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OLIVEIRA, Juliana Menezes Gomes Cabral de. Caracteristicas clinicas de criangas
normocefalicas expostas ao virus zika no periodo gestacional. 2020. 99 f. Dissertacao
(Mestrado em Biotecnologia em Saude e Medicina Investigativa) — Instituto Oswaldo
Cruz, Fundacdo Oswaldo Cruz, 2020.

RESUMO

INTRODUCAO: A epidemia do virus Zika (ZIKV) no Brasil em 2015, associada
posteriormente com a epidemia de microcefalia mobilizou a comunidade cientifica para
a investigacdo desses achados. Houve um aumento subito, segundo dados
epidemioldgicos do Ministério da Saude, no ndmero de casos de infeccdo e de
microcefalia. A literatura atual aponta uma relagdo fortemente positiva entre 0 ZIKV e a
epidemia de microcefalia no Brasil. Até o presente momento a maioria dos estudos
apontam para o achado clinico que configura um dos aspectos mais graves da infeccéo
por ZIKV intrauterina, a microcefalia. No entanto, diante da possibilidade de que a
infeccdo congénita por ZIKV tenha um espectro clinico mais amplo do que o ja descrito,
faz-se necessario investigar outras anomalias além da microcefalia. A importancia de
tracar uma historia natural da doenca vem no sentido de delinear as pesquisas neste
aspecto, além disso promover um auxilio no cuidado e atendimento dessas criangas de
maneira que, melhor compreendidos, serdo melhor assistidos. OBJETIVOS: Descrever
manifestacdes clinicas em criangas ao longo dos 2 primeiros anos de vida que foram
expostas ao ZIKV no periodo gestacional, sem anomalias detectadas ao nascimento.
MATERIAL E METODOS: No artigo 1 foi realizado um estudo prospectivo a partir de
uma amostra de criancas normocefélicas, sem alterag6es clinicas no nascimento, expostas
ao ZIKV no periodo gestacional e que foram avaliadas clinicamente ao longo dos seus
primeiros 2 anos de vida. As criancas foram avaliadas por pediatra e por uma equipe
multiprofissional. Foi realizada avaliacdo do neurodesenvolvimento por neuropediatra;
fundoscopia por oftalmopediatra; avaliacdo auditiva por otorrinolaringologista e
fonoaudidlogo e avaliagdo com odontopediatra. No artigo 2 foi feito um relato de caso de
infecc@o congénita por Zika em gémeos. RESULTADOS: No artigo 1 todas as criangas
foram avaliadas por pediatra, a media de idade foi 1,66 + 0,31 anos. Vinte (71.4%)
criancas foram atendidas por neuropediatra e todas apresentaram um desenvolvimento
neuropsicomotor adequado. Vinte e trés (82.1%) criancas foram submetidas a
fundoscopia e nenhuma alteragdo foi encontrada. Otorrinolaringologista e dentistas
examinaram 19 (67.9%) criancas e nenhum problema foi identificado. Foi realizado
também o exame de EOA e PEATE em 16 (57.1%) e nenhuma alterac&o foi encontrada.
No Artigo 2 foi relatado 1 caso de gémeos dizigoticos discordantes com descricdo de
achados clinicos, neurorradioldgicos e soroldgicos. CONCLUSAQ: Nossos achados
reforcam que a microcefalia ndo € a situacdo clinica patognomonica da infeccdo pelo
ZIKV e que podem existir diversas formas clinicas diferentes do que sabemos até o
presente momento, sendo relevante a existéncia de estudos para melhor caracteriza-la e
transmitir conhecimentos que sdo de suma importancia para a pratica clinica, sendo
necessarios estudos maiores pra descrever complemente o real espectro clinico dos
achados associados a CZlI.

Palavras-chave: Zika; Anomalias Congénitas; Sindrome da Zika Congénita;
Normocefalia; Infeccdo Congénita



OLIVEIRA, Juliana Menezes Gomes Cabral de. Clinical characteristics of normocephalic
children exposed to the Zika virus during pregnancy. 2020. 99 f. Dissertacdo (Mestrado
em Biotecnologia em Salde e Medicina Investigativa) — Instituto Oswaldo Cruz,
Fundacdo Oswaldo Cruz, 2020.

ABSTRACT

INTRODUCTION: The outbreak of the Zika virus (ZIKV) in Brazil in 2015, later
associated with the microcephaly epidemic, mobilized the scientific community to
investigate these findings. There was a sudden increase, according to epidemiological
data from the Ministry of Health, in the number of cases of ZIKV infection and
microcephaly. The current literature points to a strongly positive relationship between
ZIKV and the microcephaly epidemic in Brazil. To date, most studies point to the clinical
criterion that is one of the most serious aspects of intrauterine ZIKV infection:
microcephaly. However, given the possibility that congenital ZIKV infection has a
broader clinical spectrum than described above, it is necessary to investigate other
anomalies besides microcephaly. The importance of tracing a natural history of the
disease is to delineate research in this aspect, besides promoting an aid in the care of these
children so that, better understood, they will be better assisted. OBJECTIVES: To
describe clinical manifestations in children during the first 2 years of life who were
exposed to ZIKV during pregnancy without any abnormalities detected at birth.
MATERIAL AND METHODS: In article 1, a prospective study was conducted from a
sample of normocephalic children, without clinical alterations at birth, exposed to ZIKV
during pregnancy and clinically evaluated during their first 2 years of life. The children
were evaluated by a pediatrician and a multidisciplinary team. Neurodevelopmental
assessment was performed by a neuropediatrician; Fundoscopy was performed by a
pediatric ophthalmologist; hearing evaluation by otolaryngologist and speech therapist
and evaluation with pediatric dentist. In Article 2, a case report of congentintal Zika
infection in twins was written. RESULTS: In article 1, all children were evaluated by a
pediatrician, the median age was 1.66 + 0.31 years. Twenty (71.4%) children were
attended by a neuropediatrician and all had adequate neuropsychomotor development.
Twenty-three (82.1%) children underwent fundus and no changes were found.
Otorhinolaryngologists and dentists examined 19 (67.9%) children and no problems were
identified. The OAE and BAEP tests were also performed in 16 (57.1%) and no changes
were found. In Article 2, we report a case of discordant dizygotic twins describing
clinical, neuroradiological and serological findings. Conclusions: Our findings reinforce
that microcephaly is not a pathognomonic clinical situation of ZIKV infection and that
there may be several different clinical forms than we know to date, being necessary larger
scale studies to fully describe the real clinical spectrum of findings associated with CZI.

Keywords: Zika; Congenital anomalies; Congenital Zika Syndrome; Normocephaly;
Congenital Infection.
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13

1 INTRODUCAO E JUSTIFICATIVA

O Zika virus (ZIKV) é um arbovirus, membro do género Flavivirus da familia
Flaviviridae, isolado pela primeira vez no sangue de um macaco Rhesus febril na Floresta
Zika em 1947, em Uganda (DICK; KITCHEN; HADDOW, 1952). Foi também
identificado em mosquitos da mesma regido e associados a casos febris em humanos na
Africa (MACNAMARA, 1954)

Posteriormente, foi detectado em mosquitos Aedes aegypti na Malasia e em outros
paises da Asia, mostrando que ndo se restringia ao territorio africano (GARCIA;
MARCHETTE; RUDNICK, 1969). Diante disso, percebeu-se que o virus era transmitido
pelo mesmo mosquito transmissor da dengue, febre amarela urbana, Chikungunya, além
de outros arbovirus na Asia e Africa. Até 2007, ndo havia relato de doenga fora do eixo
Africa/Asia, quando houve uma epidemia de conjuntivite, exantema, febre, artralgia e
mialgia na Micronésia e confirmada a infeccdo por ZIKV apds identificacdo do RNA
viral (DUFFY et al., 2009). A doenca é transmitida pela picada da fémea do mosquitos
Aedes. No entanto, outras formas de transmissao j& foram confirmadas.

No inicio de 2015, principalmente nos estados do nordeste brasileiro, surgiram
alguns casos de uma sindrome parecida com dengue, porém sem confirmacéo soroldgica.
Desde entdo houve uma rapida dispersdo do virus para os outros estados brasileiros e em
2016 todos os estados ja registravam casos autoctones do virus (BRASIL, 2015a).

Um surto de defeitos congénitos no final de 2015 alarmou a comunidade medica
e cientifica brasileira. Uma possivel relacdo entre os defeitos congénitos e a infeccdo pelo
ZIKV foi levantada sendo corroborada apos a identificacéo do virus no liquido amnidtico
dos pacientes nascidos com microcefalia (CALVET et al., 2016b). O Brasil foi o primeiro
pais a levantar essa suspeita (DE ARAUJO et al., 2018).

A Organizacdo Pan-Americana da Saude (OPAS) em conjunto com a Organizagao
Mundial de Saude (OMS) caracterizaram preliminarmente a Sindrome Congénita da Zika
(SCZ). Estudo sugere que criangas portadoras de microcefalia ao nascimento representam
somente as mais gravemente acometidas, e que recém-nascidos com alteracdes sutis ou
que apresentem atraso no desenvolvimento neuropsicomotor, ndo tenham ainda sido
diagnosticadas (BRASIL et al., 2016; HOEN et al., 2018). No entanto, diante da

possibilidade de que a infeccdo congénita por ZIKV tenha um espectro clinico mais amplo



do que o ja descrito, faz-se necessario investigar outras anomalias além da microcefalia.
Apesar de esta configurar um dos quadros mais graves, outras manifestacdes, menos
graves e ndo aparentes ao nascimento, consequentes dessa infec¢do intrauterina, como
anomalias afetando outros tecidos e 6rgdos além do cérebro, fazem parte de um espectro

da clinica da SCZ que necessita ser melhor investigado.



2 OBJETIVOS

2.1 GERAL

Descrever manifestacdes clinicas em criangas que foram expostas ao virus Zika no
periodo gestacional, sem anomalias detectadas ao nascimento, ao longo dos 2 primeiros

anos de vida.

2.2  ESPECIFICOS

e Avaliar e descrever o crescimento e desenvolvimento de criangas expostas ao virus
Zika no periodo gestacional, ao longo dos dois primeiros anos de vida;

e Descrever histdria pré-natal e condi¢cdes do nascimento das criangas incluidas no
estudo;

e Avaliar a funcéo cognitiva, linguagem e motora;

e Contribuir na descri¢ao do espectro clinico da infec¢do congénita pelo virus Zika.



3. REVISAO DA LITERATURA

3.1  HISTORIA E EPIDEMIOLOGIA DA INFECCAO PELO ZIKA VIRUS

O ZIKV e um arbovirus, transmitido pelo mosquito do género Aedes ssp, pertence
ao género flavivirus da familia Flaviridae, e esta relacionado com outros flavivirus de
relevancia para saude publica, incluindo dengue, febre amarela e virus do Nilo Ocidental
(MUSSO; MAI CAO-LORMEAU; GUBLER, 2015; PIERSON TC, 2013). Foi isolado
pela primeira vez em um macaco Rhesus em 1947, durante a investigacdo de casos de
febre amarela, na floresta Zika, em Uganda na Africa (DICK; KITCHEN; HADDOW,
1952), porém nenhuma manifestacdo era conhecida até 1954. Neste ano, na Nigéria,
Macnamara e colaboradores descreveram 3 casos com manifestac6es de febre, artralgia e
um deles com ictericia. Foi possivel isolar o virus nesses pacientes, além da confirmacéo
soroldgica através da técnica de plaque-reduction neutralization test (PRNT)
(MACNAMARA, 1954). Diversos casos esporadicos foram descritos, principalmente na
Africa e Asia, além da identificacio de anticorpos contra o virus em varios estudos
populacionais (MOORE et al., 1975; OLSON et al., 1983). Em 2006, o genoma do virus
foi codificado (KUNO; CHANG, 2007).

Estudos filogenéticos indicam que o ZIKV provavelmente surgiu na Africa por
volta de 1920, onde mantém seu ciclo natural principalmente entre macacos e espécies
silvestres de mosquitos Aedes, com ocasionais infec¢cdes humanas (Figura 1) (FREIRE,
2014; PETERSEN et al., 2016; PINTO JUNIOR et al., 2015).

//\\ N Aedes furcifer
Macacos _/;.,/%’ Vi ﬂ- Aedes taylori Aedes aegypti
—~—y ) y . Aedes luteocephalus Aedes furcifer
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Figura 1 - Ciclo de transmissdo do Zika virus na Africa. Fonte: Freire, 2014.



Até 2007 nenhum caso da doenga havia sido relatado fora do eixo Africa/Asia, porém
neste ano ocorreu uma epidemia de exantema cutaneo, conjuntivite, febre, artralgia e
artrite nas ilhas Yap, na Micronésia. Inicialmente as manifestagdes foram associadas a
infeccdo por dengue. No entanto, apds analise do soro dos pacientes, foi identificado o
acido ribonucleico (RNA) do ZIKV (DUFFY et al., 2009). Uma epidemia semelhante foi
relatada em 2013 na Polinésia Francesa, concomitante com uma epidemia de dengue,
porém pela primeira vez foram relatados casos com maior gravidade e necessidade de
internamentos hospitalares, sendo relatados 42 casos da Sindrome de Guillain-Barré
(SGB) associada ao quadro (KUCHARSKI et al., 2016). O ZIKV tem sido considerado
emergente desde 2007 (CAO-LORMEAU et al., 2014; 100S et al., 2014; SLAVOV et
al., 2016).

Houve entdo uma disseminacéo do virus entre outras ilhas do pacifico e, em 2014,
um novo surto da doenca foi identificado na Ilha Pascoa no Chile, sendo identificado
cepas semelhantes as encontradas na Polinésia Francesa, tornando-se este o primeiro
registro do virus nas Américas (TOGNARELLI et al., 2016). A Figura 2 mostra a
disperséo do ZIKV pelo mundo.

;»'

Figura 2 - Dispersdao Mundial do Zika Virus. Fonte: Chang et al., 2016.

Em 2014, ocorreu a disseminacado do virus na América do Sul e, em maio de 2015,
foram confirmados os primeiros casos de autoctonia no nordeste brasileiro(FANTINATO
etal., 2016; VALLE etal., 2016). A partir de entdo, foram registrados casos de individuos



apresentando uma sindrome dengue-like no servico de salde publica da cidade de Natal,
estado do Rio Grande do Norte, Brasil. Um médico especialista em doencas infecciosas
avaliou os pacientes, porém o quadro clinico e exames laboratoriais eram negativos para
infeccdo por dengue ou chikungunya. Os sintomas incluiam artralgia, edema das
extremidades, febre leve, erupcGes maculopapulares frequentemente pruriginosas,
cefaléia, dor retroorbitaria, conjuntivite purulenta, vertigem, mialgia e desordem
digestiva. Em Marco de 2015, Zanluca et. al relataram a positividade do soro de 8
individuos, no Rio Grande do Norte (ZANLUCA et al., 2015). Neste mesmo periodo,
houve confirmacdo de casos de ZIKV em 7 pacientes no estado da Bahia (CAMPQOS;
BANDEIRA; SARDI, 2015). Desde a identificacdo da entrada do virus no Brasil, houve
uma rapida disseminacdo e em 2016 todos os estados brasileiros registraram casos de
autoctonia do virus (BRASIL, 2015b), sendo entdo estabelecido o surto como um
problema de satde pablica internacional (WORLD HEALTH ORGANIZATION, 2016).
Durante a epidemia de ZIKV em Salvador-BA, que se iniciou em maio de 2015, 17.440
casos suspeitos foram notificados representando a maior epidemia desta arbovirose ja
relatada mundialmente.

Em novembro de 2015 um surto de defeitos congénitos em recém-nascidos
alarmou médicos e pesquisadores. Dados epidemiologicos sugeriam uma relacdo
temporal entre 0 aumento no numero de casos de microcefalia e a infecgdo pelo ZIKV.
Esta relacdo foi corroborada pela deteccdo do virus em liquido amniotico de fetos
nascidos com microcefalia (CALVET et al., 2016b). Além disso, estudos anteriores ja
mostravam a entrada do ZIKV no sistema nervoso central (SNC), ultrapassando a barreira
hematoencefélica (BELL; FIELD; NARANG, 1971; DICK; KITCHEN; HADDOW,
1952).

Foi realizado um estudo de caso controle em Recife-PE, em 2016, onde foram
avaliados 91 neonatos com microcefalia e 80% das maes apresentaram sorologia positiva
para ZIKV, e um estudo de coorte realizado no Rio de janeiro sugeriram fortemente que
esta epidemia de microcefalia seria resultado da infec¢do congénita por ZIKV (BRASIL
et al., 2016; DE ARAUJO et al., 2018). A distribuicio espacial de casos notificados e
confirmados de microcefalia e/ou alteracbes do SNC até a semana epidemioldgica (SE)
22/2016 esta apresentada na figura 3.

Em 2016, foram registrados 205.578 casos provaveis de febre pelo ZIKV no pais
(Figura 4), sendo confirmados laboratorialmente 8 dbitos por ZIKV. Em 2017, até a SE

31, foram registrados 15.039 casos provaveis de febre pelo ZIKV no pais, com taxa de



incidéncia de 7,3 casos/100mil hab.; destes, 6.145 (40,9%) foram confirmados. A analise
da taxa de incidéncia de casos provaveis de Zika (nimero de casos/100 mil hab.), segundo
regides geogréaficas, demonstra que as regides Centro-Oeste e Norte apresentam as
maiores taxas de incidéncia: 35,1 casos/100 mil hab. e 13,7 casos/100 mil hab.,
respectivamente. Em 2017, até a SE 31, ndo foi confirmado laboratorialmente nenhum
6bito por ZIKV. Em relacdo as gestantes, foram registrados 2.112 casos provaveis, sendo
674 confirmados por critério clinico-epidemiolégico ou laboratorial, segundo dados do
Sinan-NET.

CASOS NOTIFICADOS (n = 1.453 municipios) CASOS CONFIRMADOS (n = 556 municipios)

N
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Figura 3 - Distribuicdo especial com casos notificados e confirmados de microcefalia e/ou

alteracdo do SNC, Brasil, até a SE 22/2016. Fonte: Secretarias de Saude dos Estados e Distrito
Federal.
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Figura 4 - Casos provaveis de febre pelo virus Zika, por semana epidemioldgica de inicio de



sintomas, Brasil, 2016 e 2017. Fonte: Sinan NET (banco de 2016 atualizado em 23/06/2017; de
2017, em 18/08/2017).

3.2 O VETOR, MODO DE TRANSMISSAO E O ZIKA VIRUS

As arboviroses sdo tipicas de regifes cuja vegetacdo € mais densa e que
apresentam maiores indices pluviométricos durante um determinado tempo. No Brasil,
areas de Mata Atlantica e da floresta Amazbnica sdo 0s maiores reservatorios de
arboviroses (SILVA; ANGERAMI, 2008). Embora estes reservatdrios sejam em sua
maioria de regides silvestres, 0 homem, em sua constante expansdo em direcdo a estas
areas, acaba aumentando o risco de infec¢do. No entanto, algumas arboviroses tém
surgido em regides urbanas sob forma epidémica (GUBLER et al, 2014; TRAVASSOS
et al, 1989).

A transmissao do virus ocorre atraves da picada durante o repasto sanguineo da
fémea do mosquito do género Aedes, uma vez que somente a fémea é hematdéfaga. Os
mosquitos Aedes sdo distribuidos globalmente e s@o habitantes nativos de regides
tropicais e subtropicais (Figura 5) (PLOURDE; BLOCH, 2016). O virus se aloja nas
glandulas salivares do mosquito, onde se multiplicam sem afetar o vetor. O tempo
necessario para que o mosquito se torne infectante apds o repasto em individuo infectado
é de 10 dias (VALLE et al., 2016). Os primatas sdo os reservatorios naturais do ZIKV, e,

provavelmente outros mamiferos como zebras, elefantes e roedores também o séo.

Figura 5 - Distribuicdo Global do Ae aegypti. Fonte: Kraemer et al., 2015.

Entretanto outras formas de transmissdo ja foram relatadas: via congénita



(OLIVEIRA MELO et al., 2016), perinatal (BESNARD et al., 2014), sexual (MUSSO et
al., 2015), transfusdo sanguinea (MUSSO et al., 2014), mordida de macacos (LEUNG et
al., 2015), saliva e urina (BONALDO et al., 2016) e suor e lagrimas (SWAMINATHAN
etal., 2016).

Diversos tipos de Aedes foram relacionados a esse virus, como: Aedes aegypti,
Aedes africanus, Aedes luteocephalus, Aedes hensilli, Aedes polynesiensis e Aedes
albopictus. O Aedes aegypti é mais frequente na Asia e Américas, o Aedes hensilli foi 0
principal responsavel pelo surto nas ilhas Yap e o Aedes polynesiensis provavelmente foi
responsavel pela disseminacdo do ZIKV na Polinésia Francesa (CUNHA et al., 2016;
PLOURDE; BLOCH, 2016; VALLE et al., 2016). As espécies Aedes aegypti e Aedes
albopictus estdo presentes no territorio brasileiro.

O Aedes aegypti, conhecido popularmente como "mosquito da dengue”, possui
corpo escuro com faixas brancas nas bases dos segmentos e desenho semelhante a uma
lira no dorso (BESERRA et al., 2006; GADELHA, 1985). Possui habitos diurnos,
tornando seu controle dificil por ser muito versatil na escolha de criadouros, que sdo
predominantemente domésticos, sendo responsaveis por casos urbanos (CONSOLI et al.,
1994).

O Aedes albopictus, denominado "tigre asiatico" possui coloracdo negra com uma
faixa estreita, longitudinal e mediana, apresenta habitos antopofilicos e zoofilicos e fora
de domicilios humanos, sendo responsaveis pelos casos silvestres (GRATZ, 2004;

HAWLEY, 1988). Suas diferencas fenotipicas podem ser visualizadas na figura 6.

Figura 6 - Representacdo morfologica aproximada de mosquitos Aedes aegypti e Aedes
albopictusg (GOIS, 2017).

O macho se distingue essencialmente da fémea por possuir antenas plumosas e

palpos mais longos. Pode ser diferenciado pela presenca de uma listra no tdrax do Aedes



albopictus e um formato de lira no Aedes aegypti.

O ZIKV pertence ao género Flavivirus e a familia Flaviviridae, sendo
correlacionado com outras flaviviroses como febre amarela, dengue, febre do oeste do
Nilo e encefalite japonesa (HAYES, 2009; PINTO JUNIOR et al., 2015). Além dessas,
outras espécies virais inclusas na familia Flaviviridae estdo relacionadas a infeccGes
brandas associadas a quadro febril, podendo raramente ocasionar manifestagdes clinicas
graves como hemorragias e encefalites (BLAZQUEZ et al., 2014).

A palavra arbovirus é da expressao inglesa “arthopod-borne virus”, que inclui
centenas de virus cujo genoma € composto de RNA e que sdo transmitidos por meio de
vetores artropodes (CHANG et al., 2016; CRUZ, A. C. R; VASCONCELOS, 2008).

Os flavivirus sdo particulas pequenas, esféricas, envoltas em envelope lipidico
(LINDENBACH; RICE, 2003). O ZIKV é um virus de RNA com 10794 kilobases com
duas regides nao codificantes. A poliproteina codificada a partir do RNA viral é clivada
por proteases da célula hospedeira e da origem a proteina do capsideo (C), proteina do
envelope (E), ao precursor de membrana (P) e a sete proteinas néo estruturais (NS). A
superficie dos virions, ou particulas virais, sdo compostas pela proteina E e M. A proteina
E € o principal determinante antigénico viral e possui como funcéo ligacdo e fusdo de
membrana para entrada na células hospedeira. A liberacdo do RNA na célula hospedeira
permite sua traducdo e consequente formacao de novas particulas virais. A estrutura viral

é esquematizada na figura 7.

T=3 Capsid T=3-like organization
of surface dimers

Figura 7 - Representacdo esquematca do Zika virus. FONTE: Laboratoryinfo.com

3.3 DIAGNOSTICO LABORATORIAL



O diagnostico laboratorial das infeccbes pelo ZIKV é feito através de testes de
biologia molecular e sorologicos (FAYE et al., 2013; LANCIOTTI et al., 2008). A
amplificacdo do RNA viral através da reverse transcription-polymerase chain reaction
(RT-PCR) pode ser realizada em diversos materiais bioldgicos (MUSSO et al, 2015;
GOURINAT et al, 2015; STAPLES et al 2016). E o teste de escolha para diagnostico na
fase aguda e pode ser positivo entre trés e sete dias do inicio dos sintomas, nos casos de
transmissao horizontal. No entanto, a interpretacdo dos testes sorolégicos, como Enzyme
Linked ImmunonoSorbent Assay (ELISA) IgM e IgG ou PRNT, deve ser feita com cautela
devido a grande reatividade cruzada com outras arboviroses, especialmente a dengue
(LANCIOTTI et al., 2008). Recomenda-se realizar ambas as sorologias (Dengue e Zika)
no primeiro momento e repetir ambas ap6s um periodo de duas semanas para comparagao
dos titulos. Caso sejam quatro vezes superiores aos da dengue, serdo considerados
positivos (DUFFY et al., 2009; STAPLES et al., 2016).

Em casos suspeitos de Infeccdo Congénita por ZIKV deve-se realizar o RT-PCR
no sangue do corddo, liquor e placenta, associado a dosagem de anticorpos em liquor e
soro e, quando possivel, realizar imunohistoquimica para ZIKV na placenta e cordao
umbilical (STAPLES et al., 2016).

3.4 A INFECCAO PELO VIRUS ZIKA, AS ANOMALIAS CONGENITAS, A
SINDROME DA ZIKA CONGENITA E A MICROCEFALIA

Individuos infectados pela ZIKV sdo, em sua maioria, assintomaticos (60-80%).
A sintomatologia da infeccdo € inespecifca e pode ser confundida com quadros
ocasionados por outros Flavivirus, como Dengue e Chikungunya (ZANLUCA et al.,
2015).

Os sintomas incluem febre baixa e autolimitada, raramente acima de 39°C,
surgindo de forma aguda e acompanhada de cefaleia. Além disso, episddios de exantema
maculopapular pruriginoso, que aparece comumente no segundo dia e se distribui pela
face, tronco, palmas das mdos e planta dos pés, podem estar associados. A febre
geralmente desaparece um ou dois dias apds o surgimento do exantema (PINTO JUNIOR

et al., 2015). Em contraste com a dengue, 0s sintomas sdo mais brandos e complicacfes



hemorréagicas e choque nao sdo relatados (TAPPE et al., 2016). Dor articular e muscular
também foram relatadas, acompanhadas ou ndo de edema, com duracdao média de 3-5 dias
e desaparecem apds uma semana, distinguindo-se do quadro clinico tipico de
Chikungunya pela menor intensidade de manifestacéo e pelas areas afetadas. A infeccéo
pelo ZIKV também pode causar conjuntivite, ndo purulenta, capaz de gerar fotofobia.
Outras manifestacdes inespecificas também ja foram descritas como orbitalgia, anorexia,
dor abdominal, diarreia, nauseas, vomitos, vertigem (CAVEIAO; CRISTIANO, 2017;
PINTO JUNIOR et al., 2015).

Apesar de ser uma infeccdo de evolucdo benigna, algumas complicacdes podem
ocorrer como SGB, microcefalia e problemas neuroldgicos e oculares em recém-nascidos.
A SGB é uma neuropatia inflamatoria auto-imune que causa fraqueza muscular,
tetraparesia, parestesia das extremidades, mialgia difusa e paralisia facial assimétrica,
podendo levar a insuficiéncia respiratoria (OEHLER et al., 2014; PETERSEN et al.,
2016; PINTO JUNIOR et al., 2015; TELLERIA-DIAZ; CALZADA-SIERRA, 2002).

Anomalias congénitas sdo alteracbes que ocorrem durante o desenvolvimento
intrauterino, presentes no momento do nascimento ou que se manifesta em etapas mais
avancadas da vida. Qualquer alteracdo durante o desenvolvimento embrionario pode
resultar em alteracdes que variam de pequenas assimetrias até grandes manifestacdes com
comprometimento estético e funcional (SANTOS; DIAS, 2005). Séo classificadas como
estruturais, funcionais, hereditarias e comportamentais, podendo ser identificadas ainda
no periodo neonatal através de exames de imagem. Estdo relacionadas a eventos que
precedem o nascimento, podendo ser herdadas ou adquiridas. Dentre os fatores
etiolégicos sdo destacados: condigdes genéticas/hereditérias; exposicdo a substancias;
infeccdes e radiacbes (ARRUDA; AMORIM; SOUZA, 2008).

Anomalias congénitas repercutem de maneira importante na morbimortalidade
infantil. Segundo a OMS cerca de 276 milhdes de bebés com malformac6es que morrem,
mundialmente, dentro de 4 semanas ap0s 0 nascimento por tais defeitos (WORLD
HEALTH ORGANIZATION, 2016).

Dentre as infecgdes intrauterinas associadas ao desenvolvimento de anomalias no
SNC destacam-se o citomegalovirus, o herpes virus e a rubéola. No entanto, entre os
flavivirus, apenas alguns casos foram relatados do virus do oeste do Nilo causando
encefalite (SIROIS et al., 2014).

E na fase de gastrulagio que se inicia o desenvolvimento do SNC quando ocorre

espessamento da membrana ectodérmica, que dard origem a placa neural. Assim dois



grandes processos vao ocorrer: a formacdo do tubo neural e o desenvolvimento do
prosencéfalo (JJ, 2001). AlteragBes no desenvolvimento do cortex cerebral possuem ainda
uma patogénese ndo definida. Um subconjunto de patologias tem sido associado a
alteragfes na migragdo celular e na neurodiferenciagdo, como as lisencefalias,
polimicrogirias e displasias corticais. No entanto, outros fatores podem também estar
envolvidos, como a proliferacdo celular, morte celular, crescimento e desenvolvimento
intracortical e formacdo de axo6nios e dendritos (GOLDEN, 2001; RORKE, 1994).
Alguns fatores ambientais ja& foram associado as malformacdes corticais, dentre eles
podemos destacar o etanol, &cidos, drogas anticonvulsivantes, mercurio, radiacdo e
infeccdes virais (GOLDEN, 2001).

Desde a introducdo do ZIKV no Brasil, ocorreu um aumento crescente no numero
de casos de microcefalia sugerindo a hipotese de transmissdo congénita. Essa associagao
foi afirmada em diversos estudos, inclusive através da deteccdo do virus no liquido
amnidtico de duas mulheres que desenvolveram a infecgdo na gravidez (DE ARAUJO et
al., 2018). Os exames demostraram que ambos os fetos apresentavam microcefalia,
comprovando a capacidade do virus de ultrapassar a barreira placentéria, atingir o liquido
amnidtico e infectar o feto (CALVET et al., 2016b).

Mlakar et al. relatou o caso de uma gestante com historia de infeccdo pelo ZIKV
durante sua estadia no Brasil (MLAKAR et al., 2016). A ultrassonografia realizada com
29 semanas de gestacdo revelou que o feto apresentava microcefalia e calcificacGes
cerebrais. O feto foi abortado cirurgicamente, procedimento legal em seu pais de origem,
sendo detectada a presenca do ZIKV apenas no tecido cerebral fetal, comprovando o forte
tropismo viral pelas células cerebrais.

Fémeas de camundongos gravidas foram infectadas com a cepa brasileira de
ZIKV. Observa-se que os filhotes das gravidas que apresentaram a infec¢do possuiam um
claro indicio de atraso no desenvolvimento intrauterino, e a presenca de RNA viral em
varios tecidos desses recém-nascidos através do PCR, com prevaléncia significativa no
cérebro, confirmando o neurotropismo viral e agressividade desta cepa. Além disso, 0s
resultados indicam que a cepa brasileira é capaz de atingir as células progenitoras
corticais, induzindo a morte celular por apoptose e autofagia (CUGOLA et al., 2016),
ocasionando problemas transcricionais e um retardo no crescimento celular (TANG et al.,
2016).

O diagnostico clinico de microcefalia se da pela medida do perimetro cefalico

(PC). E realizada a medida do didmetro do cranio em sua maior circunferéncia, utilizando



uma fita métrica flexivel e ndo elastica, em torno da cabeca, posicionando a fita na testa
acima dos olhos, passando acima das orelhas e até a por¢cdo mais proeminente da parte
posterior do cranio. Dessa forma, a medida do PC abaixo de dois desvios-padrdo da média
para a idade gestacional tem sido utilizada para realizar o diagndstico clinico de
microcefalia. Considera-se microcefalia grave quando a medida do PC esta abaixo de 3
desvios-padrdo (VARGAS et al., 2001). A escolha da curva e os critérios diagndsticos
definidores de microcefalia tém sido aspecto de grande discussédo, principalmente entre
os prematuros (ASHWAL et al., 2009; VICTORA et al., 2016). A Organizagdo Pan-
Americana aponta duas curvas para utilizacdo: Curva de Fenton e Estudo InterGrowth
(OPAS, 2016; VILLAR et al., 2014a). No entanto, devido a maior especificidade,
Victoria et al sugere a curva Intergrowth como escolha (VICTORA et al., 2016). Além
disso, o treinamento da equipe que executa essa medida é imprescindivel e a repeticdo da
técnica é necessaria quando apresentar valores limitrofes ou anormais. A proporcao entre
0 PC e outras medidas como peso e comprimento é importante para a definicdo da
etiologia da microcefalia (VARGAS et al., 2001).
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Abstract

A main characteristic of Congenital Zika Infection (CZI) is the involvement of the nervous
system. While microcephaly is the most severe presentation, infants with laboratory evidence
of CZI, who are normocephalic at birth, may present neurodevelopmental delays or late onset
microcephaly. The present study aimed to follow normocephalic infants with intrauterine
exposure to Zika virus (ZIKV) to better characterize the broad spectrum of manifestations
associated with CZI. We evaluated 28 normocephalic infants within their first two years of
life (median age: 1.66 + 0.31 years). All infants were evaluated by a pediatrician and 20
children (71.4%) were evaluated by a neuropediatric specialist. All children presented

satisfactory neuropsychomotor development with normal neurological evaluations.


mailto:Isadora.siqueira@fiocruz.br

Ophthalmological and audiological evaluations were performed in 23 (82.1%) and 16
(57.1%) infants, respectively, with no abnormalities detected. The infants evaluated herein
indeed seem to be asymptomatic. However, large-scale studies involving prospective cohorts
and long-term follow-up would be necessary to comprehensively describe the clinical

spectrum associated with CZI.

Introduction

Zika Virus (ZIKV), an arbovirus of the Flavivirus genus, Flaviviridae family, is transmitted

by Aedes mosquitoes and was initially identified in 1947 in Uganda®.

In 2015, a dramatic increase in reports of acute ZIKV infection occurred in the Americas,
most notably in Brazil, the most affected country?, mainly in its northeastern region®. An
outbreak associated with congenital microcephaly and ZIKV infection was initially
suggested by Brazilian physicians and researchers?, and the World Health Organization
(WHO) subsequently declared a Public Health Emergency of International Concern in

February 2016°.

A main characteristic of Congenital Zika Infection (CZI) is the involvement of the central
nervous system, causing microcephaly, facial disproportionality, hypertonia, hyperreflexia
and irritability. In addition, hearing and visual abnormalities, arthrogryposis, epilepsy and

dysphagia may also be present 62,

While microcephaly may be the most severe clinical presentation of CZI, some studies have
demonstrated developmental delay in infants with laboratory evidence of CZI who were

normocephalic at birth®, In Brazil, a cohort study conducted in Rio de Janeiro reported



delayed neurodevelopment in normocephalic infants with normal neuroimaging despite the

confirmation of ZIKV intrauterine exposure®?.

In this context, this present study aimed to follow normocephalic infants with intrauterine
exposure to ZIKV born in Salvador, Bahia-Brazil in 2016, the year after the Zika outbreak,

to better understand the broad spectrum of manifestations associated with CZI.

Methods

Study design

The present cohort study was performed at the Pediatric Outpatient Clinic of the School of
Medicine, Federal University of Bahia (FMB-UFBA), from March 2017 to November 2018.
Infants born in 2016 without congenital anomalies, who were normocephalic at birth and
already enrolled in a previous CZI hospital surveillance study, were recruited if ZIKV
positivity was detected by serological testing or quantitative PCR assay (RT-gPCR). All
mothers of the included infants presented anti-ZIKV IgG positivity at the time of delivery,

and reported symptoms suggestive of acute ZIKV infection during pregnancy??.

Study proceedings

Sociodemographic data and clinical information were collected from the mothers via
interviews, while clinical data on infants was obtained through clinical evaluations. Data
entry and data management were performed using REDCap version 6.18.1 (Vanderbilt

University, Nashville, TN, USA).

Head circumference (HC) was evaluated normocephaly was defined by a HC within 2SD

(standard deviation) below the mean for gestational age and sex, according to the



INTERGROWTH-21 standards 3.

Newborns were classified as small, appropriate or large for gestational age, based on sex-
specific birthweight for gestational age using fetal growth curves. According to the WHO,
infants whose birth weight is below the 10" percentile for gestational age and sex are
considered small for gestational age (SGA), while those with a weight between the 10-90™
percentiles are determined to be appropriate for gestational age (AGA); accordingly, those

above the 90" percentile are deemed large for gestational age (LGA)™.

Clinical evaluations were performed in all infants by a pediatrician who collected
anthropometric data to verify growth assessment and nutritional status according to WHO
growth standards. Infants were classified as eutrophic when Z-scores ranged between -2 and
+1 according to the Body Mass Index (BMI) growth standard; at risk of overweight when
Z-scores were between +1 and +2; overweight when Z-scores were between +2 and +3 and

obese when Z-scores were above +3%.

Neurodevelopmental assessments were performed by neuropediatric evaluations and through

the verification of neurodevelopmental milestones expected for age?.

In addition to being seen by a pediatrician and neurologist, the included newborns were also
evaluated by other multidisciplinary team members: an odontologist, ophthalmologist,

speech and language therapist and otorhinolaryngologist on the same day in a joint effort.

Ophthalmological analyses included retinal mapping and refraction evaluation using a
retinoscope (Eyetec®). Audiological assessments included brainstem evoked response

audiometry (BERA) and auditory evoked potential (AEP) (Contronic/model MASBE ATC



Plus®).

Ethical Approval

This study was approved by the institutional review board of the Gongalo Moniz Institute—
Fundacdo Oswaldo Cruz—Bahia (IGM-FIOCRUZ, protocol no. 1.935.854/2016). All legal

guardians provided a written term of consent.

Results

A total of 85 children were deemed eligible to participate in the study; however, it was only
possible to establish contact with 42 guardian(s). Of these, 12 declined to participate. Among
the infants enrolled, two were excluded due to hydrocephalus and genetic disorders. A total
of 28 normocephalic infants were evaluated by all members of the multidisciplinary team at

some point within the two first years of life.

Maternal characteristics

All mothers reported being symptomatic during ZIKV infection. The onset of symptoms
varied with respect to gestational period. All women received prenatal care during their
pregnancies. The median age was 26.5 + 6.49 years and six (21.5%) presented a comorbidity.
Table 1 summarizes maternal sociodemographic and clinical data, and Figure 1 illustrates

the frequencies of ZIKV-related symptoms reported.

Neonatal characteristics

The frequency of cesarean section and normal delivery were similar, and the male sex

predominated (53.6%). A total of 24/28 (85.7%) neonates were classified as AGA, while



seven presented low birth weight (weight at birth < 2,5009). In their first days of life, 24
neonates underwent transfontanelle ultrasonography at the maternity hospital, with no

abnormalities identified. Table 3 lists the clinical data of the studied neonates.

Infant characteristics

The median age of the included infants was 1.66 + 0.31 years. Anamneses conducted during
pediatric emulations identified only one (3.6%) child who was not breastfed, while 21 (75%)
were determined to have an inadequate diet high in carbohydrates and low in proteins and
vegetables. Nutritional assessments were performed using anthropometric data, with one
(3.6%) child determined to be overweight and 27 (96.4%) classified as eutrophic. A total of
16 (57.1%) children had a complete vaccination schedule, and 15 (53.6%) were determined
to be atopic. Oral hygiene was considered to be inadequate in 25 (89.3%) children, and

habitual tooth-brushing before bedtime was reported in only five (17.9%) infants.

Neuropediatric evaluations were performed in 20 (71.4%) children. Investigation of the age
at which infants had reached neurodevelopment milestones revealed delayed
neuropsychomotor development in the first year of life in five (17.9%) children. Of these,
all five infants presented cognitive impairment, 3/5 (60%) infants presented delays in
language development and 2/5 (40%) had motor impairment. Interestingly, upon
neuropediatric evaluation, all infants were determined to present adequate neuropsychomotor

development, with neurological examinations determined to be normal.

Among the multidisciplinary evaluations performed, retinal mapping and refraction
evaluation were performed by an ophthalmologist in 23 (82.1%) infants, with no alterations

detected. An otorhinolaryngologist and dentist examined 19 (67.9%) children and reported



no irregularities. Finally, AEP and BERA evaluations were performed in 16 (57.1%) infants,

with no observable abnormalities.
Discussion

Congenital microcephaly has been associated with ZIKV intrauterine infection’.
In addition, the literature contains reports of normocephalic newborns with CZI at birth®,
and in some cases the development of microcephaly has been observed through reduced brain
volume on neuroimaging®. Herein, we present 28 normocephalic infants at birth with

laboratorial evidence of CZI, who were found to evolve with normal neurodevelopment.

Previous studies have shown changes in intrauterine growth in CZI, including elevated
frequencies of low birth weight?? and intrauterine growth restriction?*, which are of concern
to with respect to expected child growth, since children with low birth weight and or those
born SGA generally present lower than expected rates of growth?8. A cohort study conducted
in Rio de Janeiro (Brazil) found high frequencies of SGA (83%) and low birth weight
(77%)?®. In contrast, only one (3.6%) infant herein was classified as SGA, while seven (25%)
presented low birth weight. Upon subsequent evaluation, only one infant was found to present
growth impairment, which was probably related to an elevated intake of carbohydrates,

which led to being overweight.

Children with some degree of neurological impairment are known to present a higher risk of
growth deficiency, which has been directly associated in previous studies; i.e., more
pronounced deficiency has been linked with greater impairment %22, The disagreement
observed herein between the information reported by mothers regarding developmental

milestones and neuropediatric evaluations could be associated with inaccuracy in the



information reported by the mothers, or even their lower educational/socioeconomic level.
Another explanation may be due to the need for continued and more detailed assessments

with regard to neurodevelopment.

Ocular abnormalities related to CZS have been described, typically affecting the posterior
segment of the eye, including vasculature and retinal pigmentary changes, optic nerve
hypoplasia and chorioretinal atrophy 2728, Although a previous study reported
ophthalmologic abnormalities in 3.7% of the infants exposed to ZIKV during gestation who
were normocephalic at birth?®, none of the 23 infants evaluated herein presented alterations
on ophthalmological retinal mapping and refraction evaluations. This finding is consistent
with data in the literature demonstrating an association between normal head circumference

and the absence of ocular alterations®.

While audiological evaluations in the included children were normal on both of the exams
performed, previous studies have reported alterations in infants with ZIKV infection who
presented microcephaly at birth’. However, a report on 13 infants diagnosed with CZI
without microcephaly at birth® described normal hearing evaluations during follow-up, which
stands in agreement with our findings. Nevertheless, longer-term follow-up of these infants

would be recommended.

The infants evaluated herein would seem to be asymptomatic; however, since our sample is
small and may not have been able to accurately detect abnormalities, which may appear at a
relatively low frequency, larger scale studies involving prospective cohorts and long-term
follow-up would be necessary to comprehensively describe the clinical spectrum of findings

associated with CZI.
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Table 1- Sociodemographic data and clinical information of 28 mothers with anti-ZIKV IgG

positivity (Salvador, 2016-2018)

Characteristic N (%)

Age (years)* 26.5 + 6.49 years

Skin color (self-declared)

Black 15 (53.6)
Mixed-race 8 (28.6)
White 0 (0)
Other 1(3.6)
Unknown 4 (14.3)

Education level

Primary 8 (28.6)
Secondary 17 (60.7)
University/College 2(7.1)
Unknown 1(3.6)
Income*
< 1 minimum monthly wage 10 (35.7)
1-3 minimum monthly wages 13 (46.4)
> 3 minimum monthly wages 3(10.7)
Unknown 2(7.1)

Comorbidities
None 22 (78.6)
Hypertension 3(10.7)

Diabetes Mellitus 1(3.6)



1(3.6)

Epilepsy

Allergic rhinitis 1(3.6)
Trimester in which symptoms reported

First trimester 14 (50)

Second trimester 5(17.9)

Third trimester 4 (14.3)

Unknown 5(17.9)
Use of licit or illicit drugs during pregnancy

None 25 (89.3)

Smoking 0(0)

Alcohol 3(10.7)

Ilicit drug use 1(3.6)

* Median (Interquartile); *Monthly minimum wage in 2018 = R$ 954,00 (US$ ~240)



Exanthema [ 64.3%
ltching [ 57.1%
Fever [ 53.6%

Arthralgia [ 42.8%

Myalgia [ 35.7%

Symptoms

Headache [ 21.4%

Conjuntival hyperemia B 3.6%

0 5 10 15 20

Frequency

Figure 1. Frequency of symptoms associated with ZIKV infection during pregnancy as

reported by mothers.



Table 2 — Sociodemographic and clinical data of 28 neonates born in Salvador, Bahia-
Brazil in 2016

Characteristic N (%)
Sex
Female 13 (46.4)
Male 15 (53.6)

Route of delivery
Vaginal 14 (50.0)
Cesarean 14 (50.0)

Size for gestational age

SGA 1(3.6)
AGA 24 (85.7)
LGA 3(10.7)
Phototherapy
Yes 4 (14.3)
No 23 (82.1)
Unknown 1(3.6)
Gestational age at birth (weeks)” 39 (37-40)
Weight at birth (g)* 3.082.50 (2.862.50-3.521.25)
Length at birth (cm)” 48.00 (45.00-49.00)
Head circumference at birth (cm)* 34.00 (33-35.13)

SGA = small for gestational age; AGA = appropriate for gestational age; LGA = Large for
gestational age; NICU = Neonatal intensive care unit; *Median (Interquartile range).



CAPITULO 2 - Discordant congenital Zika virus infection in dizygotic twins: a case

report

Situacéo do artigo: a ser submetido
Revista: Jornal de Pediatria

Fator de impacto: 2,0

Artigo descreve caso discordante em gémeos expostos ao virus Zika durante o periodo

gestacional, com sorologia confirmada.



Discordant congenital Zika virus infection in dizygotic twins: a case report

Juliana Menezes Gomes Cabral de Oliveiral, MD

Adriana Virginia Barros Faical®#,

Breno Lima de Almeidal?

Emilia Katiane Embirucu de Araujo Ledo*°, MD, PhD

lluska Andrade Agra*, MD

Jodo Vitor Vieira Carvalho de Oliveiral, MD

Marcos Vinicius Lima de Oliveira Francisco?!

Angelina Xavier Acosta?, MD, PhD

Isadora Cristina de Siqueira!, MD, PhD

Author affiliations:

1-Instituto Gongalo Moniz, Fundagdo Oswaldo Cruz, Ministério da Salde, Salvador-BA,

Brazil

2- Faculdade de Medicina da Bahia, Universidade Federal da Bahia, Salvador-BA, Brazil

3- Instituto de Ciéncias da Saude, Universidade Federal da Bahia, Salvador-BA, Brazil

4- Hospital Universitario Professor Edgar Santos, Universidade Federal da Bahia, Salvador-

BA, Brazil



5- Departamento de Ciéncias da Vida, Universidade Estadual da Bahia, Salvador-BA, Brazil

/ UNEB

Corresponding author:

Isadora Cristina de Siqueira, Instituto Gongalo Moniz, Fundacdo Oswaldo Cruz, R.

Woaldemar Falcao,121, Candeal, Salvador-BA, Brazil, CEP 40296-710

e-mail:isadora.siqueira@fiocruz.br

Telephone: +55 (71) 3176-2466

Key Words (3-5): Congenital infection, twins, Zika virus

abbreviated title:

Disclosure: The authors report no disclosures relevant to the manuscript.

Funding:

CNPg-National Council for Scientific and Technological Development (443875/2018-9) and

PPSUS/BA-FAPESB003/2017/SESAB/CNPqg/MS (5125/2017).

Abstract

Background: Discordant clinical outcomes in congenital infectious disorders have been
described. Methods & Materials: Here we describe a case of suspected Congenital Zika
Infection in discordant twin siblings, one with microcephaly. Results: Two boys were born
in Salvador, Brazil in June 2015 as the result of a dizygotic twin pregnancy. Their mother

reported cutaneous rash and itchiness in her seventh month of gestation. The delivery



occurred at 39 weeks of gestation. In the first twin born with microcephaly, ophthalmologic
examination identified atrophy of the bilateral optic nerve. His neurodevelopmental
evaluation showed extremally low cognitive, language and motor functions. The second twin
had normal head circumference at birth, with a follow-up neurodevelopment evaluation
indicating average cognitive and motor function and above average language functioning.
Brain imaging and eye exam in the second twin presented no abnormalities. Conclusion: We
describe dizygotic twins with suspected exposure to Zika virus during pregnancy, yet only
one presented neurological damage due to CZI. Despite advances in the understanding of the
pathophysiology of CZI, little is known regarding mechanisms involved in the vertical
transmission of the Zika virus. Possible factors, such as fetal genetic factors, viral tropism,
and the failure of the placenta barrier should be investigated in an effort to explain the

discordant presentation seen in this case.

Introduction

At the end of 2015, a significant increase in the number of newborns with congenital
microcephaly prompted a state of emergency in the Brazilian public health system. This
epidemic was linked with a previous outbreak of the Zika Virus (ZIKV), as the virus was

detected in the amniotic fluid of pregnant women who gave birth to microcephalic children

(1).

In addition to microcephaly, a number of other findings have been documented in infants
who were presumably exposed to ZIKV during pregnancy, including visual and hearing
abnormalities, musculoskeletal deformities, dysphagia and epilepsy (2), all elements

considered to be associated with Congenital Zika Infection (CZI).



Discordant cases of congenital infections occurring in twins, such as HIV(3),
toxoplasmosis(4) and CMV(5), have been documented in the literature, especially in
dizygotic twins. More rarely, discordance may also occur in monozygotic twins(6).
Discordant cases have also been reported with respect to CZI: two pairs of dizygotic twins
in a study by van der Linden et al.(7) and six pairs of dizygotic twins reported by Caires-
Junior et al.(8). In addition, another pair of monozygotic twins both presented microcephaly,

but also had differences in hearing and ocular abnormalities (9).

Considering the scarcity of studies on discordant twins exposed to ZIKV during pregnancy,

we describe here the clinical presentations of discordant twins with suspected CZI.

Study proceedings

The twins investigated herein were born in Salvador, Brazil, during the 2016 ZIKV outbreak.
Sociodemographic and clinical data on these infants was obtained through the review of
medical records. Data management were performed using REDCap 6.18.1© (2018
Vanderbilt University). Serological testing was performed at the Gongalo Moniz Institute,

Oswaldo Cruz Foundation (IGM-FIOCRUZ), located in Salvador, Bahia-Brazil.

Microcephaly was defined using the INTERGROWTH-21% criteria(10) as a head
circumference (HC) measurement below 2SD (standard deviations), while normocephaly
was considered when HC measurements were within 2SD. Newborn gender, gestational age

and (HC) at birth were all taken into account.

Both twins were evaluated by a single pediatrician and neuropediatrician. Neurodevelopment

was assessed using the Bayley Scales of Infant and Toddler Development-Third Edition


https://projectredcap.org/

(BSID-I1I). Complementary evaluations included retinal mapping, refraction evaluation, the
assessment of brainstem auditory evoked response (BAER), Video electroencephalography

(VEEG) and cerebral magnetic resonance imaging (MRI).

Serological tests were performed on both mother and infant samples. Anti-ZIKV IgG
enzyme-linked immunosorbent assays (ELISA) (Euroimmun®, Liberg, Germany) were
performed. A ZIKV IgM antibody-capture ELISA (MAC-ELISA) was used in accordance
with the established protocol (11). Cytomegalovirus (CMV) IgG and IgM, as well as
Toxoplasma 1gG and IgM (Dia.Pro) serology, in addition to Serum Venereal Disease
Research Laboratory test (VDRL) results and HIV status were obtained from patient medical

records.

Case Reports

In June 2015, two boys were born as the result of a dizygotic twin pregnancy. Their mother
reported skin rash and itchiness during her seventh month of gestation. While she had a
suspected clinical diagnosis of ZIKV infection, no samples were collected for serological or
molecular diagnosis during her pregnancy. Obstetric ultrasonography evidenced twin
dichorionic and diamniotic gestation, with no abnormalities detected. Delivery occurred at
39 weeks of gestation, when she tested negative for syphilis and HIV, presented negativity

for toxoplasma IgM and 1gG, and was IgM negative but IgG positive for CMV.

In 2017, her ELISA serology for anti-ZIKV IgM was negative, and indeterminate results

were obtained for anti-ZIKV IgG.

Twin 1



The first male twin weighed 2,240 g at birth, had an APGAR score of 9/9 and a head
circumference of 31cm. He was clinically diagnosed with microcephaly and discharged from

the maternity hospital with a recommendation for neurological follow-up.

At three months, computed brain tomography revealed asymmetric supratentorial
compartment, enlargement of the posterior and temporal horns and body of the left lateral
ventricle, enlarged cortical sulci, areas of gliosis and bilateral irregular calcifications in the

periventricular regions and basal nuclei.

At nine months, an eye exam indicated bilateral atrophy of the optic nerve. VEEG showed

bilateral epileptiform discharges.

Magnetic resonance imaging (MRI) performed at 11 months showed extensive areas of
neuropathologic sequelae in the brain parenchyma, affecting the temporal, parietal and
occipital lobes, the corona radiata and periventricular regions of the frontal lobes. Figure 1
details these features, in addition to the thinning of the corpus callosum and supratentorial

space enlargement, all suggestive of CZI.

At 21 months of age, this twin received extremely low scores on the cognitive, language and
motor function components of the Bayley 11l neurodevelopmental scale. He was classified as
Level V on the Gross Motor Function Classification System (GMFCS) scale, the lowest

classification of movement ability. BAER auditory evaluation results were normal.

This infant presented negative anti-ZIKV IgM serology, yet positivity for anti-ZIKV 1gG by
ELISA. Serological tests for syphilis, HIV and toxoplasma were negative. While anti-CMV

IgG was positive, anti-CMV IgM results were negative.



Twin 2

The second male twin weighed 2,685 g at birth, had an APGAR score of 9/9 and a head
circumference of 34 cm, classified as normal under the Intergrowth-21 criteria. His growth
and neurodevelopment were considered adequate in the first year of life. At 20 months,
cognitive and motor function were average and language function was above average on the
Bayley 11l neurodevelopmental scale. Brain MRI, eye exam and BAER testing revealed no
abnormalities. Anti-Zika IgG results were negative, as were serological tests for syphilis,
HIV and toxoplasma. While anti-CMV IgG was positive, anti-CMV IgM results were

negative. Table 1 lists the clinical information collected for both twins.

Discussion

Discordant presentations of congenital infection among twins can arise due to a number of
factors. Although equally influenced by maternal factors, e.g. the mother's immune status,
fetal susceptibility to congenital infection is also a determinant factor (5), as fetuses

sometimes respond differently to primary maternal infection (4).

The placenta can act as a nonspecific barrier (13) and produces interferon (14), a protective
factor against congenital infection. However, differences between fetal placentas may also
be linked to discordant presentations (5). Despite the fact that the placenta allows
communication between mother and fetus, a study found that only 40% of fetuses became
infected as a result of exposure to CMV during pregnancy, reinforcing the lack of complete
permeability (15). Despite prior reports of the identification of ZIKV in placental tissue (16),

samples of placental fragments were unavailable in this study.



Studies detailing factors associated with discordant presentations in twins following exposure
to ZIKV are scarce. However, in a study involving the neuroprogenitor cells of dizygotic
twins, Caires-Junior et al. observed reduced cell growth after ZIKV infection in vitro and
pointed to the importance of genetic factors associated with the regulation of the mTOR and
Whnt pathways in the neurodevelopment of these babies (8). The present work is limited by

the absence of genetic studies.

In a study involving two pairs of discordant twins with suspected exposure to ZIKV in utero,
both mothers reported symptoms suggestive of acute ZIKV infection in the first trimester (7).
This corroborates another report that found microcephaly and other birth defects associated
with maternal infection occurring during the first trimester (17). However, in the present
study the mother reported a clinical picture suggestive of ZIKV infection in her third
trimester, indicating that congenital defects may be an outcome of primary infection

regardless of gestational period (referencia).

With regard to ophthalmological examination, the affected baby presented bilateral optic
nerve atrophy, which is one of the ophthalmological alterations already documented in
individuals with CZI (18). A study of discordant twins exposed to ZIKV also reported other

abnormalities, e.g. congenital glaucoma and chorioretinal lesions (7).

CZl-associated hearing disorders have also been described in discordant twins, such as deep
bilateral hearing loss (7). While both twins in this case had normal BAEP results, long-term
follow-up will be necessary to identify and intervene early in the event that clinical changes

eventually arise, which could have a major impact on their lives and those of their families.



The Bayley Scales of Infant Development 111 (BSID-III) is an internationally validated
instrument for assessing the motor, cognitive and language domains of child development
(19). In babies with ZIKV-associated microcephaly, low scores have been identified by
BSID-111 (20), which was the case in the affected infant who presented extremely low scores
in all three domains. Studies have also shown that infants exposed to ZIKV, even
normocephalic babies, may exhibit neurodevelopmental changes when evaluated by this
instrument (21,22). Since BSID-III is considered a sensitive instrument for identifying
neurodevelopmental delays, the normocephalic infant’s average and above average scores

reinforce the presence of age-compatible development at the time of this assessment.

Imaging findings, such as subcortical calcifications, ventriculomegaly and corpus callosum
abnormalities have proven useful in characterizing CZI (23). The microcephalic baby in this

case presented findings consistent with CZI on CT and MRI.

Here, the diagnosis of CZI was inferred due to clinical presentation and the epidemiological
link with ZIKV-associated microcephaly during the outbreak in Brazil in 2016, as well as
positivity for anti-ZIKV IgG in the affected twin. In other studies, such as the study by van
der Linden et al., discordance between twins was confirmed by the detection or not of positive
IgM in the CSF of the twins (7). Unfortunately, we were unable to perform this type of

serological testing in these babies, as samples were not collected at birth.

It is noteworthy that even though both twins may be exposed to ZIKV during gestation,
discordant clinical findings may result. A recent study described ZIKV-associated

microcephaly in both twins, yet only one infant presented eye and hearing impairment (9).



Here we describe twins exposed to ZIKV during pregnancy, while only one presented
neurological damage due to CZI. Despite advances in the understanding the pathophysiology
of CZlI, little is known regarding the mechanisms involved in the vertical transmission of
ZIKV. Possible factors, such as fetal genetic factors, viral tropism, or the failure of the

placenta barrier could explain this discordant presentation, yet further study is warranted.

The present report of discordant CZI presentations in dizygotic twins should contribute to
the knowledge surrounding clinical presentations of CZI. In addition, it is important to note
that since babies with normal head circumference at birth may develop late onset

microcephaly (2), long-term follow-up of normocephalic twins should be mandatory.
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Figure 1. Twin 1 Brain MRI
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Figure 1. Brain MRI from Twin 1 showing thinning of the corpus callosum and

supratentorial space enlargement.



Tablel - Clinical and serological data of both twins at birth and on second year of evaluation

TWIN 1 TWIN 2
At birth
Sex Male Male
Head circunference (cm) 31 34
Intergrowth classification Microcephaly Normal
Weight (g) 2240 2685

Weight-for-age

Apgar (1’/5°)

First eye exam

Second year’s evaluation

Cervical control

Walking without support

Language

Dysphagia

Small for gestacional

age

9/9

Bilateral atrophy of the

optic nerve

Abnormal

Abnormal

Grunts

Yes

Adequate for gestacional age

9/9

Normal

Normal

Normal

Ungrammatical sentences

No



Muscle tonus (upper limbs and lower Hypertonic/hypotonic ~ Normal/normal

limbs/axial)

Myotatic reflexes Hyperactive Normal
Clonus Bilateral Absent
Brainstem Auditory Evoked Normal Normal
Potential

Bayley scores

Cognitive 55 (extremely low) 95 (average)
Language 47 (extremely low) 115 (high average)
Motor 46 (extremely low) 107 (average)

Serology 1gG Zika - Euroimmune Positive Negative




4 DISCUSSAO

A associacdo entre a infec¢do materna por ZIKV durante o periodo gestacional e o
desenvolvimento de microcefalia alarmou a populagdo de forma global (BELL; FIELD;
NARANG, 1971; BUTLER, 2016; SCHULER-FACCINI et al., 2016) e a microcefalia
congénita tem sido associada a infeccéo intrauterina pelo ZIKV (RASMUSSEN et al., 2016).
A microcefalia € uma malformacdo congénita causada por um disturbio na fase de
proliferagdo neuronal, que ocorre de forma precoce na gestacao (3° - 4° més) (JJ, 2001) e por
isso, as infeccBes maternas podem causar maior dano no embrido quanto mais cedo ocorrer
a infecgéo na gestacéo.

No entanto, a microcefalia ndo parece ser a Unica forma clinica de apresentacdo da
CZS visto que a associacdo da infeccdo congénita pelo ZIKV e o nascimento de bebés
normocefalicos ja foi relatada anteriormente (FRANCA et al., 2016). O desenvolvimento de
microcefalia em bebé&s normocefalicos ao nascimento expostos ao ZIKV na gestacdo, com
demonstragédo de reducdo do volume cerebral através de exames de neuroimagem, também
foi relatado em estudo prévio (VAN DER LINDEN et al., 2016b), o que mostra a real
necessidade de estudos com essa populacéo para melhorar o acompanhamento clinico dessas
criancas.

AlteracOes no crescimento intrauterino de bebés com CZS associado a um padréo de
restricdo do crescimento intrauterino, também ja foi relatado (SANTA RITA et al., 2017),
com uma maior frequéncia de bebés com baixo peso ao nascer (MOURA DA SILVA et al.,
2016). Situacdo preocupante quando tratamos do crescimento infantil, uma vez que criancgas
que apresentam baixo peso ao nascer ou que sdo PIG ao nascimento podem evoluir com
atraso no crescimento e atingir metas inferiores para os padrdes esperados (LEANDRO,
2016) apresentando maior de risco de baixo peso, baixa estatura e magreza.

Desde a concepcdo até a morte todos os individuos passam por processos de
transformacéo quantitativa e qualitativa, que irdo promover o crescimento e desenvolvimento
do ser humano. Devido a uma forte correlacdo entre esses dois processos, muitas vezes esses
conceitos vém sendo empregados como sindnimos. Todavia, crescimento e desenvolvimento

sdo processos diferentes mas que ocorrem de forma indissocidvel. O crescimento é um



processo biologico caracterizado pela multiplicagéo (hiperplasia) e pelo aumento do tamanho
(hipertrofia) celular, gerando o aumento do tamanho corporal, encerrando seu processo com
o término do aumento do crescimento linear, aferido através da altura (BRASIL, 2002). E
considerado um dos melhores indicadores de salde da crianca ja que sofre influéncia direta
de fatores ambientais, sendo o primeiro a se alterar, e seu acompanhamento adequado permite
ao pediatra promover o crescimento saudavel ou intervir, 0 mais precocemente possivel.

Estudos anteriores mostraram atraso no crescimento relacionado com alteracdo
neuroldgica (HERRERA-ANAYA et al., 2016; PENAGINI et al.,, 2015; PRATA-
BARBOSA et al., 2019; QUITADAMO et al.,, 2016), em nosso primeiro artigo néo
identificamos nenhuma criangca com atraso no crescimento, no entanto, nenhuma das criancgas
avaliadas apresentavam distarbios neuroldgicos. Somente uma crian¢a tinha sobrepeso,
provavelmente associado ao padrdo alimentar rico em carboidratos. J& no segundo artigo,
observamos atraso no crescimento do bebe microcefélico.

Ja o desenvolvimento € caracterizado como um processo de evolugdo humana a partir
de sua concepcdo que envolve diferenciacdo e maturagéo celular, gerando transformacdes
complexas que incluem processos de aprendizagem e aspectos psiquicos e sociais. E um
processo que resulta da interacdo entre sua influéncia bioldgica e seu contexto sociocultural
(HALPERN, 2014; MADEIRA; SILVA, 2010; NEEDLMAN, 2009; RAPPAPORT, 1981).
Dessa forma, em consultas de puericultura deve sempre avaliar de forma individualizada e
compartilhada com a familia, entendo o contexto familiar e social desde a concep¢do além
de avaliar possiveis fatores de risco associados, como: auséncia de pré-natal, dificuldades no
parto, prematuridade, baixo peso ao nascer, uso de alcool, drogas, infeccdes e depressdo na
gestacdo (FIGUEIRAS et al., 2005; KING; LOGSDON; SCHROEDER, 1992). Assim, sua
avaliacdo e acompanhamento adequados permitem identificar precocemente fatores que
podem impedir de forma definitiva a aquisicdo de habilidades.

O Bayley Scales of Infant Development Il (BSID-III) é um instrumento
internacionalmente validado para avaliagdo dos dominios motor, cognitivo e de linguagem
do desenvolvimento infantil (MADASCHI et al., 2016). E considerado um instrumento de
boa sensibilidade para identificacdo de atrasos do neurodesenvolvimento. Em bebés com
microcefalia associada ao ZIKV foram identificados escores baixos por meio do BSID-I1I
(NIELSEN-SAINES et al., 2019), como observamos no bebé microcefélico do artigo 2.



Mesmo normocefalicos podem apresentar alteracbes de neurodesenvolvimento quando
avaliados por esse instrumento (LOPES MOREIRA et al., 2018).

Em avaliacdo com neuropediatra, as criancas do primeiro artigo apresentaram atraso
no desenvolvimento referido, porém esses pacientes apresentaram exame neurologico
normal, sugerindo um atraso na aquisi¢do dos marcos do desenvolvimento ou mesmo uma
falha de recordacdo da genitora em relacdo a época de aquisicdo do marco. LOPES
MOREIRA et al, 2018 identificou atraso de neurodesenvolvimento em bebés
normocefalicos utilizando a ferramenta BSID-I11. Assim, 0s pacientes envolvidos no artigo
1 foram encaminhados para realizagdo do BSID-IIl, sendo demonstrado atraso no
desenvolvimento de 35% dos crian¢as, com predominio no atraso da linguagem (FAICAL et
al., 2019) (ANEXO 6). No entanto, para definirmos um real atraso de
neurodesenvolvimento, serdo necessarias outras avaliacdes de acompanhamento a longo
prazo.

No artigo 2, descrevemos o caso de gémeos discordantes. Estudos relacionados a
esses fatores associados a apresentacdo discordante de infecgdes congénitas em gémeos apos
exposicdo ao ZIKV sdo escassos. Casos discordantes de infecgdes congénitas em gémeos,
como HIV (DE MARTINO et al., 1991a), toxoplasmose (THAPA et al., 2009) e CMV
(LAZZAROTTO et al., 2003), ja foram documentados na literatura, principalmente em
gémeos dizigoticos, podendo ocorrer também mais raramente em gémeos monozigéticos
(WU etal., 2011b).

Uma série de fatores podem estar relacionados a apresentacdo discordante de
infeccdes congénitas entre 0s gémeos sendo a susceptibilidade fetal a infecgdo congénita um
fator determinante (LAZZAROTTO et al., 2003), visto que os fetos podem responder
imunologicamente diferente a infecgdo materna primaria (THAPA et al., 2009). A placenta
pode atuar como barreira inespecifica (MORTON; MITCHELL; MCNICOL, 1983) e
produzir interferon (BANATVALA; POTTER; BEST, 1971), representando um fator
protetor & infeccdo congénita. No entanto, diferencas entre as placentas dos fetos também
podem ter influenciado na apresentacdo discordante (LAZZAROTTO et al., 2003). Apesar
de identificacdo prévia do ZIKV em tecido placentario (SEFEROVIC et al., 2019), amostras
dos fragmentos da placenta nao estavam disponiveis nesse estudo.



Em nosso segundo artigo, o bebé microceféalico apresentou, durante avaliagédo
oftalmoldgica, atrofia bilateral do nervo optico, achado que comp®@e o conjunto de alteragdes
oftalmoldgicas ja documentadas em individuos com SCZ (ZIN et al., 2017). Alem disso,
estudo recente mostrou ainda que o perimetro cefalico era diretamente proporcional a
presenca de alteracdes oculares, corroborando os achados (TRIGUEIRO et al., 2019). N&o
identificamos nenhuma alteracdo oftalmoldgica no gémeo normocefalico e em nenhuma das
criancas normocefalicas do primeiro artigo, o que estéa de acordo com a literatura.

Embora estudos anteriores tenham mostrado lactentes com infeccdo congénita pelo
ZIKV com alteracdo de exames audiométricos (SATTERFIELD-NASH et al., 2017), uma
descricdo do seguimento de 13 bebés sem microcefalia ao nascimento e com infeccdo
congénita por ZIKV mostrou avaliagéo auditiva normal (VAN DER LINDEN et al., 2016),
concordando com nossos achados. Vale ressaltar que mesmo na ocasido de ambos 0s gémeos
nascerem afetados, os achados clinicos encontrados podem ser discordantes. Em estudo de
Santos et al., 2017, foi relatado primeiro caso de microcefalia associada ao ZIKV em gémeos,

mas com alteragdes oculares e auditivas em apenas um deles (SANTOS et al., 2017).



5 CONCLUSAO

A SCZ é uma entidade nova, sendo relevante a existéncia de estudos para melhor
caracteriza-la e transmitir conhecimentos que s&o de suma importancia para a pratica clinica.
Essa sindrome esta associada ao surgimento de sequelas irreparaveis e grande impacto social
no cotidiano dos individuos acometidos e de seus cuidadores que passam a necessitar de
cuidados especiais pelo resto de suas vidas. Além disso, é importante salientar bebés com
perimetro cefalico normal ao nascimento podem evoluir com microcefalia tardia (van der
Linden et al., 2016), sendo também imprescindivel a realizacdo de acompanhamento a longo
prazo das criangas expostas ao virus Zika, porém com apresentacao clinica assintomatica ao
nascimento. Nossos achados reforcam que a microcefalia ndo € a situacdo clinica
patognomonica da infeccdo pelo ZIKV e que podem existir formas clinicas diferentes do que

sabemos até o presente momento.
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ANEXO 1 - CURVA INTERGROWTH-21
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ANEXO 2 - CURVAS DE CRESCIMENTO
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B. MENINAS

IMC para a idade MENINAS

do nascimento aos 5 anos (percentis)

g
E
=
£
L=
=

7 F]
2 anos 3 anos

Idade (meses e anos completos)

WHO Child Growth Standards.

Comprimento/Estatura para a idade MENINAS

do nascimento aos 5 anos (percentis)

Comprimento/Estatura (cm)

0 2 E F}
2 anos 3 anos
Idade (meses e anos completos)

WHO Child Growth Standards



Peso para a idade MENINAS

do nascimento aos 5 anos (percentis)

2
1 anos

Idade (meses e anos completos)

2

WHO Child Growth Standards
"
Head circumference-for-age GIRLS World Health
: . Organization
Birth to 13 weeks (percentiles)
___,—1—"‘ 97th
et
| [ L1185
LT L1
LT LT TR 50th
"f
——'
. L+
1 Bat i LT 1 L n L 15th
ol L L+
L1 L
1 1 1 =1 3rd
1 1] ,‘—" LT 1T
i L d*"
/" 4" ﬂ"" 11 i
L+ ,4'
LA L1 LT
- H - == ,
L LH A
L+ g
L A
1 ’,v
A
1

WHO Child Growth Standards



ANEXO 3 - APROVACAO PELO COMITE DE ETICA EM PESQUISAS

Ministério da Saude Comité de Etica em Pesquisas
FIOCRUZ 1 A
Fundagdo O ido Cruz Pesquisa Etica
Centro de Pesquisas Gongalo Moniz e
. OOCRUZ.BA
B Comité de Etica em Pesquisa ~ CPqGM/FIOCRUZ

DECLARAGAO

Declaramos para os devidos fins que o protocolo CEP n° 486/2015, CAAE:
51889315.7.0000.0040, intitulado “Investigacdo do papel da infeccdo pelo virus Zika na
epidemia de recém-nascides com microcefalia em Salvador-BA: um estudo de
prevaléncia em gestantes e neonatos" de responsabilidade da .pesquisadbra Dra. Isadora
Siqueira foi aprovado pelo Comité de Etica do CP‘qGM/FlOCRUZ em 02/02/2016 conforme
Parecer Consubstanciado n® 1.400.224.

Salvador, 04 de maio de 2016. W“w
G2 \W
Corlos Govtow Bagis dan Sl WM::W
CARLOS GUSTAVO REGIS DA SILVA

Vice-Coordenador do.Comité de Etica em Pesquisa
CEP-CPqGM/FIOCRUZ

CEP- Rua Waldemar Falco, n® 121, Candeal, Salvador, Bahia, CEP 40.296-710, Brasil. Tel: (55)~(71) 3176-
2285, e-mail: cep@bahia.fiocruz.br



ANEXO 4 - TERMO DE CONCENTIMENTO LIVRE E ESCLARECIDO

n r‘ Ministério da Sadde

FIOCRUZ
Fundagido Oswaldo Cruz

Centro de Pesquisas Gongalo Moniz

TERMO DE CONSENTIMENTO LIVRE E ESCLARECIDO
TCLE destinado ao responsivel legal

INSTITUICOES PARTICIPANTES:

1.  Instituto Gongalo Moniz- Fiocruz, Salvador-BA

2. Maternidade de Referéncia Prof. José Maria de Magalhdes Neto, Secretaria de Sainde
do Estado da Bahia, Salvador-BA

3. Instituto de Perinatologia da Bahia, Secretaria de Saide do Estado da Bahia.

4. Hospital Inicia Pinto dos Santos, Fundagao hospitalar de Feira de Santana, Feira de
Santana- Bahia

5. Departamento de Pediatria e Departamento de Neurociencias e Saide Mental -
Faculdade de Medicina- Universidade Federal da Bahia, Salvador-BA

6. Centro Estadual de prevencio e reabilitacdo da pessoa com deficiéncia (CEPRED) -
Secretaria de Satde do Estado da Bahia, Salvador-BA

PROJETO:

Investigacio do papel da infeccio pelo virus Zika na epidemia de recém-nascidos com
microcefalia em Salvador-BA: um estudo de prevaléncia em gestantes ¢ neonatose seguimento
de bebés com infecgdo congénita por virus Zika.

PESQUISADOR RESPONSAVEL
Isadora Cristina de Siqueira: Telefone: 71-3176 2213/71-988013349

Como voluntério, seu filho (a) estd sendo convidado a participar de uma pesquisa da Fundagfio
Oswaldo Cruz (FIOCRUZ), localizada em Salvador da Bahia, que tem como o objetivo entender
mais sobre os virus Zika, Chikungunya, e Dengue € a relagio destes virus com a infecgdo nas
gestantes e nos recém-nascidos. Para isso, coletaremos um pouco de sangue do cordio umbilical
do recém-nascido em que os responsaveis concordarem com a participagiio neste estudo. Convido
seu filho{a) a participar deste estudo. Se concordar, nds solicitamos a sua aprovagiio para termos
acesso aos dados constantes nos prontudrios que estfio com os médicos e enfermeiras desta unidade
de saide. Também solicitamos que nos fornega 5 ml de sangue do cordo umbilical (um colher de

CPgGM-Fiocruz - R, Waldemar Falclio, n® 121, Candeal, Salvador-Bahia, CEP 4(296-710
Tel (711 3176-2213/3 1762246 Fax (711 3176-2300
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FIDCRUZ
Fundagdo Oswaldo Cruz
Centro de Pesquisas Gongalo Moniz

chd), coletado pelos médicos na hora do parto e 5Sml(uma colher de chd) de urina do recém-nascido
e 2 ml (meia colher de chd) de saliva coletados nas primeiras 24 hs de vida.

Noés utilizaremos o sangue para testar a presenga de anticorpos do recém-nascido para os virus
Zika, Dengue e Chikungunya e a urina e saliva para testar a presenga do virus Zika. A participagfio
do seu filho (a) neste estudo nio trard beneficios diretos a ele(a). Entretanto, o conhecimento obtido
a partir desta pesquisa poderd contribuir para um melhor conhecimento em relagio & infeccio pelo
Chikungunya, Zika e Dengue em gestantes e em recém-nascidos.

As etapas relatadas acima seriio realizadas na matemidade de nascimento do seu filho (a). Na aka
hospitalar ou posteriormente por telefone, seu filho (a) serd encaminhado para acompanhamento
com Pediatra e Newropediatra no CEPRED ou na Faculdade de Medicina-UFBA. Este
acompanhamento médico ocorrerd até seu filho (a) completar 2 anos e serd solicitado que vocé
leve ele/ela para as consultas aos 3 meses, 6 meses, 12 meses, 18 meses e 24 meses de idade e em
outros momentos que for solicitado pelos profissionais de salide que estiverem acompanhando seu
filho (a).

Durante o acompanhamento nestas unidades serfio aplicados questiondrios para avaliar o
desenvolvimento cognifivo, motor e de linguagem do seu bebé. Ele (a) sera encaminhado também
para uma consulta com médico oftalmologista, para avaliar a visio do bebé e para a realizaclio de
uma audiometria, um exame que avalia a audigio do bebé.

Noés solicitamos a sua aprovagfo para termos acesso aos dados constantes nos prontudrios que
estiocom os médicos e enfermeiras destas unidades de sainde, assim como os resultados de exames
de imagem (ultrassonografia, tomogrifica ou ressonfincia magnética), exame de audiometria e
avaliagfio oftalmologica que seu filho (a) realize no periodo do estudo. Também solicitamos que
nos fomega 5 ml de sangue (uma colher de chi) nas visitas de 6 meses, 12 meses, 18 meses e 24
meses, Nos utilizaremos o sangue para testar a presenca de anticorpos do bebé para 0s virus Zika,

Os resultados dos exames do recém-nascido serfio entregues ao laboratério da matemidade, onde
vocé poderd retira-los e também serfio entregues ao Pediatra que entregard a vocé durante a
consulta médica.

O senhor (a) poderd recusar a participar do seu filho (a) do estudo agora, ou em qualquer momento,
sem que isto lhe traga qualquer constrangimento ou penalidade da instituigiio que estd realizando
este estudo.

A identidade do seu filho (a) serd preservada e nenhum resultado obtido com esta pesquisa conterd
o nome dele. Nos guardaremos os registros de cada individuo, em sala trancada, e somente o
pesquisador responsavel pela pesquisa e os médicos trabalhando na equipe terfio acesso a estas
informagiies. Cada individuo receberd um nimero para ser utilizado no laboratério. Se qualguer
relatdrio ou publicagfio resultar deste trabalho, a identificagfio do paciente nfio serd revelada, e
confimmo que a seguinte informagfio constard nos artigos publicados: “Agradecemos a todos os
pacientes que participaram desta pesquisa”. Os Resultados serfio relatados de forma sumarizada e
o individuo nfio serd identificado.

O risco associado 4 coleta de sangue do recém-nascido € nulo, visto que a coleta de sangue serd
feita diretamente do cordfio umbilical, a coleta de urina sera por saco coletor externo e de saliva
com passagem de swab (parece um cotonete) na boca, sendo assim, nfio causard desconforto para
0 recém-nascido. Estes procedimentos serfio realizados conforme as normas vigentes desta
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Impressio datiloscdpica:
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COMPROMISSO DO INVESTIGADOR

Eu discuti as questdes acima apresentadas com os individuos participantes no estudo ou com o seu
representante legalmente autorizado. E minha opiniio que o individuo emtende os riscos,
beneficios e obrigagdes relacionadas a este projeto.

Salvador-BA, de de

Assinatura do investigador :

Dados do Pesquisador Responsavel:

Nome: Dra. Isadora Cristina de Siqueira
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ANEXO 5 - CURVAS DE CRESCIMENTO INTRAUTERINO

RELACAO PESO X IDADE GESTACIONAL
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Neurodevelopmental delay in
normocephalic children with in utero
exposure to Zika virus

Adriana Virginia Faical," Juliana Cabral de Oliveira,? Jodo Vitor Vieira Oliveira,

2

Breno Lima de Almeida,? lluska Andrade Agra,' Luiz Carlos Junior Alcantara,”

Angelina Xavier Acosta,’ Isadora Cristina de Siqueira

ABSTRACT

Neurodevelopment in 29 normocephalic children with in
utero exposure to Zika virus (ZIKV) was evaluated by the
Bayley Scales of Infant and Toddler Development-Third
Edition. Ten (35%) infants presented neurodevelopment
delay. Language, cognitive and motor delays were
identified in 9 (31%), 4 (14%) and 1 (3%) infants,
respectively. Children exposed to ZIKV in utero must
undergo careful evaluations for the early detection of any
neurodevelopment delays in order to implement prompt
intervention.

INTRODUCTION

Congenital Zika infection (CZI) was iden-
tified as a devastating consequence of Zika
virus (ZIKV) infection during pregn:mcy.'
The clinical presentation of CZI is vari-
able, including microcephaly, sensorineural
hearing loss, visual impairment and arthro-
gl'}'P()N'lN.z Moreover, a broad clinical spectrum
of outcomes, including minor disorders, have
also been identified.” Furthermore, late-onset
microcephaly was reported in infants with
confirmed CZI and normocephaly at birth’

METHODS

The present study aimed to investigate the
neurodevelopment  of non-microcephalic
infants with intrauterine exposure to ZIKV
who were born in Salvador, located in north-
eastern Brazil, in an effort to contribute to
the understanding of the broad spectrum of
manifestations associated with this congenital
infection.

Normocephalic infants recruited
from a previous CZI hospital surveillance
programme,’ if their serological testing or a
quantitative PCR assay (RT-qPCR) for ZIKV
was positive. Six (20%) of the newborns had
ZIKV positivity by RT-qPCR and the others by
serology. All their mothers had anti-ZIKV IgG
positivity at the time of delivery. All infants
were born during the 2016 ZIKV outbreak,

were

2

and all mothers reported ZIKV infection
symptoms during pregnancy. Newborns were
considered normocephalic if head circum-
ference (HC) at birth measured within 2 SD
for gestational age and sex, according to the
INTERGROWTH-21 standards.”
Development was assessed using the
Bayley Scales of Infant and Toddler Devel-
opment-Third Edition (BSID-III), which was
previously validated for the Brazilian popula-
tion.” An adjustment to the age at the time
of testing was made to evaluate infants with
prematurity. According to the BSID-IIL, devia-
tions in an individual's composite score from
the normative mean (100£15) are used to
classify neurodevelopment as normal: within
1 SD of the mean (285); mild: =1 to =2 SD
(270 and <85); moderate: =2 10 =% SD (255
and <70); or severe: more than 3 SD below
the standard mean scores (<55).
Complementary  evaluations  included
retinal mapping, refraction evaluation and
the assessment of brainstem auditory evoked
response. No neuroimaging was performed.

PATIENT AND PUBLIC INVOLVEMENT
The present study did not include patient or
public involvement.

RESULTS

Thirty-one infants were enrolled and 29
infants were evaluated, as two were excluded
due to hydrocephalus or genetic disorders. Of
the total evaluated, 16 (55%) were male with
a mean age of 18.2+3.8 months. All maternal
and newborn sociodemographic data are
presented in table 1.

Developmental assessment showed that
10 (34%) of the infants exhibited a delay in
at least one of the BSID-III scale domains.
Language delay was identified in 9 (31%)

BM)

Faigal AV, et al. BMJ Paediatrics Open 2019;3:e000486. doi:10.1136/bmjpo-2019-000486 1

‘ubuAdod Aq pejoajoid 1senb Aq 6102 AINr § uo /woo g uadospaediugy/:dpy woiy papeojumog "6102 AINF § U0 98¥000-6102-0diwa/ae | 104 Se paysignd ysuy :odlwg




Open access

Mother's age (years)*

Elementary

University 1(3.9

Married B(27.6)

Household income (minimum
monthly wage)

13 14 (48.3)

Infants

Prematurity 5(17.2)

Head circumference at birth
cm)*

33.5:1.8

Male gender 16 (55.2)

“Mean+SD; minimum monthly wage=$R954 (US$-240).
BSID-1Il, Bayley Scales of Infant and Toddler Development-Third
Edition.

infants, cognitive delay in 4 (14%) and motor delay in 1
(3%) child (table 2).

Regarding the nine infants who exhibited language
impairment, one presented a severe delay, one had
moderate delay and seven were classified as having mild
delay. When analysing their respective scaled scores, 2
(22%) infants demonstrated an expressive ability below
average.

Audiological evaluations were performed in 16 (55%)
infants, who showed normal auditory conduction,
including five of the infants with language delay.

Ophthalmological evaluations were performed in 23
(79%) infants, with no abnormalities identified. All HC
were found to be within the normal range in accordance
with age and gender.

DISCUSSION

In thisstudy, 10 (34%) normocephalic infants presented
some type of neurodevelopmental delay. These findings
corroborate results reported by a prospective cohort
study in Rio de Janeiro that evaluated children by
neuroimaging and the BSID-III, in which neurodevel-
opment delays were observed in the cognitive, language
and motor function domains.” Language function was
found to be the most impaired domain among the chil-
dren evaluated. Verbal abilities are known to be more
sensitive to myelination in typical children, and chil-
dren with language delays are reported to be at greater
risk for below-average academic, social and emotional
development, thereby compromising quality of life.”

This study suffers from some limitations, as the present
design prevented us from establishing any causal rela-
tionships between exposure to ZIKV and developmental
delay.

In conclusion, our evaluations identified abnor-
malities in neurodevelopmental outcome, especially
language functioning, which should be confirmed by
larger scale studies involving prospective cohorts and
long-term follow-up. The systematic assessment of these
children, through standardised tools, is crucial for the
early detection of abnormal development, as well as
to provide intervention to achieve best outcomes and
prevent disabilities.
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Categorisation of developmental delay, n (%)

Language 93.8+18.5 47-135

1(3.4%)

1(3.4%) 7 (24.1%) 20 (69.1%)

BSID-Il, Bayley Scales of Infant and Toddler Development-Third Edition; ZIKV, Zika virus.
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n (%)

Mother's age (years)*

Elementary

University 1(3.9

Married 8 (27.6)

Household income (minimum
monthly wage)

13 14 (48.3)

Infants

Prematurity 5(17.2)

Head circumference at birth
(em)*

33.5+1.8

Male gender 16 (55.2)

*Mean+SD; minimum monthly wage=$R954 (US$~240).
BSID-1Il, Bayley Scales of Infant and Toddler Development-Third
Edition.

infants, cognitive delay in 4 (14%) and motor delay in 1
(3%) child (table 2).

Regarding the nine infants who exhibited language
impairment, one presented a severe delay, one had
moderate delay and seven were classified as having mild
delay. When analysing their respective scaled scores, 2
(22%) infants demonstrated an expressive ability below
average.

Audiological evaluations were performed in 16 (55%)
infants, who showed normal auditory conduction,
including five of the infants with language delay.

Ophthalmological evaluations were performed in 23
(79%) infants, with no abnormalities identified. All HC
were found to be within the normal range in accordance
with age and gender.

DISCUSSION

In thisstudy, 10 (34%) normocephalic infants presented
some type of neurodevelopmental delay. These findings
corroborate results reported by a prospective cohort
study in Rio de Janeiro that evaluated children by
neuroimaging and the BSID-III, in which neurodevel-
opment delays were observed in the cognitive, language
and motor function domains.” Language function was
found to be the most impaired domain among the chil-
dren evaluated. Verbal abilities are known to be more
sensitive to myelination in typical children, and chil-
dren with language delays are reported to be at greater
risk for below-average academic, social and emotional
development, thereby compromising quality of life.”

This study suffers from some limitations, as the present
design prevented us from establishing any causal rela-
tionships between exposure to ZIKV and developmental
delay.

In conclusion, our evaluations identified abnor-
malities in neurodevelopmental outcome, especially
language functioning, which should be confirmed by
larger scale studies involving prospective cohorts and
long-term follow-up. The systematic assessment of these
children, through standardised tools, is crucial for the
early detection of abnormal development, as well as
to provide intervention to achieve best outcomes and
prevent disabilities.
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Categorisation of developmental delay, n (%)

Language 93.8+18.5 47-135

1(3.4%)

1(3.4%) 7 (24.1%) 20 (69.1%)

BSID-lll, Bayley Scales of Infant and Toddler Development-Third Edition; ZIKV, Zika virus.
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