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RESUMO

As doencas transmitidas por vetores, tal como o Aedes aegypti causam um grande impacto na
saide publica. As arboviroses fazem parte desse grupo de doengas, afetando milhares de
pessoas ao redor do mundo todos os anos. O virus da dengue (DENV), um arbovirus do género
Flavivirus, familia Flaviviridae, é responsavel por diversas epidemias e também por trazer
complicagdes graves aos pacientes, que vao de quadros hemorragicos a complicacdes organicas
irreversiveis. Outro arbovirus do género Flavivirus de importincia clinica é o Zika virus
(ZIKV), responsével pela epidemia no ano de 2015 no Brasil, trazendo consigo a Sindrome
Congeénita do Zika, que implicou no nascimento de centenas de criancas com microcefalia. Este
estudo tem por objetivo avaliar a circulacdo de DENV e ZIKV no municipio de Mirassol-SP.
Para este fim, foram coletadas amostras de voluntdrios presentes na Unidade de Pronto
Atendimento de Mirassol (UPA-Mirassol) entre fevereiro de 2018 a abril de 2019. Os
voluntérios foram divididos em 2 grupos. Do primeiro grupo, composto por pacientes com
suspeita clinica de arbovirose, foram coletadas amostras de soro e urina. O segundo grupo
incluiu pacientes sem diagndstico clinico de arboviroses e acompanhantes de pacientes da UPA,
sendo coletadas apenas amostras de urina. Todos os voluntdrios preencheram questiondrios
sobre a sintomatologia apresentada no momento da coleta. Apds a extracio do RNA, a
investigacdo da presenca dos virus foi realizada por RT-qPCR. Ambas as amostras do grupo
suspeito para arbovirose foram testadas para DENV e ZIKV enquanto as amostras de
voluntarios sem diagndstico clinico para arbovirose e acompanhantes foram testadas apenas
para ZIKV. Foram coletadas 697 amostras de urina dos individuos sem diagndstico clinico de
arboviroses e acompanhantes, dessas, 11,3% (79) foram positivas para ZIKV. Dentre os
individuos positivos, 16,5% (13) eram acompanhantes e 83,5% (66) individuos sem diagnostico
clinico de arbovirose, sendo 59,5% (47) do género feminino. Do grupo de sintomaticos, foram
coletadas 285 amostras de soro e 272 amostras de urina de 308 pacientes e desses 42,5% (131)
foram positivos para DENV2, 0,3% (1) foi positivo para DENV1, 36% (111) foram positivos
para ZIKV e 12,7% (39) estavam coinfectados com ZIKV/DENV?2. Se apenas as amostras de
soro tivessem sido usadas, a deteccdo de ZIKV teria caido para 24,7% (76/308). De todos os
pacientes incluidos no estudo, apenas um tinha suspeita de infec¢ao pelo ZIKV e os demais
eram suspeitos de DENV de acordo com o diagnéstico clinico. Com isso, através do nosso
estudo foi possivel ver a importancia da realizacdo de um diagnéstico diferencial, utilizando
amostras de soro e urina, diminuindo assim o nimero de casos positivos subnotificados.

Palavras-chave: Zika virus. ZIKV assintomatico. Urina. Sem sintomas clinicos de arbovirose.



ABSTRACT

Diseases transmitted by vectors, such as Aedes aegypti, have an impact on public health.
Arboviruses are part of this group of diseases, affecting thousands of people around the world
every year. The dengue virus (DENV), an arbovirus of the genus Flavivirus, family
Flaviviridae, is responsible for several epidemics and for bringing complications to patients,
ranging from hemorrhagic conditions to irreversible organic complications. Another arbovirus
from the genus Flavivirus of clinical importance is the Zika virus (ZIKV), responsible for the
2015 epidemic in Brazil, bringing with it the Zika Congenital Syndrome, which caused the birth
of a hundreds of children with microcephaly. This study aims to evaluate the circulation of
DENYV and ZIKV in the municipality of Mirassol-SP. For this purpose, samples were collected
from volunteers in the Mirassol Emergency Care Unit (UPA-Mirassol) from February 2018 to
April 2019. The volunteers were divided into two groups. From the first group, composed of
patients with clinical hypothesis of arbovirusis, serum, and urine samples were collected. The
second group included patients without a clinical diagnosis of arbovirusis and companions from
patients attended at the UPA, with only urine samples collected. The volunteers completed
questionnaires about the symptoms presented at the time of collection. After RNA extraction,
the investigation of the presence of viruses was performed by RT-qPCR. Both samples from
the group suspected for arbovirus infection were tested for DENV and, ZIKV while samples
from volunteers without a clinical diagnosis for arbovirus and companions were tested only for
ZIKV. Six hundred and ninety-seven urine samples were collected from individuals without a
clinical diagnosis of arbovirosis and companions, of which 11.3% (79) were positive for ZIKV.
Among positive individuals, 16.5% (13) are companions and, 83.5% (66) are individuals
without a clinical diagnosis of arbovirosis, 59.5% (47) of whom are female. From the
symptomatic group, 285 serum samples and 272 urine samples were collected from 308
patients, and from those, 42.5% (131) were positive for DENV2, 0.3% (1) was positive for
DENV1, 36.4% ( 111) were positive for ZIKV and 12.5% (38) were co-infected with ZIKV /
DENV?2. If only serum samples had been used, ZIKV detection would have dropped to 24.7%
(76/308). From all the patients included in the study only one was suspected of ZIKV infection
and the remaining were suspected of DENV according to the clinical diagnosis. Thus, through
our study, it was possible to see the importance of making a differential diagnosis using serum

and urine samples so that there is a decrease in the number of underreported positive cases.

Keywords: Zika virus. ZIKV asymptomatic. Urine. No clinical symptoms of arboviruses.
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1. INTRODUCAO

1.1 Arbovirus

Os arbovirus tem sido um dos maiores motivos de preocupacdo em saudde publica
mundial, atingindo todos os continentes, exceto o Antartico (WEAVER; REISEN, 2010;
RUST, 2012; DONALISIO;FREITAS; ZUBEN, 2017; WEAVER, SCOTT C. et al., 2018)
(Figura 1). Os arbovirus (Arthropod-borne virus) sio um grupo de centenas de virus que
possuem diversas caracteristicas em comum, sendo a principal, a transmissdo por vetores
artropodes hemat6fagos, em sua maioria mosquitos (WEAVER; REISEN, 2010; RUST, 2012;
WEAVER, SCOTT C. et al., 2018). Também pode-se destacar os virus transmitidos por outros
artropodes hematofagos como carrapatos (WEAVER; REISEN, 2010; BARTIKOVA et al.,
2017; HOLBROOK, 2017). Os ciclos dos arbovirus variam de acordo com as condi¢des
ecoldgicas em que se encontram, sendo mantidos em ciclos urbanos e silvestres. No ciclo
urbano ocorre a disseminacao dos virus através da picada do mosquito, que infecta o ser humano
e no ciclo silvestre a transmissao ocorre entre mosquitos e primatas nao humanos (WEAVER,
SCOTT C. et al., 2018).

Os virus mais conhecidos e importantes clinicamente sdo os que sio transmitidos por
mosquitos dos géneros Aedes e Culex (WEAVER; REISEN, 2010; RUST, 2012). No Brasil, o
vetor mais comum € o Aedes aegypti, no qual o seu ciclo de transmissdo envolve apenas os
mosquitos e os seres humanos, sem necessidade de manutencdo em ciclos silvestres
(WEAVER; VASILAKIS, 2009; LINDENBACH et al., 2013). Estudos também apontam o
mosquito Culex quinquefasciatus como potencial vetor do ZIKV, pois foram encontrados
mosquitos infectados no nordeste do Brasil (GUEDES et al., 2017). Assim como também, em
testes laboratoriais, o Aedes albopictus demonstrou a sua capacidade de se infectar e disseminar
o DENV (PANCETTI et al., 2015).

Os arbovirus de maior importancia clinica pertencem as familias Togaviridae (género
Alphavirus), Flaviviridae (género Flavivirus), Benyviridae, Reoviridae e Rhabdoviridae. As
manifestacdes clinicas das arboviroses podem se apresentar de forma assintomdtica, doenga
febril (DF) moderada a severa, erupgdes cutaneas e artralgia (AR), sindromes neurolégicas (SN)
e sindromes hemorrédgicas (SH) (CLETON et al., 2012). Outros sintomas podem ser descritos,
tais como hepatites, broncopneumonias e conjuntivites (CLETON et al., 2012). A doenca febril
geralmente apresenta sintomas moderados, tais como febre, dores de cabecga, mialgia, nduseas,
vOmito, dor retro orbital. As ARs apresentam exantema e artralgia (CLETON et al., 2012).

Dentre as SNs pode-se apresentar meningites, mielites e/ou encefalites, além de alteracdes
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comportamentais, paralisias e convulsdes (CLETON et al., 2012). No caso das SHs ocorre uma
baixa contagem das plaquetas, petéquias e episddios hemorragicos, podendo causar a Sindrome
do Choque da Dengue e 6bito. A morbidade e a mortalidade envolvendo arboviroses aumenta

a medida que vao ocorrendo as epidemias (CLETON et al., 2012).

Figura 1 - Mapa da distribuicao das arboviroses emergentes ao redor do mundo. Abreviacdes:
DENV: Dengue virus; YEV: Yellow fever virus; ZIKV: Zika virus; CHIKV: Chikungunya virus;
JEV: Japanese encephalitis virus, RVFEV: Rift Valley fever virus; MAYV: Mayaro virus;
OROV: Oropouche virus.

JEV

JEV &

JEV DENV YFV ZIKV CHIKV RVFV [J MAYV [J] orov

Fonte: (WEAVER, S. C. et al., 2018)

Alguns fatores t€ém contribuido drasticamente para o aumento das arboviroses, tais como
desmatamento, crescimento populacional exagerado, ocupacdo das areas urbanas, mudancgas
climéticas, condicdes sanitdrias precdrias, podendo assim contribuir para a expansao dos insetos

vetores e disseminagdo de alguns tipos de virus (WEAVER; REISEN, 2010).

1.2 Género Flavivirus

Os flavivirus sdo virus de RNA pertencentes a familia Flaviviridae, que acometem tanto
humanos, quanto animais, podendo causar vdrias doengas, com sintomas leves ou graves,
podendo levar a 6bito (PIERSON; DIAMOND, 2020). O género Flavivirus compreendem mais
de 53 espécies, sendo transmitidos por mosquitos e carrapatos (WEAVER; REISEN, 2010;
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CLETON et al., 2012). Eles formam um dos géneros pertencentes a familia Flaviviridae, assim
como os géneros Pestivirus € Hepacivirus (CLETON et al., 2012).

A particula viral dos flavivirus mede cerca de 40 a 60 nm de didmetro, possuindo um
capsideo de formato icosaédrico, envolto por um envelope lipidico (LINDENBACH et al.,
2013). Seu genoma € formado por um RNA fita simples de polaridade positiva, com
aproximadamente 11kb, a partir do qual ocorre a traducdo de uma unica poliproteina, que é
clivada por enzimas celulares e enzimas virais, formando as proteinas estruturais e as proteinas
nao estruturais (LINDENBACH et al., 2013). Dentre as proteinas estruturais, encontra-se a
proteina C do capsideo, as proteinas M e prM, e a proteina E que compdem o envelope viral e
dentre as proteinas estruturais estao as proteinas NS1, NS2A, NS2B, NS3, NS4A, NS4B e NS5
(Figura 2) (LINDENBACH et al., 2013).

Acredita-se que os flavivirus surgiram hé cerca de 100.000 anos e que sua disseminacao
ocorreu por conta da migracdo e expansdo das populacdes (PETTERSSON; FIZ-PALACIOS,
2014; HOLBROOK, 2017). A familia Flaviviridae engloba trés géneros: os Flavivirus,
Pestivirus e Hepacivirus (LINDENBACH, 2007). Com relagdo as doencas de maior impacto e
importancia clinica envolvendo os Flavivirus pode-se destacar a dengue, a febre amarela, a
febre do Zika, a encefalite japonesa, a febre do Oeste do Nilo, dentre outras (LINDENBACH,
2007; CLETON et al., 2012).

Figura 2 - Representagcdo do genoma e estrutura dos Flavivirus e de suas proteinas estruturais

(C,M, PrtM ¢ E) e ndo estruturais (NS1, NS2A, NS2B, NS3, NS4A, NS4B e NS5).

vV v ¥ ¥ NSIZB v v V
= NS3
' L nsaat
NS3 NS5
; Protease Polimerase
M NS2A o Ns2B y2K :
i - 4 A
) N/ ; peeed paSOI00009900%
A 3 :
“ . el NS4A NS4B

A | Y Protease Golgi ¥ Protease NS3 ¥ Peptidase sinal

W4 W

Fonte: Adaptado de (PIERSON; DIAMOND, 2020)
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1.3 O virus da dengue (DENYV)

O DENV ¢ o virus causador da doenca de cardter agudo conhecida como dengue
(KUHN et al., 2002; ZHANG et al., 2003). No Brasil, o DENV € representado por 4 sorotipos
de ciclo urbano com caracteristicas antigénicas distintas (DENV 1, DENV2, DENV3 e DENV4)
(HOLMES, 1998). Existe um potencial novo sorotipo de DENV em ciclo silvestre (DENVS),
no qual o virus permanece circulando em primatas nao humanos, porém novos estudos precisam
ser feitos para provar tal descoberta (NORMILE, 2013; MUSTAFA et al., 2015).

O DENYV ¢ transmitido por mosquitos hemat6fagos do género Aedes, tais como o Aedes
aegypti e o Aedes albopictus, sendo o vetor mais comum o Aedes aegypti, no qual o seu ciclo
de transmissdo envolve os mosquitos e os seres humanos (WEAVER; VASILAKIS, 2009;
ALTHOUSE et al.,2014). No Brasil, ndo foram registradas epidemias ou transmissdao
envolvendo o Aedes albopictus, embora em testes laboratoriais tenha sido demonstrada a sua
capacidade de se infectar e disseminar o DENV (PANCETTI et al., 2015).

Diversos estudos usando primatas ndo humanos como modelos experimentais tém
demonstrado que eles sdo potenciais hospedeiros de DENV. Além disso, sabe-se que o DENV2
possui ciclo silvestre na Africa e os quatro sorotipos circulam em primatas nio humanos no
Sudeste da Asia (ALTHOUSE et al.,2014).

De acordo com a OMS, estima-se que ocorram ao redor do mundo mais de 390 milhdes
de infec¢des por DENV anualmente, do qual 50 milhdes sdo de casos graves da doenga,
atingindo mais de 100 paises, que se encontram em regides tropicais e subtropicais, tais como
Africa, Américas, sudeste da Asia, Mediterraneo oriental e Pacifico ocidental (OPAS; OMS,
2019). Apenas nas Américas, no ano de 2015 foram registradas 1181 mortes (OPAS; OMS,
2019).

As primeiras epidemias envolvendo dengue grave com hemorragias ocorreram em 1953
nas Filipinas e em 1958 na Tailandia, sendo esses paises pertencentes as regides do sudeste da
Asia e do Pacifico ocidental, regides com os maiores surtos registrados (WHO, 2011).

No Brasil, o primeiro surto da doenga ocorreu no estado de Roraima, no ano de 1981,
no qual foi notada a circulagdo dos sorotipos 1 e 4 (OSANAI et al., 1983). O sorotipo 2 foi
descrito pela primeira vez, no estado do Rio de Janeiro em 1990, no qual notou-se também os
primeiros casos de Febre hemorragica do dengue e o sorotipo 3 foi descrito no ano 2000, em
Nova Iguacu, Rio de Janeiro (NOGUEIRA et al., 1990; NOGUEIRA et al., 2001). No ano de

2015 ocorreu uma das maiores epidemias de DENV registradas no pais, no qual foram
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registrados na 52* Semana Epidemioldgica (periodo de 04/01/2015 a 02/01/2016) 1.649.008
possiveis casos da doenga com registros confirmados de 863 6bitos (MS; SVS, 2016b).

No presente momento, o Brasil ainda continua passando por epidemias todos os anos,
sendo considerado um pais superendémico, no qual o inico meio de prevencao até 0 momento
¢ a eliminacdo dos vetores (MS; SVS, 2019b).

A infeccdo pelo DENV pode ser desde assintomética até doenga grave, com periodo de
incubacdo de 2 a 7 dias podendo levar a 6bito (PONTES; RUFFINO-NETTO, 1994). Estima-
se que a cada 4 infeccdes causadas pelo DENV, uma seja assintomadtica, tendo importante papel
na transmissao da doencga, pois a viremia € a mesma dos casos sintomaticos (DUONG et al.,
2015). Essa forma da doenga pode ocorrer devido a baixa viruléncia ou devido ao tipo de
resposta imunoldgica que o hospedeiro apresenta (SOUZA, 2016). Um estudo em Singapura
mostrou casos de sindrome de Guillain-Barré em que os pacientes possuiam DENV
assintomdtica, podendo haver relacdo entre a infec¢ao pelo virus e o quadro clinico neurolégico.
(UMAPATHI et al., 2016).

A maioria dos casos de dengue se apresenta de forma sintomdtica, ocorrendo em trés
fases clinicas diferentes: febril, critica e de recuperacao (MS; SVS, 2016a). Na fase febril um
dos primeiros sintomas € a febre alta e abrupta (39-40°C), que pode durar de 2 a 7 dias,
juntamente com cefaleia, mialgia, artralgia, dor retroorbital e adinamia (MS; SVS, 2016a).
Posterior ao desaparecimento da febre, pode ocorrer o aparecimento de exantema, que ocorre
em 50% dos casos, apresentando-se como do tipo maculo-papular, com ou sem prurido (MS;
SVS, 2016a). Outros sintomas que podem aparecer nessa fase sdo vOmito, nduseas, anorexia €
diarreia. Passada essa fase, o paciente inicia o processo gradativo de recuperacdo e melhora do
seu estado geral (MS; SVS, 2016a).

A fase critica se divide em dengue com sinais de alarme e dengue grave e ela se inicia
no periodo de defervescéncia, entre 3 e 7 dias ap0s o inicio dos sintomas € € nessa fase que a
doenca pode evoluir para as formas mais graves, sendo de extrema importancia que medidas de
manejo clinico e observacao eficientes sejam adotadas pelos profissionais de saide (MS; SVS,
2016a). A dengue com sinais de alarme € assim denominada, por ser a fase em que o paciente
ird apresentar sintomas que irdo marcar o inicio de possivel piora do paciente, que poderd
evoluir para choque e 6bito. Os sinais e sintomas dessa fase sao vomitos persistentes, acimulo
de liquidos, dor abdominal intensa e constante, sangramento das mucosas, hipotensao postural
e/ou lipotimia, hepatomegalia, letargia, irritabilidade e aumento do hematdcrito. Todos esses

sintomas indicam o aumento da permeabilidade vascular com posterior extravasamento de
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plasma. Na forma grave, ao ocorrer o extravasamento de plasma, ocorre o choque ou actimulo
de liquidos, que leva a disfuncdo de 6rgaos vitais e hemorragias (MS; SVS, 2016a).

O choque ocorre apds perda significativa de plasma e a evolugdo desse quadro ocorre
de forma rapida, podendo levar o paciente a 6bito entre 12 e 24 horas, com isso ap6s esse quadro
deve-se avaliar qualquer alteracio hemodindmica que venha a ocorrer nos pacientes, para
impedir maior comprometimento (MS; SVS, 2016a). As hemorragias graves também sao sinais
de dengue grave, podendo ocorrer com ou sem choque, elas ocorrem em grande parte, em
pacientes com distirbios digestivos, tais como tlceras pépticas ou gastrites, ou em pacientes
que fazem uso de determinados tipos de medicamentos, tais como alguns tipos de
antiinflamatoérios, anticoagulantes, entre outros (MS; SVS, 2016a). Além disso, também pode
ocorrer dentro do quadro de dengue grave, as disfuncdes graves dos 6rgaos, que ocorrem com
ou sem choque e extravasamento de plasma. Os 6rgdos acometidos sdo geralmente, 6rgaos do
sistema hepdtico, sistema nervoso e sistema cardiaco, causando as hepatites, encefalites e
miocardites, sindromes de Reye e Guillain-Barré, dentre outras (MS; SVS, 2016a).

Por fim, ocorre a fase de recuperacdo, no qual todo o conteudo extravasado serd
reestabelecido ocasionando a melhora do paciente. Nessa fase ainda podem ser observados
alguns sinais e/ou disfuncdes, assim como também o aparecimento de infeccdes bacterianas

que podem contribuir para piora e ébito (MS; SVS, 2016a).

1.4 O virus Zika (ZIKYV)

O ZIKV causador da febre do Zika, assim como o DENV é um arbovirus do género
Flavivirus, familia Flaviviridae, transmitidos por mosquitos Aedes aegypti (KUNO; CHANG,
2007). O ZIKYV foi isolado pela primeira vez de um macaco rhesus na floresta Zika, em Uganda
(DICK et al., 1952; WHITE et al., 2016). As regides do leste e oeste africano sdo consideradas
endémicas para ZIKV, porém no ano de 2007 ocorreu o primeiro surto de ZIKV fora do
continente africado, na Ilha de Yap nos Estados Federados da Micronésia, no qual o virus
infectou 73% da populacido (DUFFY et al., 2009; PERKASA et al., 2016). Depois desse surto,
o virus se espalhou rapidamente e no ano de 2013 foi notificado novo surto na Polinésia
Francesa (CAO-LORMEAU et al., 2014).

No Brasil, o primeiro caso autdctone de ZIKV ocorreu no ano de 2015, porém estudos
sugerem que a introducdo do ZIKV no pais tenha ocorrido 1 ou 2 anos antes, por conta da Copa
do mundo de futebol masculino que ocorreu em 2014 ou por conta de um torneio de canoagem

que ocorreu em 2013 no Rio de Janeiro, no qual os participantes eram nativos de paises em que
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circulava o ZIKV (MUSSO et al., 2015; ZANLUCA et al., 2015; SALVADOR; FUIJITA,
2016). No ano de 2015, os primeiros estados atingidos foram Bahia, Pernambuco e Rio Grande
do Norte e médicos da regido nordeste do estado comegaram a relatar que as infeccdes por
ZIKV coincidiam com o aumento no nimero de casos atipicos de microcefalia em recém-
nascidos da regido (CALVET et al., 2016; RASMUSSEN et al., 2016). Apés esses achados, foi
coletado o liquido amnidtico e detectada a presenga do RNA e anticorpos do ZIKV nesse fluido,
mostrando uma possivel transmissao via intrauterina (CALVET et al., 2016). Depois desses
surtos foi declarado estado de emergéncia global, pela Organiza¢cdo Mundial de Sadde, no ano
de 2016 (WHO, 2016b).

No ano de 2016 foram registrados até a Semana Epidemioldgica 52 (03/01/2016 a
31/12/2016) 215.319 possiveis casos de ZIKV no pais e 11.052 gestantes foram confirmadas
com base em dados clinicos-epidemiolégicos ou laboratorialmente (MS; SVS, 2016b). Em
relacdo a Sindrome Congénita do Zika (Congenital Zika Syndrome — CZS), entre as Semanas
Epidemiolégicas SEs 45/2015 e 40/2019 (08/11/2015 a 05/10/2019) foram confirmados 3.474
casos, além de 743 casos provaveis e 615 inconclusivos. Esses casos distribuidos entre os anos
investigados mostram um ntmero de 954 casos em 2015, 1.927 em 2016, 369 em 2017, 178
em 2018 e 55 em 2019 (MS; SVS, 2020).

Em relacdo as manifestacdes clinicas, € visto que o ZIKV se apresenta em 80% dos
casos de forma assintomadtica e quando doenca sintomadtica, os sinais e sintomas do ZIKV sao
muito parecidos com os de outras arboviroses, pois os pacientes apresentam febre leve, cefaleia,
erupcoes cutaneas maculopapulares, conjuntivite ndo purulenta, artralgia, mialgia e
linfoadenopatia (DUFFY et al., 2009; SINGH et al., 2016). Além desses sintomas, eles também
podem apresentar ndusea, vOmito, diarreia, vertigem, dor abdominal e queimagdo nas
extremidades dos membros (SINGH et al., 2016; COLOMBO et al., 2017).

Além dos sintomas citados acima, o ZIKV pode trazer outras complicagdes, tais como
distdrbios neurolégicos, a CZS e a Sindrome de Guillain-Barré (SGB) (MS, 2015; CAO-
LORMEAU et al., 2016). A CZS ¢ identificada pela medida do perimetro cefdlico menor,
quando comparada com recém-nascidos normais (VILLAR et al., 2014). Os recém-nascidos
com microcefalia desenvolvem diversas complicagdes, tais como dificuldade de
desenvolvimento cognitivo, problemas de visdao e audi¢do, paralisia cerebral e retardo mental

(DOLK, 1991; VILLAR et al., 2014; WHO, 2016a).
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1.5 Diagnéstico diferencial

Atualmente no Brasil o diagndstico e defini¢do de caso suspeito de arboviroses ¢€ feito,
na maioria dos casos, baseado em critérios clinicos-epidemioldgicos, pois ndo sdo feitos exames
especificos em todos os casos, com isso acaba ocorrendo uma subnotificacdo das arboviroses
com importancia clinica que circulam no pais, prejudicando a conten¢do dessas doencas (MS;
SVS, 2016c¢; 2019a). Quando sdo solicitados exames laboratoriais, na maioria das vezes, sao
solicitados os exames de métodos imunoenzimaticos, pois estes testes possuem um custo mais
baixo, sendo mais aplicdveis quando existe um grande nimero de amostras (CASTELLANOS;
CORONEL-RUIZ, 2014). No diagnéstico utilizando testes imunoenziméticos, pode-se detectar
o antigeno, sendo pesquisada a proteina NS1, que é extremamente conservada, assim como
realizar a pesquisa de anticorpos IgG e IgM especificos (OSORIO et al., 2015). Esse método é
eficiente, porém possui baixa especificidade, podendo apresentar reacdes cruzadas entre
diferentes tipos de Flavivirus, dando resultados erroneos (PEELING et al., 2010). O teste mais
indicado para a pesquisa de anticorpos de arbovirus € o teste de redu¢do de neutralizacido de
placas (PRNT). O PRNT € o padrdo ouro na pesquisa sorologica de flavivirus, porém € um
método invidvel para aplicacdo nos servigos de saude, por ser de alto custo, demorado, pois
leva 7 dias para obter o resultado, e por necessitar de profissionais extremamente capacitados
para realizar a técnica e interpretar corretamente os resultados. Além disso, dependendo do
virus € necessdria a utilizacdo de Sala de Nivel de Biosseguranca 3 (PETERSEN;JAMIESON;
HONEIN, 2016; ROEHRIG et al., 2008).

Outros métodos utilizados sao os métodos moleculares, onde € feita a detec¢io do dcido
nucléico viral, por meio das técnicas de PCR convencional e PCR em tempo real, que sdo
métodos de alta especificidade e sensibilidade, porém de alto custo (GURUKUMAR et al.,
2009; PEELING et al., 2010; COLOMBO et al., 2018).

O diagnéstico laboratorial pode ser feito utilizando diferentes tipos de fluidos
bioldgicos, tais como sangue, saliva, urina, s€émen, corddo umbilical, swab nasofaringeo,
liquido amnidtico e secrecao vaginal (KORHONEN et al., 2014; IANNETTA et al., 2017; PAZ-
BAILEY et al., 2017). No caso do ZIKV a urina é um dos fluidos recomendados quando usada
a técnica de RT-qPCR, pois sua viremia se mostra baixa, quando utilizadas amostras de soro
(OZKURT; TANRIVERDI, 2017). Estudos mostram que a detec¢do de ZIKV em soro pode
ser feita até 10 dias apos aparecimento dos sintomas, enquanto que em urina esse periodo é
muito maior, podendo chegar a semanas (ROZE etal., 2016; OZKURT; TANRIVERDI, 2017).

No caso do DENV, o soro é o mais utilizado para realizar sua deteccdo, no qual o periodo de
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viremia varia de 3 a 6 dias apds inicio dos sintomas (KORHONEN et al., 2014). O sangue
também ¢ utilizado para realizacdo do hemograma onde € feita a contagem de plaquetas, cujo
seu monitoramento € de grande importancia caso a doenca tenda a evoluir para dengue grave
(WHO, 1997). No caso da urina, o periodo da presenca do virus varia de 3 a 16 dias ap6s inicio
dos sintomas e no caso da saliva varia de 2 a 10 dias (HIRAYAMA et al., 2012; KORHONEN
et al., 2014).

Assim, a andlise da urina, onde a excrecdo € prolongada, aumenta o tempo em que O
diagnéstico molecular é possivel, sendo uma alternativa importante ja que muitos pacientes
demoram a procurar o servico de satide, e o fazem quando o virus se torna indetectdvel no
sangue (HIRAYAMA et al., 2012; KORHONEN et al., 2014; SHINOHARA et al., 2016; PAZ-
BAILEY etal.,2017). Ainda, a utiliza¢do de amostras de urina permite a obtencao de um grande
volume de fluido e por ser um método pouco invasivo podem ser usadas em casos em que a
obtencdo de amostras de sangue seja invidvel, tais como no caso de coleta em recém nascidos
e criancgas, no caso de pacientes com quadros hemorrdgicos e no caso de viajantes que retornam
de areas endémicas, ja que a persisténcia de ZIKV em urina € alta (POLONI et al., 2010;

HIRAYAMA et al., 2012; KORHONEN et al., 2014; SHINOHARA et al., 2016).
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2. OBJETIVOS
2.1 Objetivo Geral

Investigar a presenca do RNA viral de DENV e ZIKV em amostras de soro e urina de

pacientes e seus acompanhantes na UPA do municipio de Mirassol-SP.

2.2 Objetivos Especificos

e Investigar molecularmente a presenca de ZIKV em amostras de urina de pacientes
assintomdticos e sem diagndstico clinico para arboviroses;
e Investigar a presenca de DENV e ZIKV em amostras de soro de pacientes sintomaticos;

e Investigar a presencade DENV e ZIKV em amostras de urina de pacientes sintomaticos;
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3. MATERIAIS E METODOS

Figura 3 - Representacio dos grupos e subgrupos de pacientes
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3.1 Aspectos Eticos

O projeto foi aprovado pelo Comité de Etica em Pesquisa do Instituto de Biociéncias,
Letras e Ciéncias Exatas (IBILCE — UNESP) de Sdo José do Rio Preto — SP (CAAE:
66489617.4.0000.5466). Todos os voluntarios convidados a participar do estudo, assinaram o

Termo de Consentimento Livre e Esclarecido (TCLE).

3.2 Coleta e processamento das amostras

Todas as coletas de amostras foram realizadas na UPA do municipio de Mirassol-SP. A
cidade de Mirassol esta localizada a 20°25'S e 51°21'W, no estado de Sao Paulo, Brasil a cerca
de 460 Km da capital de Sdo Paulo e 15 Km de Sao José do Rio Preto. Tem uma populacao
estimada de 59.824 habitantes e a densidade populacional € de 221,10 habitantes por Km2 com
aproximadamente 97,9% de domicilio urbano. A cidade tem um clima tropical; o verdo € mais
chuvoso do que o inverno, com chuva entre novembro e abril. O nivel de precipitagdo anual é
de 1223 mm e a temperatura média anual de 22 ° C (IBGE, dados nao publicados).

Os voluntérios do estudo foram divididos em dois grupos, no qual o primeiro continha
individuos com diagndstico clinico de arbovirose e o segundo continha individuos sem

diagnostico clinico de arbovirose. O segundo grupo foi subdividido em mais dois grupos:
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acompanhantes de pacientes e pacientes com outras hipdteses diagndsticas. Todos os
individuos, exceto acompanhantes de pacientes, passaram por consulta médica na Unidade de
Pronto Atendimento de Mirassol/SP (UPA — Mirassol), a inica da cidade, no qual receberam o
diagnéstico, baseado em dados clinicos-epidemioldgicos, além de exames de rotina realizados
a pedido do médico, caso necessario. Foram coletadas amostras de sangue e urina do primeiro
grupo e do segundo grupo, apenas amostras de urina.

Ap6s a realizacdo das coletas, as amostras foram estocadas a 4°C por no maximo 48
horas até o processamento. Todas as amostras foram encaminhadas ao Laboratério de Estudos
Gendmicos da UNESP - IBILCE, para serem processadas.

Todos os voluntérios do estudo preencheram um questiondrio sobre sinais e sintomas,
incluindo a duracdo em dias e os dados foram analisados para determinar os sintomas

apresentados por pacientes infectados pelos virus estudados.

3.2.1 Urina
As amostras de urina foram coletadas em frasco coletor universal, centrifugadas a 448
x g por 10 minutos em temperatura ambiente, utilizando tubos de centrifuga contendo um
volume méaximo de 40mL. Apds o término da centrifugacdo, parte do sobrenadante foi
descartado, restando 5 mL. Foi realizada a homogeneizagao do “pellet” e a urina foi filtrada em
filtros de membrana de 0,45 nm, com auxilio de seringa, para evitar possivel contaminagdo com

outros microrganismos. As amostras foram armazenadas em ultrafreezer a -150°C.

3.2.2 Soro
As amostras de sangue foram coletadas usando tubo com gel separador ativador de
codgulo, para separacdo do soro. Os tubos foram centrifugados a 1008 x g por 15 minutos. O
soro foi separado e armazenado em tubos de criogenia em ultrafreezer a -150 °C para a

realizacdo das etapas posteriores e o restante do sangue foi descartado.

3.3 Extracio de RNA

A extragdo de RNA das amostras foi feita utilizando Trizol (Invitrogen™, Life
Technologies®, EUA). Desta forma, foram adicionados 750 pL de solu¢do monofésica de
tiocianato de guanidina e fenol (TRIzol - Invitrogen™, Life Technologies®, EUA) a 250 uL.
amostra. Depois as amostras foram homogeneizadas com auxilio de um agitador para tubos do

tipo vortex e mantidas por 5 minutos a temperatura ambiente (TA) para permitir a completa
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dissociacdo dos complexos de nucleoproteinas. Apds esse tempo, foram adicionados 200 uL de
cloroférmio as amostras, que foram homogeneizadas novamente por alguns segundos e
incubadas por 3 minutos a TA. Em seguida, as amostras foram centrifugadas a 21952 x g por
15 minutos a 4°C, para separacdo das fases e o sobrenadante (fase aquosa superior) foi
transferido para um novo tubo de 1,5 mL (o RNA total encontra-se nessa fase). Foram
adicionados 500 uL de isopropanol absoluto (Merck Millipore®), responsével pela precipitacao
do RNA, homogeneizando por inversdao 15 vezes e incubando a TA por 10 min. Depois as
amostras foram centrifugadas a 21952 x g por 20 minutos a 4°C, formando um “peller” do RNA
precipitado. O sobrenadante foi descartado cuidadosamente adicionando 1mL de etanol 75%
(Merck Millipore®), e agitando por inversao, para lavar o “pellet”. Apds esta etapa as amostras
foram centrifugadas a 4°C por 5 minutos a 11200 x g e o sobrenadante foi descartado. O tubo
contendo o RNA foi inserido no equipamento Concentrator 5301 (Eppendorf AG, Hamburg,
Germany) para secagem a vacuo por aproximadamente 5 minutos. Apos seco, o “pellet” foi
eluido em 20 pL de 4gua tratada com o reagente dietil pirocarbonato (DEPEC - Sigma

Aldrich®) e armazenado a -150°C.

3.4 Reacdo em Cadeia da Polimerase em Tempo Real (QPCR)

A 1investigacdo da presenca ou auséncia de RNA de DENV para os 4 sorotipos e do
RNA de ZIKYV foi realizada por PCR em tempo real (qQPCR) OneStep, utilizando o kit GoTag®
Probe 1-Step RT-gPCR System (Promega Corporation, Madison, EUA) segundo as instrucdes
do fabricante. Foram utilizados primers e sondas especificos para cada sorotipo de DENV e
para ZIKV (Tabela 1) JOHNSON;RUSSELL; LANCIOTTI, 2005; LANCIOTTI et al., 2008).
As analises foram realizadas no equipamento QuantStudio™ 12K Flex Real Time PCR System

(Applied Biosystems™, Foster City, EUA).
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Tabela 1 - Sondas e Oligonucleotideos iniciadores utilizados nas reacdes de OneStep-qPCR

para deteccdo de ZIKV e DENV.

Nome Sequéncia 5°-3’
ZIKYV 1086 CCGCTGCCCAACACAAG
ZIKYV 1162c CCACTAACGTTCTTTTGCAGACAT

ZIKYV 1107-SONDA

6FAM-AGCCTACCTTGACAAGCAGTCAGACACTCAA-BHQ1

DEN-1F CAAAAGGAAGTCGTGCAATA
DEN-1C CTGAGTGAATTCTCTCTACTGAACC
DEN-1 SONDA FAM-CATGTGGTTGGGAGCACGC-BHQ1
DEN-2 F CAGGTTATGGCACTGTCACGAT
DEN-2 C CCATCTGCAGCAACACCATCTC
DEN-2 SONDA HEX-CTCTCCGAGAACAGGCCTCGACTTCAA-BHQ1
DEN-3 F GGACTGGACACACGCACTCA
DEN-3C CATGTCTCTACCTTCTCGACTTGTCT
DEN-3 SONDA TR-ACCTGGATGTCGGCTGAAGGAGCTTG-BHQ2
DEN-4 F TTGTCCTAATGATGCTGGTCG
DEN-4 C TCCACCTGAGACTCCTTCCA
DEN-4 SONDA Cy5-TTCCTACTCCTACGCATCGCATTCCG-BHQ-3

Fonte: Johnson et al., 2005; Lanciotti et al.

3.5 Analises estatisticas

As andlises estatisticas foram realizadas utilizando o software StatsDirect Statistical
Software (version 3.3.4, Merseyside, UK). Estatisticas descritivas foram calculadas para analise
primdria. No capitulo I foi utilizado o teste t ndo pareado para comparar a distribuicao de idade
entre individuos positivos e negativos para ZIKV. Os testes de associacdo entre o género e
ZIKYV foram analisados por meio da andlise de ODDS Ratio e teste do Qui quadrado de Pearson,
com nivel de significincia de 5%. No capitulo II, o teste de Kruskal-Wallis foi usado para
comparar a idade por grupos de doengas (ZIKV, DENV, coinfeccao e sem doenga). O pos teste
de Conover-Iman foi usado para comparacdes de pares entre os grupos. Os demais testes de
associacdo em ambos o0s capitulos foram feitos por meio do teste de Qui quadrado de Pearson

e quando os pré-requisitos nao foram atendidos, foi usado o Teste Exato de Fisher.
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Abstract

Purpose: Studies show that 80% Zika virus (ZIKV) infections are asymptomatic. Thus the
present study tested urine samples from volunteers, unsuspected of arboviral infection, which
attended an Emergency Care Unit (UPA) in Brazil from March 2018 to April 2019.

Methods: The volunteers were divided into two groups. The first is composed of patients who
have not been clinically diagnosed with arboviruses by the attending physician. This group was
subdivided into two subgroups: patients with and without arbovirus-related symptoms. The
second group consisted of companions of patients treated at the UPA and was also subdivided
into two subgroups: totally asymptomatic individuals and those who had symptoms related to
arbovirus. RNA from urine samples was extracted followed by RT-qPCR for ZIKV.

Results: We found that 11% (79/697) of the samples were positive for ZIKV. Among the
positive individuals, 16.5% (13) were companions, of which 61.5% (n = 8/13) were totally
asymptomatic and 38.5% (n = 5/13) reported symptoms that could be suggestive of arbovirus.
In addition, 83.5% (66) were patients without a clinical diagnosis of arbovirus, of which 47%
(n = 31/66) belonged to the subgroup of patients without symptoms related to arbovirus and
53% (n = 35/66) to the subgroup of patients with arbovirus-related symptoms.

Conclusion: Here we show how urine can be an effective noninvasive sample to detect ZIKV
infection. This study also highlights the importance of ZIKV molecular diagnosis in order to
aid public health surveillance and prevent congenital Zika syndrome and other ZIKV-associated

diseases.

Keywords: Zika virus, ZIKV asymptomatic, urine, no clinical symptoms of arboviruses.



33

1. Introduction

Arboviruses, transmitted by hematophagous arthropods such as Aedes aegypti, cause
important impact on public health and big economic losses every year [1]. Although Zika virus
(ZIKV), an arbovirus from the Flavivirus genus, was first isolated in 1947 from a rhesus
monkey in the Zika Forest, Uganda, only after decades it became an important health issue
worldwide [2]. Following its discovery human infections were sporadic being reported in
Africa and Asia [3]. The first ZIKV outbreak occurred in Yap Island, federated states of
Micronesia in 2007, it is estimated that the virus reached 73% of the population [4]. The virus
spread and in 2013 an outbreak was reported in French Polynesia [5]. In Brazil, the first
autochthonous case of ZIKV occurred in 2015 [6]. During the epidemic, an increase in
microcephaly cases was reported by the state of Pernambuco which was later confirmed to be
associated to Zika virus infection [7, 8]. Besides, there was also an increase in the number of
cases of Guillain Barré syndrome in Brazil and other countries [9]. After this outbreak, the
World Health Organization (WHO) declared a state of global emergency in 2016 [10].

So far, all 27 states Brazilian confirmed the circulation of ZIKV. Between 2015 to 2020
a total of 3535 cases of congenital Zika syndrome were confirmed in the country, with the
northeast and southeast regions being the most affected [11]. The infection can by
asymptomatic in approximately 80% of the cases [4]. When symptoms are present they
resemble the ones caused by other arbovirus, like Dengue virus. [4]. After confirmation of
autochtonous transmission, only severe cases are laboratory-analyzed, such as pregnant women,
patients with signs of neurological disease and death, the remaining cases are confirmed based
on clinical and epidemiological data [12]. The clinical symptoms defined by the Brazilian
Ministry of Health for a clinical diagnosis of Zika infection are pruritic maculopapular rash
with two or more symptoms, such as fever, conjunctival hyperemia without secretion and
pruritus, polyarthralgia, or periarticular edema [12].

Several fluids can be used for the diagnosis of ZIKV, such as serum, saliva, urine,
umbilical cord, nasopharyngeal swab, amniotic fluid and vaginal secretion [13]. Urine is
recommended for the diagnosis of ZIKV using RT-qPCR, as it is a noninvasive sample and the
virus can be detected for a longer period of time when compared to serum samples [13]. Studies
show that the presence of the virus in urine can be observed approximately 10 to 20 days, after
the onset of symptoms, while in serum this period is shorter, approximately 3 to 7 days.[14,
15]. The same can be noticed for other types of flaviviruses, such as Dengue virus and West

Nile virus [14, 16, 17].
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Here we investigate the presence of ZIKV in urine samples from patients without
clinical diagnosis of arboviruses attended in an Emergency Care Unit in the city of Mirassol,
located in the northwestern region of the Sdo Paulo state, Brazil. We also evaluated healthy
volunteers that were accompanying patients attended at the healthcare facility, for the presence

of the virus.

2. Methods
2.1 Population

This study included two groups of volunteers. The first is composed by patients that
attended the Emergency Care Unit (UPA) from the city of Mirassol, SP, Brazil and where not
clinically diagnosed with arbovirus infection by the attending physician. This group was
subdivided into two subgroups: patients with and without symptoms related to arboviruses. The
second comprised companions of patients who were being attended at the healthcare facility
and was also subdivided into two groups: completely asymptomatic individuals and those that
disclosed symptoms related to arboviruses (Fig. 1). Samples were collected from March 2018
to April 2019. All volunteers invited to participate on the study signed a written consent form.
This study was approved by the Research Ethics Committee of the Sdo Paulo University State,
Institute of Biosciences, Letters and Exact Sciences (UNESP-IBILCE) of Sao José do Rio Preto
—SP (CAAE: 66489617.4.0000.5466).

The city of Mirassol is located at 20°25'S and 51°21'W, in the state of Sdo Paulo, Brazil
about 460 Km from the capital of Sdo Paulo and 15 Km of Sdo José€ do Rio Preto. It has an
estimated population of 59,824 inhabitant and the population density is 221, 10 inhabitants per
Km? with approximately 97.9% of urban household. The city has a tropical climate (K6ppen-
Geiger); with rainy summers and dry winters. The annual precipitation level is 1223 mm and

average annual temperature of 22°C (IBGE, unpublished data).
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Fig. 1 Divisions of the groups and subgroups described in the study

2.2 Evaluation of symptoms

All volunteers participating in the study, including companions, received a
questionnaire to assess possible symptoms. The questionnaire contained questions about the
clinical complaints that led the patients to the UPA, including the type of symptoms and
duration.

According to the Brazilian Ministry of Health patients infected with arbovirus may
present several symptoms [18]. A suspected case of dengue fever should show symptoms of
fever, between two and seven days, with two or more of the following symptoms: nausea,
vomiting, exanthema, arthralgia, headache, retro-orbital pain, rash or positive loop test, and
leukopenia [18]. In the case of ZIKV, they can present pruritic maculopapular rash with two or
more of the following signs and symptoms, fever, conjunctival hyperemia without secretion
and itching, polyarthralgia or periarticular edema. Suspected infection by the Chikungunya
virus should be considered in the event of a sudden onset of fever above 38.5 ° C and severe
joint pain, with or without inflammatory signs, with cannot be explained by other diseases.
Volunteers were classified as having symptoms related to arbovirus infection when reported

having one or more of the symptoms described above [18].

2.3 Samples

Patients were asked to provide urine samples that were stored at 4°C up to 48h until
processing. The urine samples were collected in a universal collection bottle and received a

specific code for each volunteer. The tubes were centrifuged at 448 x g for 10 minutes at room
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temperature. After the end of centrifugation, part of the supernatant was discarded, leaving 5
mL. The pellets were ressuspended and samples were filtered with a 0.45 nm PES syringe filter
in order to eliminate possible contaminants such as other microorganisms. The samples were

stored in an ultra-freezer at -150°C.

2.4 RNA extraction and ZIKYV detection

Viral RNA extraction was performed using 250 pL of urine sample using monophasic
solution of guanidine thiocyanate and phenol (TRIzol - Invitrogen™, Life Technologies®,
USA) according to the manufacturer’s instructions. Viral detection was performed by RT-qPCR
as proposed by Lanciotti (2008) using GoTag® Probe 1-Step RT-gPCR System (Promega
Corporation, Madison, USA) [19]. The reaction was carried out on QuantStudio™ 12K Flex
Real Time PCR System (Applied Biosystems™, Foster City, USA).

2.5 Statistical analysis

Statistical analyses were performed using StatsDirect Statistical Software (version 3.3.4,
Merseyside, UK). The Unpaired t test was used to compare the age distribution between positive
and negative individuals for ZIKV. The association tests between the gender and laboratory-
confirmed ZIKV were analyzed using ODDS Ratio analysis, Pearson’s chi square test with a
significance level of 5% and, when the prerequisites were not met, we used the Fisher’s exact
test. The association between the other variables and laboratory-confirmed ZIKV was also

made using Pearson’s chi square test.

3. Results

Samples were collected from 697 volunteers and were transported to the Genomic
Studies Laboratory from Sado Paulo State University (UNESP) to carry out all analyzes. Of the
studied population, 69.6% (485) of the individuals were female and 30.4% (212) were male. In
addition, 15.8% (110) individuals belonged to the group of companions and 84.2% (587) to the
group of patients without clinical diagnosis of arboviruses. The age of all individuals varied
from O to 97 years, with median of 43 years.

From the 697 urine samples analyzed, 11.3% (79) were positive for ZIKV. Regarding
gender, 40.5% (32) were male, 59.5% (47) were female and among these women, one was

pregnant. The age of infected individuals varied from 3 to 97 years of age, with a median of 44
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years (Table 1). We observed an association between gender and ZIKV infection, although the
p value was borderline (0.0523), an ODDS ratio showed significance, that is, the chance of a
man being positive for ZIKV is 65.7% greater than the chance of a woman being positive for

ZIKV (OR= 1.657; CI95% 1.023-2.681). No association was observed for any age group.

Table 1 Characteristics of individuals with laboratory-confirmed ZIKV

Characteristics of individuals ZIKV
Negative Positive Total
(n=618) % (n=79) % n=697 %
Gender Female 438 70.9 47 59.5 485 69.6
Male 180 29.1 32 40.5 212 30.4
Age range 0-19 years 98 15.9 12 15.2 110 15.8
20 -59 years 374 60.5 51 64.6 425 61
60 years or over 143 23.1 16 20.2 159 22.8
No data 3 0.5 0 0 3 00.4
Group Companions 97 15.7 13 16.5 110 15.8
Another Diagnostic | 521 84.3 66 83.5 587 84.2
hypothesis

Among the positive individuals, 16.5% (13) were companions and 83.5% (66) were
patients without clinical diagnosis of arboviruses (Fig. 2).

Among the ZIKV-positive companions, 61.5% (n= 8/13) were totally asymptomatic and
38.5% (n= 5/13) reported symptoms that could be suggestive of arbovirus infection (Fig. 2).
Despite not having a medical consultation at the UPA, the companions reported feeling some
minor symptoms, such as muscle pain (80%; n= 4/5), itchy skin (40%; n= 2/5), nausea (20%;
n=1/5) and vomiting (20%; n= 1/5), however, since this symptoms were mild they felt no need
to seek health service.

In the ZIKV-positive group with clinical diagnosis of other diseases, 47% (n= 31/66)
belonged to the subgroup of patients without symptoms related to arboviruses and 53% (n=
35/66) to the subgroup of patients with symptoms related to arboviruses. Patients positive for
ZIKV were diagnosed with various diseases by the attending physician as can be seen in Table
2. The predominant diagnostic hypothesis was disease of the respiratory system (15.49%)
followed by multisystemic and urinary system diseases (Table 2). The individuals were

classified as multisystemic when they presented symptoms related to two or more systems.
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Table 2 Diagnostic hypothesis from volunteers in the group of patients without clinical

diagnosis of arbovirus infection

Diagnosis ZIKV (+) ZIKV (-) % positive  Total
Multisystemic diseases 13 89 12.75 102
Cardiovascular diseases 3 25 10.71 28
Digestive disorder 10 82 10.87 92
Diseases of the reproductive system 1 14 6.67 15
Musculoskeletal disorders 6 63 8.70 69
Diseases of the nervous system and sense organs 1 22 4.35 23
Diseases of the respiratory system 11 60 15.49 71
Disease cutaneous system 0 3 0 3
Disease of the urinary system 21 162 11.48 183
No data 1
Total 66 520 12.69 587

Thus, altogether from the 79 ZIKV-positive individuals, 49.4% (39) had no symptoms
suggestive of arboviruses and 50.6% (40) presented symptoms that could be associated to
arbovirus infection (Fig. 2). We observed that the signs and symptoms reported by individuals
with ZIKV infection were myalgia (32.9%; n=26), fever (19%; n=15), nausea (19%; n=15),
vomiting (17.7%; n=14), retro orbital pain (15.2%; n=12), arthralgia (12.7%; n=10), itchy skin
(10.1%; n=8), intolerance to light (9%; n=7), rash (2.5%; n=2) and red eyes (2.5%; n=2) (Table
3).

ZIKV-positive (n=8)
Asymptomatic (n=74) ~|:

Negative (n=66)

— Companions (n=110)

— ZIKV-positive (n=5)
With symptoms
— suggestive of —
> arbovirus(n=36) ,
© — Negative (n=31)
c
3 H
g — ZIKV-positive (n=31)
< No symptoms
* suggestive of |
arbovirus(n=293)

Negative (n=262)

Another diagnostic
hyphotesis (n=587)

suggestive of
arbovirus(n=294)

ZIKV-positive (n=35)
With symptoms {

Negative (n=259)

Fig. 2 Representation of the number of samples and ZIKV-positive individuals and their

respective groups and subgroups
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Table 3 Symptoms reported by and ZIKV-positive and ZIKV-negative individuals

Symptoms ZIKV
Positive (n=79) Negative (n=618)
n % n %
Fever 15 19 123 19.9
Nausea 15 19 132 21.4
Vomiting 14 17.7 91 14.7
Red eyes 2 2.5 26 4.2
Retro-orbital pain 12 15.2 62 10.0
Intolerance to light 7 9 27 4.4
Itchy skin 8 10.1 43 7.0
Rash 2 2.5 10 1.6
Myalgia 26 329 139 22.5
Arthralgia 10 12.7 91 14.7

The monthly distribution of ZIKV-positive cases, as well as the number of samples
collected are presented in Fig. 3. Positive cases were around 10% from April through September
2018. After a decrease in October, the percentage of positive cases rose in the following months
reaching its peak in January 2019. There was significantly more cases of ZIKV infection in
December (16%; n=8/79), January (31.6%; n=25/79) and February (20.8% n=11/79) which

corresponds to summer in the Southern hemisphere, being the warmest and wettest season (p-

value < 0,001).
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Fig 3 Distribution of samples collected and ZIKV-positive cases during the year.

In fact, when analyzing temperature and precipitation over the year (Fig. SI1), an
increase in both is observed in the months where ZIKV cases rise, but there was no significant
correlation between such data and the percentage of positivity for ZIKV. According to The
Integrated Agrometeorological Information Center (CIIAGRO), from September 2018, there is
a gradual increase in the number of days of rain, which decreases with the arrival of autumn
2019 and the same is observed for the temperature, which as expected increases in spring and

summer (Supplementary Fig. 1) [20].

4. Discussion

Zika virus expansion throughout the Americas highlights the importance of surveillance
and monitoring of emerging diseases. Several studies show that ZIKV infection is a self-
limiting and asymptomatic disease, in 80% of cases [21, 4]. Symptomatic patients have non-
characteristic symptoms, which make differential clinical diagnosis a challenge, often confused
with other arbovirus infection, non-viral diseases, or even flu [22-25]. In Brazil, ZIKV is
diagnosed based on clinical and epidemiological data, hardly being confirmed by laboratory

tests, making it more difficult to monitor the real circulation of the virus [21]. In this study, we
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collected urine samples from asymptomatic individuals located in a municipality with a history
of arbovirus circulation, due to the importance of more effective monitoring of ZIKV infection
and the need to present up-to-date data on the circulation of the virus in this region. The city of
Mirassol, located in the northwest of the state of Sao Paulo is 15 Km from the city of Sdo José
do Rio Preto, a hyperendemic city for Dengue fever [26, 27]. Studies in Sdo José do Rio Preto,
showed the co-circulation of CHIKYV, DENV and ZIKV, and confirmed cases of the Saint Louis
encephalitis virus (SLEV) [28, 29, 22].

Here we analyzed urine samples from 697 individuals, either asymptomatic or without
clinical diagnosis of arbovirus infection, over a period of 14 months. We found that 11.3%
(79/697) of the volunteers analyzed were positive for ZIKV. Although the number of women
positive for ZIKV is higher, the chance of a man being positive for ZIKV is 65.7% greater than
that of a woman. This is explained since the population in our study is composed mainly of
women (69.6%). Other studies also show to have higher number of participants from the female
gender and also report a higher number of cases of ZIKV infection in this population. [22, 25,
30, 31]. However, those studies did not perform any statistical analysis to normalize for the
disparity of the number of volunteers from each gender. Women are known to most frequently
seek medical attention and this fact can be explained by socio-cultural factors [32]. In addition,
most of the volunteers in our study were companions of patients that were being attended at the
health care unit, also for social-cultural reasons this task is more frequently performed by
women.

We divided the individuals into two groups, companions and patients without clinical
diagnosis of arboviruses, in order to investigate asymptomatic circulation of the virus. We also
divided these individuals into totally asymptomatic and those with and without symptoms
suggestive of arbovirus infection. Regarding subjects that reported symptoms related to
arbovirus infection, ZIKV-positive individuals disclosed myalgia, fever, nausea, vomiting,
retro-orbital pain, arthralgia, itchy skin, intolerance to light, rash and red eyes. Although 50.6%
of the ZIKV-positive individuals presented one or more of these symptoms, them alone were
not sufficient for them to be clinically diagnosed with ZIKV or other arboviral disease.
According to the Brazilian Ministry of Health the definition of a ZIKV suspect case includes a
pruritic maculopapular rash with two or more of the following signs and symptoms, fever,
conjunctival hyperemia without secretion and itching, polyarthralgia or periarticular edema
[18]. Other studies have also reported ZIKV detection associated with fever, rash, non-purulent
conjunctivitis, myalgia and headaches in ZIKV-positive patients [33]. One study has also

reported the presence of cough, vomiting, nausea and sore throat [22]. Since most of these
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subjects were attending the emergency care unit for other complaints and, myalgia was the most
observed symptom it is unclear if the other symptoms disclosed are related to the ZIKV
infection or not. Zika virus infection is characterized majorly as asymptomatic [4]. In fact, we
found that 49.4% (39/79) of the subjects enrolled in this study did not have symptoms
suggestive of arbovirus infection and 10.1% (8/79) were completely asymptomatic.

It is interesting that among patients with other diagnostic hypotheses 15% of patients
with respiratory system disease had ZIKV. This finding is important, as studies show that
arbovirus symptoms can be easily confused with flu symptoms [24, 23, 22]. In addition, the
months when arboviruses are circulating, there is also the circulation of other viruses, such as
the Influenza virus [34, 35].

We observed the increase in the number of ZIKV cases as of September, when spring
begins, and the decrease in the number of cases with the beginning of autumn. The seasonality
of the vector explains this behavior since the months with increased temperature, relative
humidity and rainfall helps dissemination of the vector and the increase of breeding [36].
Countries in tropical and subtropical regions are more susceptible to the spread of diseases
caused by arboviruses, due to the ideal conditions for proliferation of vector mosquitoes [36].
Other factors that contribute to the proliferation of vectors are: population growth and
urbanization without adequate infrastructure, deforestation, soil management and also climate
change, which negatively impact the risk of increase and transmission of arbovirus [36].

To date in Brazil, ZIKV outbreaks were caused by Asian strain circulation of the disease,
but recent studies show the circulation of the African strain in primates and mosquitoes in the
southeastern region of the country [37-40]. Although the real risk of the of a spillover of the
African strain is yet to be determine, surveillance strategies are crucial to prevent epidemics of
new strains of ZIKV in the country [37].

In conclusion, our study showed the importance of better investigation of ZIKV cases,
through specific laboratory tests of urine samples from unsuspected individuals. Our data also
showed the occurrence of asymptomatic infection of ZIKV. The diagnosis based only on
clinical and epidemiological data is not ideal, especially for the diagnosis of ZIKV, which is a
disease that does not present specific symptoms and can be confused with several diseases. All
these factors make it difficult to investigate and correctly diagnose the disease, causing
underreporting of real ZIKV cases. Moreover, these factors prevent the municipality from
taking the necessary measures to contain the disease and avoid clinical complications,

especially for pregnant women.
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Abstract

Purpose: The Aedes aegypti mosquito-borne diseases cause a great impact in public health in
Brazil. In this study, we investigated the presence of Zika virus (ZIKV), Dengue virus (DENV)
in serum and urine samples from symptomatic patients who were attended at an Emergency
Care Unit in located in a city in the northwestern region of the state of Sao Paulo, from February
2018 to April 2019.

Methods: Serum and urine samples were collected from volunteers suspected of arbovirus
infection. After extraction of viral RNA, the viral detection was performed by real time RT-
gPCR (One-Step RT-qPCR).

Results: A total of 308 volunteers participated in the study, and we collected a total of 287
blood samples and 273 urine samples. From the 308, 36.0% (111/308) had ZIKV, 42.5%
(132/308) had DENV2, and 0.3% (1/308) had DENV1.When evaluating possible co-infection,
we saw that 12.7% of the volunteers were co-infected with ZIKV/DENV2. If only serum
samples had been used; ZIKV detection would have dropped to 24.7% (76/308). From all the
patients included in the study only one was suspected of ZIKV infection and the remaining
were suspected of DENV according to the clinical diagnosis. Symptoms that were most reported
for both viruses were myalgia, fever, arthralgia and retro-orbital pain.

Conclusion: By testing serum and urine samples, we increased the detection of both viruses
and detected considerable levels of ZIKV / DENV-2 co-infection when compared to other
studies. Also, we detected an unnoticed ZIKV outbreak in the city. These findings show the
importance of the molecular diagnosis of arboviruses to aid public health surveillance and

management strategies.
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1. Introduction

The arboviruses cause an impact on public health, affecting thousands of people around
the world every year [1, 2]. Among the most important arboviruses is dengue virus (DENV),
an arbovirus of the Flavivirus genus, Flaviviridae family, represented by four urban serotypes
with distinct antigenic characteristics (DENV1, DENV2, DENV3, and DENV4), and one
sylvatic serotype (DENVS) [3-5]. DENV infection can range from asymptomatic to severe
disease that can lead to death [6]. When symptomatic, dengue fever presents different clinical

aspects, occurring in three clinical phases: febrile, critical, and recovery [7].

Another Flavivirus that has become clinically important in the last decade is Zika virus
(ZIKV) [8]. Although it was first isolated from a rhesus monkey in the Zika forest in Uganda
in 1947, few reports were made of ZIKV infection in humans until an outbreak that started in
2015 through the spread of an Asian lineage that affected several countries [9, 10]. After the
outbreak in French Polynesia, there was also an increase in the number of patients with Guillain-
Barré syndrome, linking the disease to the ZIKV outbreak [11]. In Brazil, the first
autochthonous case of ZIKV occurred in 2015 in the states of Bahia, Pernambuco, and Rio
Grande do Norte. At the same time, a rise in cases of microcephaly in newborns of the region
was also observed and researchers suggested a link with ZIKV infection [12-15]. After proving
that ZIKV was the cause of microcephaly, other studies have also shown its relationship with
congenital Zika syndrome (CZS) [16]. In 2016 the World Health Organization declares a global

state of emergency [17].

The transmission of DENV and ZIKV occurs mainly by the bite of mosquitoes of the
genus Aedes, such as A. aegypti and A. albopictus, the most common being the first [1].
However, other transmission types have also been reported, such as sexually transmitted, blood
transfusion, and perinatal, being more common in the case of ZIKV [18, 19]. Currently, Brazil
still goes through arbovirus epidemics every year and is considered a super-endemic country

for dengue, in which the only means of prevention so far is the elimination of vectors [20].

The laboratory diagnosis of arboviruses can be made using several types of samples,
such as serum, saliva, urine, umbilical cord, nasopharyngeal swab, amniotic fluid, and vaginal
secretion [15, 21-25]. In Brazil, the diagnosis is made based on clinical and epidemiological
data. In some cases, when DENV is suspected, rapid diagnostic tests are used [26]. These tests
are widely used, simple to perform, and are based on the research of the NS1 antigen and IgG

and IgM antibodies [26]. However, specificity and sensitivity vary depending on the stage of
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the disease. It is also common to experience false positive or false negative results due to cross-

reactions with other Flavivirus, causing the patient to be incorrectly diagnosed [26].

In this study, we investigated the presence of arboviruses ZIKV and DENYV, in serum
and urine samples from patients with a clinical diagnosis of arbovirus treated at the Emergency
Care Unit (UPA) in the city of Mirassol, located in the northwest region of the state of Sao

Paulo Brazil.

2. Methods
2.1 Population

A prospective study was carried out, in which all volunteers included in this study were
considered suspected of arboviral infection by the attending physician at the Emergency Care
Unit (UPA) in the city of Mirassol-SP, Brazil. The clinical diagnosis is based on the criteria
stablished by the Brazilian Health Ministry. For a case to be suspected of ZIKV, the patient
needs to have a pruritic maculopapular rash with two or more of the following symptoms: fever,
periarticular edema or polyarthralgia, conjunctival hyperemia without secretion and itching
[27]. In the case of DENV, the patient needs to have a fever, between two and seven days, with
two or more of the following symptoms: nausea, vomiting, exanthema, myalgia, arthralgia,
headache, retro-orbital pain, rash or positive tourniquet test, and leukopenia [27]. Also, patients
must reside or be in areas endemic or with Aedes aegypti infestation [27].

Blood and urine samples were collected from February 2018 to April 2019. The
Research Ethics Committee of the Sdo Paulo University State, Institute of Biosciences, Letters
and Exact Sciences (UNESP-IBILCE) of Sdo José do Rio Preto —SP approved this study
(CAAE: 66489617.4.0000.5466), and all volunteers signed the Informed Consent to be part of
the study. All included patients completed questionnaires about the type and duration of the

symptoms (days).

2.2 Samples

Samples were collected and stored at 4 °C for 48 hours until processing. Blood samples
were collected in a tube with a gel separator with a coagulation activator to separate the serum.
The tubes were centrifuged at 1008 x g for 15 minutes. Serum was separated and stored in
cryogenic tubes at -150 °C.

The urine samples were collected in a universal collector bottle at any time of the day,

since it was collected at the time of the consultation at the UPA. Urine samples were centrifuged
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at 448 x g for 10 minutes at room temperature. After the centrifugation, part of the supernatant
was discarded, leaving SmL in the tubes. Subsequently, the pellet was homogenized with the
remaining 5 mL, and filtered with a 0.45 nm PES syringe filter for the elimination of other
microorganisms. Finally, urine samples were stored in an Ultra-Low Temperature Freezer -

150°C (MDF model - C2156VANC, Sanyo).

2.3 RNA extraction and Real-time PCR

The isolation of RNA from the samples was done using a monophasic solution of guanidine
thiocyanate and phenol (TRIzol - Invitrogen™, Life Technologies®, USA) and 250 pL of urine
or serum samples according to the manufacturer’s instructions. The investigation of the
presence of the four serotypes of DENV and ZIKV was carried out by RT-qPCR using GoTag®
Probe 1-Step RT-qPCR System (Promega Corporation, Madison, USA). Specific primers and
probes were used for each serotype of DENV and for ZIKV [28, 29]. The analyses were carried
out on QuantStudio™ 12K Flex Real Time PCR System (Applied Biosystems™, Foster City,
USA).

2.4 Statistical analysis

The software used to perform the statistical analysis was the StatsDirect Statistical Software
(version 3.3.4, Merseyside, UK). Descriptive statistics were calculated for primary analysis.
The Kruskal-Wallis test was used to compare age by disease groups (ZIKV, DENV, co-
infection and, without disease). Conover-Iman test was used for pairwise comparisons between
groups. The association tests between the gender and ZIKV, DENV and, co-infection were
analyzed using Pearson's chi square test, and Fisher’s exact test. Difference with p-value < 0.05

was considered.

3. Results

This study was conducted from February 26, 2018, to April 11, 2019, and 308 patients were
included, of which 59.7% (184/308) were female. Regarding age, most women (47.3%;
n=87/184) ranged from 30 to 59, while for men, most patients (44.3%; n=54/124) were in the
0 to 29 age range (Table 1). The age of all individuals varied from 3 to 83 years, with median
of 33 years. From the 308 patients, 80.8% (249/308) collected blood and urine samples, 12.3%
(38/308) collected only blood, and 7.8% (24/308) collected only urine. Overall, a total of 287

blood samples and 273 urine samples were collected. The analysis of the clinical reports
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revealed 307 patients were clinically diagnosed with DENV, and only 1 patient was diagnosed

with ZIKV.

Table 1 Epidemiological data for 308 symptomatic patients for arboviruses

Female (n=184) Male (n=124) Total (n=308)
0 - 29 years 34.8% (64) 44.4% (55) 38.6% (119)
30 - 59 years 47.3% (87) 30.6% (38) 40.6% (125)
> 60 years 8.1% (15) 11.3% (14) 9.4% (29)
No data 9.8% (18) 13.7% (17) 11.4% (35)

3.1 Zika virus

From the 308 patients included in this study, 36.0% (111/308) had ZIKV infection. Of
these, 56.8% (63/111) were female. The age of infected individuals varied from 4 to 69 years,
with median of 30 years, upper quartile of 49 years and, lower quartile of 15 years. There was
no significant association between gender and ZIKV positive test (p value= 0.4683).

Among the patients with ZIKV infection, 32.4% (36/111) had ZIKV only in the serum,
36.0% (40/111) only in the urine, and 31.5% (35/111) in both fluids. ZIKV was detected in
24.7% (71/287) of the serum samples and in 27.5% (75/273) of the urine samples. The only
patient who was diagnosed with ZIKV tested positive for the virus.

The months with the highest number of collections of symptomatic patients in 2018
were March (n=45/308), April (n=27/308) and May (n=26/308). Then, we observed a decrease
in the number of collections from June to January 2019. The higher rates of suspected cases

were observed in February (n = 57/308), March (n = 57/308) and April (n = 39/308).
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Fig 1 Monthly distribution of number of patients and ZIKV-positive cases during the year.

The number of positive samples for ZIKV remained constant from April/2018 to

June/2018, with 3 positive cases each month. The percentage of positive cases increased with

82% (n=9/11) in January/2019, 67% (n = 38/57) in February/2019, 51% (29/57) in March/2019

and, 54% (n =21/39) in April/2019 (Fig 1).

Regarding symptoms, myalgia (73%), fever (65.7%) and, arthralgia (61.3%) were the

most reported by ZIKV positive patients (Table 2). The number of days of symptoms are shown

in Supplementary Fig. 2.

Table 2 Symptoms reported by patients positive for ZIKV.

Symptoms ZIKV
Positive (n=111) Negative (n=197) Total (n=308)
n % n % N (%)

Fever 73 65.7 131 66.5 204 (66.2)
Nausea 57 51.4 99 50.2 156 (50.6)
Vomiting 20 18 41 20.8 61 (19.8)
Red eyes 27 24.3 42 21.3 69 (22.4)
Retro-orbital pain 65 58.6 103 52.3 168 (54.5)
Intolerance to light 37 333 59 29.9 96 (31.2)
Itchy skin 49 44.1 86 43.7 135 (43.8)
Rash 44 39.6 91 46.2 135 (43.8)
Myalgia 81 73 138 70.1 219 (71.1)
Arthralgia 68 61.3 110 55.8 178 (57.8)
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3.2 Dengue virus

When analyzing samples for DENV, from the 308 symptomatic patients, 42.5%
(132/308) were positive for DENV2, and 0.3% (1/308) were positive for DENV1. Among these
positive patients, 59.1% (78/132) were female. The age of DENV positive patients ranged from
6 to 74 years, with median of 35 years, upper quartile of 50 years and, lower quartile of 21
years. There was no significant association between gender and DENV-positive.

Among the patients with DENV infection, 72% (95/132) had DENYV only in the serum,
3.7% (5/132) only in the urine, and 24.2% (32/132) in both fluids. DENV2 was present in 43.9%
(126/287) of the serum samples and, 0.3% (1/287) were positive for DENV1. Only DENV2
was detect in 13.3% (37/273) of the urine samples.

In 2018, the highest percentage of cases of DENV infection, in relation to the number
of symptomatic patients per month was in March (66.7%; n = 30/45), April (70.4%; n = 19/27),
and May (65.4%; n = 18/26). As of June, there was a drop in the number of collections and
positive cases. The months of October (n = 0/3), November (20%; n = 1/5), and December (n
= (/3) had the lowest number of positive cases in the study (Fig. 2). In January/2019 (55%;n =
6/11), there was a peak of positive cases, but these cases decreased again in the following
months (February (31.6%; n = 19/57), March (19.3%; n = 11/57) and, April (23%; n=9/39))
(Fig 2).

60 80%
70%
50
60%
40
50%

30 40%

Percentage

30%

Number of patients

20
20%
10
10%

0%

I Collected samples Positive === Percentage

Fig 2 Monthly distribution of number of patients and DENV-positive cases during the year.
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The symptoms that were most reported by patients positive for DENV were myalgia
(73.5%; n=97/132), fever (68.9%; n=91/132) and, retro-orbital pain (57.6%; n=76/132) (Table
3). Supplementary Fig. 1 shows the number of days of symptoms.

Table 3 Symptoms reported by patients positive for DENV.

Symptoms DENV
Positive (n=132) Negative (n=176) Total (n=308)
n % n % N (%)
Fever 91 68.9 113 64.2 204 (66.2)
Nausea 59 44.7 97 55.1 156 (50.6)
Vomiting 19 14.4 41 23.3 60 (19.5)
Red eyes 33 25 36 20.5 69 (22.4)
Retro-orbital pain 76 57.6 92 52.3 168 (54.5)
Intolerance to light 37 28 59 33.5 96 (31.2)
Itchy skin 64 48.5 71 40.3 135 (43.8)
Rash 65 49.2 70 39.8 135 (43.8)
Myalgia 97 73.5 122 69.3 219 (71.1)
Arthralgia 70 53 108 61.4 178 (57.8)

3.3 Co-infection ZIKV-DENV2

Co-infection ZIKV-DENV2 was observed in 12.7% (39/308) of the patients. This
corresponds to 35.1% (39/111) of patients positive for ZIKV and 29.8% (39/131) of patients
positive for DENV2. If only serum samples had been analyzed, the percentage would have

dropped to 11.4% (n = 35). Table 4 shows the fluids were each virus was detected.

Table 4 Co-infection data for ZIKV and DENV2.

ZIKV DENV2
3 - + * *
1 + - i *
10 + + * )
1 + + - i
16 + - * )
8 - i * )
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The main symptoms reported by the co-infected patients were myalgia (66.7%;
n=26/39), fever (66.7%; n=26/39), and retro-orbital pain (59%; n=23/39) (Table 5).

Table 5 Symptoms reported by patients with ZIKV-DENV?2 co-infection.

Symptoms Co-infection
Positive (n=39)
n %0
Fever 26 66.7
Nausea 15 38.5
Vomiting 3 7.7
Red eyes 10 25.6
Retro-orbital pain 23 59
Intolerance to light 10 25.6
Itchy skin 15 38.5
Rash 14 359
Myalgia 26 66.7
Arthralgia 20 51.3

Statistical analysis

The Kruskal-Wallis test is the non-parametric test used to compare three or more
independent samples. It indicates whether there is a difference between at least two of these
samples. This test used to compare the ZIKV, DENV, co-infection and, without disease groups,
based on age, showed that there was a difference between the groups. When rejecting the null
hypothesis, we performed the Conover-Iman test to compare two groups in the Kruskal-Wallis
test. We saw that the age distribution was different [X? (3) = 8.377; p < 0.05] between groups
without disease vs. only with DENV (p =0.0413), co-infection vs. only with ZIKV (p =0.0431),

and between groups without disease vs. co-infection (p = 0.0152).

4. Discussion

Among all the existing arbovirus species, 150 are responsible for causing disease in humans,
causing a major impact on public health [30]. Besides, the expansion of ZIKV throughout the
Americas, which is already endemic to DENV, makes the countries face the co-circulation of
different arboviruses of clinical importance [31]. This situation highlights the importance of

surveillance and monitoring of emerging diseases.
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Of the 308 patients analyzed, 42.5% were positive for DENV2, 0.3% for DENV1, 36.0%
were positive for ZIKV, and 33.8% were negative. When comparing our data with data from
the literature, the lowest percentage of positives for DENV was 15.5% and the highest 78%
[32-34]. For ZIKV, the lowest percentage was 22.2%, and the highest was 50.7% [32, 34]. The
studies cited also had high percentages of patients with negative results, the highest being 77.2%
[32, 34]. When using urine samples together with the serum, we noticed an increase in the
percentage of infected people. If only serum samples had been used, the percentage of ZIKV
would have dropped to 24.7% (76/308). The percentage of DENV would also drop to 40.9%
(126/308).

Regarding the temporal distribution of ZIKV and DENV, it can be noted that in 2018 there
was a greater number of cases of DENV and few cases of ZIKV. In 2019, starting in January,
there is an increase in the number of samples collected suspected of arbovirus. In the same
period, the number of DENV decreased with 55% of cases in January, 31.6% in February,
19.3% in March, and 23.1% in April. This occurs at the same time that the number of positive
samples for ZIKV begins to increase, with 82% of cases in January, 67% in February, 51% in
March, and 54% in April.

In this study we also report that 12.7% (39) of the patients were co-infected with
ZIKV/DENV?2, corresponding to 35.1% of patients ZIKV-positive and 29.8% of patients
DENV-positive. When comparing our data with other studies, we saw that the percentage of
co-infection is higher than the one described by other authors. In 2015 in Pernambuco, there
was a percentage of 2.6% co-infected [35]. Two studies of the year 2016 in S3o José do Rio
Preto, a city 14.9 km from Mirassol reported a percent of 0.9% [32, 34]. One of the reasons we
found higher rates of co-infection might be related to testing not only serum but also urine,
while the cited authors only tested the former. In our population, if we have tested only serum,
we would have a co-infection rate of 11.5%, which is still higher than what has been reported
in literature. Another reason can be related to when the study was carried out. Our study was
performed in 2018 and 2019. Official reports of ZIKV infection decreased and consequently
studies doing differential molecular diagnosis for ZIKV also declined [36-38].

Here, we detected an outbreak of DENV-2 in 2018 and the beginning of an increase of
ZIKV in the same year. Studies show the possibility of transmitting DENV, ZIKV and
Chikungunya (CHIKV) simultaneously and others show that mosquitoes co-infected with
ZIKV and DENV, preferentially transmit ZIKV [39, 40]. Co-infections are still poorly studied,
but they commonly appear in places where there are outbreaks and can also be explained by

exposure to large numbers of mosquitoes [41].
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Regarding the fluids used, we noticed that 36.0% (40/111) of the patients had ZIKV
detected only in the urine. When analyzing the days of symptoms, we noticed that the majority
had recent symptoms for a maximum of 7 days. Studies show that the detection of ZIKV in
urine is prolonged however, in our study; it was not possible to follow these patients for further
tests to describe the detection kinetics of ZIKV in the urine [21, 42]. Only 3.7% (5/132) had
DENV?2 only in the urine and 72% (95/132) in the serum. We also analyzed the days of
symptoms and, most of them had been experiencing symptoms for a maximum of 7 days, with
rare exceptions. These findings agree with other studies that detection rates of 50% or more are
evident between days 6 to 16 for urine samples and days O to 7 for serum samples [43]. Mizuno
et.al showed that DENV is detected in urine in prolonged periods after the disappearance in the

serum (Supplementary Fig. 1 and Fig. 2) [44].

Among the patients with DENV, the most reported symptoms were myalgia (73.5%), fever
(68.9%) and, retro-orbital pain (57.6%). In the case of ZIKV, the main symptoms reported were
myalgia (73%), fever (65.7%) and, arthralgia (61.3%), in line with other studies, which also
show the appearance of these symptoms [34, 45, 46]. Co-infected patients also reported the
same symptoms: myalgia (66%), fever (66%), and retro-orbital pain (58%). Through these data,
we show how the clinical diagnosis is unable to differentiate infection by DENV and ZIKV. In
fact, according to clinical evaluation, only one of the 308 patients was suspected of ZIKV
infection, the remaining patients were diagnosed with DENV. We must also emphasize the
difficulty in diagnosing ZIKV, which is mainly asymptomatic, with mild signs and symptom:s,
with the low and short viremia [42]. Besides, national guidelines for the diagnosis of DENV
and ZIKV do not include co-infections, making it more difficult for the physician to diagnose
and understand the dynamics of co-infections [7, 47]. Although general treatment for both
arbovirus are similar, this situation raises concerns when considering the clinical complications
that ZIKV can cause for pregnant women, and also the risk of Guillain-Barré syndrome [7, 48].
When it comes to surveillance, the adopted clinical diagnosis is also a problem. As we report
here ZIKV was circulating in the city where the study was carried out in 2018 and 2019
corresponding to considerable rates of the arbovirus suspected cases. However, if we did not
perform this study only one case of ZIKV would be notified. These factors highlight the
importance of specific molecular tests in order to identify the viruses that are causing outbreaks.
This might help contain the emergence of other arbovirus and aid the clinical management of

the ones that are already circulation.
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Here we report the prevalence, in symptomatic patients, of ZIKV and DENV from February
2018 to April 2019 in a city in southeastern Brazil. By doing molecular test we detected an
unnoticed ZIKV outbreak in the city. Also, by testing serum and urine samples, we increased
the detection of both viruses and detected considerable levels of ZIKV / DENV-2 co-infection,
when compared to other studies. Thus, we show the importance of molecular diagnosis to
reduce the number of underreported cases aiding public health surveillance and strategies to

contain virus spread.
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Fig. S1 Symptoms, in days, reported by patients positive for DENV.
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1. CONCLUSOES

Entre fevereiro de 2018 e abril de 2019, foram coletadas amostras de 2 grupos:
sintomdticos e sem diagndstico clinico de arboviroses. Do grupo de sintomdticos foram
coletadas 287 amostras de sangue e 273 amostras de urina de 308 pacientes. Ja do grupo sem
diagndstico clinico de arboviroses, foram coletadas 697 amostras de urina.

Grupo de pacientes sintomaticos.

Dos 308 pacientes sintomaticos, 36% (111) tinham ZIKV, 42,5% (131) tinham DENV?2
e 0,3% (1) tinha DENV1. Também avaliamos coinfec¢do e vimos que 12,7% dos pacientes
estavam coinfectados com ZIKV/DENV2. Todos esses pacientes foram diagnosticados com
base em dados clinicos e epidemioldgicos, sendo que 307 receberam o diagndstico de DENV e
apenas | recebeu o diagndstico de ZIKV. Também foi possivel avaliar a importancia da
utilizacdo das amostras de urina, pois e tivéssemos utilizado apenas amostras de soro, o
percentual de positivos para ZIKV, cairia de 36% para 24,7%. Além disso, dentre todos esses
pacientes positivos, tanto para ZIKV, DENV e ambos os virus, vimos que os sintomas mais
relatados foram mialgia, febre, artralgia e dor retroorbital.

Grupo de pacientes sem diagnodstico clinico de arboviroses.

No grupo de pacientes sem diagndstico clinico de arboviroses, detectamos a presenga
de ZIKV nas amostras de urina de 79 individuos, sendo de assintomaticos € pacientes com €
sem sintomas sugestivos de arboviroses. Dentre os pacientes que possuiam sintomas sugestivos
de arboviroses, os principais sintomas apresentados foram mialgia, febre, ndusea e vomito. Ao
analisar as causas que levaram os voluntérios do grupo de individuos sem diagndstico clinico
de arboviroses a irem até a UPA, pode-se notar que a maioria dos pacientes infectados com
ZIKV, apresentou infec¢des do sistema respiratorio, doengas multissist€émicas e infeccao do
trato urindrio. Ao analisarmos a circulacdo temporal de ZIKV e DENV em Mirassol, por meio
de amostragem mensal, notamos que em 2018 havia um maior nimero de casos de DENV e
poucos casos de ZIKV e que esse quadro foi se invertendo no inicio de 2019, no qual tivemos
maior nimero de casos de ZIKV ao mesmo tempo em que ocorre a diminui¢cdo dos casos de
DENV.

Por fim, destacamos a importancia de uma melhor investigacao da circulagao de ZIKV
e DENV na cidade e na regido de Mirassol. Em nosso estudo ficou evidente a necessidade de
um diagnéstico diferencial, pois o diagndstico baseado apenas em dados clinicos-
epidemiolégicos ndo € o ideal, por conta das arboviroses serem doencas com sintomas

inespecificos, que podem ser confundidas entre si, além de serem confundidas com outras
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doencas ndo virais, causando uma subnotificacdo dos reais casos dessas doengas. Outro ponto
importante € a utilizacdo de outros fluidos, tal como a urina, principalmente no caso do ZIKV.
Além disso, os dados obtidos nesse estudo sao importantes para desenvolvimento de medidas
preventivas, campanhas de vigilancia e medidas mais eficazes de eliminagdo dos criadouros do

vetor, com o intuito de prever e impedir novos surtos da doenca na regido da cidade de Mirassol.



