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Sequenciamento por nanoporos:
A revolucao genomica

lan Goodfellow in Sierra Leone 2015
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Genomas completos contém mais informagdo em
comparacdo com sequéncias parciais
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MinlON sequencing workflow for RNA viruses

Design/order primers Web-based primer design tool:
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Parte 1

Vigilancia Genémica do virus ZIKV



BREVE HISTORIA DE UMA EPIDEMIA

Perspectivas historicas sao tipicamente obtidas atraves
de estudos de serologia e nao de estudos geneéticos
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Associacao entre Zika e microcefalia

Transmissdo local confirmada em 29 Abril 2015
WHO Emergéncia Internacional de Saude Publica: 01 Fev 2016

WHOQO /CDC confirma associagéo entre infeccdo com ZIKV e microcefalia: 13 Apr 2016
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Genoma completo do virus zika de Salvador, Bahia
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Emergéncia do ZIKV foi resultado de
adequabilidade climatica, patogénese viral

African genotype
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Emergéncia do ZIKV foi resultado de adequabilidade
climatica, patogénese viral € mobilidade global
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Caracterizacdo genética do ZIKV em diferentes fluidos

corporeos de um RN com agravos clinicos

Giovanetti et al. Clinical Microbiology and Infection 2018



Numero real de infeccbes com ZIKV no
Brasil cerca de 37 milhdes 1 genoma: 1,5 milhdes de casos
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Projecto ZiBRA

Lika in Brazil real-time anolysis
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Nordeste foi a regido mais
afectada por ZIKV

Casos de ZIKV notificados
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Nordeste foi a regido mais
afectada por ZIKV e por microcefalia
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Brasil por estado
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54 Genomas do virus zika obtidos durante uma
(road trip» no nordeste do Brasil
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Vigilancia gendmica na regido Amazodnica
Persisténcia local do virus Zika na regido Norte (2015

1
Region outside Brazil: Region in Brazil:
Caribbean © South America @® Manaus O Northeast Brazil
@ Central America @ Oceania © North Brazil O Southeast Brazil
O Other

Manaus clade (n=57)

Giovanetti et al. submitted



A Incidence
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No. Zika cases in 2016
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Parte 2

Vigilancia Gendmica do virus CHIKV



BREVE HISTORIA DE UMA EPIDEMIA
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Feira de Santana, Bahia, Brazil, July 2014




Co-circulacdo de multiplos arbovirus no territério
Brasileiro
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Distinct CHIKV genotypes circulating in Brazil

CHIKV-ECSA introduced in Brazil from Angola
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Surto do virus Chikungunya no Norte
do Brasil: substituicdo do genétipo
asiatico para o ECSA?
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Circulation of chikungunya virus East/Central/South African lineage in Rio
de Janeiro, Brazil
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Return of the founder Chikungunya virus to its place of
introduction into Brazil is revealed by genomic
characterization of exanthematic disease cases
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Vigilancia Genémica do virus YFV



Historia da febre amarela no Brasil

Ultimo surto urbano

Persisténcia do virus no Norte entre 1849 e 1902 no Brasil
1850 1875 1900 1925 i 1950 1975 2000 2017
.= : - : — : H - .
Sur'ros.em Grande s.ur'ro no Rio Vacinagéo Campanhas eliminacdo  Surto . Sur’ro-

PE, RJ, AL, PA >4500 mortes com 17DD do Aedes GO (n=68) |MG (n>1200)




Historia da febre amarela

no Brasil

Ultimo surto urbano

Persisténcia do virus no Norte entre 1849 e 1902 no Brasil
1850 1875 1900 1925 £ 1950 1975 2000 2017
.= : - : — : H - .
Sur'ros.em Grande s.ur'ro no Rio Vacina Campanhas eliminacdo  Surto Sur’ro.
PE, RJ, AL, PA >4500 mortes 17D no IOC-RJ do Aedes GO (n=68) |MG (n>1200)

Ciclo de transmissdo

Vainio & Cutts,
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Historia da febre amarela no Brasil

Last urban
Reported persistence from 1949 to 1902 in North Brazil outbreak in Brazil
1850 1875 1900 1925 : 1950 1975 2000 2017
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Surto de febre amarela em Minas Gerais

Dez 201 6: primeiros casos confirmados em MG
31% taxa de fatalidade por caso (ECDC 2017)
Abril 2017: 709 casos, >250 mortes

Ciclo silvatico (ou transmissdo urbana?)
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Associacgdo espacial e temporal de casos de primatas
humanos e ndo humanos
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Epidemiologia gendmica do surto de
febre amarela no sudeste Brasileiro

Filogenia (n=112) com genomas
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Determinantes genéticos do surto de
febre amarela no sudeste Brasileiro

** mutagdes Unicas do surto 2016-2017
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Origens e evolugdo do surto de FA em MG
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Sequence name

FioRJI4278IMonkeylRioJaneiro_Marical17-04-2017
FioRJI44B0IHumanlRicJaneiro_CasimiredeAbreul22-04-2017
FioRJI1818IHumanlEspiriteSanto_Cariacial10-03-2017
FioRJI2115IMonkeylEspiritoSante_Cariacial09-03-2017
FioRJI3818IHumanlEspiritoSante_DomingosMartinel 10-04-2017
FioRJI2109IMonkeylEspiritoSanto_Cariacical08-03-2017
FioRJI438IMonkeyl Espirito_Santo_DomingosMartinsl31-01-2017
FioRJI532IMonkeylMinasGerais_CeoronelMurtal13-01-2017
FioRJI465IHumanIMinasGerais _Nambacuril30-01-2017
FioRJI480IHumanIMinasGerais NovoeCruzeirel30-01-2017
FioRJI4B80IHumanIMinasGerais_TeofiloClonil28-01-2017
M3IHumanlMinasGerais_CuraFinol15-02-2017
MEIPrimatelMinasGerais_SantaRilaDeCaldasl15-02-2017
M11lPrimatelMinasGerais_Caldasl{13-02-2017
MTIPrimatelMinasGerais_Delfinopolisi14-02-2017
M78lPrimatelMinasGerais_Claravall20-02-2017

1AL _11IPrimatelEspiritoSante_VendaMNovadolmigrantel24-01-2017
MCIESS05IMHPrimatel DomingosMartinslEspiritoSantol22-02-2017
MCIESS04IMHPrimatel DomingosMartins|EspiritoSantol20-02-2017
FioRJI1536|HumanlEspiritoSanta_Vitorial22-02-2017
IAL_BIPrimatelEspiritaSanto_ltaranal24-01-2017
MESIHumanIMinazGerais Nambaguril28-01-2017
M123IHumaniMinasGerais_ltambaquril27-01-2017
MeE8IHumanlMinasGerais_Ladainhal28-01-2017
Mi6lHumanlMinasGeraizs_Caratingal(9-01-2017
M164IHumanIMinasGerais_Simonesial30-01-2017
MadlHumanlMinasGerais_|ImbeDeMinasl13-01-2017
M10EIHumanlMinasGerais PiedadeCaratingal12-01-2017
M210IPrimateilMinasGerais_ValedoRioDocel19-01-2017
M211IPrimatelMinasGerais ValedoRicDocel13-01-2017
M781PrimatelMinasGerais AbreCampol17-02-2017
ME1IHumanIMinasGerais_MovoCruzeirol18-01-2017
M107IHumaniMinasGeraisINovoCruzeiral30-01-2017
Ma7IHumanlMinasGeraisl Setubinhal1 5-01-2017
FioRJIM218_2176IPrimatelBahiali 0-03-2017
MagdlHumanlMinasGerais_Ladainhal07-01-2017
M18IHumanIMinasGerais_ltambacuril21-01-2017
M13BIHumanIMinasGerais SantaBarbaradolLestel20-01-2017
Mz16IPrimatelMinasGerais_ZonaDaMatal25-01-2017
Ma3IHumanIMinasGerais_Potel18-01-2017
MaBIHumanIMinasGeraislLadainhali 8-01-2017
ME3IPrimatelMinasGerais_Ladainhal08-02-2017

M1 00 HumaniMinasGeraislLadainhal02-01-2017
M25IHumanlMinasGerais_MovoCruzeirol26-01-2017
M3gIMinasGeraisINovoCruzeirol1 4-01-2017
M35IHumanIMinasGerais_TecfiloOtonil20-01-2017
MaglHumanIMinas Gerais| TeofiloOtonil21-01-2017
MEEIHumanIMinasGeraigl TeofiloOtonil10-01-2017
M17IHumanlMinasGerais_Ladainhal14-01-2017
M217IPrimate_IMinaisGerais_MNorteDeMinasl26-01-2017
M73IPrimatelMinasGerais Aguanill22-02-2017
M2EIHumanIMinasGerais_SaoCaetanoDoSull07-01-2017



Surto de YFV surgiu em agosto de 2016 e se
espalhou vdrias vezes para outros estados
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Vdrios movimentos de longa distGncia sugerem
dispersdo do YFVmediada por humanos
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Yellow fever virus re-emergence and spread in Southeast Brazil,

2016-2019
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Yellow fever virus re-emergence and spread in

Southeast Brazil, 2016-2019

Sampling Locations
. Rio de Janeiro o MK882600|NHP|SilvaJardim|R)[2018-04-24
1.0} MK882603|NHP|Silvalardim|R)|2018-04-24
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MK882621|NHP|AngraDosReis|R)|2018-02-05
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MK882607|R)182|NHP|SacSebastiaoDoAlto|R)|2017-03-09
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MK882608|R)183|Human|SaoSebastiaoDoAlto|R1|2017-03-12

MKB882615|RJ194|NHP|SaoSebastiaoDoAlto|R)|2017-03-27
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Desenvolvimento de
ferramentas

Genome Detective

Analysis result

You may bookmark this page to revisit results of this job (541435477) later.

Rega assignment

Zika virus

Chikungunya virus

Dengue virus 2

Coxsackievirus B3

Human gammaherpesvirus 8

Simian T-lymphotropic virus 1

Yellow fever virus

Norovirus GlI

Hepatitis C virus

Human immunodeficiency virus 1

Totals

Sequences count Percentage | Source | Legend

3 25

1 83
1 83
1 83
1 8.3
1 83
1 83
1 83
1 83
1 83
12 100

NCBI

NCBI

NCBI

ICTV

NCBI

NCBI

NCBI

NCBI .
ol
NCBI .

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

Vilsker et al. Bioinformatics 2019



DENGUE, ZIKA & CHIKUNGUNYA
VIRUSES TYPING TOOL

Zika Virus Typing Tool Version 0.9 - Alpha

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

Zika Virus Typing Tool Results zikv

You may bookmark this page to revisit results of this job (272801805) 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 H
KU955594_Uganda_1947 630 Zika Virus Report
KF383120_2001 700 Zika Virus Report

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

Developed by: FIOCRUZ/Bahia, Brazil (Maria Inés Restovic, Marta Giovanefti, Vagner Fonseca, Murilo Freire, Luiz Alcantara), KU Leuwven, 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), CDC/OID/NCEZID {Gilberfo A. Santiago), Emweb bvba, Belgium {Koen Deforche) and Africa Centre/UKZN, South Africa (Tulio de Oliveira).

Contact: Dr. Luiz Carlos Junior Alcantara, Dr. Marcio Roberio Teixeira Nunes, Dr. Nune Faria andfer Prof. Tulio de Ofiveira

R RRTERD S KWAZULU-MATAL
i, NSTITUTO AFRICA CENTRE 2 i
‘%;; o Lchagas o, YAKWAZULU-NATALI

Vilsker et al. Bioinformatics 2019




DENGUE, ZIKA & CHIKUNGUNYA
VIRUSES TYPING TOOL

Zika Wirus Typing Tool Version 0.9 - Alphs

Submit Job  Monitor job [81672T275) Howtocite Infroduction Howtouse Example sequences

Phylogenetic analysis of all input sequences in zikw.

Thiz iz a general overview on the input. For a more & accurate analysis of a sequence, click on the job tab.

Tree controls TSR Pl Y

Laymad
Transform Cladegram %

WRRIH g

PR S Bemagel &

HFamn_REsEie

n Show labels

= Hilight clusters H A

w Color branches amets fae s
IR (e ol
FFRE T Sl 1
KR g
R Segal |
IR Mg |
[P
LN Cerioe
Leg s B

African — T =

Asian —] (BT T TS

Divergent Wast African

cluster ORI 5 _ Rl

Spondweani_virus — s, it

¢ Downloed the alignment (MEXUS format, FASTA format)
# Phylogenatic Tree {export as PO, LS Format):
» View tha PALP* Log file

Developed by AIOCRUZBahla, Brazll (Mana lnds Reslovic, Manz Giovanell, Vagner Fonsecs, Munio Freire, Luiz
Alcantzrs), KU Leuvan, Belgium [Fnstof Thays, Pleter Libin, Lize Cuypers, Ans Abacasiz, Anne-Miske Vandamme),
Cucford, LK. (Nuno Fana and Oivver Fybus), Evandro Chagas Institute, Brazll (Marclo Robsrto Teissire Munes),
COCYHNDYNCEZID (Gilberfo A Sznfiaga), Emwed bvba, Belglum (Kosn Deforchs) and Africa Centre/UKZN, South

Africa (Tulio de Oiiveira).
Confact: Or. Luwz Canlos Junior Alcantsrs, O Marcio Robero Teireins Munes, O Nuno Fana smavior Prof. Tuiio de
CHiveire

h I O
AFRICA CEMTRE 7, CmRan
]
FAICARTUL B HATAL

Vilsker et al. Bioinformatics 2019




Genome Detective

NO JOBS IN QUEUE

YELLOW FEVER VIRUS TYPING TOOL

YELLOW FEVER VIRUS PHYLOGENETIC TYPING TOOL Version 2.61

I Kwazulu-Natal Research and Innovation Sequencing Platform I

YELLOW FEVER VIRUS PHYLOGENETIC TYPING TOOL

This tool is designed to use Blast and phylogenetic methods in order to identify the Yellow Fever Virus genotypes of a nuclectide
sequence.

Note for batch analysis: The tool accepts up to 2000 sequences at a time.

INPUT

Submit one or more sequences that are typed individually.
Click here to load some sample data.

Sequence CLICK OR DROP FILE

(Paste or upload a FASTA sequence)

V7

Vilsker et al. Bioinformatics 2019



Portable DNA sequencing in Midwest Brazil: impacting the
response to the arboviral diseases on the ground,

providing a snapshot of their complex dynamic’s

Roraima

evolution.

5

.

Mato Grosso

Amazonas

Brasilia

Goias

Mato Grosso
do Sul

Rondonia

Tocantins

al"
' y iT'.L

Sao Paulo

Minas Gerails
Espérito
Samto

Rio do Jamneiro



Metagenomica




Species

NT / AA Identity (%)

Genome

Chikungunya virus

96.893 08.3888

1 11826

Chikungunya virus

96.8938 98.3888

1 11826

Chikungunya virus

96.879 08.362

1 11826

Chikungunya virus

06.8846  98.362

1 11826

Genomas completos de CHIKV de metagenomica

119 Genomas completos de CHIKV, ZIKV, DENV




Transfer technology
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Sequencing

-T‘-"‘. o "'» h ¥ / \
S A
o A =

.....

Bioinformatics Coordination and logistics



Table. Clinical and soclodemographic c

Minas Gerais and Bahia states, Brazil 2|

Fisdian vge (GRT

sl sgns
Oeath

MUITO OBRIGADO

Série Histérica de DENV, CHIKV e ZIK

Amostras analisadas
o DENV2 - MG (40)
o DENV2 - 6O (24)

o DENV1 e DENV2 - BA (25)
o Epidemia atual

v Grupo multidisciplinar

'> Capacitagdo

Anilise Filogenéticd




What next ?



Towards a real-time genomic-informed
survelillance of viral pathogens

Mapping disease emergence factors

Syndromic
surveillance

® Epidemiological data
® Pathogen samples:
- Patients
- Sentinel population
- Domestic animals
- Wildlife
- Environment

Outbreak Control
isolate isolate

L:%iJ

DNA sequencing
T

[ ]
[——— ]
[« —]
l De novo
W
e

Mapping to
reference
genome

assembly of
sequences
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acacmaarrececr  |dentification of hlgh
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guality variants
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Comparative analysis and visualization of relationships
0.07 O Genome from human
- @ Genome from reservoir/vector
€ Clade and trait (geography
& host) statistical probabilities
@ Phylodynamic inference
Epidemiological reconstruction
Reservoir

species

Transmission
inference
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Gardy and Loman, Nature Rev Genet (2018)



IEC (PA)

Zika virus

Chikungunya virus

Dengue virus

Yellow fever virus UFC (CE)
Zika virus

MAYV, OROV, WNV, SLEV,

Metagenomics

O ZiBRA2-MoH/PAH
@ Sequencing wo <

FIOCRUZ (RJ)
Yellow fever virus

"»

Ongoing collaberat

Future collakt «.i;m LS ‘ L USP & Adolfo Lutz (SP)
— . i IR Zika virus
| Not directly _ Chikungunya virus
Dengue virus

»
'f;- Yellow fever virus

FUNED (MG)

Zika virus
Chikungunya virus
Dengue virus
Yellow fever virus

Chikungunya virus

UFP/FIOCRUZ RJ

Zika virus (microcephaly)
Chikungunya virus

FIOCRUZ (PE)

Zika virus
Chikungunya virus

FIOCRZ (BA)

Zika vitus
Chikquunya virus
.Yellowfever virus



Mobile Real-time genomic
of
arboviruses in Brazil

Marta Giovanetti
DX giovanetti.marta@gmail.com
ALAG — MENDONZA (AR) 2019



