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Mobile real-time surveillance of
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Emergence of ZIKV as a function of local transmission
regime, viral pathogenesis and global mobility

ZIKV Asian genotype Combination of genetic
molecular clock phylogeny and flight data
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ZIKV has a high rate of evolutionary change
(approx. 10-3-10-4s/s/y) Faria et al. Science March 2016

Zika epidemiology and evolution



Earliest ZIKV cases were In
the Northeast region

No. of notified ZIKV
cases per epi week:
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Epidemiologia e evolugao do Zika virus
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zibraproject.github.io

The ZIBRA project, a seguencing

journey through ZIKV hq_tspots £C Belen
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1401 human samples tested
338 mosquitoes captured

|

RT-PCR results on human

samples communicated to local ,

| ACENS and Brazilian Ministry © %7 USP Sio Paulo
of Health within 48h '

After the ZiBRA journey, molecular surveillance continued in SP and Bahia.

ZIBRA project


http://zibraproject.github.io




Zika virus sequencing protocoll
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Pool 1
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Pool 2
S5UTRC Pr M Env NS1 NS2A NS28 NS3 NS4A 2K NS4B NS5 3UTR
Zika virus

Coverage information '
Bases with coverage: 99.991%
Average coverage depth: 809.084  _
Maximum coverage depth: 4,838 E'_. T
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ZIBRA's commitment to rapid data sharing

Improving the efficiency of global outbreak control and tracking of diseases

Pre-publication data sharing, in line with WHO Consultation Data Sharing in
Emergencies (1-2 Sep 20195):

Research is essential in the context of public health emergencies. The primary purpose of
such research is to advance public health, prevent iliness and save lives. Researchers

should always weigh the public health consequences of their actions in withholding and

sharing results.*

Twitter: https://twitter.com/zibraproject

Website: zibraproject.qgithub.io

Real-time data sharing: Github: https://github.com/zibraproject/

Preliminary Results: virological.org

Virus diversity: nextstrain.org

'Aarestrup and Koopmans, Cell 2016


http://virological.org
http://nextstrain.org

Zika virus MoH notified cases Is positively associated
with Zika RT-gPCR+ cases

B AT-0PCH+ cases (FiBRA)
Mctifiesd casas MWcH) —#* Firgl reported case in Brazil

pearson’s p = 0.62
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ZIKV surveillance



Zika virus MoH notified cases Is positively associated
with Zika RT-gPCR+ cases and climatic suitability

181 AT-gPCA+ cases (ZIBAA) <+ Climatic suitablty per region
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Genomic diversity of PreAm-ZIKV
and Am-ZIKV lineages
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Genomic diversity of PreAm-ZIKV and Am-ZIKV lineages

Zika virus genetic diversity and sequencing statistics

.8 -':ﬁ i- .® = mm e o .
= RO TN === = === S -
% 0.7 "s* 4 2 g —— = T~ g g i -
—— e = - )
é o % = = = = 1:'2 Carrtrcia, 200 &
B » = = = =] : T T
2 . o = BB T I Tz  Franch Polosia
z . e T 28 po i
t? : ==——t--=t = ==, E ‘E Philgyeina, 3072
.5 e e r— s S E— = -
b ) (S I heregmia, 3000 -
LI | T I LI T T

1 L 1 I LI B |
il A 1 | AL Gy B

Ct-walue (RT-PCH) Eenome Years

IJ-_I _J-I _ _

ZIKV genomics



Genomic diversity of PreAm-ZIKV
and Am-ZIKV lineages
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Origins of ZIKV-AL In Northeastern Brazil

Jan
2014

Jul
2014 1

Jan _
2015

Jul
2015

Jan _
2016

Jul
2016

C

e

T —— Polynesia —— NE-Brazii —— Caribbean
M A B (Dec 2013) — N-Brazli  —— SE-Brazil —— Central America
‘ 1

I

—— South America
~ This study
*  Microcephaly

| I [lfl ﬂl

SP1 RJ3O gp2 | RJ4

SA2 CBt CA1 SA1 CA2

ZIKV genomics

CB1



One year of cryptic transmission of ZIKV-AL
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One year of cryptic transmission of ZIKV-AL

Within Brazilian geographic regions
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One year of cryptic transmission of ZIKV-AL

Spread to other regions in the Americas
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Yellow Fever Outbreak In
Minas Gerais, 2016-2017(7?)

Last urban
Reported persistence from 1949 to 1902 in North Brazil outhreak in Brazil
1850 1875 1800 18925 : 1950 1975 2000 2017
a : a ' — : H 3 -
Outbreaks in Large outbreak in Rio Vaccination Aedes elimination Outbreak Outbreak
PE, RJ, AL, PA >4500 deaths with 17D campaigns GO (n=68) | MG (n>1200)
Vs & Cutt Transmission cycles Yellow Fever vaccination
W,E fgalij > in South America coverage Brazil 2016
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Haemagogus* Aedes aegypti ; Freya Shearer

LID in press 2017
or Sabethes sp.

Vaccination coverage:

B <20 M 20-40 g 40-60

Jungle yellow fever Urban yellow fever 60-80 >80%

YFV 2016-2017 outbreak




Spatial association between human e primates cases

Suspected and confirmed cases in MG (ELISA e RT-gPCR)
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Genomic survellance of YFV outbreak in SE-Brazil

phylogeny (n=112) with YFV complete genomes

100 46% from ZIBRA (n=52)

re-introduction from N-Brazil
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** SNP 2016-2017
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Origen and evolution of the outbreak
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Sequence name

FioRJI4278IMonkeylRioJaneiro_Marical17-04-2017
FioRJI4480 HumanlRioJaneira CasimirodeAbrevi22-04-2017
FioRJI1818IHumanlEspiriteSanta_Cariacial10-03-2017
FioRJI211 5IMonkeylEspiritoSanta_Cariacial08-03-2017
FioRJI3218IHumanlEspiritoSante_DomingosMartins!10-04-2017
FioRJI2109IMonkeylEspiritoSanto_Cariacical08-03-2017
FioRJI438IMonkeyl Espirito_Santo_DomingosMartinsl31-01-2017
FioRJI532IMonkeylMinasGerais_CoronelMurtal13-01-2017
FioRJI485IHumanIMinasGerais_Hambacuril30-01-2017
FioRJI480/HumanIMinasGerais_MovoCruzeirel30-01-2017
FioRJI480/HumanIMinasGerais_TeofiloCtonil28-01-2017
M3IHumanIMinasGerais_CuroFinol15-02-2017
MEIPrimatelMinasGerais_SantaRitaDeCaldasl15-02-2017
M11lPrimatelMinasGerais_Caldasl13-02-2017
M7IPrimatelMinasGerais_Delfinopolisl14-02-2017
M78IPrimatelMinasGerais_Claravall20-02-2017

1AL _11IPrimatelEspiritoSante VendaMevadolmigrantel24-01-2017
MCIESS05IMHPrimatel DomingosMartinzlEspiritoSantol22-02-2017
MCIESS04IMHPrimatel DomingosMartins|EspiritoSantol20-02-2017
FioRJI1 536/ HumanlEspiriteSanta_Vitorial22-02-2017
IAL_BIPrimatelEspiritaSanto_ltaranal24-01-2017
M58IHumanIMinasGerais_ltambaguril28-01-2017
M123IHumaniMinasGerais_ltambaquril27-01-2017
ME8IHumanIMinasGerais_Ladainhal28-01-2017
M18lHumanlMinasGerais_Caratingal{9-01-2017
M164IHumanIMinasGerais_Simonesial30-01-2017

M4l Human!MinasGerais_|ImbeDeMinasl13-01-2017
M10EIHumanlMinasGerais PiedadeCaratingal12-01-2017
M210IPrimateilMinasGerais_ValedoRioDocel19-01-2017
M211IPrimatelMinasGerais ValedoRioDocel13-01-2017
M781PrimatelMinazGerais AbreCampal17-02-2017
ME1IHuman|MinasGerais_MovoCruzeirol18-01-2017
M107IHumaniMinasGerais|NovoCruzeirol 30-01-2017
MA7IHuman! Minas Geraisl Setubinhal15-01-2017
FioRJIM218_2176IPrimatelBahial10-03-2017
MadIHuman/MinasGerais _Ladainhal07-01-2017
M18IHumanIMinasGerais_ltambacuril21-01-2017
M13BIHumanIMinasGerais SantaBarbaradolestel20-01-2017
M2 16IPrimatelMinasGerais_ZonaDaMatal25-01-2017
M43lHumaniMinasGerais_Potel18-01-2017
Ma&IHumanlMinasGeraislLadainhali 8-01-2017
ME3IPrimatelMinasGerais_Ladainhal08-02-2017
MA100IHumaniMinasGeraislLadainhal02-01-2017
M25IHumanIMinasGerais_MNovoCruzeirol26-01-2017
M3BIMinasGeraisINovoCruzeirol1 4-01-2017
M3EIHumanIMinasGerais_TecfiloOtonil20-01-2017
ME8IHumanlMinasGerais| TeofiloOtonil21-01-2017
MBBIHumanlMinasGeraislTeofiloOtonil1 0-01-2017
M17IHumanlMinasGerais_Ladainhal14-01-2017
M217IPrimate_IMinaisGerais_MNorteDeMinasl256-01-2017
M73IPrimatelMinasGerais_Aguanill22-02-2017
M2EIHumanIMinasGerais_SaoCaetanoDeSullO7-01-2017



Wave of spread towards the SE-Brazil

Federal state:

]
Minas Gerais °
Espirito Santo
Hio de Janeiro
H L
Bahia o
]
Host species: .
® Human
Non-human primate
]
s
9
 J
@
. J
]
@
9
@
. J
&
L
&
L
@
. J
.
L o
L ]
]
]
L ]
2016.8 2016.9 2017 20171 2017.2 2017.3

Spread of YFV




(branch velocity: 48-94 km/month)
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Northeast reg]on; ZI B RA-Z (C H I KV)
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results in N-Brazil
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arbovirusbd.uneb. br s

FIOCRUZ-BAHIA HOME MAPS HOW TO USE

ABVdb

Arthropode Borne Virus database - ABVdb, is a database containing phylogenetic, epidemiological and clinical data from
arbovirus sequences, initially from Dengue , Zika and Chikungunya virus types. In the future, this project will be extended to
include new arbovirus into the database.

Select your search criteria:

Sequence Information

Virus ¥ Select Genotype ¥ Select Genomic Region ¥  Host

Sample Collection Year: select one or a range: @

Initial = Last +

Geografic Information

Continent »  Continent Subdivisions 5 | Country =

Clinical Information

Clinic Status v | Gender

Patient Age: select one or a range: @

Initial = Last ¥

Developed by: FIDCRLUE / Salvador-Bahia, Brazil

Fundacao Oswaldo Cruz (Maria Inés Restovic, Vagner Fonseca, Marta Giovanetti, Luiz Alcantara).
Contact: Maria Inés Restovic ™ mrestovic@uneb.br and Dr, Luiz Carlos Junior Alcantara 2% lalcan®@bahia fiocruz.br




arbovirusbd.uneb.br

FIOCRUZ-BAHIA HOME MAPS HOW TO USE

Zika Virus: Data displayed by Country,Continent Subdivisions and Continent

+
g ©
9
| \ 9 Q 99
¢
%9%? Yo o gy -
g° - @ 9 Vg
¥
) v
3 v
Leafiet | Map data © OpenStreethap

9 Less than 20 sequences 9 Between 20 and 40 sequences ', Between 41 and 80 sequences 9 More than 80 sequences

FIOCRUZ Developed by: FIOCRUZ / Salvador-Bahia, Brazil

Fundacéo Oswaldo Cruz (Maria Inés RestoVic, Vagnel' Fonseca, Marta Giovanet[i, Luiz Alcanmra).
Contact: Maria Inés Restovic "% mrestovic@uneb.br and Dr. Luiz Carlos Junior Alcantara % lalcan@bahia.fiocruz br




Bioinformatic Tools
http://genomedetective.com/vis/typingtool/virus/

GENOME DETECTIVE

Panwviral Typing Tool Yorson 0.0

SubmitJob Nontorobl] How ol PEoduoion HOW R USe  Saampie segQuances

PanViral NGS Typing Tool Version Beta 1

The Dan-viral typing 1001 1S B0 GASY 10 USE, ALCUTElE NG Tast MENCO 10 I0ently all WILS SOOCHS In e SLOMNe rout Sles.
Aler the vrotes have teen * o the species ‘evel. you can dick through 10 0ne of the phytogenetic subtyping 00is 1o
further anafyse ine \Gentfiec vwuses. Cumently sudtypeng 100l for 10 viruses are imslafied

The 100! works with assembied FASTA ingut a3 wall as with faw NGS cata from FASTO Nes.

The 100 Can Cumenty 2ssemiie Qenomes for 7208 vl speces. The Drocess uses Blast (Tasta segs) ana'or DIAMOND
Fasig) i order 1o Cerdfy a vrus speces Fom the ICTV master Il and he RefSeq database. The 100l 880 use SPMADes 1o
contruct de-novo assembies of vwal DENOMes In ONder 10 PrOVioe assemoiod genomes in fasta and bam formats. Our 0o
Scoepts par-anded FASTQ Ses (e Ml on P furmter of teads) and FASTA e with 1o 1o 2000 sequerces

NGS. upload FASTQ reads

Flle type , Par ont read  Sngle end rens  Contgs

GEMDMERETELTVE
Supponied formats. (sl or comprasses fmiq (2p. g2)
PR s hne  TENRGT arquive selecionado
“ .
Pared R SRNRL™ A Quive selecotade
ond 2

Or lot the server download the Nes for you,

Enter e Aur Number and Dowrioad SHA Se Esarple
ERR2XM1)

Downicad » te

Start NOS analysis
Show advanced cptons

Classical upload FASTA

You may e

A Paste 0 Of more seguences n FASTA formal n e nput fele

B, Upload a FASTA he

C. Uglons PASTG Mes S NNE
O Nevist rosuits of 8 previous nan

A) Paste nuGleotde sequence(s) In FASTA Tarmat

» D ARIG0489 1092 dengue

TCCAGGCCT T TACCATAATQOCCOCAATCC TOOCATACACCATAGUAACCACOCAT TTCCAAAAG TCC
TOATAT TCATCCTACTOACAGCCATCOCTCCTICAATOACAATOCGCTOCATAGUAATATCAAATAGG
CACTTTOTOOAMOCACTOTCAGUAGOOAGT TCOGT TOACATAGTT T TAGAACATOUAAGTIGTOTOAC
CACUATOQGCAAAAAATAAACCAACACTGOACTT TOGAACTOATAAAAACAGAAGCCAAACAALCCOGCCA
CCTTAAGGAAGTACTGTATAGAGGC T AMACTGACCAACAIGACAACAGACTCOCOCTOCCCAACACAA
COOUGAACCCACCCTOAATGAACAQCAGGACAAMMAGGTTTIGTCTGCAAACAT TCTATOG TAGACAGACAH
ATCOOGAAATCOATOTAGATTOT Y TOOAAACOUAGOCATOOUTOACCTOTACTATOTTCACATOCAAAA
AGAACATCOAACGOGAAAATTQTOCAQCCAGAAAMMCCICOAATACACTOTCOTOATAACACCTICATICA
QOOOAAGAACATOCAS TCOOAAATGACACAROAAAACATOG TAAMGAAGTCAAOATAACACCACADAG
CTCCATCACAGAGCCOGAACTGACAGOCTATOOCACTOT TACOATOGAQTOCTCTCCAACAACOOGCC
TCOACTICAATOGAGATOOTOT TOCTOCAAATOOAAGACAAAGCTTOGCTOOTOGCACAGACAATOGTTIC
CTAGACCTACCGTTOCCATGOC TOCCCOUAGCAGACACACAAGOATCAAAT TGGATACAGAAAGAGAC
ATTGOTCACCTTCAAAMATCCCCATGCOAAAAAACAGCATGTIGTTOTCT TAGGATCOCAAGAAGGOO
CCATCCACACAGCACTCACACOOOCCACCOAAMICCAAATOTCATCACGAAMCCIGCTGT TCACAGOA

Start! Claar

) Ov, upload a FASTA with nuclectide sequences
" DOONUM rQuive selecionado

C) Or. reviail resulls from 3 previous run



De novo assemblages from raw reads of metagenomics or
amplicom sequencing using NGS methods
http://genomedetective.com/vis/typingtool/virus/

Analysis result

You may bookmark this page 10 revisd resuils of s 100 (1008522003) later

NGS Anatysis of ERR 138003 1
Proprocessing (00:00:24)

Startod wih 333078 reads, 34027 reads (10%) that did not
DRSS QC, were removed

Quality control (QC) reports
The preprocossng step will fiter low quaity roacs and ang

remove potential sdaptens, Below are QC reports of the

ONgINA SLDMTIAC reads and the reads aMer Preprocessing Approximate Reads Count

Befcre preprocessing QC repert of reads 1 QC report of reads 2

Afer preprocessing  OC report of reads 1 QC report of reads 2

Fiftering (00:01:16)

Swartod with 208151 reads, 48743 reads (16%) that did not
SpPear 10 bé viral, ware removed. Download removed réeacs

Assembly and Identification (00:01:51)

Show phages

Re Conti :
assigriment | courll’ ?{‘g COW)“. m %W Source | Lagend Coverage ¥
Norowrus |, -248000 | 100.7 amo (798 (ncel | g | Cesis | pie ey
Gl :
Roadoed |4 -2630 |s78 -475 03 |ncar m | i sy
segment 9 :

y Ne ]
Nomdns A |, -1830 | 119 -139 26 | ~car g |oua
segment § '
y e " »

e [ -0 |32 |- 1 (nce | g | Cesis
segmant 8
Rotavirus A e

zeasid 202 |81 -19 &7 NCBI | g | Detais | (s
segment 4 :
Equine v —
aneras 3 ~105 24.7 -3 294 IcTV . Detaits | 8
vinys
Rotavirus A e

oy |4 22 404 -2 8 |ncar B |ose q ]
segment 3 3
R — 1 ~12 208 ~2 788 NCBI I Details | o i
segment 1 :
Totals 10 ~263000

Download resuts: XML Fle Table (Excel ‘ormat) Tabie {CSV farmat) Contgs [Fasta format) Consensus (Fasta format)



Typing Tools

http://genomedetective.com/vis/typingtool/virus/

Analysis result
You may bookmark this page to revisit results of this job (5414354 77) later.
Rega assignment Sequences count Percentage @ Source | Legend

Zika virus 3 25 NCBI
Chikungunya virus 1 8.3 NCBI
Dengue virus 2 1 8.3 NCBI
Coxsackievirus B3 1 8.3 ICTV
Human gammahearpesvirus 8 1 8.3 NCBI .
Simian T-lymphotropic virus 1 1 B3 NCBI .
Yeallow fever virus 1 B3 NCBI
Morovirus Gil 1 8.3 NCBI .
Hepalitis C virus 1 8.3 ICTV .
Human immunodeficiency virus 1 1 8.3 NCBI .
Totals 12 100

Download results: Table (Excel format) Table (CSV format) Sequences (Fasta format)




Subtyping Tools
http://genomedetective.com/vis/typingtool/virus/

DENGUE, ZIKA & CHIKUNGUNYA
VIRUSES TYPING TOOL

Zika Virus Typing Tool Version 0.9 - Alpha

Submit Job  Monitor job [272801805] Howtocite Introduction Howtouse Example sequences

Zika Virus Typing Tool Results Ziky

You may bookmark this page 1o revisit results of this job (2728018085) later,
A whole genome typing will take approximately 60 seconds, please be patient.

Name Length Virus | Serotype/Clade Report Genome ‘
KRB815989_Brazil_2015_zika 330 Zika Virus Report
KU955594_ Uganda_1947 630 Zika Virus Regport 7]
KF383120_2001 700 Zika Virus Report |

Download results: XML File Table (Excel format) Table (CSV format) Sequences (Fasta format)

Deveioped by: FIOCRUZ/Bahia, Brazil (Maria Inés Restovic, Marta Giovanetti, Vagner Fonseca, Murllo Freire, Luiz Alcantara), KU Leuven, Belgium (Kristof Theys,
Pieter Libin, Lize Cuypers, Ana Abecasis, Anne-Mieke Vandamme), Oxford, U.K. (Nuno Faria and Oliver Pybus), Evandro Chagas Institute, Brazil (Marcio Roberto
Teixeira Nunes), COC/OID/NCEZID (Gilberto A. Santiago), Emweb bvba, Belgium (Koen Deforche) and Africa Centre/UKZN, South Africa (Tubo de Oliveira).

Contact: Dr. Luiz Carlos Junior Alcantara, Dr. Marcio Roberto Teixeira Nunes, Dr. Nuno Faria andfor Prof. Tulio de Oliveira

Monistdnio ca Seude 4 CRIVERNITY OF
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Subtyping Tools
http://genomedetective.com/vis/typingtool/virus/

DENGUE, ZIKA & CHIKUNGUNYA
VIRUSES TYPING TOOL

Zika Virys Typing Tool Version 0.0 - Aphe

Submvt Job  Monitor job [816727275) How locile  Introduction How o use Example seguences

Phylogenetic analysis of all input sequences In zikv.

This is a goneral overview on the inpul. For a more a accurate analysis of a sequence, chck on the job tab,

Tree controls

Layout  [Rectilinear $ |

Tran Cladogram  §)
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MO e

LR L S S

» Show labels

® "“mhl C’UWl R o IR

» Color branches wessase Swd o4
T g
i o
WM A e |
L L
A
B S
NN T

m“n RN TE

Asan _— [ r———

Divergent West African

du‘w WA g

Spondweni_wrus

ey me -

¢ Downioad the alignment (NEXUS format, FASTA format)
e Phylogenetc Tree (export as PDF, NEXUS Format)
o View the PAUP* Log file

Developed by: FIOCRUZ/Bahla, Brazil (Maria inds Restovic, Marte Giovanett, Vagner Fonseca, Munio Freire, Luiz
Alcantara), KU Leuven, Belglum (Knstof Theys, Pleter Litin, Lize Cuypers. Ana Abecasis, Anne-Mieke Vandamme),
Oxford, UK. {Nuno Fana and Oliver Pybus), Evandro Chagas Institute, Brazil (Marcio Roberto Telxera Nunes),
COC/OID/NCEZID (Guberto A. Santiago). Emweb byba, Belgium (Koen Deforche) and Africa Centre/UKZN, South
Africa (Tulio de Olveira).
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Genomic survelllance on the ground

ZIKV, CHIKV, YFV
DENV, MAY, ORO, WNV

O Ongoing genomic surveillance (ZIBRA1-2) @ Future genomic surveillance (ZiBRA2 project)
@ Past genomic surveillance (ZIBRA1 project)




ZIKA IN ERAZIL REAL INE ANALYSS WE— W

http://zibraproject.github.io/
https://twitter.com/zibraproject
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http://zibraproject.github.io/
https://twitter.com/zibraproject

ZIKA IN ERA2/L REAL TIME ANALY$I$

THANK YOU!




