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Network objectives

= Establishing a global resistance
surveillance network in
arbovirus vectors

"= Filling knowledge gaps &
identify research priorities on
insecticide resistance

" Assisting WHO and national

authorities in decision-making
for IR management http://win-network.ird.fr
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Mapping Aedes resistance

Contemporary status of insecticide resstance
inthe major Aedes vectors of arboviruses
infecting humans

Dispersion of metabolic resistance markers
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Susceptible
population
(most dying)

Multigenic R phenotype

Genetic constraints (codon usage)

REVIEW

Management of insecticide resistance in the
major Aedes vectors of arboviruses: Advances

and challenges

insecticide

teatment Standing genetic variation

De novo mutation
Migration (incoming R alleles)

Dominance of R alleles
Monogenic R phenotype
Gene flow (incoming R alleles)

2

L)
Insecticide Resistance '.1 Insecticide Selection Pressure
Management (vector control, agriculturs, household, etc )

Resistant
population
(most surviving)

response

Concepts
underlying the
evolution of
Insecticide
resistance

Advantages and drawbacks of detection methods

Methods

Advantages

Disadvantages

Biological assays

Diagnostic concentrations

« Standardized
«+ Simple and rapid to perform
«» Detect resistance phenotype

« Lack of sensitivity

«» No information on level or type of resistance
« Few diagnostic doses available for Aedes spp.
« Require live mosquitoes

« Require universal quality insecticides

Dose-response assays

« Measure resistance levels

« Require large number of live mosquitoes
« Require a susceptible reference colony

Assays using synergists

+ Information on the potential mechanisms responsible
for resistance

« Lack of sensitivity and specificity
« Require large number of live mosquitoes

Biochemical assays measuring enzyme
activities i 5

&5

« Information on mect ible for

« Several mechanisms tested on a single individual

« Require a cold chain
« Not available for all resistance mechanisms
« Lack of sensitivity/specificity

Molecular assays to detect resistant

alleles
| i:]

+ Very sensitive
« Several mechanisms tested on single individuals

+ Detect recessive alleles and provide an “early warning” of
future resistance

« Require specialized and costly equipment
« Only available for a limited number of
resistance mechanisms

« Are not always easily linked to resistance levels

Insecticide resistance management (IRM)

Framework for implementation of IRM

PROCESS 1 } Integration of insecticide resistance monitoring in vector control program

v v

Biological assays Molecular or biochemical assays
® At baseline, then at regular intervals ¢ Occasionnal, depending on country
o Using representative panel ressources & capacities <

of populations o Using representative panel of IR markers
¥ » . ¥
Phenotypic " __
resistance* identified

]

----— Mechanism(s) E
Investigate IRM < ' §

RR<5o0r
< 98% Mort
" at5xDC

pesod Implement IRM

RR>5or
--- < 98% Mort---
at 10xDC

Implement IRM
with unrelated insecticides

Operational or
environmental

Continue

vector control failure

|
|
! ~

A4
PROCESS 2 i i
{ L Monitoring and evaluation of treatment efficacy

Dusfour et al. Plos NTD 2018
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REVIEW REVIEW

Integrated Aedes management for the control Alternative strategies for mosquito-borne
of Aedes-borne diseases arbovirus control

Nicole L. Achee('*, John P. Grieco', Hassan Vatandoost?, Gongalo Seixas®, Joao Pinto?,
Lee Ching-NG*, Ademir J. Martins®, Waraporn Juntarajumnong?®, Vincent Corbel’,
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Frédéric Jourdain', Pie Miiller>®, Raman Velayudhan’, Vincent Corbel’ *
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New entomopathogenic fungi New insecticides
D

Autodissemination e g Pyriprosyfen

TR Anticipated Impact of Intervention on Resistance Mitigation

COLLABORATION \ Inter-sectoral collaboration (ministries, municipalities, NGO, private sector) H High

Lanviciding
Environmental management Po,icies
& laws

H
Gene drives
Health education, community participation, communication -

2 D Dependent on Active Ingredient
‘ Intra-sectoral collaboration (within health sector)

"A comprehensive evidence-based guidance on "An overview of alternative VC strategies for
how and when to implement Aedes control the control of arbovirus mosquitoes and their
measures tailored to local entomological and anticipated impact on resistance mitigation”

epidemiological risk scenarios”
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O Conferences (Rio 2016 & Singapore 2018)

:'_ e "

Corbel et %

ooy Parasites & Vectors
MEETING REPORT MEETING REPORT Open Access
m

Second WIN International Conference sz
on “Integrated approaches and innovative tools
for combating insecticide resistance in vectors
of arboviruses’, October 2018, Singapore

International workshop on insecticide
resistance in vectors of arboviruses,
December 2016, Rio de Janeiro, Brazil

WHAT’S NEXT ?

Expand WIN activities in South America
to provide MS with technical and
scientific support to respond to the

increasing threat of IR

FIOCRUZ

D

GDRI

\ Pan American
i Health
> Organization

WIN Supporting activities

Ol

O WHO reports, guidelines, SOPs, etc

A

Manual for monitoring
insecticide resistance in

quito vectors and selecting
appropriate interventions

AVideo tutorial on

DETERMINING DISCRIMINATING
CONCENTRATIONS OF INSECTICIDES
FOR MONITORING RESISTANCE

IN SAND FLIES

"WHO Fnlm@g;;npregnam
o’ o121

« to strength the
Regional Network
' for monitoring of
_— ) Insecticide
Resistance in
vectors”

1st WG meeting,
May 2023 at
FIOCRUZ-10C
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A Research & InNOvation Partnership for enhancing the surveillance and
control of mosquito VECtors of emerging arboviruses (INOVEC)

Objective: To promote cross-sectoral, multidisciplinary
and international collaborations to enhance and promote
scientific and technical knowledge on the surveillance and
control of mosquito vectors of emerging arboviruses

= Participants

12 countries
iRD:====  CSIC ! rlm %

21 institutions
()\1()1{1) C

5 privates écirad % FORTH _ swissThH 5).
1 Int. Organization
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This project has received funding from the European Union HORIZON-MSCA-2021-SE-01, under the grant No 101086257
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Call: MSCA Staff Exchanges (2021-SE-01) || 7, J‘/y EC

Scientific exchanges to contribute to R&I

Main missions

A total of 344 PM to support mobility of

students, scientists, managerial & technical staff = Contribute to undergraduate and
postgraduate teaching programmes

BAYER 0:0)0 = Supervise students/post doc during their
- SWISSTPH (cHe) @ « e, e
© OXFORD (cte) BIOGENTS (o:u) O research activities.
@ ENSEA (r4) IAEA (nu1) @
@ CNRS [rra) ° .
o = Contribute to lab and field works to
@ CIRADI R OREAr 1 o t ientifi id
A | e & generate scientific evidence,
| marauesroc o concepts/methods and contribute to data
: collection, analysis, interpretation &
dissemination.
o RsS ) = Contribute to reinforcement of partner
. L — capacity, transfer of knowledge and
@ FIOCRUZ (3ra) \\ ./ " Sikansn t h I
N echnology
S = Networking activities including
Q private sector @ internationol mobility 0 rga n izati O n Of Worksho ps a n d
[NOWEC innovation in vector control fig. : international & cross-sector mobility

conferences



Work packages activities and outputs

WP 1 WP 2 __WwP3
ﬁ Integrated %/ Targeted m Social

Sciences

Monitoring Interventions
& Surveillance
T 1.1 Mobile apps T2.1 Novel T3.1 Reasearchin

for entomology insecticides

T 1.2 Diagnostic fools ~ T2.2 Behavioural T3.2 Social
acceptability

modifiers
T 1.3 Intelligent fraps SIT
i T 2.3 Mass trapping
impact T 1.4 Early warning T 3.3 Social scientific
onscionce \l/ & models T 2.4 Improved SIT
Engage in
collaborative Improve
vector research innovation
& product pofential
development Generate e of EU.
evidence ool “
& promote market for
e innovative
evelopment T

citizen science

methods

Horizon Europe Framework Programme (HORIZON) ‘. % |
Call: MSCA Staff Exchanges (2021-SE-01) || ’71 J‘// E C

impact
on society

e,

wP4 2 &, WPs
N/ Advanced \ & ™ Management Raise

Training = awareness
& Education -

T4.1 Workshops T5.1 Management 1

T 4.2 Educational T 5.2 Intellectual ;
materials Properties Disseminate

T 4.3 Internationnal T 5.3 Dissemination :,;'keeh’;ﬁe:
conferences . v

T 5.4 Communication
/

Ensure transfer Communicate
of knowledge . . research
& technologies Coordinate " findings
aclions across
sectors

This project has received funding from the European Union HORIZON-MSCA-2021-SE-01, under the grant No 101086257
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Key objectives

 Promote new skills, knowledge acquisition and career .
development for the research staff and the entrepreneurs in !
Europe and Beyond

 Create novel product development pathways by
stimulating connections between companies, biologists and
social scientists working on vector control and surveillance

U Facilitate knowledge sharing by advising decision makers
and disseminating necessary evidence to accelerate access
to high-quality vector control products

U Contribute to the societies' health and well-being by
advocating a judicious, rationale, and integrated use of
innovative Vector Control tools
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Thank you for
your attention!

inovec.office@ird.fr
Inovec.event@ird.fr

This project has received funding from the European Union HORIZON-MSCA-2021-SE-01, under the grant No 101086257
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Objectives

O Facilitate knowledge sharing by advising decision \u.m
makers and disseminating necessary evidence to accelerate
access to high-quality vector control products
1 Give access to knowledge by raising public awareness on
Aedes and Aedes-borne diseases through the engagement ull
of communities and dissemination of results through
adequate streams (open sciences) and educational
materials.

U Contribute to the societies' health and well-being by
advocating a judicious, rationale and integrated use of
vector surveillance and control tools according to
regulatory constraints and environmental considerations
and local capacities.
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European
Commission

Context & background

Aedes distribution is the widest ever recorded
in history (kreamer 2015& 2019)

60% of the world populations at |
. Global changes expose humans
risk of 1 or more ABDs (Rucker .
to new and re-emerging threats
et al2017)

Aedes resistance to PHPs reported in > 57
countries (Moyes et al2017), including the EU

= L =1 7e | o - :
2017-2030 — - t o ;:‘
e - i o = % | PrOdUCtS ZER@
o | g \, Regulation
t

Lack of robust evidence to support ;
Enst Vt”“’ UDEratlon Pg:@

GLOBAL VECTOR

L i ;o

ac.k. of commltmen’F and | most ofAedgs vector. control measures m"““"‘-

political will to sustain vector (Cochran reviews, Roiz et al 2019)

control (WHO GVCR 2017) Lack of investment in new insecticides, increase
environmental & and regulatory constraints,

aversion of citizen to the use of PHPs, etc

- This project has received funding from the European Union HORIZON-MSCA-2021-SE-01, under the grant No 101086257
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Integrated Aedes Management (IAM)

nevew
Integrated Aedes managament for the cantral
af Aedfes-borne disedses

A portfolio of operational actions tailored to different

epidemiological and entomological risk scenarios Evidence base (>20 meta analysis &
systematic reviews)

) . Lefali:
& Endemic transmission @) Epidemic tansmission : '
: Levelza:
i, Epidemiological
. E \ é ; @ o, impact (non-
- o S RCTs)
E: Levelab: Epidemiological
- \,f B impact (observational
=~ 1905 g Teee i )

yoar

Bangkok (2980-2010)

Zika (2016)

Level 3a: Entomologicalimpact
(RCTs)

A

Q Qs

IR W R i
Widely established and Widely established and
endemic transmission epidemic transmission

Strength of evidence

Non recommended studies

o

Epidemiological
surveillance

INTEGRATED SURVEILLANCE

VECTOR CONTROL

Larviciding

Environmental management

Health education, community participation, communication

Inter-sectoral collaboration (ministries, municipalities, NGO, private sector)

[ M gl | h ®
Intra-sectoral collaboration (within health sector) MAYEVE [ ]

Roiz et al. Plos NTD 2018
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Alternative strategies for mosquite-borne
arbovirus control

Achee et al. Plos NTD 2018 W # % J%\ %
blood feeding/ "’i \

emergence —» mating—s sur_;arfeedmg—»mmS dlssemmatmn resting—>  egg laying

Y Alternative strategies

"'*’Olvuan ”9

Attractive toxic )  Spatial repellents Autodissemination
sugar baits

Sterile
Insect
Technique

(SIT) Wolbachia

population replacement

Wolbachia Antipathogen
population

suppression genes
without drive

ALTERNATIVE STRATEGIES
Target life stage and behavior

New entomopathogenic fungi New insecticides
e —

H

Autodissemination e.g. Pyriproxyfen Gene drives

Anticipated Impact of Intervention on Resistance Mitigation

H High D Dependent on Active Ingredient

(G2, Royalguard Sumishield, eave tubes)
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Framework for implementation of IRM

REVIEW
Management of insecticide resistance in the
major Aedes vectors of arboviruses: Advances

and challenges ‘ PROCESS 1 } Integration of insecticide resistance monitoring in vector control program

v v
Biological assays Molecular or biochemical assays
H ® At baseline, then at regular intervals o Occasionnal, depending on country
M ethOdS fOf' traCkl ng P o Using representative panel ressources & capacities <
' e ' of populations o Using representative panel of IR markers
insecticide resistance : !
.0 Q
S Phenotypic  _______ - Mechanism(s)
R I resistance* identified

Investigate IRM | R '

Nermalzed Relatis Fluoreseance

RR<5o0r
< 98% Mort
" at5xDC

e Implement IRM Coomemsmenessnsees

RR>5or
--- < 98% Mort.--> Implement IRM ~ p )

at 10xDC with unrelated insecticides

Advantages and drawbacks of detection methods

Methods Advantages Disadvantages Operational or
Biological assays environmental
Di i i . dardized » Lack of sensitivity
+ Simple and rapid to perform + No information on level or type of resistance
« Detect resistance phenotype « Few diagnostic doses available for Aedes spp.
« Require live mosquitoes
« Require universal quality insecticides
Dose-response assays | » Measure resistance levels . REqu?re large nun_-.ber of live mosquitoes Continue
« Require a susceptible reference colony vectol fa"ure
Assays using i . ion on the potential hani sponsibl « Lack of sensitivity and specificity 3
for resistance + Require large number of live mosquitoes y
Biochemical assays measuring enzyme | « Information on mechani ponsible for resi « Require a cold chain v A4
activities + Several mechanisms tested on a single individual + Not available for all resistance mechanisms - -
e {PROCESS 2 L Monitoring and evaluation of treatment efficacy
Molecular assays to detect resistant » Very sensitive + Require specialized and costly equipment
alleles « Several mechanisms tested on single individuals + Only available for a limited number of
» Detect recessive alleles and provide an “early warning” of |  Tesistance mechanisms
future resistance + Are not always easily linked to resistance levels

Dusfour et al. Plos NTD 2018
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Conceptual framework of the INOVEC project

t.l 71 J‘// EC

ﬁ Integrated E Better
. Monitoring
" & Surveillance Heali

Advanced f'ta,l:‘e /Z

Training . olders ; 2 Higher
Private Sector & Education External / Economy

Targeted 5
% + f Advisory
nterventions
Board :
-9
‘ n'. - o Policy N Safer
\ g M Makers \ Environment
‘ 2 Social ~— N
: ove Sciences Manag t Career
e i anagemen
& Valorisation Development
Academia
International & Cross Sectoral  x Basic & Applied x  Networking x Enabling = Strong Impact
Collaborations Research & Innovation & Capacity Building Mechanisms on Society

This project has received funding from the European Union HORIZON-MSCA-2021-SE-01, under the grant No 101086257



