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RESUMO

O Zika virus (ZIKV), arbovirus pertencente a familia Flaviviridae, género
Flavivirus, teve seu primeiro caso de transmissdo autoctone relatado no Brasil em
2015. Sua répida dispersdo, ndo so6 pelo Brasil, mas por diversos paises do mundo,
tem trazido muitas preocupac0es, principalmente por sua infecgéo estar relacionada
com varios casos de sindrome congénita do Zika em fetos de gestantes infectadas,
assim como o aumento do nimero de casos da sindrome de Guillain-Barré. Além
da transmissdo por vetores artrépodes, casos de transmissdo sexual foram relatados
e verificou-se altos titulos virais no sémen, mesmo apds o fim da viremia. Um
estudo detectou o virus no sémen por 62 dias ap6s o fim dos sintomas, enquanto
outro verificou por mais de um ano a presenca do virus nesse mesmo fluido. Para
melhor esclarecer a infecgdo por ZIKV no sistema genital masculino, seus efeitos e
em quais 6rgdos desse sistema o virus se replica, modelos animais vém sendo
utilizados para tal, dentre eles o camundongo AG129. Este trabalho teve como
objetivo estudar a infeccdo por ZIKV em células e érgdos do sistema genital
masculino desses camundongos no pico da viremia. Foram avaliados: testiculos,
epididimo e complexo prostatico (vesicula seminal e prostata) dois dias apds a
infeccdo com o virus. Para isso, foram utilizados 11 camundongos AG129,
divididos em 2 grupos por metodologia: 5 para PCR em tempo real e 6 para imuno-
histoquimica. Utilizamos o sangue e cérebro como controle positivo e um
camundongo ndo-infectado em cada metodologia com controle negativo.
Detectamos, através de qPCR, a presenca do virus em todos os 6rgaos analisados e
obtivemos a seguinte média de titulos virais (em copias de RNA) em cada: 6,76x108
no cérebro; 7,6x108 nos testiculos; 6,13x108 nos epididimos; 4,41x10” no complexo
prostatico e 9,41x10' no soro. As imuno-histoquimicas demonstraram uma
infeccdo inicial nestes 6rgdos, em que o virus pode ser encontrado por muitas vezes
proximo ou dentro de vasos sanguineos, sendo que também pode ter sido observada

algumas marcag6es no tecido em si. Nos testiculos e epididimos a infec¢do nos



tecidos se mostrou mais significativa do que na préstata, mas nesta Gltima também
foi possivel observar a imunorreatividade para ZIKV em seus epitélios. A
verificacdo da proteina viral ndo-estrutural NS5, a RNA polimerase viral, nos
tecidos dos testiculos, epididimos e até mesmo da préstata da indicios de que o virus
é capaz de se replicar nestes 6rgdos. Portanto, a analise em 2 dias apds a infecgdo
destes 6rgdos, demonstrou altos titulos de RNA viral e uma infeccdo inicial nos
tecidos, sendo mais robustas em testiculo e epididimo, além da imunorreatividade

préxima a vasos e em leucdcitos no interior deles.

Palavras-chave: ZIKV, Zika virus, sistema genital masculino, camundongo,
AG129.



ABSTRACT

Zikavirus (ZIKV), arbovirus belonging to the Flaviviridae family, genus Flavivirus,
had its first case of autochthonous transmission reported in Brazil in 2015. Its rapid
dispersion, not only by Brazil, but by several countries of the world, has brought
many concerns, mainly due to its infection is related to many cases of Congenital
Zika Syndrome in fetuses of infected pregnant women, as well as the increase in the
number of cases of Guillain-Barré syndrome. In addition to transmission by
arthropod vectors, cases of sexual transmission have been reported and high viral
titers have been found in semen, even after the end of viremia. One study detected
the virus in the semen for 62 days after the end of symptoms, while another verified
for more than a year the presence of the virus in that same fluid. In order to better
clarify the ZIKV infection in the male genital system, its effects and in which organs
of this system the virus replicates, animal models have been used for this, among
them the mouse AG129. This work aimed to study ZIKV infection in cells and organs
of the male genital tract of these mice at peak of viremia. Testis, epididymis and
prostatic complex (seminal vesicle and prostate) were evaluated two days after
infection with the virus. For this, 11 AG129 mice were used, divided into 2 groups
by methodology: 5 for real-time PCR and 6 for immunohistochemistry. We used the
blood and brain as a positive control and an uninfected mouse in each negative
control methodology. We detected, through qPCR, the presence of the virus in all
analyzed organs and obtained the following mean viral titers (in RNA copies) in
each: 6.76x10°2 in the brain; 7.6x108 in the testicles; 6,13x108 in the epididymides;
4.41x10" in the prostatic complex and 9.4x10% in the serum. Immunohistochemistry
has demonstrated an initial infection in these organs, in which the virus can be
found often near or within blood vessels, and some markings on the tissue itself may
also have been observed. In the testis and epididymis tissue infection was more
significant than in the prostate, but in the latter it was also possible to observe the
immunoreactivity to ZIKV in its epithelia. The verification of NS5 nonstructural



viral protein, viral RNA polymerase, in the tissues of the testes, epididymis and even
the prostate gives evidence that the virus is able to replicate in these organs.
Therefore, the analysis at 2 days post-infection of these organs showed high titers
of viral RNA and an initial infection in the tissues, being more robust in testicles
and epididymis, besides the immunoreactivity close to vessels and in leukocytes
inside them.

Keywords: ZIKV, Zika virus, male reproductive tract, mice, AG129.
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1. INTRODUCAO
1.1.Arbovirus
Os arbovirus sdo virus transmitidos para os hospedeiros vertebrados por
meio de vetores artropodes hematofagos (WEAVER; REISEN, 2010). Estdo
envolvidos em um ciclo de vida complexo, adaptando-se a fazer sua multiplicacéo
tanto em tecidos do vetor invertebrado, assim como nos dos hospedeiros
vertebrados (Figura 1) (DIMMOCK;EASTON; LEPPARD, 2007).

Tais virus possuem uma distribuicdo mundial, como exemplificado pelo
mapa da figura 2, sendo esta dependente de parametros ecoldgicos que regem o seu
ciclo de transmissdo. Além disso, a distribuicdo dos arbovirus é limitada pelos
padrdes de vegetacdo, temperatura e precipitacdo da regido, fatores estes que
interferem na forma como os vetores artropodes e os hospedeiros vertebrados estao
distribuidos (GUBLER, 2001). Encontram-se principalmente em regides tropicais,
mas ha exemplos encontrados em regides temperadas (DIMMOCK;EASTON;
LEPPARD, 2007). Os hospedeiros funcionam como reservatério e, no ciclo, fazem
a manutencdo do virus (GUBLER, 2001).

Figura 1: Exemplo de ciclo de transmissdo de arbovirus em que, neste caso, o vetor
€ um mosquito e os hospedeiros sdo primatas ndo-humanos, no ciclo silvestre, e

humanos no ciclo urbano.

Vetor Vetor
cicLo cicLo il e
SILVESTRE \ URBANO —
Hospetﬁ \ ’ Hospedeiros

bl

Fontes COC.PLOS. Reuters  Créditos: David Foster. Laurie Garrett. Doug Hastey. Gabrietia Mettzer

Fonte: (CEARA) - modificado
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Existem mais de 540 espécies suspeitas de serem arbovirus, sendo que,
dessas, mais de 150 delas foram relatadas como responsaveis por doencas em
humanos. A maior parte das espécies desses virus € pertencente as familias
Bunyaviridae, Flaviviridae e Togaviridae, ja um menor nimero faz parte das
familias Reoviridae e Orthomyxoviridae (CLETON et al., 2012).

Figura 2: Mapa da distribuicdo mundial das principais arboviroses da atualidade
(JEV = virus da encefalite japonesa; DENV = virus da dengue; YFV = virus da
febre amarela; ZIKV = Zika virus; CHIKV = virus Chikungunya; RVFV = virus da
febre de Vale Rift; MAYYV = virus Mayaro; OROV = virus Oropouche).

JEV

% ZIKv

JEV
RVFV

JEV DENV YFV 2KV CHIKV RVFV  [JMAYW [ OROV

Fonte: (WEAVER et al., 2018)

Fatores que véo desde a epidemiologia a genética viral fazem com que 0s
arbovirus sejam capazes de causar doencas em humanos. A exposicdo destes
ultimos a esses virus deve-se a invasdo ao ambiente silvestre, assim como quando
eles sdo trazidos a areas domeésticas por vetores dos mesmos (WEAVER; REISEN,
2010).

A disseminagdo de uma determinada espécie de arbovirus em determinadas
regides pode, rapidamente, se tornar uma epidemia por uma série de fatores, como
as pequenas mudancas na genética dos virus ou até mesmo o surgimento de novas

cepas. Isso pode aumentar os niveis de viruléncia e viremia nos hospedeiros
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vertebrados, elevando a capacidade de disseminagéo dos mesmos. Modificagdes no
ambiente podem levar a alteracBes na composicdo das espécies de vetores e/ou
hospedeiras, podendo criar novos nichos ou expandir os antigos, o0 que é capaz de
aumentar a dispersdo de arbovirus. Viagens internacionais e o comércio facilitam a
insercdo desses virus em novos ambientes. Ademais, uma area receptiva a essa
invasdo relaciona-se com condic@es favoraveis daquele ambiente a replicagdo viral.
Na atualidade, verificamos a expansdo da urbanizacdo que leva a altas
concentracdes de humanos como potenciais hospedeiros, ja que estdo suscetiveis,
além da criacdo de ilhas de calor formadas pelo perimetro urbano, que criam um
ambiente favoravel e facilitam a invasdo desses arbovirus (WEAVER; REISEN,
2010).

1.2.0corréncia de arboviroses no Brasil

O Brasil, um grande pais tropical com 8.515.767,049 km? de extenséo e com
populacdo com quase de 209 milhdes de pessoas, segundo o IBGE - Instituto
Brasileiro de Geografia e Estatitica (2018), possui, em sua maior parte, um clima
tropical e uma ampla biodiversidade de plantas e animais, tendo, portanto, alto
potencial para a ocorréncia de arboviroses. Além disso, a maior parte da populagéo
brasileira vive em ambientes urbanos e que, muitas vezes, funciona como ambiente
propicio ao desenvolvimento e ocorréncia de vetores dessas doencas causadas por
arbovirus, como mosquitos dos géneros Aedes e Culex (KNIPE; HOWLEY, 2013;
VASCONCELOQOS; CALISHER, 2016). Visto isso, foram isoladas mais de 200
espécies de arbovirus no Brasil, sendo que mais de 30 deles causam doengas em
humanos (VASCONCELOS; CALISHER, 2016).

Ate 2015, pelo menos 9 especies de arbovirus estavam relacionadas com a
causa de doengcas humanas emergentes no Brasil, estando distribuidos entre os
genéros Alphavirus (familia Togaviridae), Flavivirus (familia Flaviviridae) e
Orthobunyavirus (familia Bunyaviridae). Dentre os arbovirus do género Alphavirus
estdo os virus: Mayaro (MAYYV), Chikungunya (CHIKV), Encefalite equina
oriental (EEEV) e Encefalite equina venezuelana (VEEV). J& entre os do género

Flavivirus estdo: virus da febre amarela (YFV), Encefalite de Saint Louis (SLEV),
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West Nile (WNV) e virus complexo da encefalite japonesa (ROCV). O arbovirus
do género Orthobunyavirus descrito por causar arbovirose no Brasil € o Oropouche
(ORQOV) (FIGUEIREDO, 2007).

No inicio de 2015, o servico publico de Natal-RN, relatou casos de pacientes
com sintomas semelhantes aos da dengue, mas os dados laboratoriais indicaram
uma infeccdo negativa para DENV e CHIKV. Os sintomas clinicos apresentados
por esses pacientes eram compativeis com os da infecgdo pelo arbovirus Zika virus
(ZIKV), portanto, foram realizados testes laboratoriais especificos para ZIKV. Das
21 amostras que passaram pelos testes, 8 apresentaram positividade para esse virus.
Com isso, foi reportado o primeiro caso de transmissdo autoctone de ZIKV no
Brasil (ZANLUCA et al., 2015), somando a déecima arbovirose relacionada com a
causa de doencas humanas emergentes no pais (FIGUEIREDO, 2015).

1.3. O Zika virus

O Zika virus (Figura 2) pertence a familia Flaviviridae, genéro Flavivirus e
foi isolado pela primeira vez em 1947 em macacos Rhesus sentinela na floresta Zika
em Uganda (DICK;KITCHEN; HADDOW, 1952; VASCONCELOS;
CALISHER, 2016). A transmissao desse virus é feita por algumas espécies de
mosquitos hematdfagos do género Aedes, além de primatas ndo humanos servirem
de hospedeiro intermediario ou ainda como reservatorio (VASCONCELOQOS;
CALISHER, 2016).

O ZIKV possui um genoma de RNA de fita simples positiva com
aproximadamente 10,8 kb, que contém apenas uma open reading frame (ORF),
apresentando nas duas extremidades regides ndo-traduzidas (do inglés,
untranslated region, sigla UTR) (CHAMBERS et al., 1990; KUNO; CHANG,
2007). Essa ORF codifica um precursor poliproteico que € clivado em trés proteinas
estruturais, sendo elas a C (capsideo), prM (pré-membrana) e E (envelope), que séo
responsaveis por formar a particula viral, e sete ndo-estruturais: NS1, NS2A, NS2B,
NS3, NS4A, NS4B e NS5, que possuem papéis primordiais na replicacdo do
genoma do virus, no processamento de poliproteinas, aléem de serem importantes

no escape das respostas imunes do hospedeiro, sendo a NS5 a RNA polimerase
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dependente de RNA (Figura 3) (CHAMBERS et al., 1990; KNIPE; HOWLEY,
2013; YE et al., 2016).

Figura 2: Representagdo da particula madura de Zika virus.

Fonte: (SAIZ et al., 2017) — adaptado.

Figura 3: Representacdo do genoma de ZIKV e das principais proteinas estruturais

e ndo estruturais.

A
Genoma ZIKV 5§ Open reading frame tnico 3 "
B Daptxda.sa smal
Rl Iy m
4DIC[_ chclx 4-’rta 83
E
NS1
Pr Ns28 NS4A  Ns4aB
RE
Bxcamadahpxdtca #-n — T Oy ll-‘ 7 —————eaiy
AL NS2A 2K nss  Citosol
c('jfl 4
Protease & NS3 Polimerase &

helicase metiltransferase

Fonte: (MING;TANG; SONG, 2016) — adaptado.

Para se replicar, os virions se ligam a membrana da célula hospedeira por
meio de interacbes entre glicoproteinas de superficie viral e receptores de
membrana na célula hospedeira. A entrada na célula ocorre por endocitose mediada
por receptores e 0s virions sdo internalizados por invaginacdes recobertas por
clatrina (GOLLINS; PORTERFIELD, 1985; KNIPE; HOWLEY, 2013; WHITE et
al., 2016). Para que ocorra 0 desnudamento da particula viral, ocorre uma

acidificacdo da vesicula do endossomo, na qual ocasiona uma mudanga
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conformacional no virion, fusdo das membranas celular e viral e liberacdo do
genoma viral para o citoplasma celular. O RNA fita simples de polaridade positiva
é traduzido em uma poliproteina, que é clivada por proteases celulares e virais. Tal
processamento leva a formacao de 10 proteinas, sendo 3 delas estruturais (C, prM
e E), localizadas na porcdo N-terminal da poliproteina, e 7 ndo-estruturais (NS1,
NS2A, NS2B, NS3, NS4A, NS4B e NS5), localizadas na porgdo C-terminal da
poliproteina (Figura 3). A replicacdo do genoma viral ocorre no citoplasma, em
associacdo com as membranas intracelulares, e se inicia sintese da cadeia negativa
de RNA, que servird de modelo para formacdo de novas fitas de RNA sentido
positivo. A montagem das novas particulas virais é feita na superficie do reticulo
endoplasmatico por brotamento e elas, entdo, irdo passar ao longo da via secretora
da célula hospedeira por meio da rede trans-Golgi, onde ira ocorrer a maturacao do
virion, que sera liberado da célula por exocitose (Figura 4) (KNIPE; HOWLEY,
2013; WHITE et al., 2016).

Figura 4: Ciclo replicativo de ZIKV.

[c 11 w [EEnst szalvsze[es NGNS s |
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Zika virus
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® |, ®

Fonte: (WHITE et al., 2016) - adaptado.
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1.4. Epidemiologia
Poucos casos de infeccdo humana por ZIKV foram relatados até 2007,
qguando uma epidemia desse virus ocorreu em Yap Island, Estados Federados da
Micronésia. Aproximadamente trés quartos da populacéo local apresentou infeccao
por Zika virus, que casou uma doenca relativamente mais amena com duragéo de
varios dias, sem mortes ou hospitalizacdes das pessoas infectadas (DUFFY et al.,
2009).

Como j& descrito anteriormente, o primeiro caso de transmissdo autéctone
de ZIKV no Brasil ocorreu em 2015 (ZANLUCA et al., 2015). Por meio de estudos
filogenéticos, verificou-se que a variante do virus Zika que circula no Brasil
pertence a linhagem asiatica e assemelha-se em 99% com a sequéncia de uma
amostra isolada de um paciente da Polinésia Francesa (CAMPOS;BANDEIRA;
SARDI, 2015). Uma hipétese levantada como uma possivel causa da chegada desse
virus ao Brasil foi a Copa do Mundo de Futebol realizada em 2014 no pais
(ZANLUCA et al., 2015), porém, nenhum pais endémico para ZIKV participou do
evento. A hip6tese mais provavel é que esse virus tenha chegado ao pais quando
ocorreu, em agosto de 2014, uma competicdo de canoagem no Rio de Janeiro, RJ,
em que quatro paises do Pacifico (Polinésia Francesa, Ilha da Pascoa, llhas Cook e

Nova Caleddnia) que havia circulacdo do ZIKV participaram (MUSSO, 2015).

Porém, um estudo publicado em 2017 analisou amostras coletadas no Rio
de Janeiro em abril de 2013, que foram negativas para dengue e encontraram que
das 210 amostras, 3 foram positivas para Zika virus (PASSOS et al., 2017). Tais
achados suportam a hipétese de que este virus possa ter chegado ao Brasil entre
outubro de 2012 e maio de 2013, como estudos filogenéticos com mosquitos Aedes
aegypti e Ae. albopictus também no Rio de Janeiro, que mostraram que o ZIKV
provavelmente chegou ao pais em 2013 (AYLLON et al., 2017).
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Figura 5: Mapa mundial que demonstra o risco das ocorréncias da febre Zika.
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Fonte: (LEONHARD et al., 2018) — adaptado.

Segundo a Pan American Health Organization/World Health Organization
(2018) o Brasil teve mais de 137 mil casos confirmados de infeccdo por ZIKV até
janeiro de 2018.

Atualmente, a febre Zika foi reportada em 85 paises/territérios, a grande
maioria dos casos foram considerados de transmissdo autoctone por vetores, porém
em 8 paises europeus e em 48 estados dos Estados Unidos os casos foram

relacionados a viagens (Figura 5) (LETA et al., 2018).

1.5. Sintomas e agravamentos

A infeccdo por Zika virus geralmente € assintomatica, sendo que somente
uma pequena parcela dos infectados apresentam sintomas ndo especificos, como
erupcgdes cutanea e febre (YE et al., 2016). Além disso, a infec¢do pode causar
também cefaleia, conjuntivite ndo purulenta, mialgia, artralgia e astenia. Esse
conjunto de sintomas € semelhante ao de outras arboviroses, como as de doengas
causadas pelos virus da Dengue (DENV) e Chikungunya (CHIKV), podendo
dificultar o diagnostico (ARAUJO;FERREIRA; NASCIMENTO, 2016).
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Durante o surto de Zika virus na Polinésia Francesa em 2013/2014,
observou-se a associac¢ao da infeccdo pelo virus com alteragdes neuroldgicas, como
0 aumento da sindrome Guillain-Barré (ARAUJO;FERREIRA; NASCIMENTO,
2016). O mesmo foi observado no Brasil, onde apos o surto de ZIKV, houve um
aumento claro da ocorréncia dessa sindrome (KLEBER DE OLIVEIRA et al.,
2016).

Além disso, no Brasil, de 2014 a 2015 ocorreu um grande aumento nos casos
de microcefalia em cerca de 20 vezes, periodo que coincide com o surgimento do
virus Zika no pais. Isto levou profissionais da salde a acreditarem em uma possivel
correlacdo da infeccdo de mulheres gravidas com o ZIKV ao desenvolvimento de
microcefalia em seus bebés (FAUCI; MORENS, 2016).

Alguns estudos tiveram resultados que sustentam essa hipotese, como o de
Calvet, et al. (2016) que fizeram testes em duas pacientes gestantes, cujos bebés
foram diagnosticados com microcefalia e em ambas foi detectado o RNA do ZIKV,
estirpe brasileira (ZIKVER) (CALVET et al., 2016). Além disso, o IgM anti-Zika
foi encontrado no liquido amnidtico, o que sugere que o virus pode atravessar a
barreira placentéria, havendo a possibilidade de infectar o feto. Um outro estudo
verificou a presenca do ZIKVBR em cérebro de um feto abortado que havia sido
diagnosticado também com microcefalia, sugerindo forte ligacdo dessa leséo
cerebral grave com a infec¢do por esse virus (MLAKAR et al., 2016).

Cugola et al. (2016) infectaram fémeas gravidas de camundongos com
ZIKVBR ¢ verificaram que os tecidos fetais desses animais eram suscetiveis a
infeccdo por esse virus, observando também um grave crescimento retardado
intrauterino, assim como sinais de microcefalia. Além disso, foi descrito por eles
que a cepa brasileira de ZIKV levou a apoptose e autofagia de celulas neurais desses
camundongos. Tal estudo traz mais evidéncias da relacdo da infec¢do por ZIKV e
0 aumento dos casos de microcefalia em fetos humanos (CUGOLA et al., 2016).

Além da microcefalia, foram observados outros defeitos congénitos e esse
conjunto da ma-formagdes foi chamado de Sindrome Congénita do Zika (do inglés,
Congenital Zika Syndrome — CZS). Tal sindrome é descrita por cinco

caracteristicas: 1) grave microcefalia, na qual ocorre parcial colapso do cranio; 2)
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reducdo do tecido cerebral com padrdo especifico de dano, o que inclui
calcificagOes subcorticais; 3) cicatrizes maculares e manchas na retina pigmentar
focal; 4) contraturas congénitas, tais como artrogripose (limitacdo dos movimentos
de articulacdo) e pés tortos; 5) restricdo do movimento do corpo logo apds o
nascimento, devido a hipertonia. Além disso, outras anormalidades foram
relacionadas a CZS, como tremores, convulsdes, glaucoma, catarata, entre outras.
Tal sindrome ocorre somente em fetos e bebés que foram infectados pelo Zika antes
do nascimento (PREVENTION; MOORE et al., 2017).
1.6. Transmisséo

Além da transmissdo por alguns vetores artropodes, ha evidéncias de que o
ZIKV pode ser transmitido via perinatal (BESNARD et al., 2014) e também via
transfusdo de sangue e hemoderivados, pois foi detectado um alto nimero de
doadores de sangue assintomaticos a infec¢do por ZIKV, cerca de 3% deles, na
Polinésia Francesa (MUSSO et al., 2014).

Evidéncias de transmisséo sexual também foram obtidas, como foi relatado
por Foy, et al. (2011) em que um homem americano viajou para o Senegal e depois
gue retornou ao seu pais, apresentou sintomas de infec¢do por ZIKV. Alguns dias
depois, sua esposa, que nunca havia viajado para Africa ou Asia e também n&o
havia saido dos EUA nos ultimos anos, apresentou sintomas de infeccdo por esse
virus. Os resultados evidenciaram a infec¢do do homem por ZIKV e a transmissao
sexual do marido para a esposa, pois eles tiveram relagdes sexuais quando ele voltou
de viagem, podendo-se suspeitar que o sémen infectado pode ter contaminado a
mulher (FOY etal., 2011).

Outro caso reportado de transmissdo sexual de Zika virus, ocorreu no Texas,
EUA. Um viajante apresentou sintomas parecidos com os da infecgdo por ZIKV
quando retornou da VVenezuela. Seu parceiro sexual, que ndo havia viajado, tambem
apresentou sintomas, sendo que o teste de ambos foi positivo para esse virus
(DECKARD et al., 2016). Além destes, outros possiveis casos de transmissao
sexual do ZIKV foram relatados, sendo alguns relatos de transmissdo de homem -
mulher (FOY et al.,, 2011; MUSSO et al., 2015; ARSUAGA et al., 2016;
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D'ORTENZIO et al.,, 2016; TURMEL et al.,, 2016), do homem — homem
(DECKARD et al., 2016) e mulher — homem (DAVIDSON et al., 2016).

Yarrington et al. (2019) relataram o caso de um bebé que nasceu com
microcefalia e foi diagnosticado com sindrome congénita do Zika como resultado
de uma infeccdo por via sexual durante sua gestacdo. Os pais sdo americanos € a
gravidez ocorreu por fertilizacdo in vitro. Porém, o pai viajou a trabalho vérias
vezes para 0 Haiti, antes e durante a gravidez, mas a méde ndo viajou e eles ndo
foram sintomaticos para a infeccdo por ZIKV, mas o RT-PCR foi positivo nas
amostras de placenta, levando ao diagnostico de Sindrome Congénita do Zika
(YARRINGTON et al., 2019).

Estudos mostram altos titulos do virus Zika no sémen (ATKINSON et al.,
2016), assim como na urina (ZHANG et al., 2016). Atkinson et al. (2016)
constatou, em seu estudo de caso, que nas amostras de sémen de um homem
positivo para a infec¢do por ZIKV, o virus foi identificado até 62 dias apds os
sintomas terem desaparecido. Ademais, resultados de outras pesquisas mostraram
que 0 RNA do ZIKV persistiu no sémen por praticamente 6 meses apds o inicio dos
sintomas, estando a carga viral reduzida ap6s 3 meses. A transmissao sexual em tal
situacdo ndo foi observada, ndo podendo porém, ser descartada sua possibilidade
de ocorréncia (BARZON et al., 2016; NICASTRI et al., 2016). Recentemente,
Barzon e colaboradores (2018) atualizaram o caso deste paciente e 0 RNA de Zika
virus foi encontrado em até 370 dias (mais de um ano) em queda persistente e baixos
titulos, sendo que apds este periodo, ndo foi mais detectado (BARZON et al., 2018).

Além disso, 0 RNA de ZIKV foi encontrado no sémen de trés homens
vasectomizados (ARSUAGA et al., 2016; ATKINSON et al., 2017; FROESCHL et
al., 2017). O primeiro caso foi relatado por Arsuaga e colaboradores (2016), na qual
um casal havia viajado para llhas Maldivas, onde estiveram expostos a picadas de
mosquitos, e retornaram a Madrid, Espanha, em 18 de fevereiro de 2016. No dia 21
de fevereiro, 0 homem comecou a apresentar sintomas como febre, erupgdes
cutaneas, dor de cabeca, fraqueza e mialgias. O casal relatou ter tido relagdes
sexuais desprotegidas no dia 28 de fevereiro e no dia 6 de margo a mulher comegou

a apresentar sintomas como febre, lesdes cutaneas, fraqueza, olhos vermelhos. Os
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exames de ambos foram positivos para ZIKV, sendo positivo por RT-PCR na urina
da esposa no dia 24 da doenca (do inglés, day of illness, sigla DOI) e no sémen do
marido em DOI 47, 69 e 96. Por mais que a transmissao a mulher possa ter ocorrido
por picada de mosquito, a hipotese de ter ocorrido por via sexual é sustentada pelo
fato de que o inicio dos sintomas da mulher foi apds um longo periodo do retorno
da viagem (18 dias), o que seria um longo periodo de incubacdo para tal virus
(ARSUAGA et al., 2016). O segundo caso, relatado por Atkinson et al. (2017) que
avaliaram possiveis infeccdo importadas causadas pelo Zika virus em sémen e,
dentre elas, o de um homem vasectomizado foi positivo. Froeschl et al. (2017)
relataram o terceiro caso, um alemao vasectomizado que retornou da Martinica com
erupcgdes cutaneas, estado subfebril, mal-estar, dor retro-orbitral. Resultados de
PCR foram positivos para ZIKV no sémen até o dia 77 apos o inicio dos sintomas
e no sangue até 101 dias (FROESCHL et al., 2017).

Modelos estatisticos sugerem que a contribui¢do da transmissdo sexual para
os casos de infeccdo por Zika virus é em torno de 3,044% - 4,8% (GAO et al., 2016;
MAXIAN et al., 2017).

Para esclarecer a possivel transmissdo sexual do ZIKV, assim como a
prevaléncia e periodo de tempo que o0 virus permanece no sémen e quais as células
do sistema genital sdo capazes de serem infectadas por esse virus, quais células
servem de reservatorios virais, mais estudos sdo necessarios (BARZON et al.,
2016; DA SILVA, 2018) e vem sendo desenvolvidos.

1.7. Modelos animais e a infec¢@o no sistema genital masculino

Em 2016, Rossi e colaboradores apresentaram dois modelos animais da
espécie Mus musculus suscetiveis a infeccdo por Zika virus, sendo importantes para
estudar a patogénese desse virus, assim como a pesquisa de vacinas e antivirais.
Estes modelos sdo os camundongos A129 e AG129, ambos imunocomprometidos,
sendo que o primeiro ndo possui o receptor para Interferon de tipo I (IFN o/B) e o
segundo, para os tipos I e II (IFN o/B/y). Eles amostraram varios 6rgdos em ambos
modelos (coragdo, figado, rim, pulmao, baco, musculo, cérebro e, nos machos,

testiculos) quanto a carga viral, verificando que todos os 6rgaos continham o virus,
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mas que os principais locais de replicacéo do virus foram testiculo, baco e cérebro.
A principal diferenga entre os dois modelos, foi que na linhagem AG129 observou-

se uma gravidade maior dos sintomas neuroldgicos (ROSSI et al., 2016).

Estudos desenvolvidos com a linhagem asidtica ZIKA-SMGC-1 em
camundongos machos mostraram que o virus pode levar a inflamacéo do testiculo
e epididimo, mas o mesmo ndo ocorre na vesicula seminal e na proéstata.
Verificaram diversas anormalidades testiculares, inclusive diminuicdo dos niveis
de testosterona, assim como danos nas células do epididimo (MA et al., 2016). O
mesmo foi visto por Clancy et al. (2018), que analisaram a infec¢éo por um isolado
porto-riquenho de ZIKV (PRVABC59) em camundongos knockout IFNAR tipos |
e Il (AG129) e IFNAR’/ tipo | entre os dias 5 a 11. Eles detectaram por imuno-
histoquimica o virus nos testiculos e epididimos de ambos modelos de
camundongo, onde observaram epididimite e orquite (inflamacéo nos testiculos) e
na prostata e vesicula seminal dos AG129, na qual ndo observaram inflamacao
significativa (CLANCY et al., 2018).

Outros pesquisadores mostraram que em ratos machos infectados com a
cepa mexicana ZIKVMEX houve uma diminuic&o significativa do tamanho dos seus
testiculos em comparacdo com ratos ndo infectados, atrofia, na qual, pode ter
ocorrido devido a diminuicdo dos niveis de testosterona nas células infectados com
0 virus. Tais achados podem sugerir que o ZIKV pode reduzir a fertilidade
masculina (URAKI et al., 2017).

Em relagdo aos casos de homens vasectomizados em que se observou a
presenca de ZIKV em sémen, como relatado anteriormente (ARSUAGA et al.,
2016; ATKINSON et al., 2017; FROESCHL et al., 2017), podem sustentar a
hipdtese de que a replicacdo do ZIKV ndo esteja ocorrendo somente nos testiculos
e epididimos, ja que na vasectomia o ducto deferente € cortado e a replicacéo viral
nestes sitios ndo seria detectado no sémen (SPENCER et al., 2018) (Figura 6).

Um estudo utilizando camundongos AG129 machos, sendo alguns deles

vasectomizados e outros ndo, infectados com ZIKV, verificou-se que 0s primeiros
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possuiam niveis significativamente menores de virus em relacdo aos demais.
Porém, ao avaliar a transmissdo sexual, esta ocorreu em ambos 0S Qrupos
(DUGGAL et al., 2017).

Vérias questdes sobre a infecgdo por ZIKV no sistema genital masculino
precisam ser esclarecidas como a origem do Zika virus no sémen, 0s mecanismos
moleculares e celulares da persisténcia deste virus em tal sistema, assim como as

principais células infectadas ali, dentre outros (STASSEN et al., 2018).

Tais informacgbes sdo de extrema importancia para o sistema de saude
publica mundial, pois tal infec¢do pode levar a complicaces neuroldgicas tanto em
fetos, como a sindrome congénita do Zika, podendo levar a morte do mesmo, quanto
em adultos, como no caso da Sindrome de Guillian-Barré. Ademais, a transmissdo
sexual pode expandir o alcance desse virus a nivel mundial, ja que ndo se limita,
portanto, apenas a paises que oferecerem condi¢cdes para 0 mosquito vetor se
desenvolver. Além disso, tais esclarecimentos podem contribuir no

desenvolvimento de antivirais e vacinas eficientes contra o Zika virus.
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Figura 6: Representacdo esquematica do sistema genital masculino com possiveis
sitios de infecgdo por ZIKV.
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Fonte: (STASSEN et al., 2018) — adaptado.
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2. OBJETIVOS
2.1.0bjetivo geral
Este trabalho teve como objetivo o estudo da infeccdo de células e 6rgéos
do sistema genital masculino de camundongos AG129 por ZIKVER ao pico da

viremia.

2.2. Objetivos especificos
- Investigar a presenca do ZIKV, em modelo animal, em 6rgéos e células do sistema

genital masculino utilizando a técnica de imuno-histoquimica;

- Verificar possiveis sitios de replicacdo desse virus através da andlise de testiculo,
epididimo e prostata dos camundongos infectados por meio técnica de imuno-

histoquimica;

- Obter a titulacdo viral dos Orgaos citados e também de cérebro e sangue de

camundongos infectados com ZIKVER através da técnica de qPCR.
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Abstract

Sexual transmission of Zika virus (ZIKV), an important arbovirus, and the
persistence of this virus in semen brings raises several questions about how and
where it circulates in the male reproductive tract (MRT). We analyzed the ZIKV
infection in MRT of AG129 mice at 2 dpi, peak of viremia, and detected high RNA
viral loads in testicles, epididymis and prostatic complex (prostate and seminal
vesicle). Immunohistochemical (IHC) analyses, based on the envelope protein,
showed an early infection in organs of MRT, since ZIKV positive antigens were
detected in cells within or surrounding blood vessels, in interstitials regions or
connective tissue of the organs and in epithelial cells of tissues. A more robust
infection was seen in the testicles and epididymis at 2 dpi, in prostate it was also
possible to observe the viral presence. Positive antigens for NS5 protein were also
detected by IHC, the virus RNA-dependent RNA polymerase, suggesting that the

virus replicates in these organs.

Keywords: Zika virus, ZIKV, male reproductive tract, MRT, mice, AG129



45

1. Introduction

Zika virus (ZIKV), an arbovirus member of Flaviviridae family, genus
Flavivirus, was first identified in 1957 from the blood of sentinel Rhesus monkeys
in Zika forest of Uganda ®. It has a positive-stranded RNA genome with about
10.8kb, containing only an open reading frame (ORF), flanked at both ends by
untranslated regions (UTR) 2. The ORF encodes a polyprotein that is processed in
3 structural proteins, capsid (C), pre-membrane (prM) and envelope (E), and 7 non-
structural, NS1, NS2A, NS2B, NS3, NS4A, NS4B and NS5 3#. Until 2007, few
cases of human infection by ZIKV were reported, however in that same year, an
epidemic occurred in Yap Island, Federated States of Micronesia. Approximately

three quarters of the local population showed Zika virus infection °.

ZIKV infection is usually asymptomatic, but when symptoms occurre, they are
non-specific, like fever, rash, headache, non-purulent conjunctivitis, arthralgia,
myalgia and asthenia *©. This set of symptoms is similar to other arboviruses, as the
disease caused by dengue virus (DENV) and Chikungunya (CHKV), making it
difficult diagnose . During the outbreak in French Polynesia in 2013/2014, Zika
virus infections were associated with cases of neurological changes, like Guillain-

Barré syndrome "%,

The first autochthone case in Brazil was reported in 2015 ° and recent outbreaks
in Central and South America demonstrated that the infection is associates with
serious health conditions, such as cases of congenital Zika syndrome in fetus 1° and
Guillian-Barré syndrome in adults °.

Zika virus is mainly transmitted by mosquitoes from the genus Aedes 1. Other
forms of transmission that have been reported are blood transfusion 2, perinatal
route ¥ and sexual transmission 141, Additionally, this virus is capable of causing
a long-term persistence in semen "8 and was already isolated 370 days after the

symptoms disappearance in a man *°.

Animals models has been utilized to investigated the infection in the male

reproductive tract (MRT). In mice the most of the studies detected ZIKV in testicles
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and epididymis, observed too inflammation in this organs 2%?* and the presence also
it was detected in prostate and seminal vesicle, but in lesser level 22, In monkeys, it
was found in testicles, prostate and seminal vesicle Z. In this study, we analyzed
the infection of Zika virus in different organs of male genital tract of AG129 mice,
as well as brain and serum, at 2 days post infection, peak of viremia 2*, evaluating,
thus, the initial ZIKV infection in MRT.

2. Material and Methods

2.1. Ethics statement
This study was submitted to the Ethics Committee on Animal Use (CEUA) of
IBILCE / UNESP in Séo José do Rio Preto, SP, with approval n® 163/2017 - CEUA.

2.2. Cell culture
Vero E6 cells were growth in Dulbecco’s minimum essential medium (DMEM)
(Cultilab, Campinas, SP, Brazil) supplemented with 10% fetal bovine serum (FBS)
(Cultilab, Campinas, SP, Brazil), 1000 U/mL penicillin-streptomycin, P/S (Thermo
Scientific, Waltham, MA, USA) in a humidified incubator at 37°C with 5% CO..
The mosquito C6/36 cell line (Aedes albopictus, Banco de células do Rio de Janeiro,
BCRJ, Duque de Caxias, RJ, Brazil) was grown in Leibovitz L-15 medium
(Cultilab, Campinas, SP, Brazil) supplemented with 10% fetal bovine serum (FBS)
(Cultilab, Campinas, SP, Brazil), 1000 U/mL penicillin-streptomycin, P/S (Thermo
Scientific, Waltham, MA, USA) in an incubator at 28°C.
2.3. Virus preparation
The Brazilian strain of Zika virus (ZIKVER) was isolated from a febrile case in
the state of Paraiba 2, northeastern Brazil, and it was a courtesy of. Dr. Pedro
Vasconcelos, Evandro Chagas Institute, Brazil. A sample of this virus was
inoculated in C6/36 cell and incubated for 5-6 days, until the onset of cytopathic
effect. Cells were freezed and thawed and the supernatant was filtered and stored at
-80°C.
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2.4. Virus titration

Viral title was obtained by titration on Vero E6 cells. Vero E6 cells were seeded
in 12-well plate (2x10° cells per well) and incubated at 37°C with 5% CO, for 24h
prior to infection. The virus was diluted 10-fold in Dulbecco’s minimum essential
medium (DMEM) (Cultilab, Campinas, SP, Brazil). Monolayers were infected with
400 pL of each dilution in duplicate for 1 hour at 37°C for viral adsorption. After
this incubation, virus was removed and 950 puL of Dulbecco’s minimum essential
medium (DMEM) (Cultilab, Campinas, SP, Brazil) 2x supplemented with 1% Fetal
Bovine Serum (FBS) (Cultilab, Campinas, SP, Brazil), 1% P/S (Thermo Scientific,
Waltham, MA, USA) and 1% carboxymethylcellulose sodium salt (Sigma-Aldrich,
St. Louis, MO, USA) was added to each well. Cells were incubated for 96 hours at
37°C with 5% CO., fixed with 10% formaldehyde (Merck, Darmstadt, Hesse,
Germany) and stained with 1% violet crystal (Sigma-Aldrich, St. Louis, MO, USA)
diluted in 20% ethanol (Merck, Darmstadt, Hesse, Germany). Foci were counted to

obtain viral titer.

2.5. Animals

Eleven male AG129 mice at 7 weeks age were intradermally injected in the
footpad with 1 x 10° PFU (plaque-forming units) of ZIKVER diluted in 50 pL of
Dulbecco’s minimum essential medium (DMEM) (Cultilab, Campinas, SP, Brazil).
Animals were euthanized 2 days post infection (dpi), peak of viremia, according to
Rossi et al. 2*. Besides them, two uninfected mice were euthanized as negative
control. Animals were euthanized by an overdose of the anesthetic Dopalen
(Ketamine Hydrochloride, Agribrands Brasil Ltda, Paulinia, SP, Brazil) -500mg /
kg, injected intraperitoneally.

Brain, testicles, epididymis, prostatic complex (prostate and seminal vesicle)
and blood were collected. For Real time PCR (gPCR) 5 animals were used, 4
infected and 1 control. Six animals were used for immunohistochemistry (IHC), 5
infected and 1 control

Matrices (3 females and 1 male) of the eleven male animals used were obtained

at the Bioterio of the University of Sdo Paulo - Campus Sao Paulo, they were
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courtesy of Dr. Luis Carlos de Souza Ferreira, University of S&o Paulo - Brazil, and
maintained in pathogen free conditions.

2.6. RNA extraction, cDNA synthesis and real time PCR

Total RNA from organs and serum was isolated by macerating the organs or
mixed serum in TRIzol (Life Technologies, Carlsbad, CA, USA) and proceeding
with RNA extraction according to manufacturer's instructions. The cDNA synthesis
was done with High Capacity cDNA Reverse Transcription Kit (Thermo Fisher
Scientific, Waltham, MA, USA) using 10 pL of extracted RNA.

Viral RNA levels of the serum, brain, testicles, epididymis and prostatic
complex were determined by real time PCR technique using ZIKV 1086, ZIKV
1162¢ and 1107-FAM primers 26 and TagMan Universal PCR Master Mix, No
AmpErase® UNG (Thermo Fisher Scientific, Waltham, MA, USA). The reaction
was performed in QuantStudio ™ 12K Flex Real Time PCR System (Applied
Biosystems, Foster City, CA, USA). Viral load of ZIKVBR was expressed on a
log1l0 scale as viral RNA total copies after comparison with standard curve,
composed of 7 points, (Log10 - 1.6 x 10° PFU / mL at 1.6 PFU / mL).

2.7. Histology and Immunohistochemistry

Tissues (brains, testicles, epididymis and prostate) from ZIKV-infected and
uninfected AG129 mice were fixed in 4% paraformaldehyde (PFA) (Sigma Aldrich,
St. Louis, MO, USA) diluted in a phosphate buffer solution (PBS) for 24h washed
in water, dehydrated in ethanol (Merck, Darmstadt, Hesse, Germany), clarified in
xylol (Sigma Aldrich, St. Louis, MO, USA) and included in Histosec (Merck,
Darmstadt, Hesse, Germany) for block assembly. The paraffin blocks containing
the tissue were sectioned at Spm. Some slides were stained with hematoxylin-eosin
(HE)  for  morphological and histopathological analyzes. The
Immunohistochemistry Application Solutions Kit (Rabbit) (#13079, Cell Signaling,
Danvers, MA, USA) was used for immunohistochemistry staining. Tissues were
deparaffinized and rehydrated. Antigen retrieval was performed in citrate buffer

(pH 6) for 25 min at 98°C, followed by endogenous peroxidase block with Peroxide
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Blocking Reagent (Previously Covance catalog # SIG-31128, BioLegend®, San
Diego, CA, USA) for 10 minutes. Slides were washed with phosphate buffered
saline + 0.025% of Triton-X (Sigma Aldrich, St. Louis, MO, USA) (PBS-T). A
Goat Serum 10% blocking solution (Introvigen, Carlsbad, CA, USA) was added for
the blockage of nonspecific proteins for 2 hours at room temperature. The blocking
solution was removed and slides were incubated with primary antibodies, NS5
antibody (NBP2-42900, rabbit, polyclonal, 1:500, Novus Biologicals®, Centennial,
CO, USA) and Zika virus envelope protein (GTX133314, rabbit, polyclonal, 1:500,
GeneTex, Irvine, CA, USA) and incubated for 2 hours at room temperature. Slides
were washed three times with PBS-T and incubated for 30 minutes with
SignalStain® Boost IHC Detection Reagent (HRP, Rabbit) (kit). The reaction was
detected using diaminobenzidine (DAB) and counterstained with hematoxylin
(Merck, Darmstadt, Hesse, Germany). Slides were analyzed with the Olympus
BX60 (Olympus, Tokyo, Japan) light microscope.

2.8. Data analysis

Data were first submitted to descriptive analysis for determination of normality.
Once the normal distribution was confirmed, the groups were compared by analysis
of variance (One-Way ANOVA) followed by the Bonferroni test. VValues of p <0.05
were considered significant. Statistical analyzes were performed using GraphPad
Prism 5 software (GraphPad Software, Inc., CA, USA). Microsoft Excel
(Microsoft, Redmond, WA, USA) was also used to aid in data processing.

3. Results
3.1. Zika virus was detected in high titers in male reproductive tract
organs
The titers of ZIKV in the organs and serum at 2 dpi were evaluated by qPCR
and the virus was detected in all organs analyzed. The higher titer was obtained in
serum, followed by testicles, brain, epididymis and, the smaller titer was detected
in prostatic complex. Figure 1 present the mean of the viral titer, measured by RNA

copies, of each organ considering the four infected mice. Statistics differences were
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obtained just by comparison between serum and all organs (P value < 0.0001).

Comparisons between organs were not significant.

*kk

ZIKV RNA (Log)

Figure 1. Mean of the ZIKV RNA titer in each organ/serum of four infected mice,
measured by RNA copies, at 2 dpi (*** p< 0.0001). Viral loads in organs and serum

were not detected in the uninfected mice.

3.2. MRT organs display an initial infection at 2 days post-infection by
ZIKV
Sections of organs (brain, testicles, epididymis and prostate) of infected and of
uninfected mice were analyzed after staining by immunohistochemistry in order to
determine the location of the virus in these organs. To this end, we used one marker
for the viral envelope structural protein and another for the NS5 nonstructural
protein, which is the viral RNA polymerase. In general, ZIKV was detected at
different points in the organs, being found often in or nearby blood vessels (Figures
2F, 4D-E, 5E, 7D, 7F, 8F, 9D-E, yellow arrows). These patterns indicate an initial

infection in the tissues.
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In the testicles, in addition to vessels (Figure 2F, yellow arrows), the virus was
detected in Leydig cells, located in interstitials regions (Figures 3D-E, red arrows),
demonstrating infection in the basal regions of some seminiferous tubules, in
spermatogonias, spermatocytes and Sertoli cells (Figures 2D-F; 3D-F) and also in
myoid cells (2F, green arrows) presenting immunoreactivity for both antibodies.
Regarding the epididymis, in most of the analyzed mice the immunoreaction was
observed at more basal cells in the epididymal epithelium (Figures 4D-F; 5F), some
in the connective tissue (Figures 4D-E, orange arrows) and others in smooth muscle
cells of this organ. However, in some cases NS5 protein was shown to be more
immunoreactively in the epithelium (Figure 5D). The prostate showed a lower
immunoreactivity to ZIKV compared to the testicles and epididymis, the ZIKV
presence in the glandular epithelium, also in a basal region, can be detected (Figures
6D-F). NS5 protein, in this organ, was detected mainly within blood vessels (Figure
7F, yellow arrows) and in interstitial regions (Figures 7D; 7F), while in the tissue
itself (Figure 7E), it was also observed, but in smaller amount. The orange arrow
(Figure 7F) demonstrates a leucocyte positive for NS5 antigen transmigrating from
the blood vessel into the connective tissue, overcoming the endothelial barrier.

In the brain, which was used as a positive control of the experiment, due to ZIKV
known tropism to this organ %', we observed more immunoreactivity to NS5 protein
antigen than to the envelope antigen (Figure 9). In relation to the last one, a few
positive cells to Zika virus could be found, such as neuron (Figure 8D), a cell in
granular layer (Figure 8E) and also around a blood vessel (Figure 8F, yellow
arrows). Immunoreaction to NS5 protein was found mainly within blood vessels
(Figures 9D-E, yellow arrows), but also in cerebral cortex (Figure 9D) and granular

layer (Figure 9F)

3.3. ZIKV replicates in the organs of MRT.

NS5 protein of Flavivirus, like Zika virus, is the RNA-dependent RNA
polymerase 28 and in this study we used a specific antibody for this protein in the
immunohistochemistry assay. As previously described, all organs analyzed showed

immunoreactivity for this antigen at 2 dpi. Although many positive leukocytes for
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this antibody were found within blood vessels in the organs (Figures 5C; 7F; 9D-
E), we can also see positive cells in the tissue (Figures 3D-F; 5D; 5F; 7F; 9D; 9F),
mainly in testicles and epididymis. These findings evidences that ZIKV is
replicating in this organs early, at 2 days post infection. In prostate tissue,
comparing to testicles and epididymis, there were fewer NS5 positive sites,
nevertheless it was still possible to detect immunoreactivity to this protein, also

confirming an early replication in prostate cells.
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Figure 2. Photomicrograph of the ZIKV envelope protein antigens in testicles. A-C: Control testicles from uninfected AG129.
Polyclonal anti-Zika virus envelope protein; counterstained hematoxylin; A and B: 20x, bar = 50um; C= 40x, bar = 20um. D — F: testis
of AG129 infected with ZIKV, 2 dpi; Polyclonal anti-Zika virus envelope protein (ENV); counterstained hematoxylin; D and E: 20x,
bar = 50um; F = 40x, bar = 20um. D — E: Seminiferous tubules showed immunoreactivity to ZIKV in some cells in basal sites. F:
ZIKV antigen in surrounding of blood vessels and also in basal region of seminiferous tubules. polyclonal antibody. Black arrows =

epithelial cells. Green arrow = Myoid cell. Yellow arrows = cells within or surrounding of blood vessels. v= blood vessels.
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Polyclonal anti-NS5 protein (NS5); counterstained hematoxylin; A and B: 20x, bar = 50um; C= 40x, bar = 20um. D — F: testis of
AG129 infected with ZIKV, 2 dpi; Polyclonal anti-NS5 protein (NS5); counterstained hematoxylin; D and E: 20x, bar = 50um; F =
40x, bar = 20um. D — E: Seminiferous tubules showed immunoreactivity to NS5 protein of ZIKV in some epithelial and interstitial

cells. F: NS5 protein antigen in epithelial cells of seminiferous tubules. Black arrows = epithelial cells. Red arrow = Interstitial cells.



55

Epididymis
"
d "6‘;.? 0‘ 41 l

- J (AN , ¢ ‘r'”
Unmfected ' - :’,‘in"-’"/' ﬁ.?s ‘4!".0,'

mice | Ay e’ | ENV

Infected

mice

Figure 4. Photomlcrograph of the ZIKV envelope protein antlgens |n epdldymls A-C: Control epididymis from unlnfected AG1209.
Polyclonal anti-Zika virus envelope protein (ENV); counterstained hematoxylin; A and B: 20x, bar = 50pum; C= 40x, bar = 20um. D —
F: epididymis of AG129 infected with ZIKV, 2 dpi; Polyclonal anti-Zika virus envelope protein; counterstained hematoxylin; D and
E: 20x, bar = 50um; F = 40x, bar = 20um. D — E: Cells in connective tissue, surrounding of blood vessels and some epithelial cells
showed immunoreactivity to ZIKV. F: ZIKV antigen in some basal cells in epithelium of epididymis. Black arrows = epithelial cells.

Orange arrows = cells of connective tissue. Yellow arrows = cells within or surrounding of blood vessels. v = blood vessel.
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Figure 5. Photomlcrograph of'the FIaV|V|rus NS5 protein antlgens in epididymis. A-C: Control epididymis from uninfected AG129.
Polyclonal anti-NS5 protein (NS5); counterstained hematoxylin; A and B: 20x, bar = 50um; C= 40x, bar = 20um. D — F: epididymis
of AG129 infected with ZIKV, 2 dpi; Polyclonal anti-NS5 protein; counterstained hematoxylin; D and E: 20x, bar = 50um; F = 40x,
bar = 20um. D: Transverse cells in the epithelium positive for NS5 protein of ZIKV antigen. E: Cell within blood vessels showed
immunoreactivity to NS5. F: Epithelial cell positive for NS5 antigen. Black arrows = epithelial cells. Yellow arrows = cells within or

surrounding of blood vessels. v = blood vessels.
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Figure 6. Photomicrograph of the ZIKV envelope protein antigens in prostate. A-C: Control prostate from uninfected AG129.
Polyclonal anti-Zika virus envelope protein (ENV); counterstained hematoxylin; A and B: 20x, bar = 50pum; C= 40x, bar = 20um. D —
F: prostate of AG129 infected with ZIKV, 2 dpi; Polyclonal anti-Zika virus envelope protein; counterstained hematoxylin; D and E:
20x, bar = 50um; F = 40x, bar = 20um. D — E: Cells of basal region of epithelium showed immunoreactivity to ZIKV. F: ZIKV

antigen positive in some cells in epithelium of prostate. Black arrows = epithelial cells.
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Polyclonal anti-NS5 protein (NS5); counterstained hematoxylin; A and B: 20x, bar = 50um; C= 40x, bar = 20um. D — F: prostate of
AG129 infected with ZIKV, 2 dpi; Polyclonal anti-NS5 protein; counterstained hematoxylin; D and E: 20x, bar = 50um; F = 40x, bar
=20um. D: Cells of connective tissue positive for NS5 antigen. E: Epithelial cell showed immunoreactivity to NS5 protein of ZIKV.
F: NS5 antigen positive in some cells within blood vessels and in connective tissue. Black arrows = epithelial cells. Orange arrows =

cells of connective tissue. Yellow arrows = cells within or surrounding of blood vessels. v = blood vessels.
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Figure 8. Photomicrograph of the ZIKV envelope protein antigens in brain. A-C: Control brain from uninfected AG129. Polyclonal
anti-Zika virus envelope protein (ENV); counterstained hematoxylin; A and B: 20x, bar = 50um; C= 40x, bar = 20um. D — F: brain of
AG129 infected with ZIKV, 2 dpi; Polyclonal anti-Zika virus envelope protein; counterstained hematoxylin; D and E: 20x, bar = 50um;
F = 40x, bar = 20um. D: Neuron that showed immunoreactivity to ZIKV. E: positive cell to ZIK antigen in granular layer. F: ZIKV
antigen positive surrounding a blood vessel in brain cortex. Yellow arrows = cells within or surrounding of blood vessels. v = blood

vessel.
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Figure 9. Photomicrograph of the Flavivirus NS5 protein antigens in brain. A-C: Control

Polyclonal anti-NS5 protein (NS5); counterstained hematoxylin; A and B: 20x, bar = 50um; C= 40x, bar = 20um. D — F: brain of
AG129 infected with ZIKV, 2 days’ post infection; Polyclonal anti-NS5 protein; counterstained hematoxylin; D and E: 20x, bar =
50um; F = 40x, bar = 20um. D: Cell of brain cortex and in blood vessel positive for NS5 antigen. E: Many cells within blood vessels

showed immunoreactivity to NS5 protein of ZIKV. F: NS5 antigen positive in granular layer. Yellow arrows = cells within or

surrounding of blood vessels. v = blood vessel.
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brain coming from uninfected AG129.
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4. Discussion

Due to reports of ZIKV sexual transmission 14162 and data that showed the
persistence of ZIKV in semen in high viral titers 1"1° it is necessary to study the
infection of this virus in male genital tract. In this study, we focused in studying an
early ZIKV infection, of the MRT, in 7 weeks-old AG129 mice. For this, we
infected the animals and the euthanasia occurred on peak of viremia, at 2 days-post
infection, and the infection in MRT was analyzed by gPCR and

immunohistochemistry.

By Real time PCR we verified the presence of ZIKV in all analyzed organs
(testicles, epididymis, prostatic complex and brain) and serum in high titers of viral
RNA at 2 dpi. The peak of viremia at 2 dpi was described in a study that used A129
mice, that are lacking of IFN type I gene, and AG129, lacking of IFN type I and Il
genes, that were infected with ZIKV. They found the viral presence in several
organs of infected A129, including the testicles, where they verified high viral titers,

but other organs of the MRT were not analyzed 2.

Other study, based on AG129 lineage of mouse, detected Asiatic and one
African strains of Zika virus in testicles, epididymis and seminal vesicle with high
levels of viral RNA . Other group demonstrated ZIKV presence in testicles and
epididymis at 7, 9, 10 and 11dpi, but also in prostate and seminal vesicle at 7, 9 and
11 dpi, in 7 to 8 weeks-old AG129 mice, using by qPCR 22. Low viral titers were
found in prostate and seminal vesicle of C57BL/6 rats, while testicles and
epididymis demonstrated high RNA viral load 2.

Our results of gPCR are in accordance with many studies found in literature,
as most presented here. Some differences, such as of Ma et al. 2°, who observed low
viral loads of RNA in the prostate and seminal vesicles may have occurred due to

differences between the animal model, the ZIKV strain or even the dose of infection
22,31-34

Regarding the immunohistochemical results, we could observe an initial

infection in the tissue of organs of MRT (testicles, epididymis and prostate), as well
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as in the brain. Immunoreactivity to Zika virus envelope protein and NS5 protein,
can be seen many times within or around the blood vessels, but it is also found
inside the tissues. In testicles, we found viral antigens in interstitial cells (Leydig
cells) and in some basal cells in seminiferous tubules, where we can observe
immunoreactivity in myoid cells, Sertoli cells, spermatocytes and spermatogonias

even in this initial infection.

The preference of ZIKV infection in spermatogonia, spermatocytes and
Sertoli cells had previously been reported in mice wild type (WT) at 7dpi 3. Other
study also in WT mice, verified that myoid cells and spermatogonia are more
susceptible to Zika virus infection, because this virus did not induce a fast and
abundant response of cytokines in this cells. Also, in Leydig cells and epithelial
cells of epididymis, the virus induced innate immune response, leading to synthesis
of pro-inflammatory cytokines %,

In a study that analyzed the infection in cells of testis in two types of mice,
a immunocompetent and a immunocompromised they observed that the germ cells
in both models were equally susceptible to ZIKV infection. Sertoli cells and myoids
cells did not show significant differences between them. Leydig cells did not exhibit
susceptibility to this virus in any model ®. Another research identified Sertoli cells
as susceptible to Zika virus both in animal model (AG6 mice) and cell culture *°.

Our findings in epididymis demonstrate positive cells for ZIKV antigens in
some basal cells in epididymal epithelium, but increased immunoreactivity in
epithelial cells of this organs in many cases can be seen in figure 5D. A similar
pattern has been seen by Clancy et al. 2 in AG219 mice at 5dpi, however they have
observed this immunoreactivity more intensely. They also identified that epithelial
constituents in MRT were the first cells to keep the ZIKV infection and described
that the infection in epididymal tubular epithelial cells were the most robust
infection in male reproductive tract and the one that is detected earlier at 5dpi by
immunohistochemistry 22, In our study, despite being a very initial infection, at 2

dpi, we found a greater infection in the epididymis, but also in the testes.
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Findings of McDonald et al. *" verified that epithelial cells of epididymis
were the main origin of negative-strand of ZIKV (replication intermediary) in male
urogenital tract. The significative presence of positive NS5 antigen in epididymal
epithelium (Figure 5D) may be an indication of this in the present study. The
authors also demonstrated the presence of ZIKV negative strand in leukocytes and
the replication in this cells together with epithelial cells of the epididymis had
correlation with the peak of potential sexual transmission. These cells can be, then,
the main origin of ZIKV in semen *’. We also had evidences of replication of ZIKV
in leukocytes in MRT, due to immunoreactivity to NS5 antigen, the RNA-
dependent RNA polymerase of Flavivirus, detected by immunohistochemistry in

epididymis, testis and prostate.

Even though most of the studies suggested that the testis and epididymis are
the main organs in which the ZIKV replicates, cases of vasectomized men in whom
the presence of ZIKV was detected in the semen 4% demonstrate that Zika virus
can be replicating in other sites. When a man undergoes a vasectomy, the ductus
deferens are cut, so the communication between epididymis and testis with the rest
of MRT is ceased, so the viral replication in this organs would not be detected in
semen 34, Thus, accessory glands such as the prostate may be potential replication

sites.

Cells lineages of human prostate, the 191 (prostate stroma) and LNCaP
(prostate epithelial adenocarcinoma cells) and prostate organoids composed of
these two cell lines showed that they were permissive to infection and replication
of ZIKV 3. Our results in prostate analysis by IHC demonstrated that this organ
may be a replication site due to imunnoreactivity to NS5 protein in few epithelial

regions, but the infection time was short for further conclusions.

We detected high titers of ZIKV RNA in all organs analyzed of male
reproductive tract at 2 days post-infection of AG129 mice. By
immunohistochemistry, we observed the immunoreactivity for viral antigens for
many times next to or within blood vessels, but also an initial infection in interstitial

regions and tissues of MRT organs. In testis, Leydig cells, Sertoli cells,
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spermatogonia and spermatocytes were positive for ZIKV antigens, while in the
epididymis ZIKV was present in connective tissue cells and in the epithelium.
Prostate cells demonstrated less immunoreactivity, but ZIKV can also be seen in
connective tissue cells and some epithelial cells. Besides that, positive anti-NS5 in
leukocytes within blood vessels, and in interstitial and epithelial cells in analyzed
organs of MRT suggests that the ZIKV can replicate in this cells and in the testis
and epididymis, mainly, due to major immunoreactivity to NS5, but also prostate
may be a replication site of this virus. Here we showed an initial infection by ZIKV

in male genital tract of immunocompromised mice.
5. Conclusion

We verified that Zika virus was capable to infect testicles, epididymis and
prostatic complex, organs of male reproductive tract, in high load of viral RNA at
2 days’ post-infection. We observed the ZIKV antigens in Leydig cells, Sertoli
cells, spermatogonias and spermatocytes, cells of testicle. In epididymis and
prostate they were found in cells of connective tissue and epithelial cells, although
with lower levels in the latter. Immunoreactivity to ZIKV antigens was observed in
leukocytes within blood vessels and in cells surroundings these vessels. We suggest
that the ZIKV may be replicating in these MRT organs analyzed, due to the positive
antigens to RNA polymerase viral, the NS5 protein.

More studies are necessary to better clarify the infection in MRT, an important
issue due to sexual transmission cases and persistence of this virus in semen.
Understanding the behavior of ZIKV infection in MRT in early stages of infection
might aid the development of drugs and vaccines directed to the treatment of Zika

virus infection in this system.
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Concluséao



69

1. CONCLUSAO

A realizacdo deste trabalho foi importante para analise de uma infecgédo
inicial de Zika virus no sistema genital masculino de camundongos AG129.
Detectou-se a presenca deste virus em testiculos, epididimos e complexo prostatico
(prostata e vesicula seminal), 6rgaos do sistema genital masculino, em alto titulos
de RNA viral a 2 dias pos-infeccdo. Analises imuno-histoquimicas demonstraram
que antigenos positivos para ZIKV foram observados muitas vezes dentro de vasos
sanguineos, em leucdcitos, ou no entorno desses vasos em todos os 6rgdos
analisados. Ja nos tecidos, pode-se observar a imunorreatividade para ZIKV em
células intersticiais (células de Leydig), células de Sertoli, espermatogbnias e
espermatdcitos nos testiculos. No epididimo, a infec¢do foi vista em células do
tecido conjuntivo e, de forma mais significativa, em células epiteliais. Com relacéo
a prostata, antigenos positivos para ZIKV foram encontrados em menor frequéncia
do que nos testiculos e epididimos, mas puderem ser vistos também em células no

tecido conjuntivo e em algumas células do epitélio glandular prostatico.

A imunorreatividade para a proteina ndo-estrutural NS5, a RNA polimerase
RNA-dependente de Flavivirus, em todos os 6rgdos analisados, assim como em
leucdcitos no interior de vasos sanguineos, sugere que o0 virus podem estar se

replicando nestes locais.

Mais estudos sdo necessarios para melhor esclarecer a infeccdo no sistema
genital e isto importante devido aos casos de transmissao sexual de ZIKV, assim
como a longa persisténcia deste virus no sémen. Maiores esclarecimentos se fazem
necessarios para o desenvolvimento de vacinas e terapias direcionadas a estes sitios

especificos de infecgdo do Zika virus.



