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Mosquitos em nosso cotidiano:

Quem nunca foi
incomodado por
um mosquito?

1/

Quem nunca matou
um mosquito?
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Classificacao e Biodiversidade da familia Culicidae

| |Extenséo
geografica
dos mosquitos
*Reino Animalia
*Filo Arthropoda

Fonte: http://animals.nationalgeographic.com/animals/bugs/mosquito

*Classe Insecta

*Ordem Diptera Mosquito Taxonomic Inventory

—-

Familia Culicidae

Fonte: (http://mosquito-taxonomic-inventory.info/

90'190 Ma valid-species-list. Acessado: 30/10/2013).



Culicideos de interesse epidemioldgico:

Género Anopheles

Malaria
Anopheles gambiae

Dengue
Chikungunya
Zika
Febre amarela

Aedes aegypti

2007

Género Culex

Oeste do Nilo
Encefalite Japonesa
Filariose linfatica

Culex quinquefasciatus




Principais doencas transmitidas por mosquitos — Impactos:
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Dog (rabies) Crocodiles Elephants Bears Sharks

Mosquitoes \

Fonte: Bill e Melinda Gates
Foundation

Deadly?

1,000 100

/ Malaria 2015: \

* 3.2 bilhbes em risco
* 95 paises em risco

e 214 milhdes de casos

» 438.000 mortes

k Fonte: WHO, 2017

/Dengue-anualmente: \

* 3.9 bilh6es em risco
» 128 paises em risco

*390 milhdes de casos

*12.500 mortes

K Fontes: WHO, 2016, Bhat et al., 2013 /




Os 3 principais arbovirus em circulacao no Brasil

«Familia Flaviviridae / | ——sageza \
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Lanciotti et al., 2008

*Familia Togaviridae

- Género Alphavirus Virus Chikungunya

Fontes:www.ebi.ac.uk/pdbe/
Sirohi et al., 2016



Aedes aegypti no Brasil —Impactos:

Dengue Anualmente: 1 milh&o de casos

Introducao de Chikungunya e Zika
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Pesquisadores da USP e do Instituto Butanta que apoiam cientistas locais veem ‘sopa’ de agentes patogénicos e recolhem fémeas do
mosquito casa por fato de ndo haver casos de zika confirmados no Estado amplia diividas em relagio a dengue e chikungunya
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Chikungunya:

[ Municipio sem registro de caso
[] Casos notificados (municipio com pelo menos 1 caso notificado)
B Casos confirmados (municipio com pelo menos 1 caso confirmado)

Fonte: Sinan (stuakizado em 08/07/2016).

Dados sujeitos a alteragao.

Figura 3 - Casos notificados e confirmados de febre de chikungunya por municipio de notificacao, até a Semana
Epidemiologica 27, Brasil, 2016

[ Municipio sem registro de caso
[ casos notificados (municipio com pelo menos 1 caso notificado)
I casos confirmados (municipio com pelo menos 1 caso confirmado)

Fante: Sinan-NET (atualizado em 08/07/2016).

Dados sujeitos a alteragae.

Figura 5 - Distribuicao dos casos notificados e confirmados de febre pelo virus Zika por municipio de notificacao, até a
Semana Epidemiolégica 27, Brasil, 2016




Aedes aegypti
Fatores biologicos,
Comportamentais e

adaptacoes




Culicideos X Relacao com os humanos X Urbanizacao

blog. amb|entebra5|l com br T www. treehugger com/ﬁIes/2007/08/arch|tects aren.php



Culicideos X Relacao com os humanos X Urbanizacéao

R




Culicideos X Relacao com os humanos X Urbanizacéao




Ciclo de vida dos mosquitos:

Larva de 1°
estadio

Larva de 2°
estadio

Larva de 3°
estadio

Larva de 4°
estadio




Culicideos e o repasto sanguineo:

Transmisséo de patdégenos:
Hematofagia:
* Ingestéo
) g
7 * Infeccéo
* Inoculacéo

Infeccédo no invertebrado:
. * Producao de ovos
Reproducéo:

) _ * Longevidade
* Proteinas de vitelo

~ * Fisiologia alterada
*Producéao de ovos

’ Expresséo génica

/ * Transmissao vertical

Par de
ovarios



Aedes aegypti — Centro de disperséao e distribuicao atual

— Aedes
’% aegypti

do grego "odioso",
"desagraddvel"”

do latim
lldo Egim'

Kraemer et al. elLife 2015;4:e08347. DOI: 10.7554/elife.08347




Aedes aegypti — Evolucéo do sistema olfatorio

ARTICLE

i 10 1038 nalure 11964

Evolution of mosquito preference for
humans linked to an odorant receptor
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Como entender melhor as
Interacoes entre Aedes aegypti
e as arboviroses emergentes




Ciclo de vidas dos arbovirus — Hospedeiro invertebrado....

Malphigian tubules

cibarial
pump

rectum

salivary glands

anterior midgut

posterior midgut



Repasto sanguineo — Alimentadores artificiais....

OPEN G ACCESS Freely avallable online @PLOS |°"‘

Glytube: A Conical Tube and Parafilm M-Based Method
as a Simplified Device to Artificially Blood-Feed the
Dengue Vector Mosquito, Aedes aegypti

André Luis Costa-da-Silva'*, Flavia Rosa Navarrete', Felipe Scassi Salvador®, Maria Karina-Costa’,
Rafaella Sayuri loshino’, Diego S A do', Desirée Rafaela Rocha', Camila Malta Romano?,
Margareth Lara Capurro’

1Departamento de Parasitologla, Instituto de Clénclas Blomédicas, Universidade de S30 Paulo, S30 Paulo, S30 Paulo, Brasll, 2 Laboratério de Virologla, Instituto de
Medicina Tropical, Universidade de Sio Paulo, Sao Paulo, $30 Paulo, Brasil

50 mL conical tube —___
Glycerol
Sealing film \

Screw Cap
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Estudos de competéncia vetorial — Popula(;t")es de campo
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Estudos de competéncia vetorial — Cepas de laboratorio

Title: Laboratory strains of Aedes aegypti are Competent to

Brazilian Zika virus

Short title: Aedes aegypti laboratory strains and Zika virus
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Estudos de competéncia vetorial — Cepas de laboratorio
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Estudos de capacidade vetorial:
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Zika Virus Emergence in Mosquitoes in Southeastern
Senegal, 2011

Diawo Diallo'*, Amadou A. Sall?, Cheikh T. Diagne', Oumar Faye?, Ousmane Faye?, Yamar Ba',
Kathryn A. Hanley®, Michaela Buenemann®, Scott C. Weaver®, Mawlouth Diallo’

1 Unité d'Entomologie Médicale, Institut Pasteur de Dakar, Dakar, Sénégal, 2 Unité des Arbovirus et Virus des Fibvres Hémoragiques, Institut Pasteur de Dakar, Dakar,
Sénégal, 3 Department of Biology, New Mexico State University, Las Cruces, New Mexico, United States of America, 4 Department of Geography, New Mexico State
University, Las Cruces, New Mexico, United States of America, 5 Institute for Human Infections and Immunity, Center for Tropical Diseases, and Department of Pathology,

University of Texas Medical Branch, Galveston, Texas, United States of America 12 2004

Table 2. Mosquitoes collected and Zika virus infection of potential vectors, Kédougou, 2011.
Proportion Proportion Positive
Total of the Females of the female Minimum
Species collected collection (%) collected collection (%) pools infection rate (%)
Aedes africanus 505 4.49 505 454 5 9.90*
Aedes dalzieli 1718 1527 ms 1544 2 116
Aedes furcifer 2966 2637 2939 2642 - 136
Aedes hirsutus 34 0.30 34 030 2 5882
Aedes luteocephalus 1259 1.9 1259 11.32 5 397
Aedes metallicus 81 0.72 8 073 2 2469
Aedes raylori 422 375 395 355 2 5.06
Aedes unilineatus 38 034 38 034 1 2631*
Aedes vittatus 1790 1591 1728 1553 3 174
Anophefes coustani 710 631 710 638 1 14
Culex perfuscus 22 0.19 22 0.20 1 4545*
Mansonia uniformis 283 252 281 252 1 356
Others 1169 1039 1169 1051 0
Total 11247 1124 30
Minimum infection rate (estimated number of positive mosquitoes per 1000 mosquitoes tested), *Minimum infection rate with an asterisk are statistically significantly
higher, **Five ZIKV isolates including 1 pool of males positive.
Others: Ae. argenteopunctatus, Ae. centropunctatus, Ae. cumminsi, Ae. codi, Ae. fowleri, Ae. mcintoshi,, Ae. minutus, Ae. neoafricanus, Ae. ochraceus, Ae. vexans, An. brohiler|,
An. funestus, An. domicola, An. flavicosta, An. freetownensis, An. gambiae s.1, An. hancocki, An. nili, An. pharoensis, An. rufipes, An. squamosus, An. ziemanni, O Annulioris,
Cx. antennatus, Cx. bitaeniorhynchus, Ce. cinerus, Cx. decens, Cx. duttond, Cx. ethiopicus, Cx. neavei, Cc poicilipes, Cx. quinquefasciatus, Cx. tritoeniorhynchus, Eretmapodites
quinquevirtatus, Ma. Africana, Fi. circumtesteq.
dok10.1371/journal.pone.0109442.1002
) i




Estudos de capacidade vetorial:

Adern fnst Oswalds Cruz, Rio de Janeiro, Vol. 771(10): 655-658, October 2016 655

First detection of natural infection of Aedes aegypti
with Zika virus in Brazil and throughout South America

Anielly Ferreira-de-Brito', leda P Ribeiro®, Rafaella Moraes de Miranda’,
Rosilainy Surubi Fernandes', Stéphanie Silva Campos’, Keli Antunes Barbosa da Silva',
Marcia Gongalves de Castro', Myrna C Bonaldo?, Patricia BrasilF®, Ricardo Lourengo-de-Oliveira'/*
"Fundagio Oswaldo Cruz, Instituio Oswaldo Cruz, Laboratdrio de Mosquitos Transmissores de Hematozodrios, Rio de Janeiro, R, Brasil

‘Fundagio Oewaldo Cruz, Instituto Oswalda Cruz, Laboratirio de Biologia Malecular de Flavivirus, Rio de Janeiro, R), Brasil
“Instituto Macional de Infectologia, Laboratdrio de Pesquisa Clinica em Doengas Febris Agudas, Rio de Janeiro, R), Brasil

BRAZIL
RIO DE JANEIRO STATE MAP

®

Espirito
Santo

Sao Paulo

SOUTH ATLANTIC

= OCEAN

Legend

E= coasme

{77} swmte Boundary

II] State Capital o et 125
Copyright © 2014 ww w.mapsotw orid. com




Estudos de capacidade vetorial
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A BUSCA PELO MOSQUITOEO
ATENDIMENTO NO BAIRRO INDUSTRIAL

115 A proposta dos pesquisadores € usar Sergipe como
um laboratodrio para entender o que esta acontecendo com
esses virus no Nordeste e no resto do pais Foto: TIAGO
QUEIROZ/ESTADAO




Bairros visitados em Aracaju:
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Coletas e triagem em laboratorio:




Resultados das Coletas:

Aedes

Aedes scapularis: Aedes aegypti
0,81 taeniorhynchus: machos:

0,81 24,49 %

(n=2)
R (n=2) (n=12)

Aedes
aegypti
fémeas:
75,51 %
(n=37)

Culex
quinquefasciatus
78,54 %
(n=194)

Culex
machos:
Culex 42,78 %
fémeas: (n=83)
57,22 %
(n=111)

Costa-da-Silva et al., Dados nao publicados



Ensaios em laboratorio:

l Diagndstico Isolamento l
Viral

Na cidade




COMO CONTROLAR
O MOSQUITO VETOR




Como controlar a transmissao das arboviroses?

----------------------------------------------------------------------------------------------
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-
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* *

 Faltade amplos

------------------------------------------------
3 .

Falta de drogas

programas efetivas
(Dengue)
:  Resisténcia
- Novos patégenos VETOR

ELO
VULNERAVEL




Manejo Integrado de Vetores:

Breed small fishes

VETOR
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Release special mosquito
to fight bad mosquito




Manejo Integrado de Vetores:

Controle Mecanico

Remocao de criadouros
Dificultar agcao do mosquito




Manejo Integrado de Vetores:

e Fogging
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Jutup Controle quimico
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;"“w Inseticidas (aduticidas e larvicidas)
Repelentes




Manejo Integrado de Vetores:

® Controle biolégico
§&53

Predadores naturais (peixes/larvas)
Agentes patogénicos

Gambusia affinis Toxorhynchites theobaldi Bacillus thuringiensis
israelensis (Bti)



Manejo Integrado de Vetores:
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Estratégias

alternativas
de controle




Manejo Integrado de Vetores:

¢ ’ 740
S\\—@S Metodos Genéticos

Transgenia de mosquitos




Laboratério - Manipulacao genética de mosquitos

Mosquitos
Transgénicos

Manejo Integrado
de Vetores




Como transformar os mosquitos...




A primeira obtencao de mosquitos transgénicos

Sci. LF5A
3751, March 1995

Mariner transposition and transformation of the yellow fever
mosquito, Aedes aegypti

CralG J. COATES, NUOLE JASINSKIENE®, LINDA MIYASHIRO, AND ANTHONY A, JAMEST

Department of Molecular Biology and Biochemmistry, Hio 5o 1, Koom 3205, Unversity of Calitornia, Irvine, CA Y2687-39I0

Sci. USA

747, March 1998

Stable transformation of the yellow fever mosquito, Aedes
aegypti, with the Hermes element from the housefly

NUOLE JASINSKIENE*T, CrAIG J. CoATES*, MARK Q. BENEDICTE, ANTHONY J. CORNELS,
CRISTINA SALAZAR RAFFERTYE, ANTHONY A. JAMES®, AND FrRank H. CoLLinstT




Elementos genéeticos moveis ou de transposicao

TRI Gene datransposase TRI
. S L.
Bartzarg McClintock Elementos de transposicao de classe Il (1.3 a 3 Kb)
Prémio Nobel de
Fisiologia/Medicina (1983) 10-30 repeticGes terminais invertidas

Unidade transcricional interna codifica a transposase

Promove o “corta e cola”

Edicdo de DNA — CRISPr/CAs9:

Genome Engineering with CRISPR-Cas9
in the Mosquito Aedes aegypti

Kathryn E. Kistler,” Leslie B. Vosshall,"-* and Benjamin J. Matthews™>"
L aboratory of Meurogenetics and Behavior, The Rockefeller University, 1230 York Avenue, New York, NY 10065, USA

*Howard Hughes Meadical Institute, 1230 York Avenue, Mew Yark, NY 10085, USA

Kistler et al., 2015, Cell Reports 77, 51-60
April 7, 2015 2015 The Authors

\ ¢ Wild-type Aedes aegypti mosquno
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Desenho e construcao de genes:

'Y

Tl

= N
> Gene marcador

‘\
4 \{ P
>

\ 4

Identificacao

Gene efetor

\4

Anti-patdogeno

Gene esterilizante

2
Promotores Onde*

Quando?

Quanto?



ldentificacao do mosquito transformado...

Osamu Shimomura
Prémio Nobel de Quimica (2008)

Green Fluorescent protein Gene GFP
Agua-viva (GFP) '
Aequorea victoria
U.v N aJ
457



e Sistema de transposicao bipartido:

1- Plasmideo doador
2- Plasmideo auxiliador (codifica a transposase)

Marcador
Promotor Gene efetor |l Promotor + Promotor Transposase
ET (GFP) ET

i~ R ica V4
o s Plasmideo
Plasmideo doador auxiliador
Mix

Solucao de
injecao




Microinjecao de ovos embrionados

Capilar de vidro

Estirador de capilar

Agulha de vidro

4

O ponto mais importante de uma boa injecéao
€ a qualidade da agulha



Sistema de microinjecao:

Estereomicroscopio

- Equipamento
e de Microinjecéo

T

Tempo de injecao

Pressao
Pressao de
compensacao
Volume
Fixador do
capilar
Disparador da Micromanipulador

Injecao automatico



Protocolo de microinjecao:

Tubo plastico
com algodao umido
e papel filtro



levemente
mais largo
que o

Sob lupa: Usar ovos cinzas

] Mesma
Alinhar os ovos ou . ~

. ) : : orientacéo
(Pincel de pintura fino) Cinza-escuros

: P Celulas q Produzirao gametas
. recursoras da - —— na fase adulta
B \ linhagem
germinativa l
X Estavel X Transiente

Insertionin the genome

Injecao é feita no polo posterior

(O}



1- Dessecar os embridoes em torno de 1 minuto
2- Cobrir com 0leo — Parar dessecacao

L |

PERMANENT
Double Sided =




Apds microinjecao:
—> 4-5 dias - Eclosao dos ovos microinjetados

Desenvolvimento até fase adulta Pools de machos
‘_ _ _ 1©Injetado: 10 Selvagens
\Adultos GO injetados X Mosquitos selvagens/

Pools de fémeas

10 7 Injetadas : 10 4, Selvagens

Desenvolvimento da progénie ) .
prog Esteromicroscopio

ate larva L4 fluorescente
com
Triagem de larvas G1 Filtro

(uma por uma)
Deteccéo do marcador
=

Adultos positivos X Selvagens msmEstabelecimento da linhagem




« EXxperimentos de microinjecao:

Numero de Adultos Larvas Positivas Linhagem
Construcao embrides GO Triagem G1 (GFP) G1  Transgénica
pMos [3XP3- 665 63 4.221 37 2
eGFP-AeVg-Malt-
Micro] 87 20 968 9 2
Pupa Adulto
Selvagem
Positivo
GFP




SUPRESSAO
DE
POPULACAO

NAO HA INTRODUCAO
DO TRANSGENE NA
POPULACAO

GENE ESTERILIZANTE

AUTO-LIMITANTE

TRANSGENIA DE
MOSQUITOS




8 Modificados




Técnica do Inseto Estéril (SIT)

e i a2

Mass Rearing ~ Sex Separation - Irradiation - Mating o Progeny

K oK K
o)
i S
o}
KK K

-
Sl A

Gamma ray

=
X X X

o)

Fonte: Wilke & Marrelli 2012



Técnica do Inseto Estéril (SIT)

1. Esterilizagcdo do Macho

= Criacao em massa

Irradiac&o = Separacao por sexo
= Esterilizacao
= Transporte

= Liberacao

= Copulas/Machos
estéreis

= Prole inviavel

3. Supressao da Populacao



Evolucao do SIT pelo uso de transgenia

Mosquito

. » Mass Rearin
Transformation &

4 B
TS
4 B
TS

3

- Sex Separation

A

» Mating

'«

&

5

» No Progeny

/

Fonte: Wilke & Marrelli 2012



Liberacao de insetos carregando gene letal dominante
(RIDL®:Release of Insects with Dominant Lethality)

« Sistema condicional:
OXITEC Biotech (UK)
/\ death
ﬁ-‘> {TA (r-"> Lethal Gene

OX513A
promoter iRe

Source: Alphey, 2002; Wilke & Marrelli 2012

drosomycin 3' UTR tetO7 fs (1)K10 3' UTR

Act5C romoter hsp
piggyBac 3' DsRed2 tTAV p/ggyBac 5

Eo

posmve feedback”
lethal system

Source: Phuc. et al, 2007

fluorescent marker



Liberacao de insetos carregando gene letal dominante
(RIDL®:Release of Insects with Dominant Lethality)

e Sistema condicional:
OXITEC Biotech (UK) Antidote

OX513A
(Tetra)

tetO Minimal
promoter

Thomas et al. 2000 Science 287: 2474-6



Supressao — Liberacao inundativa:




Female-specific flightless phenotype
for mosquito control

Guoliang Fu*®', Rosemary 5. Lees*®', Derric Nimmo*', Diane Aw", Li Jin**, Pam Gray*, Thomas U. Berendonk®,
Helen White-Cooper®, Sarah Scaife’, Hoang Kim Phuc®, Osvaldo Marinotti, Nijole Jasinskiene:,
Anthony A. James-**, and Luke Alphey*"?

“Owitec Limited, 71 Milton Park, Oxford OX14 4RX, United Kingdom; *Department of Zoology, University of Oxford, South Parks Road, Oxford OX1 3PS,
United Kingdem; ‘Department of Molecular Biclogy and Biochemistry, University of California, Irvine, CA 92697-3900; and “Department of Microbiology

and Molecular Genetics, University of California, Irvine, CA 92697-3900
Contributed by Anthony A. lames, January 14, 2010 (sent for review September 11, 2009)

A Sax-spechic intron WE  VPI6

e, e | Com Tetraciclina Sem Tetraciclina




O primeiro teste em campo da OX513A — Machos RIDL.:

NS

* llhas Cayman - UK
e 41.200 habitantes
e 23 semanas - 2010-2011

e 3,3 milhdes de machos

liberados

* 80% de supressao

Successful suppression of a field
mosquito population by sustained
release of engineered male
mosquitoes

VOLUME 30 NUMBER 9 SEPTEMBER 2012 NATURE BIOTECHNOLOGY

Angela F Harris"2, Andrew R McKemey®,

Derric Nimmo®, Zoe Curtis®, Isaac Black™*,

Sidan A Morgan®, Marco Neira Oviedo®,

Renaud Lacroix?, Neil Naish?, Neil I Morrison?,
Amandine Collado®?, Jessica Stevenson?,

Sarah Scaife’, Tarig Dafaalla’,

Guoliang Fu?, Caroline Phillips®,

Andrea Miles®, Norzahira Raduan®>,

Nick Kelly, Camilla Beech?, Christl A Donnelly®,
William D Petrie! & Luke Alphey>*

Harris et al (2012) Nature biotechnology 30 (9)



SUPRESSAO
DA
POPULACAO -

Projeto Aedes Transgénico

&DSCAMED l ‘ () p
BrRASIL

Biofabrica Moscamed Brasil

Liberacao de Aedes aegypti OX513

Avaliacao da linhagem transgénica no Brasil




Projeto Aedes Transgénico

Local and National

- Community Engangement

As atividades do projeto:

Public Consultant

Local and National Authorities




Projeto Aedes Transgénico

Locais:
Juazeiro
Bahia

TERRA DE TODOS NOS %

VERNO DO ESTAI

Mandacaru

Itaberaba
1400 casas DN : : T i 600 casas
550 km? 360 km?




COLONIAS L o =
4 A 6 milhdes de ovos/ o Machos - liberagao

semana ' 1 milhdao/semana




Processo de criacao em massa:

-
lee Journal of Visualized Experiments WWWjve.com

Video Article

Mass Production of Genetically Modified Aedes aegypti for Field Releases in

Brazil
Danilo 0. Carvalha™, Derric Nimma', Neil Maish’, Andrew R. McKemey', Pam Gray’, André B. B. Wilke®, Maura T. Marrelii®, Jair F. Virginio®,
Luke Alphey"®, Margareth L. Capurro™®

Fay, Morlan. Mosq News 19: 144-147, 1959

Controle de
qualidade



Producao -> Liberacao -> Monitoramento:

Geracé&o para Separacao de pupas
Colbnia I liberacéo machos

Distribuicdo em
potes de liberacéo

T

Ovos -> Pupas 1
Ll milhdo/semana Controle de qualidadel

Liberacdes de Machos

Armadilha de
adultos

OoVvOoS

Monitoramento

Larvas analisadas
Presenca marcador _
quoEescente Armadilha de
adultos




Resultados do projeto: . 2011-2013

@PLOS |‘:’qI$iDG!P-IIEé::ngISEASES o Liberagﬁes: lanoeb
RESEARCH ARTICLE meses

Suppression of a Field Population of Aedes

aegypti in Brazil by Sustained Release of * 26 milhdes de machos
Transgenic Male Mosquitoes liberados

Danilo O. Carvalho™2%, Andrew R. McKemey'** Luiza Garziera®, Renaud Lacroix?, Christl
A. Donnelly?, Luke Alphey'5%, Aldo Malavasi®, Margareth L. Capurro®”

~
1 Oxitec Lid, Abingdon, Oxfordshire, United Kingdom, 2 Deparamento de Parasitologia, Instituto de ° Su press ao:
Cigncias Biomédicas, Universidade de S&o Paulo, S&o Paulo, Brasil, 3 Moscamed Brasil, Juazeiro, Bahia,

Brasil, 4 Meadical Research Council Centre for Outbreak Analysis and Modalling. Department of Infectious
Disease Epidemioclogy. Faculty of Medicine, Imperal College London, St Mary's Campus, London, United
Kingdom, § Department of Zoology, University of Oxford, Cedford, United Kindgom, & The Pirbright Institute,

Pirbright, Woking, Surey, United Kingdom, 7 Instituto Macional de Ciéncia e Tecnologia em Entomologia ind |Ce de OVltram pa 81%

Molecular (INCT-EM), Rio de Janeiro, Brasil

w These authars contributed egually to this work. (95% C I : 74 . 9'85 . 2%)

#* andrew.mckemay @ oxitac.com

PLOS Meglected Tropical Diseaseas | DOE10.137 1 journal pntd 0003854 July 2, 2015
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Novo Projeto — Jacobina/Bahia

Projeto Aedes Transgénico

80 mil
habitantes




Outros testes da OX513 no mundo:

OPEN aACCESS Freely available online @PLOS | ONE Mal as | a
Open Field Release of Genetically Engineered Sterile
Male Aedes aegypti in Malaysia *  2011- &rea sem habitantes
Renaud Lacroix'?* Andrew R. McKemey?”, Norzahira Raduan'?, Lim Kwee Wee®, Wong Hong Ming®,
Teoh Guat Ney®, Siti Rahidah A.A%, S luddin Sal 3, selvi Subr jam®, Or iza Nordin®, s - - ~
MNorhaida Hanum A.T.%, Chandru Angamuthu®, Suria Marlina Mansor®, Rosemary 5. Lees®, Neil Naish?, ¢ EStUdOS de SObreVIVenCIa € dISperaO
Sarah Scaife?, Pam Gray?, Geneviéve Labbé? Camilla Beech?, Derric Nimmo?, Luke Alphey®5*,
Seshadri S. Vasan'®, Lee Han Lim®*, Nazni Wasi A.%, Shahnaz Murad®
Research Article "scCl Panama

Revised: 8 September 2015 Accepted article published: 16 September 2015 Published online in Wiley Online Library: 16 October 2015

(wileyonlinelibrary.com) DOI 10.1002/ps.4151

. A *  Abril — Outubro 2014
Short-term suppression of Aedes aegypti using
genetic control does not facilitate Aedes N 0
albopictus »  Supresséo entre 78-86%

Kevin Gorman,®" Josué Young,® Lleysa Pineda,’ Ricardo Marquez,” Nestor
Sosa,” Damaris Bernal,” Rolando Torres,? Yamilitzel Soto,” Renaud Lacroix,? . Abundancia de Ae albOpiCtUS nao foi afetada
Neil Naish,® Paul Kaiser,® Karla Tepedino,® Gwilym Philips,® Cecilia )

Kosmann® and Lorenzo Caceres®

HEALTH USA — aprovacéo do FDA — Agosto de 2016
FDA APPROVES GENETICALLY MODIFIED
MOSQUITOES FOR RELEASE IN FLORIDA «  Nenhum impacto significativo - Riscos

THE METHOD WOULD TARGET THE AEDES AEGYPTI MOSQUITOES THAT TRANSMIT ZIKA AND

OTHER DISEASES «  Aprovacdes adicionais do Florida Keys Mosquito

Control District

By Claire Maldarelli August 5, 2016

Brazil - Piracicaba

Press release: Oxitec and Piracicaba City Hall Start

Downtown Release of Friendly™ Aedes

« Testes em campo - Oxitec
July 19, 2016




How to improve Aedes aegypti transgenic lines
for population suppression?

&2 Step 1. Suppression

Natural Population B /

Remaining _—m,
Population




How to improve Aedes aegypti transgenic lines for
population suppression?

* RIDL — Death at late stages | - AW ’
« Problem for surveillance * Mosquito mass production

» Infestation index « Tetracycline

Producing sterile male strain

* No larvae
« Use of tetracycline only for colonies.

» Sterile conditional construct (SCC



Conditional Genetic Sterilization

/Gene condition: DEACTIVATED \
| Sperm ' ' Effector ' :

Transgenic
l Wild
Release
|':|__':|
|
0
AT
NARL
N
Viable eggs

ﬂiene condition: ACTIVATED \
Sperm
production

Effector
+ molecule
Transgenic ¥

l wild

Release —

/

Viable eggs

|
|
Unviable eggs




Sterile Conditional Construct (SCC) — Transgenic lines:

100+

60% Homozygous
80% Reduction
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How to improve transgenic lines of Aedes aegypti for
population suppression?

« Mosquito mass production * Time consuming
« Sex separation — Male release * Cost-ineffective

Producing Genetic Sexing Strain

Female

o Sex conversion — Females to Males ‘

. Manipulating the sex determining pathway




SUPRESSAO
DA _
POPULACAO

Em aplicacao!
Reintroducao
LiberacOes constantes

“Inseticida”



TDR/World Health Organization:

Guidance framework
for testing of

genetically modified
mosquitoes

For research on

Key messages:

Efficacy evaluation

Biosafety

Ethics and public engagement

Regulatory Frameworks

Source: www.who.int/tdr/
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Insect Molecular Biology (2013) 22(1), 41=51

Insect
Muolecular

Biology

daoi: 10.1111/).1365-2583.2012.01168.x

Reduction of malaria transmission by transgenic
mosquitoes expressing an antisporozoite antibody in

their salivary glands

M. Sumitani*, K. Kasashimat, D. 5. Yamamotog,
K. Yagit, M. Yuda§, H. Matsuoka} and S. Yoshida¥

A
3XP3 SV40T inpT
ﬂ E % L aapp P
.._..._._._..h. ..‘..._...._....._..._._..._....
egfp mDsFéggfﬂ 10

>

1.0 kbp

1 mm

Table 1A. Vectorial compeience of transgenic mosquitoes

fectrial competenca® Mumber of infectadfotal (% infected mice)

(3 = mosquito bites!

mouse = 11) WT TG

EXP 1 (day 14) 6T (B5.7) 206 (33.3)
EXP 2 (day 21) 45 (80.0) 106 [16.7)
Total 1012 (83.3) e (25001

*Wectoral competence is an evaluation of the vector's ability fo transmit
thie parasite to normal malaria naive mice. Transgenic (TG) and
wild-type (WT) mosquitoes were fed on the same PRCSPIPb-infected
mouse. To measure transmission, 3—11 mosguitoes were fed on
individual naive mice on day 14 (EXP 1) or day 21 (EXP 2) after the
infectious blood meal. The infection status of each mouze wes evaluated
by daily microscopic examination of & Giemsa stained tail vein blood
smear. Mice that had no parasites by day 20 were considered to be
uninfected.

1A significant difference (F= 0.0123] in vecior competence for WT vs.
TG mosquitoes was determined using Fisher's exact probability test.



Engineering RNA interference-based resistance
to dengue virus type 2 in genetically modified
Aedes aegypti

Alexander W. E. Franz*!, Irma Sanchez-Vargas*!, Zach N. Adelman®, Carol D. Blair*, Barry J. Beaty*§,
Anthony A. JamesT, and Ken E. Olson*®

*Arthropod-Borne and Infectious Diseases Laboratory, Department of Microbiology, Immunaology, and Pathology, Colorado State University,
Fort Collins, CO 80523; "Department of Entomelogy, 320 Price Hall, Virginia Polytechnic Institute and State University, Blacksburg, VA 24061;
and Departments of TMolecular Biology and Biochemistry and [Microbiology and Molecular Genetics, University of California, Irvine, CA 92697

Contributed by Barry ). Beaty, January 18, 2006
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Linhagem anti-dengue - Fenotipo de morte dupla:

ST

VA Y /A

c<mw
%

Citoplasma

Intestino -
Previne a infecgao
(Replicagao inicial)

> v,__:_v?‘__ A
\ : Mosquito morre
Apoptose ’ ’ s (Disseminacso viral)

Sitios de clivagem

l l
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Obtencao da linhagem transgénica:

AS : \
- HS —{ EGFP

RRRRSAG RRRRSAG

Braco
esquerdo

Braco
direito

pMOS-dsRED
Embrides GO Familias Larvas Positivas

1732 64 32 8019 4




Repasto sanguineo — Alimentadores artificiais....

OPEN G ACCESS Freely avallable online @PLOS |°"‘

Glytube: A Conical Tube and Parafilm M-Based Method
as a Simplified Device to Artificially Blood-Feed the
Dengue Vector Mosquito, Aedes aegypti

André Luis Costa-da-Silva'*, Flavia Rosa Navarrete', Felipe Scassi Salvador®, Maria Karina-Costa’,
Rafaella Sayuri loshino’, Diego S A do', Desirée Rafaela Rocha', Camila Malta Romano?,
Margareth Lara Capurro’

1Departamento de Parasitologla, Instituto de Clénclas Blomédicas, Universidade de S30 Paulo, S30 Paulo, S30 Paulo, Brasll, 2 Laboratério de Virologla, Instituto de
Medicina Tropical, Universidade de Sio Paulo, Sao Paulo, $30 Paulo, Brasil

A B

50 mL conical tube —___

Glycerol

Sealing film \ ;

Parafiim M® membrane ———*%




Desafio com virus Dengue — Injecao intratoracica:

* Intestino — Barreiras de infeccao (MIB) e barreiras de escape (MEB)

\ (LLT) - GLTRE

Modified from Franz et al., 2015




Desafio com virus Dengue — Injecao intratoracica:
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Linhagens Selvagem A5Y
Amostras 10 10
Infectadas 10 10
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N médio de copias 2,9x 107 4,2 x 107
Desvio padréo 2,4 x 107 1,6 x 107
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SUBSTITUICAO

DE
POPULACAO Legislacao / Aprovacao

Fixacao do alelo / Gene drive




oy S ;

» A [ :
By Acta Tropica TS
P Auyailable onliine 25 October 2013 B :

0]

ELSEVIER

In Press, Uncorrected Proof — Moteto users

Two step male release strategy using transgenic mosquito lines
to control transmission of vector-borne diseases

Danilo Oliveira Carvalho™ &, André Luis Costa-da-Silva® ®, Rosemary Susan Lees®, Margareth Lara
Capurro® B & . &

$\< Step 1. Supressao

Populacao naturilg§‘,§§

Populacao residual
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