregnant women studied was small, it was possible to
demonstrate the importance of diagnosis and rapid treatment to minimize the transmission of
infection and harm to the NB, as described in the literature.3%°

In the diagnosis of T. gondii infection, serological tests are of great value, since many
cases are asymptomatic or present with nonspecific symptoms or similar to manifestations
common to other pathologies, such as muscle pain, lymphadenopathy, headache, cutaneous
eruption, and fever.’> 2! These clinical differences may be related to the individual
characteristics of the immune response, and the parasite load to which the individual was
exposed. Among the pregnant women evaluated, 33.33% reported signs and symptoms at the
time of diagnosis, like other studies where this frequency was 22.5% ** and 22.1%. ¢ It has
been shown that T cell activity and cytokine secretion can occur heterogeneously among
patients affected by this infection, reflecting in the intensity of the manifestations of
symptoms. 18

Although the serological diagnosis of toxoplasmosis is well characterized worldwide,
seroconversion (change of serological status from non-reagent to reagent) is the safest way to
diagnose acute primary infection. Classically, the first immunoglobulin detected is of the IgM
class (acute phase), which reaches its peak after 4 weeks of infection, decreasing over time.
After approximately 2 to 3 weeks of infection, low levels of IgG are detected, which reach high
values in approximately 2 to 3 months and may remain at a medium residual level for many
years (chronic phase).?? The degree of avidity of 1gG is an important parameter for determining
the precise time of infection where the low avidity of anti-T. gondii IgG is an indicator of recent
toxoplasmosis.2?® However, depending on the time of pregnancy at which serological tests are
performed, the IgM and IgG response profile and 1gG avidity may not present as classically
known. In present study, among pregnant women with an IgM index value <3.0, only 23.53%
had low specific 1gG avidity at the time of serological diagnosis. This is important because
these low levels of IgM associated with high avidity of IgG can be confused with residual IgM,

failing to characterize the acute phase of the disease. In this case, the association of other clinical
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parameters is required for a correct diagnosis.?* Cordeiro et al. (2010)% studied toxoplasmic
retinochoroiditis and concluded that there must be a controlled balance between pro-
inflammatory and anti-inflammatory cytokines in determining the occurrence and severity of
toxoplasmosis.?® The number of infected cells, as well as the intracellular concentration of the
parasite, influence the pathophysiological process of infection. 2’ In the present study, maternal
clinical symptoms were more frequently present among pregnant women with higher levels of
anti-T. gondii IgM and low avidity of 1gG reflecting the stimulation of the immune response.

Serological tests are also important for the diagnosis of congenital toxoplasmosis in
NBs, especially in cases where PCR was not performed in the amniotic fluid or where the PCR
result was negative. In the present study, one of the three NBs with confirmed clinical signs of
congenital infection presented with anti-T. gondii IgM detected in serum shortly after birth,
probably because maternal infection occurred at the end of pregnancy. Classically, the presence
of anti-T. gondii IgM in an NB blood sample confirms the congenital infection since this class
of antibodies does not cross the placenta. However, the literature describes the possibility that
one-third of NBs with congenital toxoplasmosis have a negative IgM test at birth.2® The absence
of anti-T. gondii IgM in the serum of the other two NBs can be justified by the stage of
pregnancy in which the maternal infection occurred (before 22 weeks of gestation) or as a result
of maternal treatment, which can block or delay the immune response.?® In this situation,
although IgG class antibodies are not markers of congenital infection, as IgG from mothers
cross the placenta and remain circulating in the child's blood, the dynamics of the production
of these antibodies must be evaluated. When the levels of this class of immunoglobulins remain
stable or increase until the child's first year of life, it suggests the occurrence of congenital
infection, as verified in one of the NBs in the present study.

The main limitation of this study was the small number of patients evaluated, and the
fact that the analysis was retrospective. Many pregnant women affected by toxoplasmosis
during the outbreak were treated in private clinics and were not referred to a public hospital.
Pregnant women who were referred to the clinic and did not receive treatment due to clinical
criteria that indicated infection before pregnancy, were also excluded. It was not possible to
clinically and serologically follow up the four NBs, which prevented the investigation of all
outcomes.

Even in the presence of timely maternal treatment and diagnosis, it was not possible to
completely prevent the occurrence of congenital toxoplasmosis in the study group. The
serological response detected at the time of diagnosis of the infection is heterogeneous. This

diversity in the immune response can make the interpretation of serological tests challenging,
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due the presence of non-classical serological profiles. Nevertheless, the rapid institution of
maternal treatment was important to prevent congenital toxoplasmosis in almost all

pregnancies.
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Caption figure

Figure 1. Algorithm of diagnosis, treatment, and monitoring of pregnant women and outcomes
in newborns during the outbreak of toxoplasmosis (2018-2019). AF PCR, amniotic fluid
polymerase chain reaction; 1gG, immunoglobulin G; IgM, immunoglobulin M; NB 1, newborn
1; NB 2, newborn 2; NB 3, newborn 3; SPFA, Sulfadiazine, pyrimethamine and folinic acid;
SPI, Spiramycin; T. gondii, Toxoplasma gondii.

Caption tables

Table 1. SPFA, sulfadiazine, pyrimethamine, and folinic acid.

Table 2. Reference values for reagent tests: 1gG >3 Ul/mL; IgM >1,0; 19gG, immunoglobulin
G; IgM, immunoglobulin M; max, maximum; min, minimum; NB 2**, newborn 2; RS¥*,
recent seroconversion, maternal diagnosis at 36 weeks of gestation; RS**, recent
seroconversion, maternal diagnosis at 7 weeks of gestation; UN, uneventful; T. gondii,
Toxoplasma gondii.

Table 3. Reference values for reagent tests: 1gG >3 Ul/mL; IgM > 1,0; 1gG, immunoglobulin
G; IgM, immunoglobulin M; max, maximum; min, minimum; NB 1, newborn 1; NB 3,
newborn 3; RS*, recent seroconversion; **Maternal diagnosis at 22 weeks of gestation;
***Maternal diagnosis at 36 weeks of gestation; UN, uneventful; T. gondii, Toxoplasma
gondii.

Table 4. BT, brain tomography; 1gG, immunoglobulin G; IgM, immunoglobulin M; L, left; NB
1, newborn 1; NB 2, newborn 2; NB 3, newborn 3; NC, no major changes; NR, non-reagent;
PCR, polymerase chain reaction; R, reagent; RE, right eye; SPFA, sulfadiazine, pyrimethamine,
and folinic acid; WC, with major changes (fetal hydrops, pericardial effusion, pleural fluid,
ascites, cerebral ventriculomegaly, and placentomegaly); T. gondii, Toxoplasma gondii.
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Figure 1. Algorithm of diagnosis, treatment, and monitoring of pregnant women and outcomes in newborns during the outbreak of toxoplasmosis (2018-2019). AF PCR,
amniotic fluid polymerase chain reaction; 1gG, immunoglobulin G; IgM, immunoglobulin M; NB 1, newborn 1; NB 2, newborn 2; NB 3, newborn 3; SPFA, Sulfadiazine,
pyrimethamine and folinic acid; SPI, Spiramycin; T. gondii, Toxoplasma gondii.
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Table 1. Demographic data of pregnant women being treated for acute toxoplasmosis

Age  Frequency Symptoms Treatment Outcome
Fever /Body ache Headache Lymphadenomegaly None SPFA  Spiramicin  Congenital toxoplasmosis
(years)  n (%) () () (n) (n) (n) (n) (n)
18-24 22 (52.38) 2 4 2 17 15 7 2
26-30  13(30.95) 4 1 2 8 7 6 0
32-38 7 (16.67) 3 1 2 3 5 2 1
TOTAL 42 3

SPFA, sulfadiazine, pyrimethamine, and folinic acid.
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Table 2. Newborn status and characteristics of pregnant women with anti-T. gondii IgM titers <3.0 during prenatal care.

Pregnant women with anti-T. gondii 1gG reagent Newborn
IgM index >1 e <3 1gG avidity index With clinical symptoms Outcome (n)
n (min/max) at diagnosis (n)
4 (2.08-2.96) <50% 01 UN (n=4)
2 (1.62-2.31) 50-60% 01 UN (n=2)
9 (1.25-2.98) >60% 01 UN (n = 8) Segment loss (n=1)
1(2.20) RS* 00 UN (n=1)
1(1.51) RS** 01 Congenital toxoplasmosis NB 2**(n = 1)
TOTAL 17 04

Reference values for reagent tests: 1gG >3 Ul/mL; IgM >1,0; 1gG, immunoglobulin G; IgM, immunoglobulin M; max, maximum; min, minimum;
NB 2**, newborn 2; RS*, recent seroconversion, maternal diagnosis at 36 weeks of gestation; RS**, recent seroconversion, maternal diagnosis
at 7 weeks of gestation; UN, uneventful; T. gondii, Toxoplasma gondii.
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Table 3. Newborn status and characteristics of pregnant women with anti-T. gondii IgM titers >3.0 during prenatal care.

Pregnant women with anti-T. gondii 1gG reagente Newborn
IgM index >3 IgG avidity index With clinical symptoms Outcome (n)
n (min/max) at diagnosis (n)
15(4.39-95.90) <50% 06 Congenital toxoplasmosis NB 1**(n = 1)
Segment loss (n = 2)
UN (n =12)
3(3.16-6.78) 50-60% 00 UN (n=3)
1 (10.80) >60% 00 Segment loss (n = 1)
4 (3.80-9.41) RS* 04 UN (n = 4)
2 (3.37-4.78) RS* 00 Congenital toxoplasmosis NB 3***(n = 1)
UN (n=1)
TOTAL 25 10

Reference values for reagent tests: IgG > 3 Ul/mL; IgM > 1,0; IgG, immunoglobulin G; IgM, immunoglobulin M; max, maximum; min, minimum;
NB 1, newborn 1; NB 3, newborn 3; RS*, recent seroconversion; **Maternal diagnosis at 22 weeks of gestation; ***Maternal diagnosis at 36
weeks of gestation; UN, uneventful; T. gondii, Toxoplasma gondii.
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Table 4. Clinical and laboratory characteristics of mothers and newborns with congenital toxoplasmosis.

Weeks of Amniocentesis  Ultrasound Maternal
gestation at (PCR) Treatment
diagnosis
Newborn Weeks at IgM/IgG at birth Birth injuries
birth
NB 1 22 Detected wC SPFA 32 NR/R Bronchopulmonary dysplasia + cholestasis +
T. gondii congenital toxoplasmosis + microcephaly +
chorioretinitis L + microphthalmia RE + bilateral
congenital cataract
— Death
NB 2 7 Unrealized NC Spiramycin 38 NR/R Bilateral retinochoroiditis — Healed lesion
SPFA
NB 3 36 Unrealized NC SPFA 38 R/R RE: Retinochoroiditis, BT: diffuse brain
calcifications (neurotoxoplasmosis) — Healed eye
injury

BT, brain tomography; IgG, immunoglobulin G; IgM, immunoglobulin M; L, left; NB 1, newborn 1; NB 2, newborn 2; NB 3, newborn 3; NC,
no major changes; NR, non-reagent; PCR, polymerase chain reaction; R, reagent; RE, right eye; SPFA, sulfadiazine, pyrimethamine, and folinic
acid; WC, with major changes (fetal hydrops, pericardial effusion, pleural fluid, ascites, cerebral ventriculomegaly, and placentomegaly); T.

gondii, Toxoplasma gondii.
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4 DISCUSSAO

Buscamos através da realizacdo deste estudo, identificar o perfil de parte das gestantes
afetadas pelo maior surto de toxoplasmose ocorrido no mundo, até o momento. O artigo e o
manuscrito inseridos nesta tese evidenciam os desafios enfrentados para que o diagndstico seja
realizado, assim como o tratamento adequado instituido na toxoplasmose aguda no periodo
gestacional.

Através dos perfis soroldgicos descritos pode-se verificar a heterogeneidade da resposta
imune encontrada durante o diagnéstico da infecdo, onde algumas vezes nao é verificado o
perfil soroldgico classico de fase aguda, com mesma intensidade na resposta a formacéo de
anticorpos IgM e 1gG. Essa diversidade encontrada, possivelmente esta associada a resposta
individual, incluindo a diferente atividade de células T e secrecdo de citocinas, assim como a
concetracao do parasita no ambiente intracelular e nimero de celulas infectadas (NAGINENI;
DETRICK; HOOKS, 2000; YAMAMOTO et al., 2000).

Durante a gestacdo, ocorrem muitas alteracbes no organismo, a fim de suprir as
necessidades do feto, incluindo, dentre elas, a maior utilizacdo de oxigénio. Essas
transformacgdes fazem com que ocorra 0 aumento da producdo de espécies reativas, e por
diversos mecanismos, a busca pelo equilibrio com o sistema de defesa antioxidante (DE
LUCCA et al., 2019). No presente estudo, a gestacdo foi complicada pelo fato dessas pacientes
adquirirem toxoplasmose, necessitando a realizacdo desse diagnostico seguro, e dessa forma,
necessitarem fazer utilizacdo de medicac6es. Nessa situacédo foi possivel observarmos elevacéao
nos marcadores de dano, assim como da maioria dos antioxidantes analisados. Verificamos
também a alteracdo da enzima 6-ALA- D, fundamental para organismos aerdbicos, alem de
desempenhar também importante funcdo frente a situac6es oxidativas (FOLMER et al., 2003).
Uma possivel explicacdo para estas modificacGes € a contribuicdo de alguns medicamentos que
minimizam danos causados pela terapia especifica para o tratamento da infeccdo, como é o caso
do esquema SPAF. Desta forma podemos sugerir que o tratamento farmacoldgico pode ter
estimulado uma resposta compensatdria protetora, como observado de forma semelhante por
Adisa et al. (2011), demonstrando de maneira indireta uma resposta benéfica no combate ao
estresse oxidativo alterado normalmente durante a gestacao, e provavelmente exacerbado pela
presenca da infecgé@o pelo T. gondii.

Neste contexto, destaca-se possivelmente o papel da suplementagdo do &cido folinico
na composicao do tratamento SPAF. Nossos resultados, corroboram com alguns estudos (FRYE

etal., 2013; JAMES et al., 2004) que sugerem que a utilizacdo desta medicacgéo pode influenciar
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na elevacdo da funcéo antioxidante, uma vez que também encontramos importante ascen¢ao na
maior parte dos parametros avaliados desse sitema.

Também indicando que a instituicdo do SPAF exerce um alto beneficio, foi a presenca
de complicacdes graves em apenas trés neonatos, justificando sua manutencdo mesmo com 0s
indesejaveis efeitos adversos decorrentes dessa utilizacdo (BEN-HARARI; GOODWIN;
CASOQY, 2017).

Todos esses indicios justificam o tratamento de todas as gestantes onde ha suspeita de
infeccdo aguda. Esses esquemas terapéuticos tém como objetivo impedir a propagacdo do
parasito, minimizando desta forma a gravidade da infecg&o, inclusive contaminagéo e sequelas
no concepto (MITSUKA-BREGANO; LOPES-MORI; NAVARRO, 2010).

Diante dessas evidéncias, podemos concluir, que a dificuldade apresentada para que a
toxoplasmose gestacional seja diagnosticada, deve servir de base para pesquisa de novos
marcadores, a fim de sanar essas lacunas, facilitando essa definicdo. Assim como o tratamento
sempre que possivel estabelecido pelas vantagens oferecidas. Sugerimos também, mais estudos
correlacionando a suplementacdo de &cido folinico para avaliacdo da funcdo antioxidante,
inclusive considerando pacientes com essa patologia, averiguando possivel relacdo entre a
ascencao dessa atividade com menores chances de transmissdo ou sequelas severas nos recém-
nascidos. Todas essas agdes sempre com o propdsito de reduzir as complicacBes congénitas

dessa doenga que ainda € prevalente e necessita de atencéo.
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5 CONSIDERACOES FINAIS

De acordo com os resultados expostos nesta Tese, podemos concluir que:

1)

2)

3)

A resposta imune materna mostrou-se heterogénea no grupo de gestantes avaliado,
nem sempre atingindo o padrdo classico esperado para a doenca aguda, o que dificulta
o diagndstico seguro.

As gestantes tratadas para a infeccdo ocasionada pelo T. gondii, apresentaram
marcadores de danos aumentados, bem como um aumento expressivo do sistema
antioxidante, incluindo a atividade da enzima 6-ALA-D. Diante dessas evidéncias,
sugere-se que essas mudangas ocorram como forma de compensagdo, com uma

possivel contribuicdo da terapia medicamentosa.

O tratamento utilizado pelas pacientes do estudo, pareceu ter efeito benéfico em
relacéo a reducao de casos congénitos, assim como pela possivel influencia nos niveis

elevados do sistema antioxidante.
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APENDICE A- PLANILHA PARA COLETA DE DADOS

Identificacéo:

Data da coleta:

SAME:

1. Idade:

2. ldade Gestacional no momento da coleta:

3. Peso pré-gestacional: Altura:
Peso no terceiro trimestre: IMC:

4. Historico de hipertensédo na gestacdo: ( ) Sim ( ) Néo
PA no momento da coleta:

5. Primeira gestacdo?
() Sim( )Nao

Complicagdes nas gestacdes anteriores?

6. Idade gestacional ao diagndstico:

7. Perfil Sorologico no momento do diagndstico:

8. Apresentava algum sintoma no momento do diagnostico?

9. Realizou amniocentese? ( )Sim ( )N&o

Resultado:

10. Em que periodo gestacional iniciou o tratamento?
( ) primeiro trimestre
(' )segundo trimestre
() terceiro trimestre

Momento exato:

11. Qual o esquema terapéutico INICIAL
() Espiramicina () SPAF

IMC:
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12. Teve alteracdo do tratamento para toxoplasmose durante o periodo da gestacdo?
( )Sim () Néao

No periodo gestacional ................. alterou para ........ccccoeeeeviieicic e

Motivo da modificacao:

13. Apresenta comorbidades? ( )Sim ( ) Néo

Quais?

Exames adicionais realizados:

» DADOS DO RECEM-NASCIDO:

Idade Gestacional ao nascimento:
Tipo de parto:

Complicagdes no momento do parto:
Capurro:

Sexo:

Peso:

Altura:

Apgar 1° min: Apgar 5° min:
Achados no neonato:

Fundo de olho:

Puncéo lombar:

US transfontanelar:

TC cerebral:

Informacdes adicionais:

86



ANEXO A- PARECER CONSUBSTANCIADO DO COMITE DE ETICA EM
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PARECER CONSUBSTANCIADO DO CEP

DADOS A EMEND A
Tifule da Pesquisa: EVOLUCAD E DESFECHO DAS GESTACOES ACOMPANHADAS NO HOSPITAL
UNNERSITARIO DE SANTA MARILA

Pesquizador: Crisine Kolling Konopka
Area Tematica:

Viersdo: o

CAME: 55G66116.5.0000.5346

Insfttubzao Proponsnis; Universidate Federal de Sania Mana' Pri-Retona de Pos-Graduacdo 2
Patrocinador Principal:  Financlamsmo Priprio

DaDDS DO PARECER

Himens do Parecar: 2 512 655

Aprassntagio do Projeto:
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ANEXO B- TERMO DE CONSENTIMENTO LIVRE E ESCLARECIDO

Titulo do projeto: PERFIL SOBOLOGICO E OXIDATIVO DE GESTANTES RECEBENDO
TRATAMENTO PARA INFECCAO PELO Toxoplasma gondii E ACOMPANHAMENTO DOS
RESULTADQOS PERINATAIS.

Pesquisador responsavel: Prof? Thissiane de Lima Gongalves Bernasconi.

Instituicdo/ Departamento: Universidade Federal de Santa Maria — Departamento de Anélises
Clinicas e Toxicologicas.

Telefone para contato: (55) 3220 — 8464.

Vocé estd sendo convidada a participar da pesquisa: PERFIL SOROLOGICO E
OXIDATIVO DE GESTANTES RECEBENDO TRATAMENTO PARA INFECQAO PELO
Toxoplasma gondii E ACOMPANHAMENTO DOS RESULTADOS PERINATAIS.

O principal objetivo deste estudo € investigar o nivel de estresse oxidativo, que séo
alteracdes normais provocadas no seu corpo pela gestacdo. Como vocé esta recebendo um
tratamento especial para a infeccdo pelo Toxoplasma gondii, € importante saber qual o impacto
deste tratamento no seu organismo. Para isto seré avaliado amostra de seu sangue.

Portando o fato de vocé participar de nosso estudo implicara somente na coleta de uma
amostra de 8 mL de sangue, no momento da sua consulta de rotina no ambulatorio. Este
procedimento foi previamente acordado com o0s responsaveis. O material bioldgico sera
destinado para analises bioguimicas. Sua participacdo ndo € obrigatoria, ndo havera nenhuma
forma de compensacao financeira e ndo haverda nenhum custo para vocé. O fato de vocé nao
participar do estudo, ndo acarretara alteracdo no seu atendimento e acompanhamento médico.
Todos os seus direitos serdo preservados.

RISCOS: O desconforto se resume a picada da agulha, sendo que apos a coleta o local
podera ficar dolorido ou arroxeado, mas nao requer nenhum cuidado especial, voltando ao
normal em poucos dias.

BENEFICIOS: O beneficio por sua participacdo no estudo sera indireto, isto é, vocé
estara contribuindo para maior conhecimento sobre a Toxoplasmose durante a gestacéo e sobre
0s mecanismos envolvidos nas suas complicac@es tanto para a mae, quanto para o bebé, o que
podera auxiliar outras pessoas na mesma situacdo em casos futuros. Os resultados de suas
analises bioquimicas, bem como as explicacdes sobre as mesmas, serdo fornecidos pelo
pesquisador quando solicitado.

As informacdes obtidas através desta pesquisa serdo confidenciais e asseguramos 0
sigilo sobre a sua participacdo. Vocé recebera uma copia deste termo onde consta o telefone e
o endereco do pesquisador principal, podendo tirar suas dividas sobre o projeto e sua
participacdo, agora ou a qualquer momento.

L RSP SOSRR (assinatura da
participante da pesquisa), RG n°: declaro que entendi os objetivos, riscos
e beneficios de minha participacdo na pesquisa e concordo em participar.
Prof?, Dra. Thissiane de Lima Goncalves Bernasconi (Pesquisadora responsavel)
thissianegoncalves@yahoo.com.br
Qualquer ddvida entrar em contato com o Comité de Etica em Pesquisa:
Avenida Roraima, 1000 - Prédio da Reitoria - 2° andar - Cidade Universitaria, Bairro Camobi -
CEP:97105-900 - Santa Maria — RS, Tel.: (55)3220-9362 - e-mail: cep.ufsm@gmail.com
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ANEXO C- TERMO DE CONFIDENCIALIDADE

Titulo do projeto: PERFIL SOROLOGICO E OXIDATIVO DE GESTANTES
RECEBENDO TRATAMENTO PARA INFECCAO PELO Toxoplasma gondii E
ACOMPANHAMENTO DOS RESULTADOS PERINATAIS

Pesquisador responsavel: Proft Thissiane de Lima Gongalves Bernasconi

Instituicdo/Departamento: Universidade Federal de Santa Maria (UFSM) / Centro de

Ciéncias da Saude (CCS) — Departamento de Analises Clinicas e Toxicologicas (DACT)
Telefone para contato: (55) 3220-8464

Local da coleta de dados: Ambulatério de Medicina Fetal do Hospital Universitario de Santa
Maria (HUSM)

Os pesquisadores do presente projeto se comprometem a preservar a privacidade dos
pacientes cujos dados serdo coletados no Ambulatério de Medicina Fetal do HUSM.
Concordam, igualmente, que estas informacgdes serdo utilizadas Unica e exclusivamente para
execucdo do presente projeto. As informacbes somente poderdo ser divulgadas de forma
andnima e serdo mantidas no Departamento de Analises Clinicas e Toxicologicas, sala 1232,
prédio 26 da Universidade Federal de Santa Maria, Avenida Roraima n°® 1000 (local onde seréo
armazenados os dados) por um periodo de cinco anos, sob a responsabilidade da Prof.?
Thissiane de Lima Gongalves Bernasconi. Apds este periodo, os dados serdo destruidos. Quanto
as amostras bioldgicas, essas serdo descartadas segundo as normas de controle de descarte para

materiais biologicos existentes em nosso departamento.

Este projeto de pesquisa foi revisado e aprovado pelo Comité de Etica em Pesquisa da
UFSM, com o numero do CAAE 59366116.5.0000.5346.

Prof® Thissiane de Lima Gongalves Bernasconi

Pesquisador Responsavel
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