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Virus Zika em sémen: elucidagdo da historia natural e sua influéncia na satde

reprodutiva masculina

RESUMO

Zika virus (ZIKV) é um flavivirus transmitido predominantemente pela picada do mosquito
Aedes aegypti infectado, com a maioria dos casos assintomaticos. De 2007 a 2019 estima-se
gue mais de 80 paises foram acometidos pela epidemia causada por esse virus, que pode ser
transmitido ndo somente por vetores artropodes, como também por via sexual. Esse fato eleva
0s riscos epidemioldgicos associados a infeccdo por ZIKV, devido a suscetibilidade de novas
rotas de disseminacdo viral. A transmissdo materno-fetal do ZIKV foi documentada durante a
gravidez, existindo relacdo com aborto, microcefalia e outras desordens neuroldgicas. O ZIKV
pode infectar o sistema reprodutor masculino (SRM) e persistir em células somaticas e
germinativas testiculares, bem como em espermatozoides, levando a morte celular e atrofia
testicular. Foi relatado que o ZIKV pode ser detectado no sémen dos homens por mais de 300
dias apds o surgimento dos sintomas da infec¢do e que o virus possui capacidade de se replicar
no SRM, sendo as células de Sertoli um dos seus principais alvos. A necessidade de prevenir a
transmissao do ZIKV em clinicas de fertilidade é uma preocupacao adicional, pois pode estar
presente até mesmo no sémen de doadores assintomaticos e, portanto, devem ser considerados
métodos para detectar o virus e prevenir os potenciais efeitos prejudiciais do ZIKV sobre 0s
individuos e filhos. Uma vacina contra o ZIKV pode ser uma forma importante de proteger a
populacédo da infeccdo e ser um passo no controle da doenca. Além disso, a vacinagdo poderia
proteger contra danos a0 SRM e, consequentemente, evitar futuros problemas de fertilidade.
Compreender os mecanismos associados a infec¢do por ZIKV pode ser uma chave para o
desenvolvimento de novos tratamentos, bem como da elucida¢do do seu impacto na fertilidade

masculina.

Palavras-chave: Zika virus. Sémen. Carga viral. Trato genital masculino. Fertilidade.



Zika virus in semen: elucidation of natural history and its influence on male

reproductive health

ABSTRACT

Zika virus (ZIKV) is a flavivirus transmitted predominantly by the bite of the infected Aedes
aegypti mosquito, with the majority of cases asymptomatic. From 2007 to 2019 it is estimated
that more than 80 countries were affected by the epidemic caused by this virus, which can be
transmitted not only by arthropod vectors, but also sexually. This fact raises the epidemiological
risks associated with ZIKV infection, due to the susceptibility of new routes of viral
dissemination. The maternal-fetal transmission of ZIKV was documented during pregnancy,
with a relationship with abortion, microcephaly and other neurological disorders. ZIKV can
infect the male reproductive system (MRS) and persist in somatic and germ testicular cells, as
well as in sperm, leading to cell death and testicular atrophy. It has been reported that ZIKV
can be detected in men's semen for more than 300 days after the onset of infection symptoms
and that the virus has the ability to replicate in MRS, with Sertoli cells being one of its main
targets. The need to prevent transmission of ZIKV in fertility clinics is an additional concern,
as it may be present even in the semen of asymptomatic donors and, therefore, methods to detect
the virus and prevent the potential harmful effects of ZIKV on individuals and children. A ZIKV
vaccine can be an important way to protect the population from infection and be a step in
controlling the disease. In addition, vaccination could protect against damage to the MRS and,
consequently, prevent future fertility problems. Understanding the mechanisms associated with
ZIKV infection can be a key to the development of new treatments, as well as the elucidation
of their impact on male fertility.

Keywords: Zika virus. Semen. Viral charge. Male genital tract. Fertility.
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CAPITULO |

1. HISTORICO E EPIDEMIOLOGIA DA INFE(;AO PELO ZIKA VIRUS

O Zika virus (ZIKV) é um arbovirus (arthropod borne virus) do género Flavivirus,
familia Flaviviridae, transmitido principalmente por vetores artropodes, através da picada das
fémeas dos mosquitos do género Aedes, predominantemente pelo Aedes aegypti. O ZIKV foi
isolado pela primeira vez em macacos Rhesus, no ano de 1947 na floresta Zika, em Uganda,
pais da Africa Central, onde era conhecido como um patdgeno zoondtico. O primeiro caso em
humano foi registrado em 1952 na Nigéria. Posteriormente, disseminou-se para a Asia na
década de 1960%. O primeiro grande surto da doenca causado pela infeccdo pelo ZIKV foi
relatado na Ilha de Yap em 2007, na Micronésia, onde infectou cerca de 70% da populacao,
com duracéo de trés meses, ndo havendo registro de hospitaliza¢cdes nem de 6bitos relacionados
a doenca @,

Em 2013 ocorreu uma epidemia na Polinésia Francesa (composto por 67 ilhas
distribuidas em cinco arquipélagos, que na época possuia aproximadamente 270 mil
habitantes), com uma estimativa de 30.000 infec¢des sintomaticas, onde foi observado um
aumento do nimero de casos de Sindrome de Guillain-Barré (SGB). Contudo, a suspeita mais
forte era que a SGB estivesse associada a febre Chikungunya (CHIKV) que também ocorria
naquele momento. Também houve o relato de dois casos de transmissao perinatal do ZIKV de
mées para recém-nascidos, sem consequéncias importantes ),

Posteriormente, o virus comecou a se espalhar por todo o hemisfério ocidental,
juntamente com outros arbovirus como Dengue (DENV) e CHIKV, comecando um surto no
Brasil em 2014, sendo que mais de 48 paises nas Américas foram afetados ® (Figura 1).

Segundo dados da Organizacdo Mundial da Saude (OMS), até julho de 2019 um total
de 87 paises e territorios apresentavam evidéncias de transmissdo autoctone ou vetorial do
ZIKV, distribuidos em quatro regides: Africa, Américas, Sudeste Asiatico e Regido do Pacifico
Ocidental. Nas Américas, a transmissao vetorial do ZIKV foi encontrada em todos os paises,

exceto no Chile, Uruguai e Canada ® ® (Figura 2).
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Paises com transmissao comprovada de Zika
atualmente ou no passado
DADOS DE JANEIRO DE 2016

'- CAS0S5 CONFIRMADOS

DADOS DE SOROLOGIA
- (pode incluir falsos positivos)

Figura 1 - Mapa de transmissdo comprovada do ZIKV no mundo até janeiro 2016. Disponivel
em: https://www.paho.org/bra/images/stories/SalaZika/atualizacao%20033.pdf?ua=1 *

Mapa mundi de areas com Risco de Zika

. Paises ou territérios que reportaram casos de Paises com mosquito, mas sem casos de Zika

Zika (passado ou atual) reportados

. Areas com baixa probabilidade de infecgdo por
Zika devido a elevagdo geografica (acima de . Pais ou territério sem mosquito transmissor

6,5 mil pés ou 2 mil metros de altura) de Zika

Figura 2 - Mapa mundial de &reas de risco de infe¢do pelo ZIKV, até julho de 2019.
Disponivel em: https://www.esquerda.net/en/artigo/zika-uma-infografia/41081



https://www.paho.org/bra/images/stories/SalaZika/atualizacao%20033.pdf?ua=1
https://www.esquerda.net/en/artigo/zika-uma-infografia/41081
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Inicialmente, acreditou-se que a introducéo do ZIKV no Brasil havia ocorrido em 2014,
possivelmente durante a Copa do Mundo de Futebol. Entretanto, verificou-se que pode ter
ocorrido um ano antes, entre maio e dezembro de 2013, periodo coincidente com a realizacao
da Copa das Confederages, ocorrida entre julho e agosto de 2013. Em menos de um ano apds
sua introducédo, o ZIKV se espalhou por todas as regides do Brasil, embora com distribuigéo
desigual entre essas, sendo maior 0 nimero de casos nas regides Nordeste e Sudeste. A doenca
passou a exibir transmissdo continuada em grande parte do territorio brasileiro. A sua circulacdo
iniciada no Nordeste pode ter passado despercebida devido ao fato de que maioria das infecgdes
¢ assintomatica ou apresenta sintomas leves, além da circulagdo concomitante de outros
arbovirus como a DENV ®),

Em outubro de 2015, a Secretaria de Vigilancia em Saude do Ministério da Salde
(SVS/MS) foi notificada pela Secretaria Estadual de Saude de Pernambuco sobre o aumento do
namero de casos de microcefalia no estado. Em novembro de 2015, foi declarada “Emergéncia
em Salde Publica de Importancia Nacional” (ESPIN) devido ao padrao atipico de ocorréncia
de microcefalia no Brasil, sendo encerrado em maio de 2017 A SVS/MS lancou o primeiro
boletim epidemioldgico sobre microcefalia na terceira semana de novembro de 2015, sendo que
neste mesmo més, pesquisadores do Instituto Evandro Chagas (IEC), da SVS, isolaram o ZIKV
no cérebro de um recém-nascido com microcefalia que faleceu. Com esse achado, 0 Ministério
da Saude (MS) declarou comprovada a implicacdo do ZIKV na ocorréncia do surto de
microcefalia. A partir dai foi elaborado pelo MS o Plano Nacional de Enfrentamento a
Microcefalia, que foi lancado em 5 de dezembro de 2015, onde foi dividido em trés eixos de
acdo: a) mobilizacdo e combate ao mosquito; b) atendimento as pessoas; ¢) e desenvolvimento
tecnoldgico, educago e pesquisa & 9.

Em fevereiro de 2016, a OMS declarou “Emergéncia em Salde Publica de Importancia
Internacional” (ESPII), ap6s pronunciamento da Diretora Geral da OMS, Margaret Chan, onde
reconheceu a gravidade da ameaca a saude associada a continua disseminacdo do ZIKV e sua
relacdo com gravidez e microcefalia, na América Latina e no Caribe, sendo necessario a tomada
de acOes urgentes para investigar e entender melhor essa relacdo. O ESPII foi encerrado em
novembro de 2016 €9,

Entre o periodo de 2015 a 2020, houve no Brasil 174.171 casos confirmados de ZIKV,

tendo seu maior pico em 2016 com 137.672 casos 9 (Gréfico 1).
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Grafico 1 - Casos confirmados de ZIKV por ano de notificacdo: 2015 até 2020 no Brasil.
Fonte: DataSUS. Disponivel em: http://tabnet.datasus.gov.br/cgi/tabcgi.exe?sinannet/cnv/zikabr.def 9

No periodo de dezembro de 2019 a dezembro de 2020 (semana 52) foram notificados
7.387 casos provaveis de infeccdo pelo ZIKV, demonstrando uma tendéncia na reducdo em

comparagdo com 2019, que foram de 40.689 notificagdes 12 (Figura 3).
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Figura 3 - Curva epidémica dos casos provaveis de ZIKV, por semanas epidemiolégicas de
inicio de sintomas, Brasil, 2019 e 2020. Disponivel em: Ministério da Saude, boletim
epidemioldgico 52, vol. 52, dezembro 2020 V),


http://tabnet.datasus.gov.br/cgi/tabcgi.exe?sinannet/cnv/zikabr.def
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Os casos notificados por regido entre novembro 2019 e dezembro de 2020, foram:
nordeste com 5.305, sudeste com 860, centro-oeste com 600, norte com 524 e sul com 98 casos.

(10.11) (Esquema 1).

Esquema 1 - Situacdo epidemioldgica de casos provaveis de infeccdo pelo ZIKV notificados

entre dezembro de 2019 e dezembro de 2020, por regido e Estado com maior nimero de casos

notificados.
7.387
Casos notificados
I
I I I I |
NORDESTE | SUDESTE | CENTRO-OESTE | MNORTE | SUL
5.305 casos 860 casos 600 casecs 524 casos 98 casos
71,8% 11,6% 8,1% 7.1% 1,4%
Bahia || Minas Gerais | | Mato Grosso || Para N Rio G::illde CE
3.538 casos 467 casos 412 casos 239 casos
39 casos
|| Rio GNr::tie e | | Rio de Janeiro || Mato ?::550 -z || Ronddnia | | Santa Catarina
553 casos 156 casos 79 casos 144 casos 37 casos
| | Pema mbuco | Sdo Paulo | Distrito Federal || Amazonas | Parana
247 casos 140 casos &l casos &4 casos 22 casos

Fonte: Ministério da Sadde, boletim epidemioldgico 52, vol.52, dezembro/2020 ®9,

Nesse mesmo periodo foram notificados 609 casos provaveis de ZIKV em gestantes,
sendo confirmados 214 casos. No entanto, mesmo com esse diagndstico, ndo se pode afirmar
que a gestante terd um recém-nascido com algum comprometimento neurolégico 9.

Entre novembro de 2015 a novembro de 2020, o MS foi notificado sobre 19.492 casos
suspeitos de Sindrome Congénita Associada ao ZIKV (SCZ). Do total de casos notificados,
3.563 (18,3%) foram confirmados como provaveis para relagdo com SCZ, sendo que 3.329
(93,4%) eram recém-nascidos ou criangas vivas e 234 (6,6%) eram fetos ou Obitos fetais,
neonatais e infantis. A distribuigéo dos casos entre os estados brasileiros foi: 2.207 do Nordeste,
735 do Sudeste, 294 do Centro-Oeste, 232 do Norte e 95 do Sul *? (Esquema 2).



Esquema 2 - Situacéo epidemioldgica da Sindrome Congénita associada ao ZIKV

de 2015 a 2020, por regido e estado com maior nimero de casos confirmados.

19.492
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18,3%
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Fonte: Ministério da Sadde, boletim epidemioldgico 47, vol. 51, novembro 2020 ¢2,
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O numero de casos confirmados de SCZ por ano de notificagdo foi 954 em 2015, 1.927
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Grafico 2: Namero de casos confirmados de SCZ por ano de notificacao.

2015

em 2016, 369 em 2017, 178 em 2018, 55 em 2019 e 27 em 20202 (Gréfico 2).

2016

2017

2018
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Fonte: Ministério da satide, boletim epidemioldgico 47, vol. 51, novembro 2020 (2,
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Considerando o ano epidemioldgico de 2020, até a semana 45 (novembro/2020), 886
novos casos foram notificados para suspeita de SCZ, dos quais 27 (3,0%) foram confirmados,
sendo: 1 aborto espontaneo, 02 nascidos em 2016, 02 em 2018, 09 em 2019 e 13 em 2020.
Destes 13 casos, 0s municipios com maior incidéncia foram Manaus (n=6), Brasilia (n=3),

Aguas Lindas de Goias (n=2) e Belo Horizonte (n=2) *? (Esquema 3).

Esquema 3 - NUmeros de casos confirmados de SCZ em 2020, por municipio.

886
Casos notificados 2020

27
Casos confirmados
3,09
I I I I
Abc:l:-r'to 2 2 J 13 —
. Mascidos em 2016 Mascidos em 2018 Mascidos em 2019 Maszcidos em 2020
espontaneo

Manaus
6 casos

Brasilia
3 casos

Aguas Lindas
de Goids —
2 casos

Belo Horizonte
2 casos

Fonte: Ministério da salide, boletim epidemioldgico 47, vol. 51, novembro 2020 (2,

No Brasil, 0s 6bitos ocorridos pelo ZIKV no periodo de 2016 a 2019 foram menos
frequentes que os 6bitos por DENV e CHIKV. Nesse periodo, foram confirmados pelo critério
laboratorial, 21 dbitos por ZIKV, 1.927 por DENV e 577 por CHIKV ¢34 (Gréfico 3).
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Grafico 3 - Numero de 6bitos por DENV, CHIKV e ZIKV no periodo de 2016 a 2020, Brasil.

Fonte: Ministério da Salde, boletim epidemioldgico v° 52, dezembro 2021, e nr° 51, setembro 2020 (3:14),

Dos 6bitos ocorridos pelo ZIKV, 11 (52,4%) ocorreram em 2016, excluindo os casos de
SCZ, sendo a faixa etaria de maior prevaléncia entre os 0 e 9 anos de idade (42,8%). Em 2020

n&o houve relatos de 6bitos pelo ZIKV @314 (Tabela 1).

Tabela 1 - Distribuicdo dos 6bitos pelo ZIKV, por faixa etaria, Brasil 2016 a 2020.

. . obitos
Faixa etaria (anos) Total (%)
2016 2017 2018 2019 2020
0as 4 0 3 2 o 9
10a19 1 0 1 1 0 3
20 a 39 2 1 1 0 0 4
40 a3 59 3 0 0 0 0 3
60 ou mais 1 0 1 0 0 2
11 1 b 3 0 21

Fonte: Modificado de Ministério da Sadde. Boletim epidemiolégico 51, vol. 33, agosto de 2020 e vol.36, setembro
de 2020 (3,14,
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2. ZIKA VIRUS
2.1. Estrutura viral

O ZIKV ¢ um virus envelopado, relativamente pequeno com cerca de 40 nandémetro
(nm) de didmetro, de cadeia simples de Acido Ribonucléico (RNA) de sentido positivo de
aproximadamente 10,7 kilobases (Kb) que codifica trés proteinas estruturais: membrana
precursora (prM), envelope (E) e capsideo (C) e sete proteinas ndo estruturais: NS1, NS2A,
NS2B, NS3, NS4A, NS4B e NS5(5 16 A prM participa do enovelamento e montagem da
proteina E; a proteina E é a maior proteina da superficie viral, participa dos processos de ligacao
ao receptor celular e fusdo da membrana viral com a membrana da célula hospedeira, sendo
importante para a entrada do virus na célula. E o principal alvo para anticorpos neutralizantes.
A proteina C participa do empacotamento viral e da formac&o do nucleocapsideo %17 (Figura
4).

Proteina do
Envelope

Proteina de

Membrana Capsideo

Fita Simples
RNA

5UTR [ Proteinas Estruturais Proteinas Niao-estruturais JUTR

@ Procursor Poliproteinas — 5

B
§

NS NS NS NS3 NS 2 NS NS
i A rl aA X 48 5

Figura 4 - Estrutura da particula do ZIKV. Modificado de Ashrafi V et al t®),

As proteinas ndo estruturais do ZIKV estdo envolvidas na replicacdo, montagem, e
repressdo da resposta imune inata do hospedeiro a infecgdo. A NS1, além de participar da
evasdo imune, estd envolvida no processo de replicacdo viral, juntamente com a NS4A; as
proteinas NS2A, NS2B, NS4A e NS4B séo proteinas hidrofobicas, envolvidas na montagem
viral; as proteinas NS3 e NS5 possuem varias atividades enziméticas importantes no processo



27

de replicagdo viral; a NS3 é uma grande proteina multifuncional, contendo diversas atividades
necessarias para o processamento da poliproteina e para a replicacdo do RNA, e a proteina NS5
€ a maior e mais conservada, necessaria para a sintese de novos RNA, atuando junto a NS3 no

processo de replicacdo viral 719,

2.2. Ciclo viral

Em seu ciclo replicativo (Figura 5), o ZIKV se liga a moléculas e receptores na célula
hospedeira através da proteina E, penetrando-a via endocitose. O baixo pH lisossomal provoca
a fusdo entre o envelope viral e a membrana da célula hospedeira, liberando o nucleocapsideo
para o citoplasma, onde sera liberado RNA viral. Este, sendo de polaridade positiva, é entéo
traduzido e as proteinas ndo estruturais replicam o genoma viral. A montagem das novas
particulas virais ocorre na superficie do reticulo endoplasmatico. As particulas virais ndo
infecciosas contendo as proteinas E, M, membrana lipidica e nucleocapsideo, sao transportadas
através da rede trans-Golgi, onde a prM ¢é clivada pela protease furina hospedeira, gerando

particulas maduras infecciosas, que sdo liberadas por exocitose ¢,

Endocitose mediada
por receptores

Endossomo Y, Virion
e "0; Maduro
U

7 ) /o8 \
/ ‘ \  Fusdo e desmontagem / D

| | do virus \ »
N "/ ‘ =, ,\ TRe /[
\VRNA N

CAP S ™S,

Traducéo de poliproteina

e

Replicacio do genoma
viral

Golgi

Montagem do
virus

Figura 5 - Ciclo replicativo do ZIKV. Adaptado de Zhang N, et al @),
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2.3. Linhagens virais

O ZIKV apresenta uma estrutura molecular muito similar aos outros Flavivirus, porém

dados de microscopia crioeletrénica revelaram que o ZIKV é bem mais estavel a diferentes
temperaturas que o virus da DENV @2, Além disso, 0 DENV possui quatro sorotipos (DENV1,
DENV2, DENV3 e DENV4) e o ZIKV possui apenas um sorotipo ¢, Mesmo com um (nico
sorotipo, 0 ZIKV possui isolados que séo divididos filogeneticamente em duas grandes linhagens:

linhagem Africana e linhagem Asidtica, que podem variar em apenas 4% na sequéncia de
aminoécidos %2 (Figura 6).
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Figura 6 - Analise filogenética do ZIKV com base no genoma completo das linhagens
Africana e Asiatica. Adaptado de Giovanetti M, et al ¢,

As analises filogenéticas do ZIKV tém o objetivo de investigar a diversidade genética e



29

as relacdes existentes com outros arbovirus, bem como a sua influéncia sobre sua circulag&o.
Os polimorfismos genéticos podem influenciar a circulacdo do virus, uma vez que a variacdo
antigénica desempenha um papel importante na capacidade de escape da resposta imune do
hospedeiro e podem contribuir para compreender melhor a histéria epidemiolégica, as rotas de
difusio e para o planejamento de estratégias de prevencio 9,

Estudos filogenéticos mostraram que a cepa que emergiu no Brasil pertence a linhagem
Asiatica e é proxima daquela isolada a partir de amostras coletadas na Polinésia Francesa e que
se disseminou pelas ilhas do Pacifico. Mesmo com alta similaridade e homologia, as duas
linhagens tém apresentado diferenca na patogénese, transmisséo e respostas moleculares in vitro e
in vivo (27-30),

A linhagem Africana tem sido considerada como mais agressiva para fetos do que a
linhagem Asiética, sugerindo que a infeccdo pelas cepas da linhagem Africana levaria a danos
severos aos fetos, resultando na perda da gravidez. Em contrapartida, as cepas da linhagem
Asiéatica tém sido mais associadas a acometimentos neuroldgicos e doengas congénitas em fetos
(30-32).

Uma evidéncia interessante estd no fato das cepas da linhagem Africana conseguirem
se reproduzir de forma mais eficiente no trato intestinal de insetos que as cepas da linhagem
Asidtica. Esse dado sugere que as cepas da linhagem Africana sdo melhor transmitidas através
de insetos do que as cepas da linhagem Asiética (circulantes na América) 334, Sendo assim,
foi identificado que as cepas da linhagem Asiatica tém uma caracteristica mais aprimorada para
a ocorréncia de transmissdo sexual @®. Isso é sugerido pela quantidade de casos clinicos
relatados com transmissdo sexual apds viagens aos paises Americanos que apresentaram surtos
de ZIKV G5 3) Mesmo assim, muitos trabalhos ja demonstraram que as duas linhagens s&o

capazes de infectar e causar danos ao trato reprodutor masculino (TRM) ©237:38) (Tapela 2).

Tabela 2 - Tabela comparativa das linhagens Africana e Asiatica do ZIKV.
EFEITOS NO HOSPEDEIRO LINHAGEM AFRICANA  LINHAGEM ASIATICA

Perda da gravidez XXX x

Acometimentos neurologicos X XXX
Doengas congénitas feto X XXX
Transmissdo mais evidenciada Vetorial (mosquito) Sexual
Danos ao TRM X (?) X (?)

Fonte: Govero J, et al, Sheridan MA, et al, Tsetsarkin KA, et al (3237.38),
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2.4. Nova linhagem no Brasil

Uma nova linhagem do ZIKV foi descoberta circulando recentemente no Brasil por
pesquisadores do Centro de Integracdo de Dados e Conhecimentos para Saude (CIDACS) da
FIOCRUZ Bahia, utilizando uma ferramenta de monitoramento genético (SAGA - Arboviral
Genomic Analysis System) que foi desenvolvida por pesquisadores vinculados ao CIDACS,
Instituto Gongalo Moniz (FIOCRUZ Bahia), Faculdade de Tecnologia e Ciéncias de Salvador
(FTC), Universidade Salvador (UNIFACS) e a Escola Bahiana de Medicina e Saude Publica
(EBMSP). Esta ferramenta analisa sequéncias disponiveis em banco de dados publicos e permite
identificar as linhagens de ZIKV presentes em bases de dados do National Center for Biotechnology
Information (NCBI). Os dados sdo captados e analisados, demonstrando as sequéncias do Brasil,
bem como sua frequéncia, podendo identificar as variagdes de subtipos e linhagens durante os anos.
Em 2019 foi observado o aparecimento, mesmo que pequeno, de uma linhagem que até entdo ndo
era descrita circulando no pais. Foi identificada a linhagem Africana, até entdo inexistente no
Brasil, sendo isolada em duas regides diferentes: no Sul, vindo do Rio Grande do Sul, e no Sudeste,
do Rio de Janeiro. A distancia geografica e a diferenca de hospedeiros (uma foi encontrada no Aedes
albopictus, e outro em uma espécie de macaco), sugere que essa linhagem ja esta circulando no pais
ha algum tempo e pode ter potencial epidémico, uma vez que a maior parte da populagdo ndo tem
anticorpos para essa nova linhagem do virus, devendo ser monitorada para alertar a possibilidade

de uma nova epidemia do ZIKV €940,

3. PATOGENESE DO ZIKV
3.1. Infeccdo

Considerando 0 modo de transmissdo mais comum do virus que é por meio do vetor, a
picada do inseto infectado inocula o ZIKV na pele, o qual replica-se em fibroblastos e é
capturado pelas células dendriticas (CDs). Tais células expressam receptores que reconhecem
padrdes moleculares associados a patégenos (PAMPS), sendo capazes de capturar, processar e
apresentar antigenos para os linfocitos. CDs infectadas com o ZIKV passam para o0s linfonodos
onde induzem a proliferacéo, diferenciacdo e producdo de citocinas. Esse processo € critico para
gue as CDs possam ativar de forma eficiente linfocitos T e B. A infeccdo de fibroblastos

dérmicos e CDs levam a viremia por ZIKV @424 _(Figura 7).


https://saga.bahia.fiocruz.br/saga/
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Figura 7 - O mosquito Aedes introduzindo o virus ZIKV no hospedeiro. Adaptado de Al-
Taeemi K, et al ¢4,

3.2. Coinfec¢do com outros arbovirus

Em ambientes urbanos, todos os trés virus (DENV, CHIKV e ZIKV) compartilham
hospedeiros comuns (humanos) e mosquitos vetores (principalmente A. aegypti) e sdo, portanto,
regidos por fatores bioldgicos, ecoldgicos e econdémicos semelhantes, levando a sinergia
epidemiolégica. Um dos principais mistérios ndo resolvidos em relagdo as coinfecgdes é se a
infeccdo por dois ou mais virus pode aumentar a gravidade da doenca em comparagdo com
infeccBes Unicas. Sdo apontados quatro resultados potenciais da coinfeccdo: 1) aumento de ambos
0s virus, 2) inibicdo de ambos os virus, 3) competicdo entre os virus e 4) nenhum efeito em qualquer
virus (Figura 8). Existem alguns relatos de doenca grave apés a coinfecgdo, mas com base apenas
em relatos de casos individuais ou estudos de coorte em pequena escala ndo havendo experimentos
controlados com animais ou estudos de coorte maiores que fornegcam maiores evidéncias mais

concretas 2,



32

Infeccgio Sequencial do Infeccgdo Sequencizl Humana
Mosquito

I Infecccio Simultanea |

5

e

Figura 8 - Coinfec¢bes por arbovirus ocorrem como resultado de infeccdo simultanea ou
sequencial. Disponivel em: Vogel CBF, et al “.
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Dados os possiveis resultados de coinfec¢bes em doencas clinicas, também € necessario
entender como humanos tornam-se coinfectados com diferentes arbovirus. Existem dois
mecanismos possiveis: 1) de transmissdo simultanea de varios virus durante uma Unica picada de
mosquito ou 2) de varias picadas de mosquito sequenciais (Figura 8). Dadas as semelhangas clinicas
entre as trés arboviroses existe uma necessidade urgente do desenvolvimento de testes diagnosticos
que detectem essas trés infec¢des de forma simultanea, que fornecam o diagnostico em pouco tempo
e possam ser realizados nas unidades de pronto-atendimento, sem necessidade de laboratério
especializado. Além disso, informacdes epidemioldgicas sobre sazonalidade, susceptibilidade da
populacéo e intensidade de transmissao desses virus em cada local sdo necessérias para orientar os

médicos na sua suspeita clinica “& 47,

4. QUADROS CLINICOS
4.1. Geral
O ZIKV passa aproximadamente 10 dias em incubacdo extrinseca no mosquito,
enguanto no homem, esse periodo de incubacgéo varia de 3 a 6 dias e pouco tempo depois,

podem surgir sintomas da infeccdo “®. Cerca de 80% dos casos relatados de ZIKV sdo
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assintomaticos, mas quando os sintomas estdo presentes assemelham-se aos de DENV e
CHIKV. Os sinais e sintomas (Figura 9) séo caracterizados por inicio agudo de febre, exantema
maculopapular, mialgia, conjuntivite ndo purulenta, fadiga, artralgia, cefaleia e mal-estar.
Outros sintomas menos comuns podem ocorrer dificultando o diagnoéstico diferencial: edema,
tosse seca, fotofobia e alterages gastrointestinais (vdmitos). Formas graves e atipicas sdo raras,

mas quando ocorrem podem evoluir para 6bito “9),

Figura 9 - Sintomas da infecdo por ZIKV. Disponivel em Fenasalde:
https://www.editoraroncarati.com.br/v2/phocadownload/quia zica dengue chikungunya fen
asaude final 11072016.pdf ©9.

Embora descrita como uma doenca leve, autolimitada, sem complicagfes graves e com
uma baixa taxa de hospitaliza¢ao, o ZIKV tornou-se uma importante doenca infecciosa, ligada

a diversas malformages congénitas e sindromes neuroldgicas ¢ 5259),

4.2. Sindrome de Guillain-Barré
A SGB é a maior causa de paralisia generalizada no mundo, com uma incidéncia de 1-
4 por 100.000 habitantes, acometendo principalmente pessoas entre 20-40 anos de idade. Trata-
se de uma doenca autoimune que acomete a mielina da por¢do proximal dos nervos periféricos

de forma aguda e subaguda ©4. (Figura 10).


https://www.editoraroncarati.com.br/v2/phocadownload/guia_zica_dengue_chikungunya_fenasaude_final_11072016.pdf
https://www.editoraroncarati.com.br/v2/phocadownload/guia_zica_dengue_chikungunya_fenasaude_final_11072016.pdf
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Bainha de mielina normal Bainha de mielina danificada

Figura 10 - llustragdo representativa da bainha de mielina normal e danificada na SGB.
Disponivel em WHO: http://www.who.int/emergencies/zika-virus/situation-report/10-march-
2016/en/ ©9),

A SGB é uma poliradiculoneuropatia (neuropatia inflamatoria) mediada pelo sistema
imunolégico do paciente, que pode ocorrer apds infeccdo viral ou bacteriana. Normalmente se
apresenta como paralisia muscular ascendente, progressiva, subaguda, com picos a cada quatro
semanas e € acompanhado por auséncia de reflexos. Sintomas comuns sdo: fraqueza
generalizada nos membros inferiores, bragos, tronco, cabeca e pescoco, podendo levar a

tetraplegia completa em casos mais graves ©® (Figura 11).
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Figura 11 - Sintomas tipicos da SGB. Disponivel em: Chaval 24 hs -
http://www.chaval24hrs.com.br/2016/02/entenda-o0-que-e-sindrome-de-quillain.html ©7).

Estudos relatam casos de pacientes sem historicos anteriores de SGB, que ao
desenvolverem infeccdo pelo ZIKV apresentaram esta complicagcdo, com tetraparesia
(diminuigé@o dos movimentos) dos membros superiores e inferiores e em alguns casos evoluiram
para paralisia da musculatura respiratéria, necessitando de ventilagdo mecanica na unidade de

terapia intensiva 658 59,


http://www.who.int/emergencies/zika-virus/situation-report/10-march-2016/en/
http://www.who.int/emergencies/zika-virus/situation-report/10-march-2016/en/
http://www.chaval24hrs.com.br/2016/02/entenda-o-que-e-sindrome-de-guillain.html

4.3. Sindromes congénitas pelo ZIKV
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Sdo anomalias congénitas associadas a infeccdo pelo ZIKV via transplacentéria que

inclui calcificagdes intracranianas, anomalias cerebrais graves, anomalias oculares e uma ampla

gama de sinais clinicos, além da microcefalia % 69 (Figura 15).

Antecedentes
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infectada pela
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sexual
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“Ventriculomegalia
-Volume cerebral
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Definicdo

Sindrome Congénita pelo ZIKV sdo anomalias congénitas
associadas & infeccdo pelo ZIKV via transplacentaria, que inclui
calcificacdes intracranianas, anomalias cerebrais graves,
anomalias oculares, uma ampla gama de sinais clinicos, além de
microcefalia.

-Microcefalia fetal
-Microcefalia pos-natal
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Figura 12 - Estrutura conceitual de Sindrome Congénita pelo ZIKV. Modificado de Teixeira

TA, et al &,

4.3.1. Microcefalia

A Microcefalia € uma malformacédo congénita, em que o cérebro ndo se desenvolve de

maneira adequada, fazendo com que a mensuracéao do perimetro cefalico do recém-nascido seja

dois desvios padrdes abaixo do limite de normalidade para a idade gestacional (igual ou inferior

a 32 cm), podendo causar deficiéncia intelectual, retardo no desenvolvimento, problemas

motores, de visio e de audicio 2 (Figura 13).

Durante o surto no Brasil entre 2015- 2016, foram relatadas as primeiras associagdes da infecéo

por ZIKV com malformacdo neural, defeitos congénitos, danos neuroldgicos e as primeiras

investigacdes de transmissdo vertical, de mée para feto ¢354,
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Bebé com cabegado Bebé com microcefalia Bebé com microcefalia
tamanho normal moderada grave

Figura 13 - Crianca com microcefalia moderada ou grave associada a infeccdo pelo ZIKV.
Modificado de Petersen LR, et al ©2.

5. FORMAS DE TRANSMISSAO
Apesar da principal forma de transmissao do ZIKV ser por meio da picada de mosquitos
do género Aedes, a mesma pode ocorrer por varias outras vias, como sumarizado no Esquema
4.
Esquema 4 - Vias de transmisséo do ZIKV.

[ Vetorial [
Materno | ___ —_ |iepodicaa
fotal In vitro

Aleitamento | _ — | Sexual ‘

materno '

Saliva ] Transfusao

sanguinea

5.1. Vetorial

O ZIKV é um arbovirus que inclui varios outros virus como o DENV, CHIKYV, Febre
Amarela (YFV), Nilo Ocidental (WNV) e Encefalite Japonesa (JEV). Esses virus sdo
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caracterizados por serem transmitidos por artropodes . O ZIKV é usualmente transmitido ao
homem pela picada de mosquitos do género Aedes, dentre eles, A. aegypti, A. albopicus, A.
polynesiensis, A. vittatus, A. unilineatus, A. hensilli, A. africanus, entre outros. A espécie A.
hensilii foi a predominante na llha de Yap durante a epidemia de 2007. Nas Ameéricas, 0
principal vetor é o A. aegypti 667,

O ciclo de transmissao primério do ZIKV envolve primatas (ndo humanos e humanos)
e certas espécies de mosquitos Aedes. Os dados disponiveis indicam que existem dois ciclos do
ZIKV, sendo um ciclo silvestre envolvendo primatas ndo humanos e mosquitos que vivem na
floresta, e um ciclo urbano/suburbano envolvendo humanos e A. aegypti e, em menor grau, A.
albopictus. Os ciclos silvestre e urbano do ZIKV s&o semelhantes aos descritos para a DENV,
YFV e CHIKV ©88) (Figura 14).

Mosquitos:
= A. gegypti O ZIKV também pode ser
cicLo N cicLo A. albopictus transmitido por relacéo
SILVESTRE | URBANO - QRRRIER v A
7, sexual, transfusdo de
/ iy ’ \ sangue e gravidez.

Chimpanzés e / Populacdo \ AN
Macacos v T Humana
Babuinos Mosquitos:

A. gfricanus

A. furgifer,

A dalzieli

Figura 14- Ciclo de transmiss&o do ZIKV. Fonte: Modificado de CDC, PLOS, Reuters ¢,

5.1.1. Infectividade do mosquito A. aegypti

O macho, como os de qualquer espécie, alimenta-se exclusivamente de frutas. A fémea,
no entanto, necessita de sangue para o amadurecimento dos ovos que sdo depositados
separadamente nas paredes internas de objetos, proximos a superficies de dgua limpa. Como
sdo resistentes fora da agua, podem ser transportados a grandes distancias, em recipientes secos.
Medem 0,4 mm e possuem uma casca escura e rigida (Figura 15). Sobrevivem por um ano
inteiro até o proximo verdo, quando o clima chuvoso e quente podera levar a sua eclosdo e a
formacéo das larvas e, depois, do mosquito. Em média cada A. aegypti vive em torno de 30 dias
e a fémea chega a colocar por postura entre 150 a 200 ovos e até 1.500 ao longo da sua vida.
Os ovos ao entrar contato com a dgua eclodem em menos de 30 minutos, e no periodo de 7 a 9

dias passam pelas fases de larva e pupa até chegar ao mosquito adulto. Se forem postos por
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uma fémea contaminada pelo ZIKV, ao completarem seu ciclo evolutivo, transmitirdo a doenga
(70).

A infeccdo do mosquito vetor (fémea) pelo ZIKV se inicia a partir da ingestdo de
particulas virais infecciosas (presentes no sangue humano) durante o repasto sanguineo. Em
seguida h& o periodo de incubacdo que varia de 8 a 12 dias para que o virus possa replicar-se
no estdmago do mosquito e chegar as glandulas salivares. O virus sera inoculado em um novo
hospedeiro durante um novo repasto sanguineo, pelas glandulas salivares do vetor, agora
contaminadas, iniciando assim um novo ciclo "*72, Qutra forma de infeccfo do mosquito vetor
se da pela transmissdo transovariana ou vertical, passando da fémea contaminada aos seus

descendentes sem a necessidade de outro hospedeiro 3 74,

Figura 15 - Ovos de Aedes aegypti. Fonte: FIOCRUZ (),

5.2. Materno-fetal
5.2.1. Incidéncia
A transmissao materno-fetal foi confirmada no Brasil em gestantes que deram a luz a
recém-nascidos com malformacdes graves, uma vez que o RNA do ZIKV foi detectado no
liquido amnidtico, amostras de tecidos e sangue de recém-nascidos microcefalicos ®® (Figura
16).
O ZIKV pode ser transmitido de uma mulher gravida para o feto durante a gravidez
(transmissdo congénita) ou proximo ao nascimento (transmissdo perinatal). A transmisséo
congénita pode ocorrer em todos os trés trimestres da gravidez, independente da presenca ou

auséncia de sintomas da mae % 7). Aproximadamente 26% das mées infectadas transmitem o
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ZIKV aos fetos ("®). Estudos relatam que fetos de mulheres infectadas pelo ZIKV durante os
trés meses iniciais de gestacdo apresentam maior risco de nascer com problemas congénitos,
como a microcefalia, do que os bebés de mées que entraram em contato com o patdégeno em
fases posteriores da gravidez 8 79, Isto se justifica pelo fato da placenta madura, ao final da
gravidez, ser mais resistente a infeccdo pelo virus do que a placenta primitiva, presente até o
terceiro més de gestacéo %, N&o esta claro se o risco de infeccio fetal através da mae infectada
é maior por meio da transmissdo sexual ou pela vetorial ®Y. O ZIKV foi também isolado na
secrecdo vaginal humana, o que aumenta a possibilidade do ZIKV poder acessar o feto por

infeccdo ascendente transvaginal, além da disseminacdo hematogénica transplacentaria 2 3,

5 Violag3o dz barreira placentaria:
Infeccio pelo ZIKV -Mecanismo incerto
durante 3 gravidez -Pode causar insuficiénciz placentaria

Fluido Amnidtico

¢ L \ Neurotropismo do ZIKV
V. Observado:
> -Humanos
-Camundongos
7 "'\\ Potencial de resultados adversos:
3 \\ ‘ -microcefalia
' -restrigdo de crescimento
intrauterino
o / -anormazlidades oculares
\OROE/ -morte do feto

-desfecho = longo
prazo desconhecido

Figura 16- Transmissao vertical e doenca congénita induzida pelo ZIKV. Modificado de Coyne
C, Lazear M ®9),

A transmissdo perinatal ocorre quando uma mulher € infectada com o ZIKV
aproximadamente 2 semanas antes do parto, onde o virus passa para o bebé neste momento.
Quando um bebé adquire a infec¢do pelo ZIKV no periodo perinatal, ele pode desenvolver
sintomas como erupcdo maculopapular, conjuntivite, artralgia e febre. As informacdes sobre a
transmissdo perinatal sdo limitadas. O espectro de caracteristicas clinicas que podem ser
observadas em bebés que adquirem o ZIKV durante o periodo perinatal é atualmente

desconhecido @4,

5.2.2. Mecanismo de agdo
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O ZIKV deve superar a barreira placentaria para alcangar o feto humano. Ainda
permanece desconhecido como o ZIKV faz isso, entretanto as rotas potenciais de transmisséo
incluem: quebra da camada de sinciciotrofoblastos (SINs), podendo resultar em sinais
imunoldgicos maternos, expondo as células mais suscetiveis no nucleo viloso; infeccdo direta
da camada SIN contornando a camada por rotas ndo replicativas como a transcitose mediada
por anticorpos; infeccdo por trofoblasto extravilico (TEVS) ou outros tipos de células
placentarias (Figura 17). Nos primeiros estagios da gravidez, a placenta humana é responsavel
por ancorar o blastocisto para o endométrio materno e para estabelecer o sistema circulatorio
que ir4 alimentar o sangue materno diretamente no espaco interviloso (EIV). O EIV é uma
cavidade cheia de fluido que banha as vilosidades superficiais da placenta humana, que s&o
formados por SINs. Devido ao contato direto com sangue materno, SINs sdo cruciais para
protecdo contra patdgenos, mesmo nos primeiros estagios da gravidez. Uma vez que o sistema
circulatério uteroplacentario estd totalmente estabelecido, o que ocorre perto do final do
primeiro trimestre, a placenta é a Unica barreira que impede que microrganismos do sangue
materno acessem o compartimento fetal. Anterior ao primeiro trimestre, o EIV ndo contém
sangue materno e é preenchido com um fluido claro que é produzido por células maternas e/ou
fetais, assim, justificando a diferenca do mecanismo de transmissdo vertical entre o primeiro

trimestre e partir deste periodo 2 83),

ZIKV?
Sinciciotrofoblasto O »
Citotrofoblasto

Placenta
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Figura 17 - Rotas sugerida pelo ZIKAV para superar a barreira placentaria. Modificado de
Coyne C, Lazear M @3,
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5.3. Aleitamento materno

Ha evidéncias de transmissao vertical do ZIKV no periparto de mées com viremia. Foi
evidenciada presenca de fragmentos virais no leite materno, mas ndo foi observada replicagéo
do virus e transmissdo da doenca por essa via ®. A OMS recomenda que as mies que
adquiriram a infeccéo pelo ZIKV durante ou ap0s o parto, devem receber apoio profissional de
cuidadores para iniciarem e manterem a amamentacdo normalmente. Para bebés que nasceram
com anomalias congénitas como a microcefalia, as mées também devem amamentar
normalmente ®. As evidéncias atuais sugerem que os beneficios da amamentagio superam o
risco e desta forma o Centers for Disease Control and Prevention (CDC) continua incentivando
as maes a amamentarem, mesmo que elas tenham sido infectadas, vivam ou viajem para uma

area com risco de ZIKV ©4),

5.4. Saliva

Bonaldo et al ®®, demonstraram em estudo a presenca do ZIKV viavel (infeccioso) na
saliva de pacientes brasileiros. No entanto, essa evidéncia ndo ¢ ainda suficiente para afirmar
que a presenca do virus na saliva pode infectar outras pessoas. Estudos complementares sdo
necessarios para avaliar qual o tempo de sobrevivéncia do ZIKV na saliva e ainda a sua
capacidade de infectar as pessoas ap0Os passar pelo suco gastrico. A recomendacdo sugerida
pelos autores é de cautela e de prevencdo, com orientacdes conhecidas para outras doencas,
como evitar compartilhar objetos de uso pessoal e lavar as méos com frequéncia ©©).

Por outro lado, embora a saliva funcione como uma barreira protetora para a entrada do
virus, uma ruptura no revestimento epitelial da mucosa oral ou doenca gengival pode facilitar
a entrada do virus no sangue -8 A suspeita de transmissdo do ZIKV pela saliva ocorreu em
um viajante australiano, ap6s a mordida de um macaco em Bali; no entanto, ele também poderia

tido sido picado por um mosquito durante sua estada ©9.

5.5. Transfusédo de sangue
A transmissdo por meio de transfusdo sanguinea deve ser considerada, tendo em vista
que o RNA do ZIKV ja foi documentado nessa via, como no estudo da OMS, 2016 ©9 cujo
RNA do ZIKV foi detectado em 42 de 1505 dos doadores de sangue durante o surto de 2013-
2014 na Polinésia Francesa, sendo que 11 desses 42 doadores eram sintomaticos ©?. Uma taxa
semelhante foi encontrada em doadores de Porto Rico em 2016 ©V. Entre junho de 2016 e

setembro de 2017, apenas 9 de 4.325.889 doadores nos Estados Unidos foram confirmados


https://www.cdc.gov/
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como positivos para ZIKV, o que pode ter ocorrido devido a deficiéncias dos métodos usados
na triagem ©2),

Em fevereiro de 2016, o Food and Drug Administration (FDA) ©3 recomendou que a
coleta de sangue doado cessasse em areas nos Estados Unidos onde o ZIKV era ativo, a menos
que testes de sangue pudessem ser implementados. Em agosto de 2016, expandiu suas
orientagdes anteriores para incluir triagem laboratorial para o ZIKV em todas as doacdes de
sangue a nivel nacional ©%),

No Brasil, em agosto de 2016, a Agéncia Nacional de Vigilancia Sanitaria (ANVISA)
emitiu uma nota técnica orientando critérios de triagem para doadores com foco em quem havia
apresentado diagnostico clinico ou laboratorial para ZIKV, sendo esta triagem baseada em
dados de um questionario. De acordo com a nota técnica, as orientagdes foram: a) candidatos a
doacdo de sangue que foram infectados pelo ZIKV, apos diagnostico clinico e/ou laboratorial,
deverdo ser considerados inaptos por um periodo de 30 dias ap6s recuperacao clinica completa
(assintomaéticos); b) candidatos a doacdo que tiveram contato sexual com pessoas (sexo
masculino ou feminino) que apresentaram diagnostico clinico e/ou laboratorial de febre pelo
ZIKV nos altimos 90 dias, deverdo ser considerados inaptos por um periodo de 30 dias ap6s o

altimo contato sexual ®4.

5.6. Sexual
5.6.1. Evidéncias iniciais de transmissdo sexual

O primeiro relato de transmissdo sexual do ZIKV, de homem para mulher, ocorreu na
esposa de um pesquisador dos Estados Unidos, morador do Estado de Colorado, que contraiu 0
virus em 2008, trabalhando em regido endémica do Senegal. Além dos sintomas caracteristicos,
ele desenvolveu prostatite e hematospermia, e a esposa que ndo havia viajado, apresentou a
doenca duas semanas ap0s relagdes sexuais desprotegidas 6 %,

Em janeiro de 2016, um segundo caso de transmissao sexual, de homem para homem,
foi relatado no Texas, cujo homem ao retornar da Venezuela passou o virus para seu parceiro,
sem historico de viagem recente. Foram realizados testes soroldgicos de Imunoglobulina M
(IgM) em ambos os pacientes, sendo que o primeiro com 14 dias e o segundo (parceiro) com 4
dias apos o inicio dos sintomas, tendo ambos resultados positivos @5 %),

Em julho de 2016, em Nova York, ocorreu o primeiro caso de possivel transmissao do
ZIKV de mulher para homem, a qual manteve relacdes sexuais desprotegidas com seu parceiro
apos retornar de viagem de uma area endémica de ZIKV. No primeiro dia dos sintomas seu
parceiro apresentou febre, fadiga, erupcOes cutaneas, mialgia, artralgia e dores nas costas. No
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terceiro dia, realizou a coleta de sangue e urina para detecgdo do ZIKV pela Real Time
Polymerase Chian Reaction (RT-PCR), sendo ambas positivas®?.

Adicionalmente, um caso de transmissdo sexual de um homem vasectomizado para sua
esposa foi relatado, levantando a possibilidade da presenca do ZIKV em outras partes do TRM,

além dos testiculos, como prostata, vesiculas seminais e glandulas bulbouretrais ©®),

5.6.2. Tempo de permanéncia do ZIKV nos fluidos genitais

Muitos pesquisadores estdo empenhados em descobrir por quanto tempo o ZIKV
permanece em fluidos genitais de pessoas infectadas, como sémen e secrecdo vaginal, e por
quanto tempo o virus pode ser transmitido aos parceiros sexuais. Neste sentido, estudos recentes
mostram que o ZIKV pode permanecer no sémen por mais tempo do que em outros fluidos
corporais, como vaginal, urina e sangue ©%. As taxas de detec¢do do RNA do ZIKV no sémen
de homens infectados sintomaticos tém sido consistentes na maioria dos estudos, variando de
50 a 60% no primeiro més de inicio dos sintomas %9, e diminuindo significativamente apds 90
dias do inicio da doenca, embora tenha sido documentada sua presenca em até 370 dias ap0os 0
inicio dos sintomas 1% 1%, Petridou et al 92, confirmou a persisténcia incomum do RNA do
ZIKV no sémen 515 dias ap0s o inicio dos sintomas, em um paciente imunossuprimido. Estes
dados sugerem que homens infectados podem ser um potencial reservatorio para futuras
transmissdes sexuais, mesmo por um longo periodo apds o inicio da infeccdo %% 1% e que a
duracdo varidvel da excrecdo de ZIKV no sémen se deve a diferentes caracteristicas virais e do
hospedeiro 8

Estudos em amostras de secrecdo vaginal relataram a presenga do RNA do ZIKV, sendo
detectado com 13, 14 e 31 dias ap6s o inicio dos sintomas ©?, apoiando desta forma a hip6tese
de um possivel reservatorio no trato reprodutor feminino (TRF) (100 101, 105-107)

Segundo o “WHO guidelines for the prevention of sexual transmission of Zika virus”,
atualizado em 2020 %) os parceiros sexuais masculinos devem receber informag@es sobre o
possivel risco de transmisséo sexual do ZIKV durante 3 meses ap6s conhecido ou presumido a
infeccdo, devendo usar preservativos corretamente e consistentemente ou abster-se de fazer
sexo durante esse periodo para prevenir a infec¢do pelo ZIKV pelo meio sexual. J& as mulheres
devem evitar sexo que possa resultar em concepcao por 2 meses apds conhecido ou presumido

a infecco, para garantir que uma possivel infeccdo pelo ZIKV cessou antes de engravidar %9,
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6. ZIKV NO TRATO REPRODUTOR MASCULINO
6.1. Locus de infeccéo por ZIKV

Os testiculos séo glandulas reprodutivas que fazem parte das estruturas internas do TRM
e estdo envolvidos na espermatogénese e na esteroidogénese. Cada testiculo é composto por um
emaranhado de tubos, os ductos seminiferos. Estes ductos sao formados pelas células de Sertoli
e pelas células germinativas. As células de Sertoli tém diversas fungdes como: controle da
maturacdo e da migracdo das células germinativas; sintese de proteinas e esterdides; controle
da passagem das secrecdes entre compartimentos tubulares e intersticiais e formam a barreira
hemato-testicular. As células de Leydig sdo encontradas no intersticio testicular, adjacente aos
tubulos seminiferos, promovendo a esteroidogénese por meio da secrecao de horménios sexuais
masculinos, principalmente a testosterona, responsavel pelo desenvolvimento dos 6rgdos
genitais masculinos e caracteres sexuais secundarios % 119 Os testiculos sdo considerados
como privilegiados imunologicamente, ou seja, sdo capazes de tolerar a introducédo de antigenos
sem provocar uma resposta imune inflamatdria V), sendo essenciais para garantir a protecdo
imunogénica de células germinativas contra a ativacdo do sistema imunoldgico durante a

espermatogénese 12114 (Figura 18).
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Figura 18 - Células de Sertoli e de Leydig: corte histoldgico testiculo. Modificado de
http://www.reproducao.ufc.br/reprodm1.pdf %),

Em modelo animal com camundongo, foi demonstrado que epididimo, células epiteliais
e leuctcitos parecem ser as principais fontes de liberagdo do RNA do ZIKV @10 Mais
especificamente, as células de Sertoli expressam altos niveis de receptores TAM (receptores de


http://www.reproducao.ufc.br/reprodm1.pdf(115)
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fosfatidilserina) de modo a manter a regulacdo imunoldgica nos tubulos seminiferos. Os
Flavivirus sdo virus encapsulados que contém quantidades significativas de fosfatidilserina em
seu envelope e, portanto, podem indiretamente interagir com os receptores TAM. O receptor
TAM promove a entrada do ZIKV nas células de Sertoli, contribuindo negativamente para o
estado antiviral destas células. Outros tipos de células podem também suportar a infec¢do por
ZIKV como fibroblastos testiculares, células germinativas e espermatdcitos 117 118),

As células de Leydig e os macrofagos testiculares fazem parte da primeira linha de
defesa nos tubulos seminiferos“*?). Células de Leydig ndo sdo altamente susceptiveis & infecgdo
por ZIKV em modelos de camundongos, sendo necessario mais estudos em humanos. No
entanto, as células de Leydig sdo a principal fonte de testosterona nos testiculos e durante a
infeccdo pelo ZIKV esses niveis parecem ser significativamente mais baixos t20-122),

Além dos riscos quanto a transmissao sexual, ZIKV levou a infertilidade camundongos
machos®” 12 Em humanos, foi observada uma baixa contagem de espermatozoides em
pacientes infectados pelo ZIKV, sugerindo a influéncia da infeccdo na fertilidade masculina
(124) Orquite, prostatite, cistite e hematospermia ja foram reportados em homens infectados com
ZIKV (%5:125.126) 'hem como morte de células testiculares, promovendo reducdo do tamanho do

testiculo e possivel evolucdo para orquite cronica 127,

6.2.Barreira hemato-testicular e ZIKV
H& muito tempo se assume que a barreira hemato-testicular (BHT) constitui o principal
mecanismo do status imunoprivilegiado do testiculo, sendo o resultado de jun¢des fortemente
celulares de células de Sertoli adjacentes, além da interacéo de células epiteliais e mieloides*%®)
(Figura 19).
A presenca da BHT cria compartimentos separados e protege contra infiltrado

imunoldgico que pode levar a inflamacdo testicular 29,

O testiculo apresenta um
microambiente telerogénico, tornando o 6rgdo imune privilegiado e protegendo os gametas
maduros contra a morte e inflamac&o induzidas por células imunes. Em contrapartida, torna-se
um local para a persisténcia de infec¢bes devido a este ambiente. Microrganismos provenientes
do sangue ou infecgdes urogenitais, ao entrarem no ambiente testicular, interrompem a
homeostase do tecido, levando a ativacdo do sistema imunolégico, desencadeando inflamacgéo
testicular e prejudicando a espermatogénese e a espermiogénese (11130,

Algumas evidéncias indicam que o ZIKV chega ao testiculo pela via hematogénica
enquanto a infecgdo no epididimo acontece via hematogénica/linfogénica ©®, promovendo

danos testiculares, e resultando em uma reducdo da fertilidade em modelo de camundongos
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(123) Qs efeitos da infecgdo por ZIKV no testiculo também s3o identificados na fase cronica em
modelos animais. Esta hipoOtese é corroborada pelo fato de ter sido observada inflamagédo
crénica testicular (orquite) em estagio final em camundongos infectados com ZIKV com 35 e

70 dias apos a infeccdo 31,

Espermatozdides Espermatides

1
i,

Inicio =
Espermiogénese ( (

Céls.
Sustentaculares

Espermatdcito '\ Fo ( (
Secundario =3 7\ ; > (/ Espermatécito
em Meiose || i AN Secundario

Barreira /W 2 ({1 b . / 3 Espermatécito
Hemato- E5E . o Al Primario em
Testicular ) ) | ’ ; AN Meiose |

Fibroblasto

Céapsula do Espermatogénia
Tecido

Conjuntivo
J Céls

Intersticiais 2 TUBULO SEMINIFERO

Figura 19: Barreira hemato-testicular: corte histologico do ttbulo seminifero. Modificado de
http://www.reproducao.ufc.br/reprodm1.pdf 29,

Em camundongos foi comprovado que o ZIKV pode infectar tipos distintos de células
do TRM, preferencialmente espermatogonias, espermatdcitos primarios e células de Sertoli "
132) A Figura 20 representa um corte de uma porcdo do tubulo seminifero mostrando as células
que possivelmente suportam a replicacdo do virus. Possivelmente o ZIKA chega ao testiculo
por vasos sanguineos e inicia a infecgdo em células como macrdfagos testiculares e células de
Leydig. Apos conseguir invadir a BHT, o virus consegue infectar, se reproduzir e permanecer
no interior das células de Sertoli e em células germinativas, além disso, espermatozdides

maduros também podem ser infectados 2%,


http://www.reproducao.ufc.br/reprodm1.pdf
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Figura 20 - Potenciais reservatorios de ZIKV no trato reprodutor masculino. Modificado de:
Stassen et al (23,

7. DIAGNOSTICO CLINICO E LABORATORIAL DO ZIKV

7.1. Diagnostico clinico
O diagndstico clinico da infeccdo pelo ZIKV é feito pela anamnese do paciente,
verificando se vive ou viajou para areas endémicas e inquirindo sobre contatos sexuais atuais,
bem como possibilidade de exposi¢do ao vetor e pela observacio dos sinais e sintomas®®®.
Devido aos sintomas da infeccdo pelo ZIKV serem semelhantes a outros arbovirus, como
DENV e CHIKYV (Tabela 3), bem como da presenca de outras doengas que provocam processos
febris agudos, o diagndstico clinico diferencial (Tabela 4) torna-se amplo e complicado, sendo

por isso necessarios exames laboratoriais para auxiliar no diagndstico diferencial 4.



Tabela 3 - Frequéncia dos principais sinais e sintomas ocasionados pela
infecdo pelos virus da Dengue, Zika e Chikungunya.

Sinais/Sintomas Dengue Zika Chikungunya
Acima de 38°C Sem febre ou subfebril < Febre alta > 38°C
Febre (duragdo) ' :
(4 37 dias) 38°C (1-2 dias subfebril) (2-3 dias)
Surge no primeiro ou
Manchas na pele Surge a partir do quarto o d Surge 2-5 dia
segundo dia
(Frequéncia) dia 30-50% dos casos o 50% dos casos
90-100% dos casos
Dor nos musculos
. +44/444 4[4 /444
(Frequéncia)
Dor na articulagdo
ES +[+++ 4[4+ —hif4es
(frequéncia)
Intensidade da dor
: Leve Leve/Moderada Moderada/intensa
articular
; = Frequente e leve Frequente e de
Edema da articulagdo Raro
intensidade moderada a intenso
Conjuntivite Raro 50-90% dos casos 30%
Cefaleia (Frequéncia e
44 4 ++
intensidade)
Prurido Leve Moderada/Intensa Leve
Hipertrofia ganglionar
> A e Leve Intensa Moderada
(frequéncia)
Discrasia hemorragica
L. Moderada ausente Leve
(frequéncia)
Acometimento . Mais frequente que Raro (predominante
aro
Neuroléogico Dengue e Chikungunya em Neonatos)

Fonte: Brito C 139,
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Tabela 4 - Diagndstico diferencial para ZIKV.

BACTERIAS OUTROS

sFebre Escarlatina sDengue sFebre do Nilo Ocidental  [eMaldria
*Meningococcemia *Chikungunya  *Epstein Baar Virus * Doengas Reumatoldgicas
*Febre Tifdide *Influenza *Parvovirus
sLeptospirose *Enterovirus *Roséola Virus
* Riketssias sHIV *Adenovirus
eSepticemias bacterianas  *Sarampo *QOutras Alphaviroses

*Rubéola

Fonte: Charles C 139,
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7.2. Diagnostico laboratorial
Em uma infeccdo pelo ZIKV podem ocorrer alteracbes inespecificas em exames
laboratoriais, como: hipoalbuminemia, aumento das transaminases, leucopenia, trombocitopenia,
aumento da desidrogenase lactica e de marcadores de atividade inflamatdria. O diagndstico
laboratorial das infec¢bes pelo ZIKV pode ser realizado por método direto que visa identificar o
virus ou por métodos indiretos, os quais consistem na deteccdo de anticorpos especificos do tipo

IgM e Imunoglobulina G (IgG) decorrentes da infecgdo 9,

7.2.1. Método direto
Teste molecular é um teste direto, também conhecido como PCR (Polimerase-Chain-
Reaction). Baseia-se na deteccdo e as vezes quantificacdo do RNA do ZIKV a partir de
espécimes clinicos. O periodo virémico € curto, sendo ideal que a detec¢do direta do RNA do
ZIKV virus ocorra até o 7° dia ap0s o inicio dos sintomas. A janela de deteccdo podera ser
diferente conforme o material bioldgico a ser analisado, como no sangue de 5 a 7 dias ap0s 0

inicio dos sintomas e urina em até 15 dias 3" 1%) (Figura 21).

Aparecimento dos
sinais e sintomas

| ! 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

0 >
4 -3 -2 -1 Tempo em dias
Incubagéao

RNA viral na Urina

Figura 21 - Diagnéstico do ZIKV de acordo com o tempo de evolugdo dos sintomas: método
molecular. Modificado de FREITAS, K39,

Vaérios estudos sugerem que 0 RNA do ZIKV pode ser detectado por periodos mais
longos no sangue total do que no plasma, expandindo assim a detec¢do do genoma viral em até
120 dias ap6s o inicio dos sintomas 4014 Um teste molecular negativo ndo exclui
isoladamente a infeccdo, devido ao curto periodo da viremia, sendo necessario realizar a

pesquisa de anticorpos no caso de suspeita clinica “9 145,
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7.2.2. Metodos indiretos

O diagndstico por método indireto consiste em testes sorologicos para pesquisa de
anticorpos, como 0 MAC-ELISA (CDC) para detec¢do de anticorpos especificos contra o
ZIKV, a imunofluorescéncia indireta (IFI), o teste de neutralizagéo e reducéo de placa (PRNT
- Plaque reduction neutralization test) para deteccao de anticorpos neutralizantes, e testes para
a deteccdo de IgM ou IgG (ELISA e teste imunocromatografico)® 149, Nestes procedimentos,
0s anticorpos podem ser detectaveis apés 4 dias de infeccao até 12 semanas (Figura 22). Porém,
é importante ressaltar que as metodologias indiretas podem apresentar resultados falso-
positivos devido as reacBes cruzadas com outros virus da mesma familia, como o virus da
DENV e da YFV. Por isso, € importante que na interpretacdo dos resultados seja levado em
consideracdo a sensibilidade e especificidade do teste utilizado, seguindo 0s parametros

relatados pelos fabricantes 4%,

Aparecimento
dos sintomas

Periodo de Incubagio
- 1 2 3 4 56 7 8 9 10 11 12 13 1415 16

- 0 Tempo em dias
-7 6 -5 -4 -3 -2 -1

""""""" P+ 12 semanas

IgM no sangue

v

IgG no sangue

Figura 22 - Diagnostico do ZIKV de acordo com o tempo de evolugdo dos sintomas: método
soroldgico. Modificado de Modificado de FREITAS, K®39),

Os anticorpos IgM direcionados contra 0 ZIKV normalmente se desenvolvem durante a
primeira semana da doenca, no entanto, existem dados publicados relatando uma duragéo
maior, como o0 estudo de Paz-Bailey et al 3" onde 97% dos pacientes com infeccio
sintomatica pelo ZIKV apresentaram anticorpos IgM detectaveis > 60 dias apds o inicio dos
sintomas. No estudo de Griffin et al 40), 73% das pessoas com infecgdo confirmada pelo ZIKV
apresentaram anticorpos IgM detectaveis em 12-19 meses apés a fase aguda. Sendo assim, a
deteccdo de anticorpos IgM néo é recomendada para mulheres gravidas assintomaticas, pois
podera refletir uma infecgio passada e ndo o seu estado atual (47 148),

A curta duracdo da viremia com baixas cargas virais no sangue, reacoes cruzadas com

outros Flavivirus em testes soroldgicos e dificuldades em acessar testes diagnosticos
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especificos e precisos atrasaram ou dificultaram a confirmacdo laboratorial de casos clinicos
tipicos de SCZ*®), O PRNT é considerado o teste mais sensivel e especifico para a deteccio e
quantificacdo dos anticorpos neutralizantes, sendo o método de referéncia para a avaliacdo da
resposta imune protetora apds a vacinacao. Os anticorpos neutralizantes se desenvolvem logo
apos os anticorpos IgM e consistem principalmente em anticorpos 1gG, que geralmente
conferem imunidade de longa duragdo 4% 159 O PRNT positivo para ZIKV e negativo para
DENV em sangue materno é o critério de confirmacdo para SCZ. Na testagem da crianga, 0
CDC recomenda que seja executado ap0os o0s 18 meses de idade, quando os anticorpos maternos
n&o estiverem mais presentes em sua circulacdo. Se o RNA e o IgM do ZIKV forem negativos,

é improvavel que a crianga tenha SCZ (51-159),

7.2.3. Recomendac0es internacionais
Dada a situagdo epidemioldgica atual dos arbovirus, onde os casos relatados de ZIKV
nas Américas diminuiram 30-70 vezes, sendo superados em numero pelos casos de DENV
(proporcdo 200:1), o0 CDC @47 atualizou em novembro de 2019 suas orientacdes de testes
diagnosticos para ZIKV e DENV:
a) Protocolo recomendado para mulheres gravidas sintomaticas que fizeram sexo com
alguém que vive ou viajou recentemente para areas com risco de ZIKV (Esquema 5):
e Asamostras devem ser coletadas em até 12 semanas apds o inicio dos sintomas;
e Realizar o teste molecular para ZIKV e se for positivo, devera ser repetido no RNA

recém-extraido da mesma amostra para descartar resultado falso-positivo.

Esquema 5 - Recomendacdes para testes de ZIKV para mulheres gravidas sintomaticas que
fizeram sexo com parceiro que vive ou viajou para areas de risco para ZIKV.

Mulheres Gravidas Sintomaticas

ZIKV

Fizeram sexo com parceiro gue
vive ou viajou para dreas de risco
positivo

de ZIKV

—

Coletar amostras: £12 semanas
apds inicio dos sintomas

Realizar Teste Molecular:
Para ZIKV

Fonte: CDC. Disponivel em: https://www.cdc.gov/zika/hc-providers/testing-guidance.html @47,

Realizar nova extracdo de
RMNA e repetir o teste

ZIKV
positivo
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b) Protocolo recomendado para mulheres grévidas sintomaticas que viajaram para area
com transmisséo ativa de DENV ou risco para ZIKV (Esquema 6):

e Asamostras devem ser coletadas em até 12 semanas ap0s o inicio dos sintomas;

e Realizar simultaneamente: teste molecular para DENV e ZIKV em uma amostra de
soro e teste molecular para ZIKV em uma amostra de urina, e teste de IgM para DENV.

e Se o teste molecular do ZIKV for positivo em uma Unica amostra, devera ser repetido
no RNA recém-extraido da mesma amostra para descartar resultado falso-positivo;

e Se 0 teste molecular da DENV for positivo, isso fornece evidéncias adequadas de uma
infeccdo por DENV e nenhum outro teste € indicado;

e Se 0 teste de anticorpos IgM para DENV for positivo, é uma evidéncia adequada de

infeccdo por DENV e nenhum teste adicional é indicado.

Esquema 6 - Recomendagdes para testes de DENV e ZIKV para mulheres gravidas sintomaticas
com viagem recente para areas de transmissdo ativa da DENV e risco para ZIKV.

Mulheres Gravidas Sintomaticas

Viggem recente para areas com
transmissdo ativa de DENV e risco
para ZIKV

PN

o

apos inicio dos sintomas

[Coletar amaostras: 212 semana;

Realizar Teste Molecular: \ Realizar Teste Molecular:
URINA para ZIKV / S0R0C para DENV e ZIKV

ZIKV
positivo

Realizar Teste Sorologico: \
IgM para DENV /

DENV

positiva

|

ZIKV
positive

DENY
positivo

Realizar nova extracdo dq Realizar nova extracdo dq
RMA e repetir o teste //I RNA e repetir o teste _/

ZIKV
positivo

ZIKW
positive

Infeccdo por
ZIKV

Infeccdo por Infeccdo por Infeccdo por
DENV ZIKV DENV

Fonte: CDC. Disponivel em: https://www.cdc.gov/zika/hc-providers/testing-guidance.html @47,
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c) Protocolo recomendado para mulheres gravidas que tém um feto com achados de
ultrassom pré-natal consistentes com SCZ que vivem ou viajaram para areas com risco de
ZIKA durante a gravidez (Esquema 7):
e Realizar o teste molecular e IgM do ZIKV no soro materno;
e Realizar o teste molecular ZIKV na urina materna;
e Se 0s testes moleculares para ZIKV forem negativos e o IgM for positivo, PRNTSs de
confirmacéo devem ser realizados contra ZIKV e DENV.
Esquema 7 - Recomendacdes de testes de ZIKV para mulheres gravidas tém um feto com

achados de ultrassom pré-natal consistentes com SCZ que vivem ou viajaram para areas com
risco de ZIKA durante a gravidez.

Mulheres Gravidas com Feto com
caracteristicas de SCZ

Gi'.re ou vigjou para areas de riscq
de ZIKV durante a gravidez _,/I

Realizar teste molecular \ Realizar Teste Sorolégico Igh
para ZIKV _/. para ZIKV
| l |
Soro Urina
maternao materna
— —

ZIKW
MNegativo

ZIEN
| Positivo

S

Gealizar PRMNTs contra ZIKA
e DEMNY _/I

Fonte: CDC. Disponivel em: https://www.cdc.gov/zika/hc-providers/testing-guidance.html @47,

d) Recomendagdes para testes de DENV e ZIKV para pessoas ndo gravidas (sintomaticas)
com uma doenca clinicamente compativel e risco de infeccdo por ambos os virus,

(Esquema 8):


https://www.cdc.gov/zika/hc-providers/testing-guidance.html
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Devem ser realizados com soro coletado <7 dias apos o inicio dos sintomas, podendo
também ser realizados no plasma, sangue total, liquido cefalorraquidiano ou urina;
Realizar simultaneamente: teste molecular para DENV e ZIKV;

Se o teste molecular da DENV for positivo, isso fornece evidéncias adequadas de uma
infeccdo por DENV e nenhum outro teste € indicado;

Se o teste molecular do ZIKV for positivo, isso fornece evidéncias adequadas de uma
infeccdo por ZIKV e nenhum outro teste é indicado;

Se os testes moleculares para DENV e ZIKV forem negativos, realizar sorologia IgM
para ambos;

Se a amostra for coletada apds 7 dias do inicio dos sintomas, realizar sorologia IgM para
DENV e ZIKV;,

Se IgM positivo para DENV e/ou ZIKV, realizar PRNT para ambos;

Nas Tabelas 5 e 6 estdo descritas a interpretacdo dos resultados.

Esquema 8 - Recomendacdes para testes de DENV e ZIKV para pessoas ndo gravidas com
uma doenca clinicamente compativel e risco de infeccdo por ambos 0s virus.

MATERIAL COLETADO = 7 DIAS APGS MATERIAL COLETADD =7 DIAS APGS

INICIO DOS SINTOMAS INICIO DOS SINTOMAS

REALIZA DENV E ZIKV POR TESTE REALIZA DEMV E ZIKV POR SOROLOGIA

MOLECULAR IGM
1
DENV POSITIVO ZIRV POSITIVO DENV e ZIKV DENY OU ZIKV DENV e ZIKAY
NEGATIVO Positivo lgM MNegativo lgM
Realizar DENV e
ZIKV PRNTs
|
DENVPRNT210= | || DENVERNT<lDe DENVPRNT>10e | || DENVPRNT<l0e
ZIKV <10 ZIKV = 10 ZIEV = 10 ZIKV <10
Infeccao Aguda Infecgdo Aguda Infeccdo Recente Infeccio Recente Infecgdo Recente N;';:“{“a E“_'Ei";:\i? de
por DENV por ZIKY por DENV por ZIKV Flavivirus : '?a"Z"IC‘KL ou

Fonte: Sharp et al. Disponivel: https://www.cdc.gov/mmwr/volumes/68/rr/rr6801al.htm?s_cid=rr6801al_w 59,



https://www.cdc.gov/mmwr/volumes/68/rr/rr6801a1.htm?s_cid=rr6801a1_w

55

Tabela 5 - Interpretacdo dos resultados dos testes moleculares para o diagnéstico da DENV e
ZIKV para pacientes com doenca clinicamente compativel e risco de infeccdo por ambos 0s
virus.

DENV e ZIKV

Int taca
teste molecular nterpretagao
DENV + -
7KV - Infeccao aguda por DENV
ZIKV + -
DENV - Infeccao aguda por ZIKV
DENV + Infeccdo aguda por DENV e
ZIKV + co-infeccao por ZIKV
DENV - Nenhuma evidéncia de infeccao por

ZIKV - DENV ou ZIKV
Fonte: Sharp et al. Disponivel:https://www.cdc.gov/mmwr/volumes/68/rr/rr6801al.htm?s_cid=rr6801al w 59

Tabela 6 - Interpretacdo dos resultados dos testes de sorologia IgM e PRNT para o diagnostico
da DENV e ZIKV para pacientes com doenca clinicamente compativel e risco de infeccéo por
ambos os virus.

DENV e ZIKV Pacientes sintomaticos

. DENV PRNT ZIKV PRNT n . .
Anticorpos IgM (nao gravidas)

DENV e/ou ZIKV + 210 <10 Infeccao recente por DENV
DENV e/ou ZIKV + <10 210 Infec¢do recente por ZIKV
DENV e/ou ZIKV + 210 210 Infeccdo recente por Flavivirus
Nenhuma evidéncia de infeccdo
ualquer resultado <10 <10
Qualq por DENV ou ZIKV ()
DENV: ndo realizado Provavel infec¢do por DENV
ZIKV -
EIE:; nao realizado Provavel infeccdo por ZIKV
DENV + < .
ndo realizado avel i E Vil
L Provavel infeccdo por Flavivirus
Elir:i;o realizado ndo realizado Provavel infeccdo por Flavivirus
g?:v+n§0 realizado nao realizado Provavel infeccao por Flavivirus
DENV - ~ . Nenhuma evidéncia de infeccdo
nao realizado
ZIKV - por DENV ou ZIKV (*)
DENV - } lizad Nenhuma evidéncia de infeccao
ndo realizado
ZIKV nao realizado por DENV
ZIKV - } lizad Nenhuma evidéncia de infeccdo
nao realizado
DENV nio realizado por ZIKV

Fonte: Sharp et al. Disponivel:https://www.cdc.gov/mmwr/volumes/68/rr/rr6801al.htm?s_cid=rr6801al w 59
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(*) Na auséncia de teste molecular, o teste de IgM ou anticorpos neutralizantes negativos em
amostras coletadas <7 dias apos o inicio da doenga pode refletir a coleta antes do

desenvolvimento de uma resposta de anticorpo detectavel e ndo descarta a infeccao.

8.0. ZIKA VIRUS - TRATAMENTO E VACINA
8.1. Tratamento

Até 0 momento ndo ha medicamento para o ZIKV, onde os sintomas sdo geralmente
tratados com repouso, hidratacdo e medicamentos para reduzir a febre e dor®®. No entanto,
estudos estdo sendo realizados com alguns farmacos com o intuito de reduzir a viremia no
hospedeiro, de modo a serem usados racionalmente para profilaxia pds-exposicéo, prevenindo
ou mitigando a gravidade de SCZ. De uma forma geral sdo trés as indicagdes clinicas plausiveis
para a utilizacdo de um medicamento profilatico/terapéutico contra ZIKV: 1) oferecer profilaxia
ou profilaxia pds-exposicdo precoce; 2) para acelerar a eliminagdo viral, e 3) para reduzir
gravidade da doenca %1%, Dentre os medicamentos em estudo, segue as principais iniciativas
(Tabela 7).

O antiviral sofosbuvir vem sendo testado experimentalmente em primatas ndo humanos
Macaca mullata, popularmente conhecida como macaco Rhesus. Particularmente, s&o
investigados os efeitos da administracdo do farmaco antes e apds a infeccdo pelo ZIKV em
macacas gravidas. Por meio de analises clinicas, laboratoriais e de ultrasom, o estudo deve
esclarecer se 0 sofosbuvir é capaz de reduzir as taxas de viremia nos animais, assim como
prevenir a microcefalia e outros danos neurolégicos aos fetos (59,

Pesquisadores do Departamento de Virologia e Terapia Experimental da Fiocruz de
Pernambuco descobriram uma substancia capaz de bloguear a producdo do ZIKV em células
epiteliais e neurais, a 6-metilmercaptopurina ribosidica (6MMPr), que tem acdo sobre o tipo de
ZIKV que circula no Brasil. Em ensaios in vitro com células epiteliais e neurais, 0s cientistas
testaram 0 6MMPr em diferentes tempos e dosagens. O resultado foi a diminuicdo da carga
viral em mais de 99%, em ambas as linhas celulares (69,

Em alguns estudos a cloroquina preveniu a infecgdo pelo ZIKV em células progenitoras
neurais humanas (hnCPs) e inibiu sua autofagia *®% 162 J4 no estudo de Tong et al ‘%3 a
droga merimepodib, que é uma enzima envolvida na sintese de novos nucleotideos de guanina
e que tem atividade antiviral in vitro e virus de RNA, inibiu a replicacdo do ZIKV em células
Vero, especialmente quando usada em combinagdo com outros antivirais, como a ribavirina.
Ainda, Xu et al *® relataram que a niclosamida tem a capacidade de inibir a replicagio do
ZIKV.
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Tabela 7 - Lista de medicamentos com potencial para agéo anti-ZIKV.

Grupo de Drogas Nome da Droga Descrigao
1}Inibir a replicacio do ZIKW em enzaios celulares
. 3 Sofosbuwvir
Analogo de nucleosideos 2)Eficaz em modelos animais
Ribavirina Mostrou acdo antiviral em cultura de células.
1}inike a protease do ZIKV in vitro | mas inibe apenas fracamente
a replicacio viral.
Agentes peptidomiméticos CN-718 " “ w
g Rep 2)Por guestoes de seguranca, nao deve Ser uma opcac
terapéutica para gestantes,mas pode ser aplicado a outros
individuog infectados.
1}Mostrou atividade anti-ZIKW potente.
Andlogo de adenosina WITO0S

2)Pode servir como um inibidor de referéncia para pesquisa e
triagem de drogas futuras.

Dependente de ciclina inibidor

) PHA-590509 Mostrou inibicdo da replicacdo do ZIKV de todas as linhagens.
de guinase s =

1)Reduz a producdo de virus, o ndmero de células infectadas e a
morte celular promovida pela infeccio por ZIKV sem qualguer
efeito citotdxico.

Antimalari Cl i .
HmaiEra B 2)Candidato promissor para ensdios clinicos de ZIKW.

3)Pode zer administrade com seguranca em mulheres gravidas,
uma vez que & clinicamente aprovado.
Bitinol Propaga-se ativando caspases do hospedeiro e induzindo a
Anti-helmintica maorte celular programada.

Miclosamida Bloguea a acdo do ZIKV em células humanas.
1)Composto natural encontrado em alimentos, principalmente cha
(Galato de epigalocateguina LELE

2)Inibe a entrada do ZIKV na célula hospedeira.

1)Em mais de 99% dos testes a producdo do virus diminuiv com a
SMMPr, uzando diferentes dozagens e tempos de reacio.
Tiopurinas GMMPr . . .
a 2JE menos toxica para as celulas neurais, sendo um bom
indicativo para futuros tratamentos de infeccies no sistema
Nervoso.

E uma enzima envolvida na sintese de novos nucleotideos de
guanina e gue tem atividade antiviral in vitro e virus de RNA, na
inibicdo da replicacio do ANA do ZIKV e na reducio da
producio de ZIKW em células Vero.

Enzima Merimepodib

Fonte: Modificada de Wilder-Smith et al%8),

8.2 Vacina
Apods a OMS declarar em de fevereiro de 2016 o estado de ESPII foi destacada a
necessidade urgente de pesquisa e desenvolvimento de solugdes preventivas e terapéuticas para
a doenca pelo ZIKV. No periodo que se seguiu a este apelo a a¢do, a comunidade cientifica
global respondeu com a introducéo de 45 vacinas candidatas, algumas das quais passaram para

testes clinicos em humanos apos demonstrarem resultados promissores em modelos animais de
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modo a prevenir a transmissdo materno-fetal e gerar imunidade no receptor da vacina, tendo
entdo como produto alvo a imunizagdo de mulheres em idade reprodutiva. Além da necessidade
de realizar testes clinicos adicionais, alguns obstaculos permanecem, como por exemplo, 0
numero limitado de casos que ocorrem globalmente prejudicando a capacidade dos estudos de
avaliar os efeitos protetores das vacinas em testes humanos de fase clinica 3 19,

Segundo o Instituto Butanté 169, existem 3 etapas para a disponibilizagio de uma vacina
ao publico: a primeira etapa corresponde a pesquisa basica e onde novas propostas de vacinas
sdo identificadas; segunda etapa, onde ocorrem os testes pré-clinicos (in vitro e/ou in vivo) que
tém por objetivo demonstrar a seguranga e o potencial imunogénico da vacina; terceira etapa,
onde acontecem os ensaios clinicos, que é a mais longa e a mais cara do processo, sendo
classificados em estudos de Fase I, Fase I, Fase Il e Fase IV, como segue:

e Fase I: é o primeiro estudo a ser realizado em seres humanos e tem por objetivo principal
demonstrar a seguranca da vacina;

e Fase II: tem por objetivo estabelecer a sua imunogenicidade;

e Fase IlI: é a ultima fase de estudo antes da obtencdo do registro sanitario e tem por
objetivo demonstrar a sua eficacia. Somente ap0s a finalizacdo do estudo de fase Il e
obtencdo do registro sanitario é que a nova vacina podera ser disponibilizada para a
populagéo;

e Fase IV: vacina disponibilizada para a populacéo.

Apesar da comunidade cientifica estar dispensando grandes esforcos no
desenvolvimento de uma vacina para ZIKV, ainda ndo ha nenhuma aprovada pelo Food and
Drug Administration (FDA). Grande parte das pesquisas em andamento para o0
desenvolvimento de uma vacina para ZIKV sdo focadas nas proteinas E M, que s&o os principais
alvos das vacinas com a capacidade de induzir os anticorpos neutralizantes que medeiam
protecdo e imunidade de longa durag&o 67,

Varios ensaios de vacinas ainda estdo em andamento em modelos animais para
estabelecer protecdo imunogénica contra o ZIKV, mas nenhuma vacina especifica ainda foi
considerada eficaz (Tabela 8). Atualmente, varias vacinas candidatas estdo em andamento (68,

conforme descritas na Tabela 9.



Tabela 8 - Plataformas de vacinas para infecgéo do ZIKV.

Tipo de Vacina p/ ZIKV

Vacina de acido nucléico:

*Plasmideo de DNA
(Vacina sintética de DNA que

codifica o ZIKV proteinas da pré-

membrana (prM) e do envelope

(E))

*mRNA

Vantagens

1)facilidade de produgao, uma vez gue os genes
codificados podem ser facilmente substituidos;

2)potencial para ser produzida em escala
mediante um surto;

3)exibem caracteristicas de vacinas de
subunidades e vetores atenuados vivos, com
vantagens conceituais de seguranca.

4)em estudos com primatas humanos, ndo
foram verificados efeitos adversos e depois da
terceira dose da vacina foram detectados
anticorpos de ligagdo em todos os
participantes, bem como anticorpos
neutralizantes foram verificados em 62% dos
mesmaos.
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Limitacoes

1)Uma limitagdo das vacinas de plasmideo de DNA é a entrega de
tecnologia necessaria para a produgao ideal de proteinas;

2)Uma preocupacdo potencialcom vacinas de DNA é que pode haver uma
pequena possibilidade de integracdo cromossomica por ndo recombinacio
homdloga, que pode levar a transformacdo celular por mutagénese de
inser¢do. J& as vacinas a base de moléculas de mRNA atuam no citoplasma
e, portanto, ndo representam um risco de integracao somatica.

Vacinas de virus inteiro
purificadas e inativadas (PIV)

O processo de inativacdo elimina a replicagdo
do virus enquanto mantém a antigenicidade da
estrutura das proteinas e, portanto, PIV sdo
considerados seguros durante gravidez.

1)Embora as vacinas ZIKV PIV serjam mais baratas do que as vacinas de
acido nucleico, é plausivel que possam exigir doses multiplas em um
cronograma primario, de modo a aumentar a imunogenicidade e reforgos
para manter a imunidade protetora.

2)Como o ZIKV é um virus neurotropico, as etapas de neuroviruléncia e
testes de toxicologia reprodutiva sao criticas no desenvolvimento de
atenuacdes de vacinas in vivo antes de serem administradas em humanos.
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Candidatas a vacinas com vetor
viral

1)As vacinas de vetores virais compartilham a
mesma facilidade de producéo e estabilidade
gue as vacinas de plasmideo de DNA e pode,
portanto, ser facilmente escalonavel em
situactes epidémicas.

2)As vacinas de vetor viral induzem tanto
respostas inatas quanto respostas imunes
adaptativas em hospedeiros mamiferos.

As limitagdes para vacinas de adenovirus incluem sua capacidade de
induzir respostas inflamatdrias tdxicas e o potencial para imunidade
natural pré-existente, resultando em imunogenicidade atenuada.

3)0s vetores adenovirais tém sido usados para
entregar ZIKVprM-E e mostraram ter maior
neutralidade, titulos de anticorpos e imunidade
de células T do que PIV,DNA e vacinas de
subunidade de proteina.

Proteina de subunidade [/
particulas semelhantes a virus
(VLPs)

1)As vacinas de proteina de subunidade sdo
atraentes como plataforma devido ao seu
potencial para uso seguro em todas as
populacdes,incluindo mulheres gravidas.

2)As vacinas de proteina de subunidade sdo Semelhante a abordagem PIV,uma desvantagem das vacinas de proteina
produzidas por transferéncia de um plasmideo de subunidade é que sdo geralmente menas imunogénicos do que vacinas
que codifica uma sequéncia de gene de vivas e, portanto, requerem doses multiplas para alcangar imunidade

interesse em bactérias, leveduras ou células de protetora.
insetos, onde dentro dessas células é produzida
a proteina da sequéncia do gene.

3)A vantagem de VLPs é que os antigenos sao
apresentados em sua conformacgao nativa sem
a necessidade de uma replica do virus.
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Vacinas vivas atenuadas
incluindo vacinas recombinantes
vetoriais de Flavivirus
heterélogos

1)Vacinas vivas atenuadas sdo geralmente uma
vacina de tecnologia favorita devido a sua
capacidade de induzir a imunidade adaptativa,
além de serem eficazes e relativamente com
baixo custos de produgao.

2)Vacinas vivas imitam as infecgdes naturais
dos virus e, portanto, induzem uma forte
resposta imunoldgica.

No entanto, vacinas vivas atenuadas podem induzir a uma viremia
3)As vacinas atenuadas podem desempenhar  transitéria de baixo grau. Como CZS pode ocorrer em mulheres gravidas
um papel significativo no atingimento de assintomaticas infectadas com viremia de baixo grau, vacinas atenuadas
grandes massas, podendo ser incorporada em  precisam ser cuidadosamente avaliadas antes da administragdo em
programas de vacinag¢do infantil em paises com mulheres em idade reprodutiva e/ou gravida.
transmissdo ZIKV.

4)As vacinas vivas atenuadas competentes para
replicacdo sdo disponiveis para Flavivirus
recombinantes ou quiméricos.

5)A vacina recombinante DENV-ZIKV pode ser
util para populacées que vivem em regioes
endémicas para ambos os virus.

Fonte: Wilder-Smith et al (158,
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Tabela 9 — Status de desenvolvimento de vacina contra o ZIKV.

Desenvolvedor Fase Tipo de vacina
National Institute of Allergy and Infectious Diseases Ensaio clinico Fase Il Vacina de DNA
Woalter Reed Army Institute of Research Ensaio clinico Fase | Virus inteiro, purificado e inativado

Vacina viva atenuada contra ZIKV
The US National Institute of Allergy and Infectious L (uma vacina viral quimérica feita de varios genes de virus
. Ensaio clinico Fase I1 (*) . .. .
Diseases (NIAID) diferentes, principalmente de sorotipos de dengue usando

engenharia genética).

Centro de Pesquisa de Vacinas da NIAID em colaboracdo
com GlaxoSmithKline (GSK), University of Pensilviniae Ensaio simultdneo Fase | e Fase |l Vacina mRNA
Moderna / Valera

SEEK (empresa farmacéutica com sede em Londres), Vacina sintética

juntamente com hVIVO de Londres e NIH Clinical Fase pré-clinica , - . .
(preparada com proteinas das glandulas salivares do mosquito)

Center em Bethesda, Maryland

Oxford University Fase | da fase clinica Adenovirus recombinante vivo

Themis Bioscience Fase | da fase clinica Sarampo vivo recombinante

University of Adelaide Fase pré-clinica Vacina baseada em Células T

(*}esta atualmente em fase de testes de Fase Ill no Brasil. Espera-se que esta vacina ser eficaz contra o ZIKV e os quatro sorotipos de DENV.

Fonte: Modificado de Smarajit Manna et al (68),
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9. JUSTIFICATIVA

O Zika virus (ZIKV) é um flavivirus transmitido predominantemente por mosquito associado
a anormalidades congénitas em recéem-nascidos e sindrome de Guillain-Barré em adultos. O
virus também pode ser transmitido sexualmente e pode persistir no trato genital masculino.
Estudos avaliando a cinética seminal do ZIKV de homens infectados, bem como em modelos
animais e celulares de infeccdo, mostraram que, além do testiculo e do epididimo, a prostata e
a vesicula seminal também podem estar envolvidas na infeccdo persistente pelo ZIKV. Além
disso, alguns estudos relataram que homens infectados com ZIKV podem apresentar sintomas
geniturinarios, como hematospermia, prostatite, ejaculacdo dolorosa, secre¢do peniana e
oligospermia. No entanto, pouco se sabe sobre o efeito do ZIKV na fertilidade masculina e
muitas questdes permanecem sem resposta. Como o surto de ZIKV de 2016 ocorreu ha apenas
alguns anos e os cientistas continuam a monitorar homens afetados pelo virus, novos estudos
s80 necessarios para expandir nosso conhecimento limitado sobre a infecgdo pelo ZIKV no trato
reprodutivo masculino e determinar os efeitos de longo prazo desse patégeno na fertilidade
masculina. Desta forma, compreender a fisiopatologia € 0s mecanismos subjacentes as
infeccBes por ZIKV em homens é crucial para o desenvolvimento de diretrizes, vacinas e
terapias eficazes. Nesta tese abordamos os conhecimentos atuais sobre a infec¢éo pelo ZIKV
no trato reprodutor masculino e sua influéncia nos parametros do esperma e na fertilidade, bem
como seus efeitos na reproducdo assistida. Para isto, focamos em estudos atuais sobre
positividade e infectividade do ZIKV em humanos, animais e em cultura de células, e
destacamos as evidéncias da infeccdo ZIKV em células especificas do trato reprodutor

masculino.
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10. OBJETIVOS

10.1 Geral
Estudar a historia natural da infeccdo pelo Zika virus (ZIKV) no trato reprodutor
masculino e sua influéncia nos parametros do esperma e na fertilidade, bem como seus efeitos

na reproducéo assistida.

10.2 Especificos
a. Ampliar conhecimentos e auxiliar na compreensdo da historia natural da infecdo por ZIKV
no trato reprodutor masculino;
b. Fornecer subsidios que contribuam para a elaboragdo de estratégias de Saude Publica para
prevencdo e controle do ZIKV bem como de suas possiveis consequéncias especialmente para
a populacdo de risco para complicacdes e/ou agravamentos do quadro viral;
c. Fornecer insumos e novos desafios que alimentaréo futuros estudos sobre ZIKV, sistema
reprodutor masculino e rotas de transmissao viral,
d. Identificar publicacbes cientificas nas bases de dados sobre a infeccdo pelo ZIKV no trato
reprodutor masculino por meio de revisdo sistematica da literatura;
e. Focar nas publicacBes cientificas encontradas na revisdo sistematica da literatura que
abordem a positividade e a infectividade do ZIKV em humanos, animais e em cultura de células,
bem como naqueles que apontem para evidéncias de infeccdo por ZIKV em células especificas
do trato reprodutor masculino;
f. Gerar no minimo um (1) artigo cientifico com qualidade para publicacdo em periddicos
cientificos classificados como Qualis Referéncia B1 ou superior.
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Persistence and clinical relevance of
Zika virus in the male genital tract

Fabio A. Kurscheidt'-*, Cristiane S. S. Mesquita® ', Gabrielle M. Z. F. Damke’,
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Vania R. S. da Silva', Raquel P. Souza' and Marcia E. L. Consolaro®'*

Abstract | Zika virus (ZIKV) is a re-emerging mosquito-transmitted flavivirus associated with
congenital abnormalities in newborns and with Guillain-Barré syndrome in adults. The virus can
also be sexually transmitted and can persist in the male genital tract. Studies evaluating the
kinetics of ZIKV in seminal shedding of men who have been infected, as well as in animal and
cellular models of infection, have shown that, in addition to the testis and epididymis, the
prostate and seminal vesicles could also be involved in persistent ZIKV infection. Additionally,
some studies have reported that men infected with ZIKV can present with genitourinary
symptoms such as haematospermia, prostatitis, painful ejaculation, penile discharge, and
oligospermia; however, little is known about the effect of ZIKV on fertility. Understanding the
mechanisms that underlie persistent ZIKV infections in men is crucial to developing guidelines,

effective vaccines, and therapies.

Zika virus (ZIKV) is a re-emerging flavivirus belonging
to the family Flaviviridae, which was responsible for a
major outbreak in the Americas in 2016 (REF'). ZIKV
was first isolated in 1947 from a febrile, sentinel rhe-
sus macaque in the Zika Forest of Uganda, followed by
isolation in 1948 in the Aedes africanus mosquito of the
same forest, suggesting mosquito-borne transmission
of the virus®. Between 1952, the date of the first human
description, and 2007, the first epidemic on a small
island in Micronesia, fewer than ten cases had been
reported. In 2013, a large outbreak started in French
Polynesia, spread through the Pacific Ocean region
and invaded most of the countries in the Americas’.
Actually, autochthonous transmission of ZIKV infection
has been reported in Asia, Africa, Micronesia, French
Polynesia and other Pacific Islands, and Latin America,
with increasing numbers of descriptions of travel-related
cases worldwide™”, totalling 48 countries or territories
affected by this virus®. According to epidemiological data
from the Pan American Health Organization (PAHO)
and the WHO, 570,254 suspected cases of ZIKV were
reported and 214,783 were confirmed in the Americas
between January 2015 and July 2017. The USA has con-
firmed a total of 5,053 cases of ZIKV in travellers from
other countries’.

Most ZIKV infections are asymptomatic and go
unreported, but if systemic symptoms do appear, they
are usually mild in nature (mild fever, rash, arthralgia,
arthritis, myalgia, headache, conjunctival hyperaemia,
and oedema) and self-resolve within 1 week'*-'2,
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Mothers who are infected can transmit the virus through
the placenta to developing fetuses, leading to congen-
ital malformations including microcephaly, cerebral
malformations, ophthalmological and hearing defects,
and arthrogryposis'*'* in newborns and to neurological
syndromes — in particular, Guillain-Barré syndrome —
in adults'.

The main mode of ZIKV disease transmission in
urban and suburban environments is via the mosquito
vector Aedes aegypti, but the virus has been isolated
from several other species of the genus Aedes, such as
Aedes albopictus, Aedes luteocephalus, Aedes hensilli,
and Aedes polynesiensis'. ZIKV was first isolated from
A. africanus, which has a crucial role in the ZIKV syl-
vatic transmission cycle and is the likely enzootic vector
in Africa and Asia'® (FIG. 1). A. aegypti and A. albopictus
are more important vectors in the urban transmission
cycle and circulate globally, presenting a considerable
risk of ZIKV spread worldwide'-"*. In 2015, Kraemer
et al.'” mapped the global distribution of A. aegypti and
A. albopictus and found that the habitat-suitability range
for these species is at its widest ever spread, occurring
in all continents, including North America and Europe,
and increasing the potential for ZIKV spread.

ZIKV can be detected in blood, urine, semen and
other bodily fluids®; however, the frequency with which
the virus can be quantified in these fluids and the length
of time that it remains detectable are not well under-
stood. Moreover, some evidence highlights another
important route of transmission: through sexual contact
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Fig. 1| Schematic transmission cycles of ZIKV. In Africa, Zika virus (ZIKV) circulates in a sylvatic transmission cycle
between nonhuman primates and certain forest-dwelling species of Aedes mosquitoes (Stegomyia and Diceromyia
subgenera). Sporadic human infections can occur. In suburban and urban settings, ZIKV is mainly transmitted in a
human-mosquito—-human transmission cycle via the mosquito vector Aedes aegypti, but the virus has been isolated
from several other species of the genus Aedes such as Aedes albopictus, Aedes luteocephalus, Aedes hensilli, and

Aedes polynesiensis. ZIKV can be transmitted between humans via sexual contact with a partner who is infected, blood

transfusion, and pregnancy.

semen and urine but not in the blood sample. According
to the authors™, these results suggest that viral replica-
tion might have occurred in the genital tract, as rep-
licative ZIKV particles were found, using cell culture,
in the two semen samples but not in the urine sample.
However, when this replication started and how long it
lasted were unclear.

Thereafter, several studies have investigated the per-
sistence of ZIKV RNA in semen?®2*#**3%% The detec-
tion period and length of time that the virus can persist
in the semen are highly variable between different stud-
ies, ranging from days to months after symptom onset.
Some reports of ZIKV persistence in semen indi-
cated RNA positivity for up to a month; for example,
Atkinson et al.*” and Mansuy et al.”” identified ZIKV
RNA at high copy numbers 2 weeks after onset of the
symptoms. By contrast, other studies have reported
long-lasting persistence of ZIKV RNA in semen for
periods varying from 76 days to 370 days after symptom
onset?33>38-405355 (TABLE 1).

Most studies have shown that ZIKV persists for
longer in semen than in other bodily fluids (such
as urine, blood, and saliva) and with a higher viral
load, possibly owing to a virus sanctuary or reservoir
in the genital tract?*'*35-#4¢55_ Only a few studies
have reported contrasting data. Among them, the ini-
tial report from Musso and colleagues™ showed that
semen and urine both remained positive for ZIKV
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for 14-21 days after symptom onset, with a viral load
that was higher in semen (1.1 x 107 copies/ml) than in
urine (3.8 x 10° copies/ml). According to the report
from Mansuy and co-workers”, semen, blood, and
urine all remained positive for ZIKV RNA for ~14 days
after symptom onset, with a higher viral load in semen
(8.6 log,, copies/ml) than in blood (2.8 log,, copies/ml)
and urine (3.1 log,, copies/ml). D’Ortenzio and co-
workers* reported that semen and urine remained
positive for ZIKV RNA for 24 days, but the viral load
was higher in semen (3.5 x 107 copies/ml) than in urine
(2.1x 10* copies/ml). Finally, Froeschl and co-workers*
reported that blood samples remained positive for ZIKV
RNA until day 101 after semen negativation (positive
until day 77), with a similar viral load between semen
(34.34 CT) and blood (34.42 CT) on day 77.

Notably, ZIKV RNA detection does not always
indicate the presence of infectious virus™. Isolation of
infectious virus by cell culture is the gold standard for
detecting replicative (infectious) virus. Approximately
65% of studies that have tried to isolate infectious ZIKV
from semen using cell culture reported positive results
(TABLE 1), suggesting that the virus can remain infec-
tious in the male genital tract. Additionally, the isola-
tion of infectious virus by cell culture has confirmed
the presence of infectious virus up to 69 days after
symptom onset®', whereas ZIKV RNA has been detected
in human semen 304 days after symptom onset®.
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Table 1| Studies evaluating the kinetics of ZIKV in seminal shedding

Study

Musso et al.
Mansuy et al.
D'Ortenzio et al.
Frank et al.
Atkinson et al.
Reusken etal.
Atkinson et al.
Barzonetal.
Mansuy et al.
Nicastrietal.
Torresetal.
Arsuagaetal.
Soutoetal.
Harrower et al.
Mansuy et al.
Froeschletal.
Gaskel etal.
Joguetetal.
Huits et al.
Garcia-Bujalance et al.
Barzonetal.
Biava et al.
Sénches-Montalva et al.
Paz-Bailey et al.
Mead et al.

Latest detection of ZIKV seminal load* ZIKV blood load®*  ZIKV urine load®  ZIKV semen  Refs
ZIKV in semen (days isolation

after symptom onset)

=14-21 1.1x 10’ copies/ml Negative 3.8x10° copies/ml  Positive 7
=14 8.6 log,, copies/ml 238 log,,copies/ml  3.1log,,copies/ml  Positive o
24 3.5x 10’ copies/ml Negative 2.1x10" copies/ml  Positive )
45 6x 10" copies/ml Negative Negative Negative o
62 33CT Negative Negative NA ”
47 ~35CT Negative Negative Negative -
13 NI NI NA Positive 5
181 ~50 copies/ml Negative Negative Negative "2
93 4,800 copies/ml Negative Negative NA )
188 30.2CT Negative Negative Negative ik
=35 NI NA Negative NA o
96 30.1CT Negative Negative Positive u
93 29.99CT NA Negative Negative 2
76 35CT NA NA Negative &
141 ~3.5x10%log copies/ml  Negative Negative NA 9
77 34.34CT 34.42CTatday101  Negative Positive &
92 372CT NA NA Negative i)
160 3.4log copies/ml Negative Negative Positive =2
137 ~35CT NI NA Positive i
96 27.39CT NA Negative Positive A
370 ~23CT NI NI Positive b
147 385CT Negative Negative Positive 2
23 NI Negative Negative NA 5
125 NI Negative Negative Positive 3
281 NI NI Negative Positive 2

CT, cycle thresholds; NA, not analysed: NI, not informed; ZIKV, Zika virus. *On the day of last detection in semen.

These data indicate that viral transmission via semen
could occur for at least 69 days after disease onset, at
least in some men who are infected.

A 2018 study reported that ZIKV RNA was com-

monly present in the semen of men with sympto-
matic ZIKV infection and persisted in some men for
>9 months after symptom onset™. However, the authors
observed that shedding of infectious ZIKV seemed
to be much less common and was limited to the first
few weeks after the onset of symptomatic infection.
Additionally, in contrast to the frequent and prolonged
shedding of ZIKV RNA in semen, the shedding of infec-
tious ZIKV that could be cultured was rare, short-lived,
and limited to the few samples with >7.0 log,, copies/ml.
Finally, none of the 75 cultured samples with RNA loads
<7.0 log,, copies/ml yielded infectious ZIKV; and no
sample that was obtained >30 days after symptom onset
yielded infectious ZIKV*.

Considering that ~20-73%?"*475%5255 of men with
symptomatic ZIKV infection test positive for the virus in
semen, sexual transmission could certainly complicate
efforts to prevent transmission of ZIKV. Furthermore,
these data raise major concerns about the possibility

of ZIKV infection leading to fertility problems in adult
males and in fetuses of mothers who are infected.
However, no studies have been performed to evaluate
whether in utero ZIKV infection could affect the fertility
of the offspring.

Men with vasectomy and no symptoms
The detection of ZIKV RNA in the semen of three men
who had each undergone vasectomy”“* is notable.
The surgical vasectomy procedure cuts and seals the
vas deferens, which carries spermatozoa from the testis
and epididymis towards the prostate and seminal ves-
icles. As a result, the ejaculate does not contain sperm
or other cells from the testis and epididymis. Thus, the
persistence of ZIKV in the male genital tract (or at least
the location of virus shedding) must be confined to the
bulbourethral glands, prostate, and seminal vesicles.
Detection of viral RNA was possible in samples from
two?"* of three”*”** men who had undergone vasectomy
and were infected with ZIKV; often weeks after the initial
infection. Arsuaga et al.” reported the detection of ZIKV
RNA in semen from a man with a vasectomy 96 days
after symptom onset, which was successfully cultivated
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from a sample harvested 69 days after the symptoms
began. Similarly, Froeschl et al.** detected ZIKV RNA in
the semen of a man with a vasectomy 77 days after symp-
tom onset. ZIKV RNA was successfully cultivated from
a sample 21 days after the symptoms began. These data
suggest that ZIKV replicates not only in spermatogonia
but also in tissues distal of the vas deferens, including
the prostate, seminal vesicles, and bulbourethral glands.
In support of this hypothesis, another team reported
ZIKV RNA detection by RT-PCR in the semen of a
patient presenting with nonobstructive azoospermia.
This study reported a case of ZIKV male-to-female sex-
ual transmission in a totally asymptomatic couple who
sought treatment for pregnancy by in vitro fertilization
with donor semen®.

The possibility that ZIKV might be present in the
semen of asymptomatic men is an important consid-
eration, as almost all reports of the presence of semi-
nal ZIKV RNA were in people who had been studied
because they presented with symptoms of ZIKV or
because sexual transmission was suspected. However,
ZIKV infection can be asymptomatic with the virus pres-
ent in the semen?*#4%5 In 2017, Garcia-Bujalance et al.**
published a report of five patients with ZIKV returning
from endemic areas. Semen viral culture was positive
for ZIKV in two patients at day 30 and day 69 of illness
or since departure from the endemic country in patients
with asymptomatic infection. Importantly, ZIKV RNA
was present in the semen of an asymptomatic patient 68
days after his return from travel, highlighting the possi-
bility of sexual transmission of ZIKV by asymptomatic
patients who do not know that they are infected.

Considering that >50-80% of people infected with
the virus are asymptomatic'®, estimating the real prev-
alence of ZIKV in semen and the viral kinetics at dif-
ferent stages of infection is difficult, both in countries
with and without autochthonous virus transmission.
Nevertheless, the consequences of ZIKV infection
in the genital tract of asymptomatic men need to be
prospectively evaluated.

Factors affecting persistence in semen

Persistence of ZIKV in immune-privileged sites such as
the male genital tract might differ among populations
depending on their ethnic background, ongoing vector-
borne transmission of the virus and previous exposure
to other flaviviruses*. One possible explanation for
this phenomenon could be the difference in naturally
acquired immunity or in the vaccination status between
men residing in endemic areas and travellers. People
living in endemic areas are exposed to other circulating
flaviviruses, such as dengue and chikungunya viruses,
which might also affect their ability to clear ZIKV*.

A 2018 study of 184 men with ZIKV who had symp-
toms showed that older age, infrequent ejaculation and
the presence of certain symptoms at the time of ini-
tial illness (such as the presence of conjunctivitis and
absence of joint pain) were independently associated
with prolonged viral RNA shedding™. According to the
study authors, prolonged shedding in older men could
be related to either structural changes in the reproduc-
tive tract or perhaps less effective immune clearance.
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The observed associations with conjunctivitis and
arthralgia could be indicative of infectious or immuno-
logical events also occurring in the testis or genitouri-
nary mucosa, which in turn might affect the duration of
shedding. Regarding the association between the dura-
tion of ZIKV RNA shedding and ejaculatory frequency,
one possible explanation is that participant-specific dif-
ferences in ejaculatory frequency influence the rate at
which viral material is flushed from the genital tract™.

When these studies are considered as a whole, per-
sistence of the virus and infectivity of ZIKV in semen
appears variable, and seminal shedding kinetics were
heterogeneous among patients. Although some studies
detected prolonged persistence of viraemia in whole
blood™ or showed that the blood remained positive
for ZIKV RNA after negativation in semen®, the great
majority of data report that the virus remains detecta-
ble for a longer period of time in semen than in other
biological fluids, such as blood and urine?!#!-35-#446-55,
Additionally, the isolation of infectious virus using cell
culture has confirmed the presence of infectious virus
for as many as 69 days after symptom onset*'. Taken
together, these data not only indicate the tropism of the
virus for the male genital tract but also raise the possi-
bility of viral replication within this system, for example,
within the testes. Furthermore, considering the three
reported cases of persistent ZIKV RNA detection in the
semen of men who had undergone a vasectomy, the virus
might be able to infect and replicate not only within the
testes and epididymis but also in the prostate, seminal
vesicles, and bulbourethral glands®*#. Thus, the specific
factors influencing viral persistence in semen should be
identified in order to better understand ZIKV kinetics
in humans.

Although several reports describe male-to-female
sexual transmission of ZIKV* -2, few studies have
shown female-to-male transmission”. Thus, the dynam-
ics of ZIKV in cervical-vaginal samples and the poten-
tial of transmission between females and males are not
known. Further studies focusing on the presence and
infectivity of ZIKV in the vaginal and cervical mucosa
are urgently needed to elucidate important questions
such as whether genital-tract ZIKV infection is sympto-
matic in females and how long the virus can remain in
the vaginal mucosa or secretions.

Effects on the male genital tract

The relationship between the presence and persistence
of ZIKV in the male genital tract and the effects that
this virus can cause in men remain uncertain. Although
several reports describe sexual transmission of the virus,
which organs or cells are affected and the potential for
cellular damage caused by ZIKV are not well understood.

ZIKV and genitourinary symptoms

Although ZIKYV infection is linked with Guillain-Barré
syndrome and infection during pregnancy can lead to
congenital abnormalities™*, ~80% of ZIKV infections
are asymptomatic or are associated with only mild
symptoms, making detection of the virus difficult'®**<.
Furthermore, sexual transmission of ZIKV has been
reported between asymptomatic patients” .
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The most commonly reported systemic symptoms,
if present, of acute ZIKV infection are maculopapular
rash, fever, arthralgia, myalgia, and conjunctival hyperae-
mia'®*>%, Case reports have also described genitourinary
symptoms such as haematospermia®***=#"%, prostatitis®,
painful ejaculation, and penile discharge® in men who
are infected, but the relevance of these symptoms on fer-
tility outcomes is unclear. With regard to ZIKV infection
in women, no report has been published in the literature
regarding genital symptoms of ZIKV infection.

Macroscopic or microscopic haematospermia is a
frequent finding in men and is mainly related to infec-
tious and inflammatory conditions®'. Although haema-
tospermia is not a specific sign of ZIKV, it might be an
indicator that the patient has a seminal ZIKV infec-
tion. However, haematospermia has been reported in
only 13 patients from six studies that included a total
of 207 patients**#>45%_ Thus, the occurrence is only
~6%, and more studies need to be performed to further
evaluate the presence of this symptom.

The first report of potential sexual transmission of
ZIKV was published in 2011 and described two people
who had travelled to an endemic area, one of whom
developed symptoms associated with ZIKV infection,
reporting prostatitis (perineal pain and mild dysuria)
on day 2 after symptom onset and haematospermia on
day 5 that lasted for 4 days®. Despite serological tests
and anamneses suggestive of ZIKV infection, RT-PCR
did not detect arboviral RNA in any of the samples®.
Haematospermia, confirmed by direct and macro-
scopic seminal examinations, was also described in the
individual reported by Musso and colleagues™.

Huits and colleagues* evaluated four patients with
systemic symptoms of ZIKV infection, but only one of
these men reported painless haematospermia 8 days
after a flu-like illness with fever and arthralgia. Urine and
semen were collected, and ZIKV infection was confirmed
by RT-PCR on the urine collected on day 16. The CT
value of the semen on day 16 was lower than the CT value
of the urine collected on the same day. ZIKV RNA levels
in semen gradually declined to an undetectable level on
day 56. Additionally, Souto and colleagues®* reported a
case of a man who presented with self-limiting haemato-
spermia after returning from an endemic region, a month
after a prior diagnosis of prostatitis. The first semen sam-
ple was obtained 30 days after symptoms began, and the
presence of ZIKV was confirmed by RT-PCR.

In a study of ZIKV frequency and persistence in
semen after acute symptomatic ZIKV infection, Huits
et al. evaluated 15 men, only 1 of whom presented
with haematospermia; ZIKV RNA was detected in this
semen sample. ZIKV was also detected in semen of 8 of
14 men who did not present with haematospermia. In a
prospective study of men with symptomatic ZIKV infec-
tion, 5% (8 of 177) of patients reported bloody semen
during or shortly after illness onset™. At least one semen
sample was confirmed positive for ZIKV RNA in 33%
(60 of 184) of men, but, within the study, presence of
ZIKV RNA was not associated with symptomatology or
presence of haematospermia.

Some studies have revealed the presence of micro-
scopic haematospermia in semen. Musso et al.**

confirmed the presence of haematospermia by direct and
macroscopic examinations of semen in a patient who
reported blood in the ejaculate™. Microhaematospermia
in the absence of macroscopic haematospermia was
observed in three men with symptoms and ZIKV-
RNA-positive semen. In these patients, tests for sem-
inal occult blood (via detection of haemoglobin and
myoglobin pseudoperoxidase activity in the semen)
were positive, although direct microscopic and mac-
roscopic examinations of the semen samples did not
demonstrate haematospermia. In two patients, semen
remained positive for ZIKV RNA at least 1 week after
microhaematospermia ceased®'. Furthermore, Froeschl
et al.* observed isolated mild microhaematuria without
other relevant pathological findings in a man who had
undergone vasectomy and was ZIKV positive. By con-
trast, Gaskell and colleagues® reported that, although
the patient exhibited ZIKV RNA in his semen, he did
not present with any genitourinary symptoms nor was
microhaematospermia detected in the sample.

In addition to prostatitis and haematospermia, one
study of the frequency and duration of detectable ZIKV
RNA in women and men also observed that painful ejac-
ulation (6.7% of men) and penile discharge (2.7% of men)
were among the related signs and symptoms™.

Despite an apparent association between haemato-
spermia or other genitourinary symptoms and ZIKV
infection, these symptoms are not very specific, making
it difficult to confirm this association. A possible mech-
anism for such an effect could be via the virus causing an
inflammatory process in the male genital tract*>*. Even
so, many of the patients positive for ZIKV RNA in semen
did not report any genitourinary symptoms***34053.5462,
Thus, further studies are required to clarify the link
between the presence of viral RNA in semen and
symptoms related to changes in the genital tract.

ZIKV, semen and sperm parameters

Several studies have verified microscopic alterations
to semen and spermatozoa in men infected with
ZIKV*4752 Huits et al.* evaluated the presence and per-
sistence of ZIKV in the semen of four patients after onset
of symptoms compatible with the infection. In this study,
the authors assessed sperm count, morphology, motility,
and leukocyte and erythrocyte counts in fresh semen
samples. Patient 1 presented with microscopic haemato-
spermia in semen samples collected on days 31, 41, 59,
and 68. Oligospermia with normal morphology was
present on day 31, but sperm counts increased to nor-
mal in subsequent samples. ZIKV RNA was detected in
semen throughout all 68 days, and ZIKV RNA gradu-
ally decreased to undetectable levels. The semen samples
collected from patient 2 were not suitable for micro-
scopic analysis, but this man was the only patient in
the study to actually report haematospermia among the
symptoms; ZIKV RNA was detected until day 50 after
symptom onset. The serum of patient 3 tested positive
for ZIKV IgM, but RT-PCR did not detect ZIKV RNA
in a semen sample that demonstrated a normal sperm
count. Finally, patient 4 had no ZIKV RNA detected in
the one semen sample, which was obtained on day 10
after symptoms onset, but this sample did demonstrate
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oligospermia. The authors hypothesize that the steady
decline of ZIKV RNA levels observed in sequential
semen samples indicates that the testes were seeded
during the viraemic phase. Viral replication would then
be contained in the immunoprivileged reservoir of the
seminiferous epithelium. Interestingly, and in support
of this hypothesis, the kinetics of ZIKV seminal shed-
ding in the patients coincide with the duration of human
spermatogenesis, which takes 69-80 days®.

In another study by the same team*, ZIKV RNA was
detected in the semen of 9 of 15 men (60%), 1 of whom
had undergone a successful vasectomy. All 11 study par-
ticipants, for whom the first collected semen sample was
microscopically analysed, had presence of leukocytes, and
10 showed haematospermia. Excluding the sample from
the man with the vasectomy, six of the semen samples
analysed showed oligospermia. Only one patient reported
haematospermia among his symptoms, but his semen
was not microscopically analysed. These abnormalities
occurred irrespective of ZIKV detection in semen. Taken
together, 8 of the 14 total semen samples analysed in these
two studies demonstrated oligospermia®*’. These find-
ings begin to reveal the possible viral tropism to the ger-
minal epithelium of the male genital tract. This evidence
also suggests that the virus can alter or even injure germ
cells, which might lead to decreased fertility.

The group of Joguet et al.*> was the first to publish
a study showing the quantitative and qualitative harm-
ful effects on spermatozoa production in patients with
ZIKV infection. They collected blood, urine and semen
from 15 men at days 7, 11, 20, 30, 60, 90 and 120 after
symptom onset. Semen characteristics, including total
sperm count, sperm motility, vitality and morphology,
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Fig. 2 | Potential location of ZIKV infection in the male genital tract and its
relationship with subfertility. The male genital tract comprises the testis, epididymis,
vas deferens, prostate, seminal vesicles, bulbourethral glands, and the penile urethra.
Two main functions of the male genital tract are the production, maturation, and
protection of spermatozoa from immune aggression and infectious agents and the
production of hormones. The presence of Zika virus (ZIKV) in the male genital tract and
seminal fluid is likely to be a sign of infection with pathological sequelae rather than
clinically irrelevant contamination. The inflammatory process triggered by some viral
infections such as ZIKV can lead to deterioration of spermatogenesis and obstruction of
the seminal tract, which could impair semen characteristics.
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and concentrations of reproductive hormone including
testosterone, inhibin, follicle-stimulating hormone, and
luteinizing hormone were assessed. Of these 15, 11 men
(73%) tested positive for ZIKV RNA in>1 seminal
plasma sample or semen sample at day 7. In 4 of these
15 men (27%), ZIKV RNA was never detected in semen
or its fractions; 90% of fractions that contained only
spermatozoa were positive for ZIKV RNA, and all were
from patients who also tested positive with a high ZIKV
RNA load in their seminal plasma, which might indicate
that the virus is linked to spermatozoa. The averages of
the total sperm counts and the total motile sperm counts
were both significantly decreased (P<0.0083) by ~50%
at day 60 after symptom onset compared with day 7.
The multiple anomalies index was also increased at day
30 and day 90 compared with day 7, suggesting an effect
on spermatogenesis, but by day 120 the median total
sperm count, sperm motility, vitality morphology, and
multiple anomalies index did not differ from those of
day 7, suggesting that the effects of ZIKV on spermato-
genesis might be transient. When native semen (seminal
plasma or semen cell pellets) tested positive for ZIKV
RNA, the semen volume, total sperm count, and total
motile sperm count were significantly reduced compared
with those of ZIKV-RNA-negative semen (P<0.05).

The presence of ZIKV in the male genital tract and
seminal fluid is likely to be a sign of infection with
pathological sequelae rather than clinically irrele-
vant contamination. The inflammatory process trig-
gered by some viral infections, including ZIKV, can
lead to deterioration of spermatogenesis and obstruc-
tion of the seminal tract, which could impair semen
characteristics (FIG. 2).

The presence of erythrocytes, leukocytes and oli-
gospermia suggests inflammation and might indicate
tissue damage in the male genital tract*>*”. These find-
ings are not specific, but their manifestation in men
infected with ZIKV could be directly associated with the
infection process®’; however, few studies have included
microscopic investigation of the semen, and more stud-
ies investigating changes in seminal parameters are
required to elucidate the changes that ZIKV infection
could cause in the male genital tract. In this sense, it
is also not possible to determine if the affected semen
parameters are reversible*.

Targeting ZIKV in the male genital tract

The consequences of ZIKV infection on the male genital
tract are not well established, but effects on the sperma-
tozoa that could cause subfertility in the long term are
possible. Studies are underway to elucidate the dynamics
of ZIKV infection in spermatozoa* and which types of
semen cell are infected***>**, and to better understand
possible changes in the male genital tract®.

In order to identify possible targets and cellular recep-
tors for ZIKV in spermatozoa, Bagasra et al.* used semen
samples purchased from sperm banks and infected these
samples with ZIKV, demonstrating that ZIKV was pres-
ent primarily at the midpiece of mature spermatozoa in
~30% of the sperm and that ZIKV binds to the midpiece
of motile and viable spermatozoa but not to nonmotile
or dead sperm. In addition, the comparison of different
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Virus entry

Fig. 3| Role of tyrosine-protein kinase receptors
primarily expressed on the midpiece of

human spermatozoa in ZIKV binding and entry
into spermatozoa. Members of the TAM family
(TYRO3, AXL, and MER) of transmembrane proteins
contain an extracellular, a transmembrane and a
conserved intracellular tyrosine kinase domain and
bind the ligands GAS6 and Protein S, which recognize
phosphotidylserine moieties on dying cells or on
enveloped viruses. ZIKV, Zika virus.

fractions of semen suggests that viable sperm seem to
be the major source of ZIKV transmission. However, the
authors determined that tyrosine-protein kinase recep-
tors (such as TYRO3), which are primarily expressed on
the midpiece of human spermatozoa, have a role in ZIKV
binding and entry into spermatozoa®. These data sug-
gest a potential sexual and/or horizontal route of ZIKV
transmission, primarily via infected sperm, whereby
ZIKV most likely enters the sperm via the TYRO3 recep-
tor. The TAM receptors — TYRO3, AXL, and MER —
comprise a unique family of receptor tyrosine kinases, in
that, as a group, they have no essential role in embryonic
development®. Members of the TAM family of trans-
membrane proteins contain an extracellular domain,
a transmembrane domain and a conserved intracellular
tyrosine kinase domain and bind the ligands GAS6 and
Protein S, which recognize phosphotidylserine moieties
on dying cells or on enveloped viruses*. They function
as homeostatic regulators in adult tissues and organ sys-
tems that are subject to continuous challenge and renewal
throughout life; their regulatory roles are prominent in
the mature immune, reproductive, haematopoietic, vas-
cular and nervous systems®. The TAMs and their ligands
are essential for the efficient phagocytosis of apoptotic
cells and membranes in these tissues, and in the immune
system they act as pleiotropic inhibitors of the innate
inflammatory response to pathogens® (FG. 3).

This study by Bagasra et al.** is the only one to use an
antibody against TYRO3 protein, expression of which
has been previously shown on spermatozoa®. Their data
suggest that the ZIKV binding site is isolated on the mid-
piece of sperm and seems to be associated with TYRO3
antibodies directed specifically at the internal protein
of 100-250 amino acid residues®. Previous studies have
shown that this portion of TYRO3 has an important role

in receptor function®“*. The selective penetrations of
ZIKV via the TYRO3 receptor at the midpiece of mature
sperm suggest that an unfertilized egg is protected from
infection, as the midpiece does not enter the egg during
the fertilization process®>**. However, this field needs fur-
ther investigation, as parental mitochondria might enter
the egg during fertilization in some cases®. Interestingly,
some reports suggest heightened susceptibility to Ebola
and/or Marburg as mediated by expression of TYRO3
(REFS”#%); thus, the TYRO3 receptor might also have an
important role in enhancing susceptibility of other fla-
viviruses® in addition to ZIKV. TYRO3 receptors have
also been shown to greatly enhance the infection by the
dengue virus and the West Nile virus®.

In order to identify specific cells in semen that are
infected by ZIKV, Biava et al.** evaluated ZIKV RNA
in semen specimens longitudinally collected from two
patients infected with ZIKV who had symptoms of
ZIKV infection and had viral RNA detected in their
plasma and/or urine. In particular, the diagnostic value
of ZIKV RNA testing in different seminal compartments
was analysed by comparing the ZIKV RNA content in
unfractionated semen, the seminal cellular fraction,
and seminal plasma. In parallel, the levels of negative-
strand replicative ZIKV RNA (neg-RNA) were measured
to establish whether the ZIKV genome was associated
with active virus replication. In both patients, a higher
ZIKV RNA concentration was observed in the cellu-
lar fraction than in the corresponding unfractionated
samples. In patient 2, neg-RNA was also detected in the
cellular fraction, suggesting ongoing viral replication.
The authors suggest that these data demonstrate higher
clinical sensitivity of the cellular fraction than does
whole-semen testing for ZIKV infection, emphasizing
the need to extend ZIKV RNA testing to the cellular
fraction before ZIKV and the associated possible risk of
sexual transmission can be ruled out.

ZIKV detection techniques

An understanding of the viral kinetics of ZIKV is essen-
tial to determine the optimal strategy for diagnosing
ZIKV infection™. The infection process can be divided
into acute and convalescent phases. Infection is consid-
ered acute (the viraemic phase) until 5 days after the
onset of symptoms®. When this phase ceases, the con-
valescent phase begins; in this phase, anti-ZIKV IgM and
IgG antibodies usually appear in the bloodstream™.

As well as its detection in blood (cells, serum and
plasma), urine, and semen, ZIKV has been detected in
other body fluids including cerebrospinal fluid, amni-
otic fluid, and saliva. Semen and urine samples remain
positive for the virus for longer periods than blood
or saliva samples do'”". A large study that compared
RT-PCR results in serum and saliva samples indicated
that RT-PCR had higher sensitivity in saliva than in
serum, although samples from some people were pos-
itive in serum but not saliva, and testing saliva did not
extend the duration of detectability of viral RNA after
the onset of symptoms'”*”'. Although ZIKV RNA is
detected in saliva, no reports exist to suggest oral trans-
mission of the infection. RT-PCR for the detection of
viral nucleic acids in patients with symptoms in the acute
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phase is the most sensitive and specific method and the
gold-standard test for the diagnosis of ZIKV infection®.
However, as viraemia is transient, the test is most likely
to be positive within 1 week after the onset of the clinical
illness, and the diagnosis might be missed if the patient
is asymptomatic'”2. However, the persistence of ZIKV
RNA in semen makes the detection of ZIKV infection
possible in men for longer periods (up to 370 days)™
than in women (up to 31 days)™.

Identification of virus-specific IgM and IgG by
enzyme-linked immunosorbent assay (ELISA) can be
used to diagnose patients in the convalescent phase,
although the precise time of the onset and the duration
of IgM and IgG antibody responses to ZIKV have not yet
been well defined"**”. IgM antibodies normally develop
within ~3 days after the onset of symptoms and can
persist for >3 months. IgG antibodies develop days after
1gM do and can persist for months to years*”". However,
serological cross reactivity of other flavivirus antibodies
or vaccines against flaviviruses can occur and presents
a major challenge for interpretation of the results'*.
Thus, RT-PCR to detect viral RNA in the acute phase is
especially useful in geographical areas where concurrent
circulation of various different arboviruses is common™.

Other tests, such as neutralizing antibodies and viral
culture, can also be performed, but they are used predom-
inantly for research purposes®. Notably, the detection
of viral RNA in bodily samples does not mean that the
virus is still infectious, and detection of viable infectious
ZIKV is only possible using cell culture techniques.

ZIKV infection in animal models

The differences in epidemiology and disease pres-
entation during the ZIKV outbreaks from 2016 and
those during previous outbreaks regarding the associ-
ated in utero and neonatal effects and Guillain-Barré
syndrome in adults have prompted researchers to
develop animal models of ZIKV infection and patho-
genesis using contemporary virus strains. Despite the
fairly short time interval since the outbreak, several
animal models have been established to investigate
mechanisms of dissemination, pathogenesis, and host
immune response to ZIKV in adults, pregnant women,
and developing fetuses™. Moreover, these models are
already in use to evaluate novel therapeutics and vac-
cines for possible protection against and control of
ZIKV infection™. The vast majority of studies on ZIKV
and the male genital tract are performed on small ani-
mals such as mice, as they are more easily accessible
than nonhuman primates (NHPs). Models based on
NHPs are in use in studies to elucidate the viral dynam-
ics of ZIKV with the intention of observing the distri-
bution of the virus in tissues and the immune response
triggered”>*, and various animal studies have evaluated
the possible damage caused by ZIKV to the tissues of the
male genital tract (TABLE 2).

Nonh 31,
I

primate
Although mouse models are more easily accessible,
NHPs are an attractive model for ZIKV research and
drug discovery owing to their similarity to humans™”.
NHP models could provide invaluable information
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regarding the mechanism of action, efficacy, and safety
of drug and vaccine candidates and enable optimiza-
tion of the product, dose, and route, as was previously
performed for HIV vaccines™. Before the 2016 ZIKV
epidemic, the outcome of ZIKV infection in the rhesus
macaque model had not been well characterized; how-
ever, the virus was originally isolated from a febrile rhe-
sus macaque, suggesting that viral replication, immune
response, and aspects of pathogenesis can be modelled
in this species”. Rhesus macaques were shown to be
susceptible to a ZIKV of Asian lineage™, with preg-
nant animals being viraemic for a longer period than
nonpregnant animals; thus, this model will also enable
assessments of the effect of maternal ZIKV infection on
the developing fetus.

The use of macaque species other than the rhesus
macaque, specifically cynomolgus macaques, as a model
for human infectious diseases has increased™, mostly
owing to the reduced availability of rhesus macaques for
research purposes after a ban on their export from India
and most other South Asian countries. Cynomolgus
macaques offer the advantages of smaller size and weight
than rhesus macaques®, meaning that reduced amounts
of drugs are needed for studies in which dosage is based
on body weight. Additionally, the smaller animal size pro-
vides the additional benefit of easier animal husbandry
practices (such as handling and space requirements),
translating into considerable cost benefits™.

Using NHP models, Osuna et al.” performed a study
using rhesus and cynomolgus macaques to evaluate the
dynamics of ZIKV in blood, tissues, cerebrospinal fluid,
and mucosal secretions of five Indian-origin rhesus
macaques (two females and three males). The presence
of ZIKV RNA was demonstrated at high levels in semen
7-21 days after infection, and viral RNA was detected
in semen and urine up to 28 days after infection and
3 weeks after the resolution of viraemia. Seminal plasma
ZIKV values ranged between 3.4 x 10* RNA copies/ml
and 1.1 x 10° RNA copies/ml on days 7-21 after infec-
tion and between 3.5 x 10* and 5.1 x 10* RNA copies/ml
on day 28 after infection. In addition, the researchers
were able to verify regions in the male genital tract
that harboured persistent viral foci; the testes, prostate,
and seminal vesicles remained positive for ZIKV RNA
even after elimination of viral RNA from the plasma.
However, they did not specify the cells in which the virus
was found. The investigators suggested that some ana-
tomical sites, including the male genital tract, might har-
bour persistent reservoirs of ZIKV that could facilitate
viral transmission to uninfected hosts over extended
periods. A study by Koide and colleagues™ in six cyno-
molgus macaques attempted to evaluate a potential alter-
native NHP model for non-rhesus macaque species as
amodel for human ZIKV infection. They showed high
viral loads (between 10° copies/ml and 10* copies/ml)
in testes samples 8 days after ZIKV inoculation,
although, once again, they did not investigate the spe-
cific testicular cell types affected. By contrast, Hirsch
etal.” failed to detect ZIKV RNA in the testes of rhesus
macaques after 35 days after virus inoculation but were
able to detect viral RNA in the prostate and seminal
vesicles. Histological examination of tissues revealed
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Table 2 | Animal models of ZIKV infection in the male genital tract

Study ‘Animal model Male urogenital tropism  Positive biological fluids  Refs
Osunaetal. Rhesus and cynomolgus = Testes * Blood A
macaques « Prostate = Urine
= Seminal vesicles = Saliva
= Semen
= Cerebrospinal fluid
Koide et al. Cynomolgus macaques Testes = Blood 3
* Urine
* Saliva
Hirsch etal. Rhesus macaques = Prostate = Blood i
* Seminal vesicles = Urine
Goveroetal. Ifnar1™”- mice = Spermatogonia = Blood "
= Primary spermatocytes * Epididymis
= Sertoli cells = Sperm
= Epididymis
Ma etal. Ifnar1-- mice = Peritubular cells NI !
= Spermatogonia
* Epididymis
Winkler et al. Rag1~- mice = Spermatogonia Blood &
* Primary spermatocytes
Uraki et al. Ifnar1™- mice * Leydig cells Blood L2
* Epididymis
Shengetal. AG6 mice Sertoli cells NI s
Uraki et al. Ifnar1”"- mice « Testes Sperm o
= Epididymis
Kawiecki et al. IRF3/7 mice * Epididymis Blood Lt
= Seminiferous tubules
= Germ cells
Duggal et al. AG129 mice « Testes Sperm Ll
« Epididymis
* Germ cells
Chanetal. Immunosuppressed BALB/c  » Testes Blood %0
mice with dexamethasone  * Seminiferous tubules
Siddharthanetal. ~ STAT2-knockout hamsters * Kidney NI o
= Spermatogonia
« Sertoli cells
Griffinetal. Ifnar1”- mice * Seminiferous tubules Sperm &
= Spermatogenic cells
« Sertoli cells
Xuetal. = BALB/c mice NI NI o)

* Ifnar1™ mice
NI, not informed; ZIKV, Zika virus.

the presence of atypical prostatitis characterized by
interstitial neutrophilic, lymphoplasmacytic cellular
infiltrates, and glandular microabscesses in one ani-
mal. Together, these three studies™” showed that NHP
models could be used to glean relevant information
about viral dynamics and demonstrated the viral affin-
ity for the male genital tract and the capacity to use this
site as a reservoir, suggesting a possible reason for viral
persistence in semen. However, none of the studies eval-
uated the specific cellular localization of ZIKV in the
testes, prostate, or seminal vesicles.

Small-animal models

Rapid development of small-animal models of ZIKV
infection has already led to important discoveries, espe-
cially those concerning the congenital transmission and
outcomes of ZIKV infection®**'. Some studies using

small-animal models have demonstrated an impor-
tant role for type I interferon responses in protection
against ZIKV infection. The NS5 protein of ZIKV
inhibits human STAT?2, suppressing the type I inter-
feron response to ZIKV and enabling proliferation of
virus™. By contrast, NS5 does not inhibit murine STAT2,
enabling a strong response of type I interferon and sup-
pression of ZIKV infection in mice™. Indeed, wild-
type mice seem to be able to control ZIKV infection,
as their immune system Kkills off the infection before it
becomes symptomatic, whereas mice deficient in IFNa
and P receptor subunit 1 (IFNARI) are susceptible to
ZIKV infection, lose weight, and develop neurological
disease™. Interestingly, wild-type C57BL/6 mice treated
with anti-IFNAR antibodies develop viraemia but do
not lose weight or develop neurological disease™, sug-
gesting that when the interferon response is suppressed
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but not deficient, other components of the immune sys-
tem are able to control ZIKV infection®. On this basis,
immunocompetent mice are resistant to ZIKV infection
by peripheral inoculation and, therefore, most studies
have used immunocompromised animals — usually
C57BL/6 mice with a variety of knockouts and defi-
ciencies, including Rag1~'~ (type I interferon signalling
blocked), Ifnar1-'"- (null for type I IFNa and IFN recep-
tor chains), IRF3/7 (interferon regulatory factors IRF3
and IRF7 blocked), AG6 (deficient in IFNa and IFNB
receptor and IFNYy receptor (IFNGR)), or AG129 (IFNa
and IFN receptor and IFNYy receptors knocked out)**
— to facilitate ZIKV infection and dissemination. Other
researchers induced immunosuppression using dexa-
methasone in an immunocompetent model such as a
BALB/c mouse™. Additionally, a study by Siddharthan
etal.” used STAT2-knockout hamsters to investigate the
replication and pathogenesis of ZIKV.

Govero et al.*” verified the occurrence of damage in
the testes of wild-type C57BL/6 mice treated with an
anti-IFNAR1 monoclonal antibody to facilitate infec-
tion and dissemination of ZIKV. Two strains of ZIKV
were used: Dakar-41519 from Africa (a mouse-adapted
African ZIKV strain) and a contemporary Asian ZIKV
strain (H/PF/2013) from French Polynesia (2013) that
replicates less efficiently in mice. Using the African
strain, the researchers observed the persistence of ZIKV
in the testes and epididymis, causing tissue injury that
was associated with the presence of inflammatory cel-
lular infiltration, causing reduction in testosterone and
inhibin B levels and, consequently, oligospermia. In
addition, using in situ hybridization, they verified that
ZIKV preferentially infected spermatogonia, primary
spermatocytes, and Sertoli cells in the testis, resulting in
cell death and destruction of the seminiferous tubules,
indicating possible effects on fertility. Additionally,
ZIKV RNA and infectious virus were also detected in
mature sperm collected from the epididymis. To con-
firm the changes caused by ZIKV in the genital tract of
male mice, the researchers verified that the pregnancy
rate and the number of viable fetuses from breeding
infected males and uninfected females were lower than
the rates and numbers achieved when breeding unin-
fected females with uninfected males. Less damage was
caused by a contemporary Asian ZIKV strain, which,
according to the authors, might be due to this virus
replicating less efficiently in mice. In this way, Govero
et al.”? demonstrated that ZIKV infection causes tes-
ticular and epididymal damage in mice that can result
in a reduction in key sex hormones, destruction of
germ and somatic cells in the testes, loss of mature
sperm, and subfertility. The experiments using mouse-
adapted Dakar ZIKV indicated that the Sertoli cells
might be a target for ZIKV in testes, causing detach-
ment from the basement membrane and dissolution of
the blood-testes barrier.

Supporting these data, in a second study using wild-
type C57BL/6 and Ifnar1~'- mice, Ma et al.* also demon-
strated that ZIKV can induce severe inflammation in the
testes and epididymis but not in the prostate or seminal
vesicles, which correlates with expression of the ZIKV
entry cofactor/attachment receptor AXL. AXL is highly
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enriched in the testes and epididymis, but no expression
has been shown in either the prostates or seminal ves-
icles of mice and humans. In addition, the researchers
noted that ZIKV induces an innate immune response in
Leydig cells, Sertoli cells, and epididymal epithelial cells,
producing pro-inflammatory cytokines and chemok-
ines. Levels of major pro-inflammatory cytokine mRNA,
including tumour necrosis factor (TNF), IL-6, IFNB and
CXCL10, dramatically increase in ZIKV postinfection. In
peritubular cells and spermatogonia, the production of
cytokines was not fast and not abundant, suggesting that
these cells might be vulnerable to ZIKV infection and act
as a potential viral replication site and highlighting that
infection could contribute to male infertility. By con-
trast, Winkler et al.* used a wild-type Ragl~~ C57BL/6
mouse model to show the importance of the adaptive
immune response to ZIKV for controlling and pre-
venting the infection in testes. These data showed that,
although wild-type C57BL/6 mice mount cell-mediated
and humoral-adaptive immune responses to ZIKV, these
responses are not required to prevent disease. However,
when the type I interferon response of mice was sup-
pressed, then the adaptive immune responses became
critical. This effect was shown by using antibodies to
block type I interferon signalling in Ragl~'~ mice; the
mice showed dramatic weight loss and ZIKV infection in
the brain and testes. This phenotype was not observed
in immunoglobin-treated Ragl~"- mice or wild-type mice
treated with anti-type I interferon alone. Furthermore,
the responses of CD8* T cells in pregnant mice exposed
to ZIKV were diminished compared with those of
nonpregnant mice. The authors suggested that dimin-
ished cell-mediated immunity during pregnancy could
increase virus spread to the fetus. Finally, they showed
that polygonal cells such as spermatogonia and primary
spermatocytes could be infected by the virus and that
these cells can function as reservoirs of ZIKV, as no
cellular apoptosis was observed.

Using Ifnar1~'- male C57BL/6 mice, Uraki et al.**
showed that the testes of ZIKV-infected mice were sig-
nificantly smaller (P<0.05) than those of noninfected
mice at 21 days postinfection, indicating progressive
testicular atrophy. They hypothesized that the active
infection of Leydig cells within the interstitial regions
of the testes could cause decreased testosterone pro-
duction, resulting in testicular atrophy. Additionally,
another study from the same team investigated ZIKV
testicular shedding dynamics and the effect of ZIKV sex-
ual transmission from infected male and naive female
Ifnar1~- mice as well as fetal effects*. The team identi-
fied intact virions both on and within sperm, suggesting
that seminal fluid, as well as the sperm itself, can serve as
avehicle of transmission. Furthermore, fetal weight was
significantly reduced in pups from naive female mice
cohoused with infected male mice compared with that of
pups from the control female mice cohoused with naive
male mice. These results strongly suggest that ZIKV can
transmit from an infected male to a naive female and
cause associated fetal birth abnormalities.

Sheng et al.* infected AG6 mice with ZIKV and
observed marked signs of reproductive system effects,
such as spermatorrhoea and testicular haemorrhage.
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Histological assessment using haematoxylin and eosin
staining demonstrated atrophic seminiferous tubules
and disappearance of the tubule lumen, which were
also accompanied by alterations in serum androgen
levels. Serum androgen levels showed a trend towards
an increase at 5 days postinfection and a significant
decrease at 8 days postinfection (P<0.05). The main
active form of testosterone, dihydrotestosterone, showed
a similar pattern of change and increased more signifi-
cantly (P<0.01 for 5 days postinfection and P<0.05 for
8 days postinfection). Moreover, using immunofluores-
cence, the authors showed the presence of ZIKV anti-
gens distributed in both the seminiferous tubules and
interstitial spaces, which increased in number with the
progression of infection. In the seminiferous tubules,
ZIKV-antigen-positive markers often colocalized with
Sertoli cell markers, and colocalization was confirmed by
transmission electron microscopy, indicating that Sertoli
cells might be major targets for ZIKV in mice testes.
Thus, in addition to elucidating a potential mechanism
of sexual transmission of ZIKV, the study also highlights
the importance of monitoring long-term effects of this
virus on the male reproductive system.

Infection of male IRF3/7 mice led to severe necro-
suppurative epididymitis associated with abundant
viral antigen within the epididymal lining and presence
of exfoliated epithelial cells in the epididymal lumen,
which could account for reports of haematospermia®.
Moreover, the affected portion of the epididymis was
in stark contrast to other portions of the epididymis,
which displayed normal architecture and no viral anti-
gen. Viral antigen was also visualized in germ cells in
the seminiferous tubules of the testicles. In addition,
abundant ZIKV antigen staining in the seminal fluid
inside the lumen of the vas deferens was observed, which
was mostly concentrated in what were interpreted as
exfoliated epithelial cells. Immunohistochemical posi-
tive labelling of the exfoliated epithelial cells from the
epididymis for ZIKV could suggest alternate cellu-
lar mechanisms of sexual transmission in addition to
via spermatozoa.

A study in male AG129 mice identified ZIKV antigens
by immunohistochemistry in the testicular and epididy-
mal epithelia and exfoliated germ cells*. Infectious
virus was detected in semen between 7 days and 21 days
postinoculation, and ZIKV RNA was detected in semen
up to 58 days postinoculation, indicating that ZIKV RNA
was still shedding into seminal fluids despite undetect-
able levels of infectious virus in the semen. When ZIKV
leaves the testes and epididymis to become part of the
seminal fluid, the virus can be neutralized by an adaptive
immune response, which could explain the decreased
infectivity of ZIKV in semen®. In total, 73% ((8 of 11);
95% CI 43-91%) inoculated male AG129 mice trans-
mitted ZIKV to at least one female AG129 mouse. The
percentage of mated females that became infected was
consistently near 50%, with evidence of fetal infection
in resulting pregnancies. Two of the seven pregnant
infected females, which were mated on day 7 postinoc-
ulation of the male, had evidence of fetal demise at days
10 and 12 after mating, respectively. Semen from vasec-
tomized mice contained significantly lower levels of

infectious virus than semen from nonvasectomized mice
(P<0.001), although sexual transmission still occurred,
indicating that — despite the immune-privileged status
of the testes and epididymis, which might contribute to
viral persistence in the male genital tract — other geni-
tal organs can also contribute to the prolonged seminal
shedding of ZIKV RNA™.

Chan et al.” developed a small-animal model for
ZIKV infection using immunosuppression with dex-
amethasone of BALB/c mice. The mice infected with
ZIKV developed disseminated infection with viraemia
and multiorgan involvement including brain, urogenital
tract, intestine, liver, spleen, pancreas, heart, lung, and
salivary glands. They found evidence of an inflamma-
tory process in the testes with markedly necrotic and
haemorrhagic seminiferous tubules, indicating that
ZIKV-induced orchitis might have long-term effects on
fertility. Finally, a study in adult Staf2-knockout ham-
sters showed ZIKV-infected cells with morphologies
suggestive of Sertoli cells and spermatogonia observed
in the testes, which could have implications for sexual
transmission and male sterility”.

In an innovative study, Griffin et al.* tried to develop
a vaccine to protect Ifnar1~~ mice from ZIKV-induced
testicular damage. First, they showed that ZIKV can
promote a decrease in testicle size and weight com-
pared with those from mice not infected by the virus.
Additionally, they observed damage to the seminiferous
epithelium, including degeneration of the spermat-
ogenic lineage. Furthermore, in the testis at 14 days
postinoculation, large areas of the normal architecture
of the seminiferous tubule were replaced by necrotic
debris and inflammatory cells, and at 21 days postin-
oculation, these areas were replaced by fibrous tissue
and inflammatory cells, suggesting that ZIKV resulted
in scarring within the tissue. The epididymis showed
abundant necrotic sloughed epithelial cells and degen-
erating spermatozoa in the lumen. Moreover, this study
was the first to show impairment of sperm parameters
in an animal model: high levels of ZIKV RNA were
detected in sperm isolated from the caudal epididymis
at day 7, which persisted until at least day 21. Presence of
fragmented sperm with dissociation of the sperm head
from the tail was observed in ZIKV-infected mice and a
significant reduction in the mean total sperm count and
in the percentage of sperm motility was noted in ZIKV-
infected animals compared with controls (P=0.0022
and P=0.0001, respectively), which worsened as the
infection progressed. However, the authors showed that
immunization with a synthetic DNA vaccine encoding a
ZIKV pre-membrane and envelope consensus sequence
conferred complete protection against ZIKV-associated
damage to the testes and prevented ZIKV persistence in
the testes, epididymis, and sperm. These data suggest
that DNA vaccines and investigational therapeutics war-
rant further examination as a potential means to reduce
ZIKV persistence in the male reproductive tract.

In a second vaccine study, Xu et al.” carried out a
study in Ifnar1”~ BALB/c mice to evaluate the effective-
ness of the adenovirus AdC7-M/E vaccine against ZIKV.
As expected, infected, nonvaccinated mice exhibited a
severe decrease in testicular size and mean testis weight
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when compared with those from uninfected animals
and the AdC7-M/E-vaccinated group at 16 and 30 days
postinoculation, which displayed no effects on size and
weight of the testes. In addition, histopathological analysis
showed that the infected, nonvaccinated mice had dis-
played damage to the normal morphological architecture
of the testes and complete loss of the seminiferous tubules,
which were replaced by fibrous tissue and inflammatory
cells with severe testis damage at 16 days that further
progressed through to 30 days postinoculation. However,
vaccinated, uninfected animals exhibited normal pheno-
types, demonstrating that AdC7-M/E provided mice with
complete protection against damage to the testes induced
by ZIKV. According to the authors™, AdC7-M/E exhib-
ited exceptional performance as a ZIKV vaccine, includ-
ing provision of protective efficacy by a single vaccination,
rapid development of a robust and durable humoral
response, robust T cell responses, and sterilizing immu-
nity achieved by a single vaccination. These advantages of
AdC7-M/E strongly support its potential application as a
promising ZIKV vaccine in the clinic.

In general, these animal studies suggest that ZIKV has
tropism towards the cells of the male genital tract and that
active replication is occurring in several male genital-tract
tissues — especially the testis and epididymis but also the
prostate and seminal vesicles — weeks after clearance of
the virus from the blood. Studies mainly in mouse and
hamster have shown that ZIKV can cause testicular
and epididymal damage in animals, which can progress
to a reduction in male sex hormones and destruction of
germ cells, resulting in effects on sperm maturation that
can create serious problems related to fertility. These
data might also explain the presence of genitourinary
symptoms such as haematospermia, dysuria, and per-
ineal pain in men infected with ZIKV described in some
reports®**!. However, studies in small animals are per-
formed using immunosuppressed models, which might
generate more extreme results than in otherwise healthy
humans. Thus, further studies are needed — particularly
in NHPs — to elucidate the cellular tropism and the viral
dynamics and damage in the male genital tract.

ZIKV infection and cell lines

The detection of viral RNA in semen does not mean
that the virus is still infectious, and cell culture tech-
niques to detect viable ZIKV are, therefore, fundamental
to understanding the dynamics of ZIKV viability, persis-
tence and transmission, as well as to investigating ZIKV
cell tropism in cell types of the genital tract (TABLE 3).

Infectivity and viral dynamics

ZIKV semen infection in cell cultures. Most studies to
date have been performed on Vero cells, an African green
monkey kidney epithelial cell line that is deficient in IFNa
and IFNP and commonly used to titre viruses™. End
point titrations in various cell lines, including that of Vero
cells (from the European Collection of Authenticated Cell
Cultures (ECACC)), Vero E6 cells (Vero C1008; from the
American Type Culture Collection (ATCC) CRL-1586)
and BHK-]21 cells (baby hamster kidney cells; ATCC
CCL-10) revealed that Vero cells are especially permissive
to ZIKV”, meaning that these cells have been widely used
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in cell culture studies of ZIKV. Some studies specifically
use the Vero E6 cell line, which exhibits some degree of
contact inhibition and forms a monolayer, and is useful
for growing slowly replicating viruses, or the Vero B4 cell
line, which is also an interferon-deficient primate cell line
susceptible to a number of viruses and used in virus rep-
lication studies and plaque assays. The human kidney 2
(HK?2) cell line has also been used in some studies to ver-
ify the tropism of ZIKV in human renal cells. HK2 is a
proximal tubular cell line derived from normal kidney
cells that were immortalized by transduction with human
papilloma virus 16 (HPV-16) E6 and/or E7 genes™.
Finally, some studies use the C6/36 cell line, which is an
A. albopictus clone cell line and is, therefore, excellent for
studying ZIKV replication.

A number of studies have demonstrated ZIKV repli-
cation in Vero cells after inoculation of semen samples.
Musso et al.** cultured two different semen samples
infected by ZIKV on Vero cells after quantification by
RT-PCR and found replicative virus in these two semen
samples analysed. A second study also replicated ZIKV
in Vero cells and noted that the viral load increased by
4log,, on day 3 and day 8 after inoculation. According
to the authors, this infectious viral load in semen sug-
gests that ZIKV is a sexually transmitted pathogen™.
Positive ZIKV culture has been achieved by inoculating
monolayers of Vero cells with a semen sample obtained
on day 7 after symptom onset™ and using a culture of
semen samples positive for ZIKV RNA, determined by
RT-PCR, at day 69 (REF-*'), demonstrating that ZIKV
can be cultured from semen even as late as ~10 weeks
after infection. Using Vero E6 cells, infectious virus
was isolated from the semen of two patients with high
ZIKV RNA load”, and a study that investigated the per-
sistence and infectivity of ZIKV in semen inoculated
positive samples onto Vero cell lines and confirmed
ZIKV propagation in semen of two of a total of five
patients studied*. Furthermore, ZIKV has been isolated
on Vero B4 cells from an ejaculated sample collected on
day 9 after disease onset** and on Vero B6 (REF'™) on day
6 after symptom onset. In this study, the isolate was
then propagated again on Vero E6 and also on a human
retinal pigment epithelial cell line (ARPE), but a sub-
stantial gain in viral load occurred only in the Vero E6
cells, suggesting that these cells constitute a better model
for the study of ZIKV infectivity. Together, the above
studies using viral cultures of semen samples show viral
infectivity, which can lead to sexual transmission of ZIKV.

In another study, Vero E6 cells were exposed to the
ZIKV MR-766 strain for 1 hour at 37°C at a multiplicity
of infection of 1. At the end of the adsorption period,
cells were washed and incubated at 37°C. At 0, 6, 24, 48,
72 and 96 hours postinfection, cells and supernatants
were harvested and assayed for ZIKV total and replica-
tive ZIKV RNA (neg-RNA) content®. The researchers
observed that cell-associated ZIKV total RNA and neg-
RNA started to increase after 6 hours after infection and
peaked at 48 hours after infection, whereas ZIKV total
RNA and neg-RNA were below the limit of quantification
in supernatants at 0 and 6 hours postinfection, increased
at 24 hours postinfection and peaked at 48 hours post-
infection. The neg-RNA was mostly cell-associated until
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Table 3| Studies evaluating ZIKV in semen by cell culture techniques

Study Period of culture Culture type ZIKV isolation Refs

Barzonetal. NI Vero E6 cells Positive 2

Arsuagaetal. 57 days Vero cells Positive x

D’Ortenzio et al. NI NI Positive 2

Franketal. NI NI Negative a

Musso et al. 6 days Vero cells Positive 2

Nicastrietal. 7 days Vero E6 cells Negative b

Froeschletal. 7 days = Vero B4 cells Positive ™
= C6/36

Atkinson et al. 3-7 days = Vero cells Positive b
= C6/36 cells

Mansuy et al. 3-8 days Vero cells Positive ¥

Paz-Bailey et al. NI NI Positive »

Barzonetal. NI NI Negative o

Harrower et al. NI NI Negative 5

Garcia-Bujalance et al. 5-7 days Vero cells Positive i

Huitsetal. NI NI Negative 52

Huits et al. 7 days = Vero cells Positive &
= C6/36 cells

Bagasraetal. NI = CRL-2226 Positive L
= Vero cells

Biavaetal. 0,6,24,48,72 and Vero E6 cells Positive Y

96 hours

Jangetal. NI Vero cells Positive *

Percivalle et al. NI Vero E6 cells Positive 10

Chenetal. 24-48hours = C6/36 cells Positive o
= HK2 cells

Matheron et al. NI NI Positive 1

Spenceretal. Up to 14 days = 191 cells Positive 12
* LNCaP cells

Kumar et al. At least 6 weeks Sertoli cell and Leydig cell Positive 2t

primary cultures

NI, not informed; ZIKV, Zika virus.

24 hours postinfection, and the cell:supernatant ratio
reversed after 72 hours postinfection when the cytopathic
effect was maximal. These results were used as a basis to
determine the values of neg-RNA levels as a surrogate
marker of ongoing ZIKV replication in semen samples.
Atkinson et al.* attempted to isolate the virus in both
Vero and C6/36 cells and observed propagation of the
original semen sample provided 13 days after onset of
symptoms only in the C6/36 cells, although the infected
supernatant from these cells was capable of infecting
Vero cells and produced a cytopathic effect suggesting
the presence of infectious virus in the semen. A further
study”” attempted to isolate the ZIKV from all initial
semen samples from patients with ZIKV infection by
inoculating the supernatant of liquefied and centrifuged
semen with confluent C6/36 cells. When considerable
virus-induced cytopathic effects were visible after one
week, the supernatant was passaged onto Vero cells and
grown for one week. Laboratory staff monitored virus-
induced cytopathic effects and confirmed such effects
by RT-PCR. ZIKV was isolated from one semen sample,

collected 11 days after symptom onset. The cytopathic
effect appeared only in Vero cells after passage on the
C6/36 culture. In some studies, the cell type studied
was not reported; among them, D’'Ortenzio et al.”* and
Matheron et al.' both isolated ZIKV from semen sam-
ples on day 18 and day 24 after the onset of symptoms,
suggesting long-lasting persistence of infectious ZIKV
in semen. Paz-Bailey et al.** successful isolated ZIKV in
6 of 20 semen samples, which suggests the presence
of infectious virus in these samples with a possibility of
sexual transmission.

Chen et al.” replicated ZIKV in C6/36 cells and in
HK2 cells and noticed that two different ZIKV strains
could efficiently infect this lineage at 24 hours and
48hours postinoculation, producing cytopathic effects
at 48 hours. Interestingly, a study that attempted to
determine ZIKV cellular targets used ZIKV-infected
CRL-2226 neuroblastoma (which have previously been
documented to show high permissiveness to ZIKV) as a
virus-positive control and efficiently propagated a ZIKV
strain in Vero cells*.
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Additionally, in some studies, ZIKV isolation in cell
culture was attempted with collected semen samples of
patients who had been infected, but no ZIKV isolates
were obtained*#*#>#4¢ Negative culture for ZIKV from
semen samples might reflect the absence of infective
viral particles but might also be due to problems such
as the technique of culture or type of cells used or the
presence of the virus inside the seminal cells. Finally,
in some studies, despite a serological test and/or semen
positive for ZIKV, a culture of virus from semen was
not attempted*' "¢,

Tropism for cell lines. Few studies have evaluated the cel-
lular tropism of ZIKV. An interesting study investigated
ZIKV cell tropism in two types of immortalized human
prostate epithelial cell (191 prostate stromal cells and
LNCaP prostate epithelial adenocarcinoma cells) using
3D prostate organoids with three contemporary strains
of the virus isolated from people in the Americas who
had been infected'™. The 191 cells are human prostate
mesenchymal stem cells (MSCs), derived from a healthy
prostate donor, that maintain a normal phenotype in
culture for several months. They are nontransformed
stem cells, which can differentiate into any mesenchy-
mal cell lineage, have not been genetically engineered,
are phenotypically and genetically identical to primary
bone-marrow-derived MSCs, and behave the same
as bone-marrow-derived MSCs in culture'”. LNCaP
cells are human prostate carcinoma cells derived from
a left supraclavicular lymph node metastasis. They are
adherent, single cells and form loosely attached clusters.
The authors showed that ZIKV infects, replicates and
produces infectious viruses in prostatic stromal MSCs
(191 cells), prostate epithelial adenocarcinoma cells
(LNCaP cells), and organoids constructed from a com-
bination of these cells, suggesting that ZIKV replication
can occur in the human prostate, which offers a potential
explanation for the secretion of ZIKV in semen leading
to sexual transmission. Using primary cell cultures, one
study showed that ZIKV infection of Sertoli cells was
dependent on the cell-surface receptor AXL, suggesting
that this membrane protein is a ubiquitous entry factor
for multiple human cell types. Interestingly, although
Leydig cells express AXL, they do not support efficient
ZIKV replication, suggesting that the restriction point is
further downstream of receptor binding and that the can-
didate ZIKV cofactor and/or attachment receptor AXL is
differentially expressed in the male genital tract'™. In cell
culture, Sertoli cells could be infected with ZIKV for at
least 6 weeks and ZIKV infection of Sertoli cells resulted
in dramatic changes to the transcriptional profile of these
cells — RNA sequencing analysis of acutely infected
Sertoli cells revealed dysregulation of>9,000 mRNA
transcripts with ISG being the main group of genes
that was upregulated during both acute and persistent
ZIKV infection'®. In addition, a dramatic increase in the
production and secretion of fibroblast growth factor 2
(FGF2) — a cytokine that was found to enhance ZIKV
replication and support viral persistence — was found
to occur during ZIKV infection'*. Moreover, as the
amount of FGF2 secreted by Sertoli cells determines
the balance between maintenance of spermatogonial
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stem cells and their differentiation'®, the dysregulation
of FGF2 by ZIKV infection might have implications for
male fertility. Finally, the authors showed that ZIKV rep-
lication in Sertoli cells can be significantly inhibited by a
number of drugs, including an FGF-receptor antagonist,
indicating potential therapeutic options to limit sexual
transmission'™.

The current outbreak of ZIKV infection provides an
important opportunity to perform cell culture studies
with semen samples or virus isolated from semen to
improve understanding of the dynamics of ZIKV infec-
tivity. Considering that the literature is scarce and con-
flicting, new studies related to infectivity and tropism
for specific cells of the male genital tract are necessary in
order to better establish the natural history of ZIKV and
the mechanisms by which the virus can be transmitted
and impair genital health.

Infection of specific cells: hypotheses

Several studies have reported the presence of infectious
ZIKV in seminal fluid and in spermatozoa months after
exposure to the virus*-***. Some studies have reported
that men infected with ZIKV can present with genito-
urinary symptoms including haematospermia®*447:54%
prostatitis™, painful ejaculation™, and penile discharge™,
but the effect of ZIKV infection on the reproductive
organs in humans remains a matter of debate.

Most of the available information regarding ZIKV in
the male genital tract was obtained from studies using
animal models, such as mice®"*, monkeys"7, and
hamsters™, or primary cell cultures of human prostate
cells'®, Sertoli cells, or Leydig cells'™. In animal mod-
els, studies in mice have described major effects, such as
orchitis and epididymitis, following systemic infection of
immune-compromised animals with ZIKV**, In NHPs,
foci of ZIKV-infected cells were shown to be localized
in the testes’’¢, prostate’™””, and seminal vesicles’",
but the effects were less deleterious. This discrepancy
might be due, at least in part, to the use of immunode-
ficient, knockout mice, as wild-type mice seem able to
control ZIKV infection as their immune system kills off
the infection before it becomes symptomatic. In studies
using primary cell cultures, human prostate MSCs and
epithelial adenocarcinoma cells were infected by ZIKV,
and the virus was able to replicate and produce infec-
tious viruses'®. Furthermore, primary human Sertoli
cells, but not Leydig cells, are highly susceptible to ZIKV
infection'®. Specifically, Sertoli cells support high levels
of virus replication and shedding for prolonged peri-
ods of time'*, which is in agreement with evidence from
the studies in animal models.

Taken together, the results of animal and human
primary cell line studies are convergent, meaning that
some conclusions can be drawn. First, the anatomy of
the mammalian testis and the process of spermato-
genesis must be considered in the context of the data
on ZIKV in the male genital tract. The testis consists of
seminiferous tubules surrounded by interstitial tissue,
which includes Leydig cells, blood vessels, leukocytes,
and fibroblasts (FIG. 4a). Spermatogenesis takes place
in the seminiferous tubules, which are composed of
Sertoli cells and maturing germ cells surrounded by
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one (in rodents) or more (in large animals) layers of
peritubular myoid cells'*'””. The majority of the germ
cells need immune protection, as they first arise after
systemic tolerance is established and express novel
cell-surface and intracellular antigens that can elicit
an immunological response'®. Sertoli cells protect
these autoantigenic germ cells by forming the blood-
testis barrier and expressing immunoregulatory factors,
thereby creating an immune-privileged environment,
which is a prerequisite for the survival of testicular

ZIKV infection

blood-testis
barrier

——

germ cells'®. In vivo, mammalian Sertoli cells cease to
divide after puberty, which is a characteristic that likely
serves to maintain the structural integrity of the blood—
testis barrier'®. In vitro, primary human Sertoli cells
are shown to divide very slowly, approximately once
every 4 days''’, and only up to passage eight or nine.
As Sertoli cells maintain the blood—testis barrier, direct
infection of these cells might facilitate entry of ZIKV
into the lumen of seminiferous tubules enabling infec-
tion of developing spermatogonia. As data suggest that

Spermatogonium

Spermatocyte

Initial and/or inactive
spermatozoa

Sertoli cell

* Highly susceptible to ZIKV
without cell death

* Support ZIKV infection

* Might act as a reservoir for ZIKV
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Fig. 4 | Possibility of ZIKV interacting directly with sper

ic cells and sper a|During spermatogenesis,

Zikavirus (ZIKV) can attach and internalize in cells of the seminiferous tubules. b | In human mature dead sperm stained
with eosin—nigrosin (red), ZIKV can attach and internalize in the sperm head and midpiece.
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Sertoli cells might act as reservoirs for long-term repli-
cation of ZIKV in the testes, this process would enable
the virus to continually infect germ cells and develop-
ing spermatocytes even after peripheral clearance'™.
In agreement with these in vitro data, Joguet et al.”” stud-
ied sperm characteristics of men who were infected over
time following ZIKV infection and showed early sperm
alterations that could result from viral infection of the
epididymis with direct or indirect effects on spermato-
zoa, which manifest as decreased (~50% lower) sperm
count and total motile sperm count during epididymal
transit (mean duration of 12 days) or testis infection,
or both, affecting late spermiogenesis (duration of
23 days). Interestingly, a separate study by Huits et al.*’
showed that the duration of ZIKV shedding in semen
coincided with the time required for spermatogonial
renewal, differentiation and proliferation in humans
(reported to be 74 days; 95% CI 69-80)'"". These data
provide key insights into understanding how ZIKV per-
sists in the male genital tract, further highlighting the
potential for ZIKV to have deleterious effects on male
fertility (FIG. 4a b). Second, male fertility depends on the
two equally important major components of semen:
healthy spermatozoa (in terms of their vitality, motil-
ity and morphology) and the composition of seminal
fluid, which is important for sperm function. Secretory
products from the seminal vesicles and prostate are
crucial for sperm motility, viability, and chromatin
stability, but they are also important for semen coag-
ulation and liquefaction''*-""*. The detection of ZIKV
RNA in the semen of three men who had undergone
vasectomy?'**, two of whom also had virus isolated
from their semen?'**, reinforces the results of animal
and primary human cell studies in which the virus can
replicate not only in the testes but also in the prostate
and seminal vesicles. These findings reveal a new pos-
sible mechanism in which the virus can lead to sub-
fertility by changing the proportion and composition
of the fluid secreted by the major accessory male organs,
the prostate, and the seminal vesicles.

Implications for assisted reproduction
As ZIKV can be sexually transmitted, leading to wide-
spread transmission of the virus, the pregnancy-related
risks associated with the virus could cause problems for
an increasing number of people desiring treatment
for infertility. Specifically, a potential risk of disease
transmission exists at several stages of assisted repro-
duction using a variety of assisted reproduction technol-
ogies (ARTS)'"“. However, as yet, no study has reported
the transmission of ZIKV via semen during use of ART.
No validated commercial tests based on RT-PCR
have been developed for the detection of ZIKV in
semen. Additionally, understanding of how the test
results should be interpreted is limited, especially con-
sidering that detection of ZIKV RNA in semen does
not necessarily indicate that a replication-competent
or infectious virus is present**. Another complicating
factor is that the serological tests do not provide further
clarity, as a negative serum test result does not exclude
the possibility of ZIKV being present in semen''s.
Moreover, serological testing for ZIKV IgM and IgG is
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currently confounded by the cross reactivity with other
circulating flaviviruses, including dengue virus'*. Asa
result, testing of semen is not currently recommended
by the US Centers for Disease Control and Prevention
(CDC) and the WHO'"=.

A study on samples from asymptomatic men, which
showed a high percentage of ZIKV RNA detection
(~35%) in their semen'", raises further concerns and
highlights the potential threat of ZIKV for reproduc-
tive medicine and the implications for ART. The study
included 14 blood donors who tested positive for ZIKV
RNA in plasma collected at the time of asymptomatic
blood donations. Overall, 5 of 14 (35.7%) tested posi-
tive for ZIKV RNA in semen collected 7-54 days after
the index donations. The study authors emphasized
an urgent need for licensed molecular tests to detect
ZIKV RNA in semen and also concluded that sys-
tematic serological screening of semen donors should
be performed.

The CDC, European Centre for Disease Prevention
and Control (ECDC), FDA and WHO recommenda-
tions do not directly address ART issues related to ZIKV
outbreaks; however, the recommendations provided for
women of childbearing age or those planning pregnancy
can also be applied to ART*. Several recommendations
are applicable to male travellers returning from affected
areas and their biological materials. First, people should
not try to conceive naturally, donate gametes, or pro-
ceed with fertility treatment for 6 months according to
the Human Fertilization and Emergency Act (HFEA).
Second, sperm donors who have been infected with
ZIKV should be deferred from donation for up to
6 months unless the semen tests negative for ZIKV. Third,
anonymous or directed donors of sperm, oocytes, and
embryos will be deemed ineligible if they have any of the
following risk factors: medical diagnosis of ZIKV infec-
tion in the past 6 months, residence in or travel to an area
with active ZIKV transmission within the past 6 months,
or history of sexual contact with a male partner who,
during the 6 months before this sexual contact, received
a diagnosis of or experienced an illness consistent with
ZIKV disease or had travelled to an area of active ZIKV
transmission. In these recommendations, the emphasis
is placed on the fact that the sperm preparation process
that has been shown to be effective for minimizing the
risk of HIV transmission has not yet been demonstrated
to be effective in preventing transmission of ZIKV=.

Additionally, some professional societies have pro-
posed recommendations directly applicable to the man-
agement of ART in patients with ZIKV. The American
Society for Reproductive Medicine (ASRM) guidelines
were developed with input from the CDC'*®. For males
or females with a positive viral RT-PCR test result for
ZIKYV, treatment of infertility should be deferred until
a subsequent re-test is negative in both the male and
female partner and >6 months have passed from the time
of the last positive result. For men and women who have
not been specifically tested for ZIKV or with a negative
ZIKV RT-PCR test, gamete or embryo cryopreservation
should be considered and quarantined until a subse-
quent RT-PCR re-test is negative in both the male and
female partner and >8 weeks have passed from the time
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of gamete collection. For men not previously infected
with ZIKV who are planning to travel to an area of active
virus transmission, semen cryopreservation should be
considered before travel, and testing for viral RNA by
RT-PCR at the time of semen collection and within
1 week after return is recommended.

The CDC and WHO recommended serological testing
of any pregnant woman who might have been exposed to
ZIKV within the past 3 months through travel, place of
residence, and/or sexual contact without protection but
did not recommend testing for asymptomatic couples
interested in attempting natural conception in which one
or both partners had possible exposure to ZIKV*.

Reducing ZIKV transmission during ART

Considering that carriers of ZIKV infection can be
asymptomatic and that urogenital tissues can be infected
by the virus, further studies of ZIKV transmission via
different reproductive sites are required, and validated
tests for viral disease positivity and infectivity in semen
must be developed. Additionally, new laboratory proto-
cols are needed to reduce the risk of ZIKV transmission
during the different stages of ART. More specifically, just
as strict guidelines have been set regarding the screening
and handling of HIV; hepatitis C virus, and human tissues
positive for hepatitis B virus, similar reccommendations
are needed to prevent contamination and inadvertent
transmission within the ART laboratory'"”. Furthermore,
although ZIKV is a relatively short-lived virus, the
potentially devastating consequences of transmission
to pregnant women'' have led the FDA to require the
deferral of donations of blood, tissue, oocyte, and sperm
from anyone who has been infected or had the poten-
tial to be infected by ZIKV in the previous 6 months'®.
However, these guidelines were not set until 1 March
2016, raising the possibility that contaminated materials
might already be present in ART laboratories'”. Thus,
samples stored in semen and gamete banks should also
be tested for ZIKV.

Conclusions

On the basis of many studies that confirm the sexual
transmission of ZIKV, particular care is required to man-
age men who want to conceive after an episode of ZIKV
infection, owing to the possibility of virus transmission

between partners and, in particular, the possibility of
damage to the fetus, contributing to microcephaly and
other sequelae. The need to prevent ZIKV transmission
in fertility clinics is an additional concern. ZIKV can
be present even in semen from asymptomatic donors,
and thus methods to detect the virus and prevent the
potential detrimental effects of ZIKV on individuals and
offspring must be considered. A ZIKV vaccine could be
an important way to protect the population from ZIKV
infection and could be a step to control the disease.
Moreover, vaccination could protect against damage
to the male genital tract and consequently might avoid
subsequent fertility concerns.

Current evidence indicates that some men who are
infected can present with genitourinary symptoms, such
as haematospermia, prostatitis, painful ejaculation, penile
discharge, and oligospermia, but little is known about
the real effect of ZIKV on fertility. Most of the currently
available information about ZIKV in the male genital tract
was obtained from studies using animal models and cell
cultures of human prostate cells, Sertoli cells, and Leydig
cells. In animal models, studies in immune-compromised
mice described major effects of ZIKV on genitourinary
health, including orchitis, and epididymitis. In NHPs,
foci of ZIKV-infected cells were localized in the testes,
prostate, and seminal vesicles, and the effects were less
deleterious. In studies with primary cell cultures, human
prostate MSCs, and epithelial adenocarcinoma cells were
shown to be vulnerable to ZIKV infection that was able
to replicate and produce infectious viruses. Additionally,
primary human Sertoli cells, but not Leydig cells, were
shown to be highly susceptible to ZIKV infection. These
discoveries indicate that ZIKV infection can impair sperm
parameters and function, at least in some men who have
been infected. However, the actual proportion of men who
are infected who might develop these changes and whether
these changes are temporary or permanent are not yet
known. As the 2016 outbreak of ZIKV was only a few
years ago and scientists continue to monitor men affected
by the virus, new studies are necessary to expand our lim-
ited knowledge of ZIKV infection in the male genital tract
and determine the long-term effects of this pathogen on
male fertility.
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2. EXPERIMENTAGCAO CIENTIFICA

2.1 Objetivos:

O objetivo geral da parte de experimentacéo cientifica foi estudar a histdria natural do virus
Zika (ZIKV) em sémen de homens sintomaticos e assintomaticos bem como avaliar a sua
influéncia na sadde reprodutiva masculina.

Para cumprir este objetivo geral, foram estabelecidos 0s seguintes objetivos especificos:
-Avaliar a presenca do ZIKV em sémen de homens assintomaticos submetidos ao exame de
espermograma, por meio de reacdo em cadeia da polimerase em tempo real (rRT-PCR), em
Curitiba/PR,;

-Determinar a prevaléncia, carga viral e duracéo da infeccdo pelo ZIKV em sémen e sangue de
homens sintomaticos, por rRT-PCR

-Acompanhar periodicamente a carga viral do ZIKV no sémen e sangue dos homens positivos
até sua negativacao;

-Avaliar os parametros de fertilidade masculina periodicamente através da analise do sémen
(espermograma), nas mesmas amostras submetidas ao rRT-PCR,;

-Avaliar a correlagdo entre a carga viral e o tempo de duracdo da infeccdo no sémen com 0s
parametros avaliados no espermograma, para desta forma verificar a influéncia do ZIKV na

salde reprodutiva masculina;

2.2. Medolologia:

A metodologia utilizada esta sintetizada no esquema a seguir:



METODOLOGIA | Experimento
EMPREGADA cientifico

Periodo

Amostragem

Critérios de
Inclusdo

Obtengao das
Amostras

Total:
559 amostras

Andlises
Laboratoriais

Espermograma

100
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Mais detalhadamente, foram convidados para participar do estudo pacientes que iriam
se submeter ao exame de espermograma no Laboratério de Andlises Clinicas Lanac e
Laboratdrio de Fertilidade Androlab, ambos situados em Curitiba/PR. Os critérios de incluséo
foram: homens saudaveis (sem doenca urologica prévia ou atual diagnosticada), assintomaticos
para ZIKV e ndo portadores de imunodeficiéncias, com idade entre 18 a 65 anos.

Foram coletadas 557 amostras de sémen, sendo 476 do Laborat6rio Lanac e 81 do
Androlab. Néo foram realizados exames sorologicos para ZIKV nestes pacientes, exceto, em

10 do Androlab, os quais foram todos negativos para IgM e IgG para ZIKV.

Amostras Sémen

557

Lanac Androlab
476 amostras 81 amostras

Sorologia para

ZIKV

10 pacientes
Resultado
Negativo

Adicionalmente, foi realizada uma busca ativa de pacientes que foram notificados como
positivos para ZIKV na Secretaria de Saiude Municipal de S&o José dos Pinhais/PR e de
Sorocaba/SP, sendo sintomaticos e comprovadamente positivos para ZIKV. Foram no total de
dois pacientes, convidados a comparecer no Laboratério Lanac de Curitiba/PR (um paciente)
e Instituto de Diagnostico de Sorocaba/SP (um paciente) para coleta de sémen e realizacdo do

espermograma.

2.2.1. Coleta das amostras de sémen:
Todas as amostras de sémen foram coletadas pelos proprios pacientes por masturbacao,

e realizado o espermograma conforme preconizado pela World Health Organization, 2010
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(OMS), sendo avaliado por este exame os parametros de fertilidade de cada paciente. Os
pacientes foram previamente informados sobre a execucdo da pesquisa e adesdo, sendo que a
mesma s6 foi concretizada apds a assinatura do termo de consentimento, bem como responder
a um questionario previamente a coleta do material. Este projeto foi aprovado pelo Comité
Permanente de Etica e Pesquisa Envolvendo Seres Humanos da UEM (COPEP) (CAAE
56724716.4.0000.0104/2016).

QUESTIONARIO ESPERMOGRAMA
Paciente:

1.Tempo de abstinéncia sexual dias.

2.Motivo da realizacdo do espermograma: [ JControle pds-vasectomia [ ]infertilidade
[ 1Outros:

3.1dade: Estado Civil: Tempo de Casado:

4. Tem filhos, quantos:

5.Medicacéo atual: [ Juso continuo

6.Cirurgias anteriores, data: [ Jvaricocele [ Joutros

7.Teve febre acima de 38° C nos Gltimos 90 dias: [ ]Sim [ ]N&o

8.J4 teve ou tem: [ Jcaxumba, [ ]Jvaricocele, [ Jorquite(inflamag&o testiculos), [ ]DST,
[ JHérnia, [ ]Diabetes, [ JHipertensdo, [ Jinfeccdo urinéria, [ JAtual corrimento, ardéncia, coceira.

, de 20

Declaro que as informacdes acima sdo verdadeiras.

Paciente

Além do espermograma, toda amostra de sémen foi submetida a Reacdo em Cadeia da
Polimerase em Tempo Real (QRT-PCR) multiplex para os arbovirus ZIKV, DENV e CHIKV,
onde casos positivos para ZIKV seriam acompanhados com novas analises a cada 20 dias para
verificacdo da carga viral e espermograma, até negativar. O total de amostras de sémen
coletadas, entre pacientes assintomaticos e sintomaticos foi de 559.

Para detec¢do do ZIKV atraves da técnica do gRT-PCR, foi utilizado 300 pL de sémen,
transferido para um tubo com 1,0 mL de solucdo salina 0,9% estéril, imediatamente apos a

coleta e armazenados a -20°C até o momento da extracdo do RNA.
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2.2.2. Extracdo de RNA:

Os é&cidos nucléicos totais foram extraidos através do Kit DNA/RNA Invitrogen
(ThermoFisher Scientific) de acordo com as instrugdes do fabricante. Para o controle do
processo de extracdo, o controle interno foi preparado e adicionado as amostras durante a
extragdo. Foi utilizado controle de amostra humana (HSC), material ndo infeccioso de células
humanas e controle positivo para o conjunto de iniciadores e sonda de RNase P (RP) que é
extraido simultaneamente com as amostras de teste e incluido como amostra durante o preparo
do qRT-PCR. O HSC deve gerar resultados negativos com conjuntos de iniciador e sonda para
ZIKV, mas resultados positivos para RP. O HSC é um componente do conjunto de controle

positivo para ensaio gRT-PCR para ZIKV.

2.2.3. Deteccdo do RNA do ZIKYV pela técnica de gqRT-PCR:
Para a detecgdo do ZIKV foi utilizado o kit multiplex ZIKA, Dengue e Chukungunya
(X GEN, Mabius).

Especificidade ZIKV
Especificidade DENV
Especificidade CHIKV

100% para o Virus fika
100% para o Virus da dengue
100% para o Virus Chikungunya

Sensibilidade (LOD) ZIKV

Sensibilidade (LOD) DENV
Sensibilidade (LOD) CHIKV

10 copias/mL com probabilidade de 100%

10° cdpias/mL com probabilidade de 100%
10* cdpias/mL com probabilidade de 100%

Foram utilizados os seguintes controles na amplificacdo: virus Zika inativado (controle
positivo); RNase P humano (controle de qualidade das amostras e indicador de que o acido
nucleico resultou do processo de extracéo); Controle negativo (sera adicionado agua no lugar
da amostra; € um controle de contaminacdo ou funcionamento improprio dos reagentes do
ensaio que resultam em falso-positivos).

Ap0s a conclusdo da série, os dados foram salvos e analisado seguindo as instrugdes do
fabricante do instrumento. As anélises foram realizadas separadamente para cada alvo usando
uma configuracdo de limiar manual. Limiares devem ser ajustados para ficar no inicio da fase
exponencial das curvas de fluorescéncia e acima de qualquer sinal de fundo. O procedimento
escolhido para definir o limiar deve ser utilizado de forma consistente.

Antes que os resultados possam ser determinados para cada amostra clinica, a validade
da placa testada sera determinada. Para que um ensaio seja valido, os controles devem produzir

os resultados esperados:
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Controles de ensaio (4cido nucleico extraido de ZIKV inativos) devem ser positivos e estar
dentro do intervalo esperado de valores de CT. Se os controles de ensaio forem negativos a
placa sera repetida.

Controle negativo ndo pode dar amplificagéo;

HSC (controle de extragdo) deve ser positivo com conjunto de iniciador/sonda para RP devido
ao DNA humano no HSC e negativo com conjuntos de iniciador/sonda para o virus. Um
resultado positivo com o HSC e iniciador/sondas para virus indicam a ocorréncia de
contaminacdo cruzada. Se for obtido um resultado positivo;

O ensaio de RP para cada amostra deve ser positivo.

Se todos os controles tiverem sido realizados de forma adequada, a analise de cada alvo
sera prosseguida:
Verdadeiros positivos devem produzir curvas exponenciais com fases logaritmicas, lineares e
estacionarias;
Fracos positivos devem sempre ser interpretados com cautela. As curvas de fluorescéncia
devem ser observadas associadas a esses resultados. Se as curvas forem verdadeiras curvas

exponenciais, a reacdo devera ser interpretada como positiva.

O ensaio para a detecgdo do RNA do virus alvo foi realizado em duplicata em todas as
amostras. As amostras foram consideradas positivas para RNA do ZIKV quando foram
detectados valores de threshold inferiores a 40 ciclos em ambas as repeticdes. As amostras com
valores de threshold limiares ou superiores a 40 ciclos, ou com apenas uma repeticao positiva
foram repetidamente testadas. Amostras negativas que demonstraram presenca de inibidores na
reacdo de PCR, no ensaio utilizando o controle endogeno, foram relatadas como

indeterminadas.

2.2.4. Resultados obtidos
A seguir pode ser observado o esquema geral de execucdo do projeto bem como seus

resultados.



Amostras Sémen

557

Inst. Diag. Sorocaba
1 amostra

Lanac

476 amostras

Androlab
81 amostras

475

Pacientes

Sintomaticos

Pacientes
Assintomaticos

RT-PCR Multiplex

ZIKV, DENV e CHIKV

557 amostras
NEGATIVAS

Recursos financeiros para o projeto
Fonte de Recurso: Processo: 440521/2016-5. Chamada MCTIC/FNDCT-CNPg/MEC-

CAPES/MS-Decit/N°14/2016 - Prevencdo e combate ao virus Zika
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CAPITULO 11l

CONCLUSOES

As publicagdes analisadas na revisdo sistemética sobre a historia natural do ZIKV e sua

influéncia na fertilidade masculina, demonstraram:

1. A confirmacdo da transmissdo sexual do ZIKV e a necessidade de cuidados especiais

no planejamento de gravidez, em caso de infeccdo entre as partes;

2. Foram identificadas associacBes entre a transmissdo sexual do ZIKV e doencas

neuroldgicas em fetos, como microcefalia;

3. O ZIKV pode estar presente no sémen de homens assintomaticos por um longo periodo,

devendo ser cuidadosamente analisado sua utilizacdo em clinicas de fertilidade;

4. A presenca e persisténcia do ZIKV no trato genital masculino, bem como sua viremia

sdo incertos;

5. Homens infectados pelo ZIKV poderdo apresentar sintomas genito-urinarios classicos,
como hematospermia microscépica e/ou macroscopica, prostatite, ejaculacdo dolorosa

e oligospermia;

6. Foram observadas alteracdes nos parametros seminais e funcdo espermatica em alguns
homens infectados pelo ZIKV, sem, no entanto, ter a defini¢do se serdo temporarias ou

definitivas;

7. Foi observado que além dos testiculos a infeccdo pelo ZIKV pode atingir a préstata,
epididimo e vesicula seminal, demonstrando a importancia do estudo da cinética do

virus no trato genital masculino;

8. O desenvolvimento de uma vacina contra o ZIKV podera ser uma aliada no controle da

doencga, bem como na protecédo de danos no trato genital masculino;
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9. Esses achados podem contribuir para politicas de satde publica em paises com e sem a
transmissao autoctone do ZIKV. Contudo, investigacdes posteriores envolvendo grupos
maiores de individuos com infeccdo por ZIKV sdo necessarias para melhor

compreensdo da transmissao sexual desse virus.
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PERSPECTIVAS FUTURAS

- Realizar estudos complementares de forma a melhor compreender os mecanismos que

medeiam o impacto celular do ZIKV a longo prazo no trato genital masculino;

- Realizar estudos para determinar a prevaléncia, carga viral e duracdo da infeccdo pelo

ZIKV em sémen, de forma a compreender melhor a cinética do virus;

- Investigar o ZIKV em bancos de sémen, principalmente de doadores assintomaticos;

- Realizar estudos para avaliar se a infeccdo congénita pelo ZIKV pode afetar futuramente

a fertilidade da crianca;

- Divulgar os resultados obtidos, visando contribuir com a constru¢do de medidas
publicas para o entendimento da infeccdo do ZIKV e seu impacto na fertilidade

masculina.
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tickets/new.
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the use of published data is required and the reuse of
previously published display items might be necessary.
If you do not own the item, or wish to reuse items from
previously published or copyrighted material. you must
declare this; the corresponding author will be provided
with a Third Party Rights Table to make these declara-
tions, which should be completed and retumed to the
editorial office as early as possible. If we are unable to
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undue qualifications. Any restrictions on the availability
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editors at the time of submission. Any restrictions must
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the published PDF or HTML versions of their articles,
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deposition service for articles.
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the HTML version of the article for which you wish to
request a permission.

www.nature.comireviews

113



