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Molecular Evolution of Zika Virus during Its Emergence
in the 20*" Century
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Abstract

Zika virus (ZIKV) is a mosquito-bome flavivirus first isolated in Uganda in 1947, Although entomological and virologic
surveillance have reported ZIKV enzootic activity in diverse countries of Africa and Asia, few human cases were reporned
until 2007, when a Zika fever epidemic took place in Micronesia. In the context of West Africa, the WHO Collaborating
Centre for Arboviruses and Hemorrhagic Fever at Institut Pasteur of Dakar (hittp://www pasteur.fr/recherche/bangues/
CRORA/) reports the periodic circulation of ZIKV since 1968. Despite several reports on ZIKV, the genetic relationships
among viral strains from West Africa remain poorly understood. To evaluate the viral spread and its molecular epidemiology,
we investigated 37 ZIKV isolates collected from 1968 to 2002 in six localities in Senegal and Cote d'lvoire. In addition, we
included strains from six other countries. Our results suggested that these two countries in West Africa experienced at least
two independent introductions of ZIKV during the 20™ century, and that apparently these viral lineages were not restricted
by mosquito vector species. Moreover, we present evidence that ZIKV has possibly undergone recombination in nature and
that a loss of the M154 glycosylation site in the envelope protein was a possible adaptive response to the Aedes dalzieli
vector.
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Historic Spread of Zika Virus

B Outbreaks
B Serologic evidence
B Virus detection or confirmed human case
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A metodologia empregada ¢ de alta sensibilidade e especificidade.

Nominalmente o protocolo Lanciotti et al, 2008 tem a capacidade de detec¢ao a partir de 25 copias de RNA/Reagao, sendo
altamente especifico mesmo quando desafiado com outros flavivirus.

O protocolo Faye et al, 2013 relata uma sensibilidade de 0,05 PFU/reagao e também apresentou alta especificidade,
comprovada por sua ndo reatividade a outros 31 flavivirus.

RESEARCH

iistdntoonbopsartidbiri @ ——
Genetic and Serologic Properties
of Zika Virus Associated with RESEARCH Open Access

an Epidemic, Yap State, Quantitative real-time PCR detection of Zika virus
Micronesia, 2007 and evaluation with field-caught Mosquitoes
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Abstract

Badkground: Zika virus (ZIKV), a mosquito bome flavivirus is a pathogen affecting humans in Asia and Africa. ZIKV
infection diagnosis relies on serology—which is challenging due to cross-reactions with other flaviviruses and/or
absence or low titer of lgM and IgG antibodies at early phase of infection- virus isolation, which is labor intensive,
time consuming and requires appropriate containment. Therefore, real-time RT-PCR (rRT-PCR) is an appealing
option as a rapid, sensitive and specific method for detection of ZIKV in the early stage of infection. So far, only one
rRT-PCR assay has been described in the context of the outbreak in Micronesia in 2007 In this study, we described
a one step rRT-PCR for ZIKV which can detect a wider genetic diversity of ZIKV isolates from Asia and Africa.

Results: The NS5 protein coding regions of African ZIKV isolates were sequenced and aligned with representative
flaviviruses sequences from GenBank to design primers and probe from conserved regions. The analytical sensitivity

Zika virus (ZIKV) is a mosquito-bome flavivirus first  studies in the absence of epidemics (6-8). Additional se- of the assay was evaluated to be 32 ge_r'\urr'o'equwa\[-l1_?,5 am_d 005 plague I'f.;fn“-\_r\g unit (pfu). The assay was shawn
isolated in Uganda from a sentinel monkey in 1947 Mos-  rologic studies in the 19508 and 1960s detscted ZIKV in- S derect 37 ZIRV iedlates covesing L vde geag mpi 1 IMIca sod Askiaver Siysar bt ngne of e 3 ottier
quito and sentinel animal surveillance studies have dem- fecli‘ons iy i 3o Eyts Nikizaies, s, Mvichin flaviviruses tested showing high analytical specificity. The rRT-PCR could be performed in less than 3 hours. This

onstrated that ZIKV is endemic 1o Africa and Southeas!  aflsvsia Todonesia Pakistan Thailad Ne e method was used successfully to detect ZIKV strains from field-caught mosquitoes.




Doador de Sangue, 52 anos,

Sexo masculino - Sumaré (SP)
Sem Histoérico de Viagem

10/03/2015
Blood donation

11/03/2015

18/03/2015

1? Hospital Care 2° Hospital Care
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Receptor, Sexo masculino, 55 anos

13/03/2015

Liver Transplant

HOSPITAL DE CLINICAS UNICAMP
Blood Transfusion

+ Asymptomatic

14/03/2015-21/03/2015
Intensive Care
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No Laboratorio...

NS1 ELISA Biorad® - IAL Campinas

DENYV fourplex real-time RT-PCR (Johnson et al., 2005)
MAC-ELISA IgM (in-house)

Tentativa de Isolamento em células C6/36 seguida por
Ensaio de Imunofluorescéncia Indireta(lFA) usando
anticorpo policlonal para Flavivirus e Anticorpo
monoclonal para DENV.



This sample was

retrieved from
Resultados HC/UNICAMP and

was sent later to

BloodDonor o

DENV IgM MAC EIA Negative Negative
DENV RT-gPCR Negative Negative
IFA/Zika RT-PCR POSITIVE Negative

HI - Negative
D, (transfusion) D,
IgM MAC EIA Negat';ﬁg\f'i\évROCV’ DENV POSITIVE
DENV RT-gPCR Negative Negative
IFA Negative
HI Anti-Flavi atb Anti-Flavi atb
NS1 Negative -
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CASE REPORT

Probable transfusion-transmitted Zika virus in Brazil

Maria L. Barjas-Castro,’ Rodrigo N. Angerami,” Mariana S. Cunha,” Akemi Suzuki,”
Juliana S. Nogueira,® Iray M. Rocco,” Adriana Y. Maeda,” Fernanda G.S. Vasami,” Gizelda Kaiz,*
Ilka ES.F Boin,” Raguel S.B. Stucchi,®> Mariangela R. Resende,®” Danillo L A. Esposito,®
Renato P de Souza,” Benedito A. da Fonseca,® and Marcelo Addas-Carvalho’

BACKGROUND: Zka virus (ZIKV) is an emerging
arthropod-bome flavivirus transmitted by Aedes mosguitoes.
Recent cormmentaries regarding ZIKV routes of
transmission describe a potential transmission by
transfusion. Herein, we report a probable case of
transfusion-fransmitted ZIKV infection through a platelet
transfusion that was detected from postdonation information
CASE REPORT: A blood donor made a voluntary
telephone report to the blood donor facility 3 days after
donation and informed the facility of a febrile ilness (fever,

ika virus (ZIKV) is an emerging arthropod-bome
virus transmitied by Aedes mosquitoes that was
first identified in Uganda in 1947." The virus
belongs to the genus Favivirus, family Haviviridae,
and is closely related to other viruses from this family, such
as dengue, yellow fever, and West Nile viruses. Unil recently,
only sporadic human ZIKV infections had been reported,
mainly in Africa. The virus emerged in 2007 for the first ime
in Micronesia, causing an important outbreak on Yap
Island. In 2013 and 2014, ZIKV rapidly spread to Oceania™”



TRANSFUSION-TRANSMITTED ZIKA VIRUS

Daonor:
Donor: Postdonation
Blood donation information
BET-RCR ZKH Donor: Physician evaluation Donor:
positive Febrile Serology / molecular MAC—ELISA IgM
[stored sample) illness tests excluded Dengue Dengue negative
Days -2 =1 o 1 2 3 4
March (10) [11) (12) (1€)
Recipient: Recipient: Recipient:
Hospitalization  Liver transplantation Physician evaluation
Platelet transfusion Hemagglutination
Dengue Ight inhibition antibodies
negative against Flavivirus: positive

RT-PCR ZIKV: positive
Virus isolation (cell
culture): positive
MAC—ELISA IgM
Dengue Negative

Fig. 1. Timeline of major events related to the case of Zika virus transfusional transmission, 2015. RT-PCR, reverse transcriptase
polymerase chain reaction; ZIKV, Zika virus; MAC-ELISA IgM, immunoglobulin M antibody capture-enzyme-linked immunosor-

bent assay.
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Fig. 2. Molecular phylogenetic analysis of Zika viruses using the maxdmum likelihood method. The analysis involved 18 nucleotide
ocomplete sequences available at the National Center for Biotechnology Information (NCBI) website. All positions containing gaps and
missing data were eliminated. In total, there were 9825 positions in the final data set. The numbers above the branches indicate the
distance between sequences, ranging from 0 (no difference) to 1. Evolutio nary analyses were conducted in MEGAG software,
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Cause and symptoms of Guillian-Barré syndrome

Giuillinn-Barnd syndrome 2 caused by the destrection of myekn, known as demyshinatbon
Sy mpRomS el

Paralysas, inclsding
kazs of braath

—— Pricady. tingling Sansations.

\ I W in the arms and Bgs
(paresibosias)







GOVERNO DO ESTADO DE SAO PAULO
SECRETARIA DE ESTADO SAUDE
COORDENADORIA DE CONTROLE DE DOENGAS
CENTRO DE VIGILANCIA EPIDEMIOLOGICA “PROF. ALEXANDRE VRANJAC”
INSTITUTO ADOLFO LUTZ

NOTA INFORMATIVA N° 02 —- NOVEMBRO DE 2015
VIRUS ZIKA — ORIENTACOES TECNICAS

Com a finalidade de organizar o sistema de vigiléancia e as estratégias de organizacao da rede
assistencial diante da introducao do ZIKA virus (ZIKV) no Brasil, e em razdo das caracteristicas
da doenc¢a cujas medidas de controle prescindem da caracterizacao dos casos individuais,




GOVERNO DO ESTADO DE SAO PAULO
SECRETARIA DE ESTADO SAUDE
COORDENADORIA DE CONTROLE DE DOENGAS
CENTRO DE VIGILANCIA EPIDEMIOLOGICA “PROF. ALEXANDRE VRANJAC”
INSTITUTO ADOLFO LUTZ

Serao disponibilizados, semanalmente, 30 exames RT-PCR em Tempo Real para ZIKV, para o
estado de Sao Paulo. Serao analisadas 10 amostras/semana no CLR-Sao Jose do Rio Preto e
20 amostras/semana no Instituto Adolfo Lutz Central (IAL).

O Laboratorio nao recebera amostras oriundas de demanda/notificacao espontanea, para
diagnostico de Zika. A Vigilancia Laboratorial de Zika, no estado de S3o Paulo, se dara por
meio da pesquisa de virus Zika (ZIKV) em amostras Dengue-NS1 negativas, de pacientes que
atendam a definicao de caso de Zika, especialmente em municipios com baixa positividade
para Dengue-NS1.




Protocolo de
Vigilancia para
Gestantes com
SeEUE

4.3 Fluxo de Investigaca
Fluxo de investigacdo para gestantes relacionadas a infeccdo pelo ZIKV. Central [CIEWS-5P.
Margo de 2016

Gestante com exantema

Fluxo de Investigagdo

Labaratorial

Aspecto clinico-epidemioclogico

Warificar: Coletar 12 amaostra de sangue: 10 mil sté o 58 dia de inicio dos
Contato com casos de dengue =fou chikungunya =fou 21K sintomas, tubo amarelo com gal,

Contata com casos de doengas exantemdtios; Coletar dnlca amcstra de urina: 10 ml, tubo estdrllcom rosca
Uze de medicamantos/2enol/droga durante a gestacho: tipo faloen.

Dieslocarmento para drezs de circutagio de ZIEV durante 3

gestapio; ; '
o Hagistrar no GAL-IAL: Exama para FCR para JKY

Residingda em dea oe crodacia de IKY;

Hnais e simtomas;
Emcarminhar ao 1AL: Sangue e urina com: Ficha de solicitagao

oo prame SINANSIAL para PCR para TIKV anotands na flcha ~LF

Data da dltima menstruagio;
Diats pravivel do parbs;

| Acompanhar resultade ne GAL idrnﬂ-I:Ba"EEI' & rasultads

COBEEAr ¥ AMGEITA Be SangeE TenteE 3 resultacs posithe para
iKW na 22 coleta de 2 a 3 somanas apds a 18 coleta,

Emcaminhar amostra de sangue ao 1AL com ficha de
salicitagio de axare SINAN/IAL indicande na ficka “2%

amastra de sangue” — Gestante com anantema - ZE0V



Relatdrio de Resultado Quantitative Mensal (Exame / Metodologia)

Todos os Laboratdrios

Data Inicio:

01/06/2015

Data Fim: 30/06/2016
Exame,/Metodologia| Jun /2015 | Jul/2015 |Ago/2015 | Set/2015 |Out/2015 (Mov/2015|Dez /2015 (Jan/2016 | Fev/2016 |Mar/2016| Abr/2016 |Maio/2016|Jun/2016 EI::;L
Zika, Biologia Molecular/RTTR
1 3 0 1 0 0 20 o4 180 243 383 320 127 1377
Nio Detectavel 4 21 25 =) 16 2 301 210 514 796 1076 1012 456 4442
Inconclusivo 4] 0 0 0 0 Q 0 4 10 15 a8 a7
Indeterminado (8] ] 0 0 0 3] ] 0 (4] 3] 1 1
5 2 25 10 16 2 321 304 694 1048 1469 1347 592 5857
Total Geral 5 24 25 10 16 2 321 304 594 1043 1469 1347 592 o857







PATOLOGIA IAL
Modelo Animal — Efeitos Neuroldgicos

Inoculacao IC. 6dias Inoculacao SC. 13 dias Controle negativo. 13 dias



Imstitwto Adols Lutz

Vahidacio de ensaio imumoennimatico para deteccio de anticorpos
anti-N51 do Zika vims em amostras de individues com ou sem

suspeita da infeccdo por Zika vims

Dra. Paula Ordonhez Figato
Centro de Inmmologia

FAPESP




First Complete Genome S5Sequence of Zika Virus (Flaviviridoe, Flavivirus) from an
autochthonous transmission in the Americas

Mariana Sequetin Cunha®, Danillo Lucas Alves Esposito?, Iray Maria Rocco?, Adriana Yurika
Maeda®, Fernanda Gisele da Silva Vasami?!, Juliana Silva Nogueira®, Renato Pereira de
Souza', Akemi Suzuki’, Marcelo Addas-Carvalho®, Maria de Lourdes Barjas-Castro?, Rodrigo
Mogueira Angerami4, Mariangela Ribeiro Resende®®, Raguel Silveira Bello Stucchis, llka de
Fatima Santana Ferreira Boin®, Gizelda Katz®, and Benedito Antonio Lopes da Fonseca?

Division of Vector-borne Diseases, Adolfo Lutz Institute, 5o Paulo, SP, Brazil

* Department of Internal Medicine, Division of Infectious Diseases, School of
Medicine of Ribeirdo Preto, University of 53o Paulo, Ribeirdo Preto, 5P, Brazil

» Blood Center, State University of Campinas/UNICAMP, Campinas, SP, Brazil
Section of Hospital Epidemiology, Hospital of Clinics, State University of
Campinas/UMICAMP, Campinas, SP, Brazil

¢ Clinical Medical Department, Faculty of Medical Sciences, State University of
Campinas/UMNICAMP, Campinas, SP, Brazil

= |nfectious Diseases Surveillance Center “Prof. Alexandre Vranjac”/CCD, Sao Paulo,
SP, Brazil

We report here the genome sequence of Zika virus, ZikaSPH2015 strain, containing all
structural and nonstructural proteins flanked by the 5 and 3' UTR. It was isolated in S3o
Paulo state, Brazil, 2015, from a patient who received a blood transfusion from an

asymptomatic donor at the time of donation.



T

AT BT T

et

Zika em expansao

Sequenciamenta confirma gue variedade em
circulacdo no pais veio da Polinésia e projecdc estima

fque deve se espalhar por outros palses

Ricarde Zarzatio

Ababa, zgmens
Coemighe o vy e
i i Tl e
circebiu pa nerka da
T00 & P00 ra

Pl Francna

ST OV
g SACIG

Bl

st Jic

TN T i L g e e Vel dmid el o

[rerre

uas equipes bragleiras completaram

e AlEAAE sl anaE O pogieneii-

mento domaterial genético do wirus

2ika ispledo nos gstados di 530 Pauln

e.da Paraiba. Os resultados sugerem

que 2 variedade do elka em clrealag em dife-
rentes repides bragileirae &€ mesmo origimdria da
Falinéeia Francesa, el e bowve wie sonie e 2013
& 4. Tambeém indicam quea vinas possivelmen-
te [ dmirosdwzddo mo Brasil omoum dnies evens.
Ko Institate Adolfa Latz, em 530 Paulo. o vi-
ralogisea Rerats Perelra de Souza ¢ sus equipe
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Zika virus in the Americas: Early epidemiological and
genetic findings

MNuno Rodrigues Faria,"** Raimunda do Socorroe da Silva Azevedo,™ Moritz U, G, Kraemer,” RenatoSouza,*
Mariana Sequetin Cunha,* Sarah C. Hill,* Julien Thézé,* Michael B. Bonsall,” Thomas A. Bowden,” llona
Rissanen,” Iray Maria Rocco,* Juliana SilvaNogueira,* Adriana Yurika Maeda,* Fernanda Giseli da Silva
Vasami,* Fernando Luiz de Lima Macedo,* Akemi Suzuki.* Sueli Guerreiro Rodrigues,” Ana Cecilia Ribeiro
Cruz,* Bruno TardeliNunes,” Daniele Barbosa de AlmeidaMedeiros.” Daniela Sueli Guerreiro Rodrigues™® Alice
Louize Nunes Queiroz,” Eliana Vieira Pinto da Silva,” Daniele Freitas Henrigues,® Elisabeth Salbe Travassos da
Bosa Consuelo Silvade Oliveira,” Livia Caricio Martins® Helena Baldez Vasconcelos,” Livia Medeiros Neves
Casseb,*Darlene de Brito Simith,* Jane P, Messina, ™" Leandro Abade,” José Lourenc¢o,” Luiz Carlos Junjor
Alcantara,” Maricélia Maia de Lima.* Marta Giovanetti,” Simon 1. Hay,** Rodrigo Santosde Oliveira,' Poliana da
Silva Lemos,' Lavanna Freitas deOliveira,' Clayton Pereira Silvade Lima," Sandro Patrocada Silva," Janaina
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Virus zika provavelmente chegou ao Brasil em 2013

- L] - e e o sy o e few om ' " 1 " i " ny T E.T
v 4 revistapesquisa.fapesp.br/2016/03/24/virus-zika-provavelmente-chegou-ao-brasil-em-2013/

Agente infeccioso deve ter entrado no pais em um unico evento, 18 meses antes de os _
primeiros casos serem registrados |@‘ Imprimir

O virus zika pode ter entrado no Brasil em meados de
2013, quase um ano e meio antes de os primeiros casos
comecarem a ser registrados no pais. Ate entao, o
Ministério da Salde estimava que o virus havia aportado
em territério nacional entre 2014 e 2015, o mesmo periodo
em gue se comecou a detectar um aumento nos casos de
microcefalia — um tipo de malformacio congénita em que
o0s bebés nascem com a cabega menor que o0 esperado
para o tempo de gestagao —, sobretudo na regiao
Nordeste. Em um estudo publicado nesta quinta-feira (24/3)
na revista Science, um grupo internacional de
pesquisadores, do qual participam brasileiros dos institutos
Evandro Chagas e Adolfo Lutz e da Fundagao Oswaldo O fato de a maioria das infecgdes ndo provocar sintomas pode ter
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or contaibblamespostsfor Zika's spread

By Gretchen Vogel | Mar. 24, 2016, 2:30 FM

‘Werld Cup fans are probably not to blame for bringing Zika virus to Brazil in June and
July 2014, And, contrary to other speculation, neither are the teams that attended &
championship canoce race in September 2014, According to a8 new gencme analysis, the
wirus, first detected in northeastern Brazil in March 2015, had likely been spreading there
long before either event, having amived sometime between May and December 2013,
The researchers say it most likely slipped in on one of thousands of airline flights from
French Polynesia or Southeast Asia.
ScienceAdvanees
That is an important insight, says Matthew Femari, an epidemiclogist and modeler at
Pennsylvania State University, University Park, who wasnt involved in the study. “Starting A Better
with [cne-time events] as hypotheses can be distracting.” he says. "The gencme data = : 3



Is it going to adapt
ZIKV X DENV? and became an CHIKUNGUNYA?
endemic viruses? .
DIAGNOSTICS? GUILLAIN BARRE
“SPILL BACK”? MICROCEPHALY
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