
1

 
 

 

Envisioning insecticide
resistance management and
integrated vector management
a ZERO by 40 perspective



2 3

ZERO by 40 vision for IRM  4

Executive summary  5

Foundation: insecticide susceptibility is a common good  7

 WHO Guidelines for Insecticide Resistance Management and Vector Control  7

 Insecticide resistance management in agriculture and public health  8

 Insecticide mode of action  9

Integrated vector management and insecticide resistance management  10

One: Legislation, advocacy and community engagement  11

 National insecticide resistance management committees  11

 Policy and regulatory  11

 Pesticide stewardship  11

 Advocacy  12

  Benefits of IRM  12

  Market considerations  13

  Community engagement  14

Two: Cross-sector collaboration  15

 Agriculture  15

 Ministry of Environment  15

 National training and research institutions.  15

Three: Integrated approaches  16

 Integrated vector control toolbox  16

 ZERO by 40 priority product development areas  17

 Combining insecticide-based interventions  19

 Pre-emptive rotation of insecticides  19

Four: Evidence-based decision-making  21

 Surveillance and monitoring  21

 Monitoring impact of combined interventions  21

 Insecticide susceptibility monitoring  21

 Decision-making framework  22

 Modelling integrated vector control interventions  24

Five: Capacity building  24

 African trials facilities  24

 Access to information to design and deploy IRM strategies.  24

 Build the evidence case for implementing IRM strategy.  24

 Improve labelling to more clearly address IRM  25

Conclusion  25

Abbreviations  26

References 27

Contents



4 5

ZERO by 40 vision  
for IRM 

The growing risk of insecticide resistance 
in malaria vectors threatens the significant 
reductions in malaria-related illness and death 
over the past two decades. Given the limited 
number of insecticide classes available for  
malaria vector control, the urgency to 
complement the current products with 
different classes of chemistry, as well as novel 
interventions, is well-recognised. In recent years, 
the ZERO by 40 industry partners (BASF, Bayer, 
Mitsui Chemicals Agro, Sumitomo Chemical 
and Syngenta) have been working successfully 
with IVCC, and other stakeholders, to discover, 
develop and bring to market new insecticides 
with novel modes of action to control mosquitoes 
and prevent malaria transmission [1]. 

For these innovations to be sustained, the vector 
control community and ZERO by 40 partners 
recognise that their use must be carefully managed 
through integrated vector management (IVM) and 
insecticide resistance management (IRM) strategies, 
tailored to local needs and available resources. The 
goal of IRM is to prevent or delay the evolution of 
resistance in vector populations to the insecticides 
used for their control. Effective IRM programmes 
should include the planned rotation of both solo-
insecticide products and insecticide mixtures to 
reduce the selection pressure on mosquitoes to 
any single mode of action (MoA) chemistry or 
chemical class to preserve the useful life of existing 
insecticide-based interventions. Using insecticides 
that were primarily developed for use in agriculture 
brings many advantages compared to the 
development of novel active ingredients specifically 
for vector control, including speed to market, lower 
risk of development failure and reduced costs in 
development. But we know this brings potential 
disadvantages as well. Prior exposure of these 
classes of insecticide to malaria vector populations, 
for example through agricultural or domestic use, 
including by private pest control operators (PPCO), 
means that selection towards reduced susceptibility 
to that class of insecticides may already exist. 

Local geographic relevance needs to be 
considered in the planning of malaria vector 
control operations, and it reinforces the need for 
proactive surveillance and resistance management 
strategies to protect newly available products 
as well as older chemistry. The ZERO by 40 
partners are committed to support the local 
implementation of robust, science based IRM 
programmes that effectively delay selection for 
insecticide resistance and ensure the technical and 
financial sustainability of national programmes. 
We commit to working with all stakeholders, 
including the World Health Organization (WHO), 
national malaria control programmes (NMCPs), 
regulators and other departments of national and 
local government, through the following means: 

• Assisting national malaria programmes and 
their country-level vector control advisory 
committees in reviewing current IRM strategies 
through the lens of WHO guidance, local 
resistance data and available vector control 
tools to identify gaps and opportunities to 
optimise deployment over time. 

• Providing technical assistance to national 
programmes in updating IRM strategies 
and planning effective implementation in 
coordination with relevant stakeholders. 

• Continued development and delivery of a 
toolbox of new products, using novel mode  
of action insecticides, designed and deployed 
to minimise resistance development. 

• Promoting product rotations which aim to 
expose mosquito populations to multiple 
modes of action over time, as well as best-
practice insecticide use, to further reduce  
the likelihood of resistance development. 

• Ensuring product-related information is clear 
in the context of IRM guidance, for example 
through product labels (as already practised  
in agriculture), regular stakeholder 
engagement, communication, training and 
educational materials to inform all those 
involved in vector control programmes of  
best practice IRM. 

• Supporting the monitoring of insecticide 
susceptibility in mosquito populations, which  
is the foundation on which all IRM is based. 
Preserving and extending the efficacy of all 
insecticide-based tools used in vector control, 
through scientifically sound insecticide 
resistance prevention and management,  
is critical to achieving our collective goal  
of eradicating malaria by 2040. 

Information included herein is not intended  
to replace or displace existing resistance 
management guidelines at the global World 
Health Organization (WHO), Insecticide Resistance 
Action Committee (IRAC) or country levels but  
is provided by the ZERO by 40 members as an 
IVM/IRM framework to compliment and update 
guidelines with current technical and stewardship 
information for new products and other vector- 
control tools. 
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Executive summary 
Insecticide susceptibility is a common good1 and 
the responsibility of all of us, public and private, 
agriculture, public health, and civil society to 
preserve. Growing insecticide resistance to the 
limited range of vector control products poses an 
immediate and grave threat to progress towards 
malaria elimination and our ability to manage 
other emerging vector-borne diseases. 

The ZERO by 40 partners (BASF, Bayer, Mitsui 
Chemicals Agro, Sumitomo Chemical and 
Syngenta) are committed to a comprehensive and 
collaborative Insecticide Resistance Management 
(IRM) strategy, both through the continued 
development and stewardship of an expanded 
vector control toolbox, and by engaging with 
partners to implement IRM through the five 
elements of the Integrated Vector Management 
(IVM) framework. 

Foundations

Maintaining insecticide susceptibility is a 
common good, especially among malaria vectors 
with limited control options, requiring a broad 
multisector and multi-faceted approach. The 
ZERO by 40 partners endorse the WHO Global 
Plan for Insecticide Resistance Management 
(GPIRM), reaffirmed by the more recent WHO 
Guidelines for Malaria Vector control recognising 
the urgency of IRM, and that short-term additional 
costs of IRM should be balanced against the long-
term potential negative public health impact and 
costs of insecticide resistance. 

ZERO by 40 is a bridge to the agriculture sector, 
including CropLife International and IRAC, and 
recognises both the parallels and the differences 
in IRM and Integrated Pest Management (IPM) in 
agriculture and how these lessons and on-going 
engagements with agriculture can support public 
health efforts for IRM among disease vectors. 

1The term “common good” is used throughout this document. As opposed to “public good” where use by one individual 
does not reduce the good’s availability to others, “common goods” are easily over-consumed, leading to a phenomenon 
called “tragedy of the commons” whereby people withdraw resources to secure short-term gains without regard for the 

long-term consequences – in our case, insecticide susceptibility

Integrated Vector Management 
(IVM) and Insecticide Resistance 
Management 

IVM is defined as “a rational decision-making 
process to optimise the use of vector control”  
and comprises five core elements that can frame 
IRM, emphasising a comprehensive, multi-sector, 
data-driven approach to protect insecticide 
susceptibility. The IVM strategy has evolved into 
the WHO Global Vector Control Response and 
retains these five core elements with an added 
emphasis on capacity and applied research/ 
innovation. The aim of both agriculture and  
public health IRM is to reduce the continuous  
use of insecticides with a single mode of action 
until it fails, and to use the IPM/IVM model of 
multiple interventions, both non-chemical as well 
as different modes of action in comprehensive 
pre-emptive IRM strategy. 

Legislation, advocacy and 
community engagement 

The ZERO by 40 partners bring unique resources 
to national IRM committees for policy and 
regulation of insecticide products, insecticide 
stewardship; advocacy on the cost-effectiveness 
of IRM and next-generation products; and support 
community engagement through extensive 
networks of agricultural extension and rural 
advisory services to reduce vector larval habitats 
and promote judicious use of pesticides. 

Cross-sector collaboration 

ZERO by 40 links with agriculture can draw upon 
lessons of IPM and IRM and to vastly strengthen  
a coordinated response to address IRM in both 
agriculture and public health. Likewise, links  
with Ministries of Environment (or whoever is 
involved with pesticide regulation, such as Ministry 
of Health or Ministry of Agriculture) can help 
facilitate availability of the full range of WHO  
pre-qualified products and help reduce abuse  
of many of the same active ingredients used in 
public health insecticides. The strong engagement 
of research institutions, including agricultural 
research as well as the Africa Network for Vector 
Resistance, other national universities, training  
and research centres and the Pan Africa Mosquito 
Control Association (PAMCA) adds support to 
national IRM efforts. 

Integrated approaches 

The strongest and most direct support to IRM is 
the development and stewardship of an expanded 
vector control toolbox, including next-generation 
products for Indoor Residual Spraying (IRS),  
Long Lasting Insecticidal Nets (LLINS) and 
Attractive Targeted Sugar Baits (ATSB®). With 
these additional tools, vector control programmes 
can finally implement the basic IRM principles of 
employing multiple tools with different modes of 
action illustrated here with LLINs and IRS, but that 
also includes, where appropriate, larvicides, lethal 
house lures (“eave tubes”) and additional vector 
control tools under development. 

Evidence-based decision making 

Surveillance and monitoring are the cornerstone  
of a quality IRM programme. In addition to 
entomological and resistance monitoring, ZERO 
by 40 supports the monitoring of combined 
interventions, modelling of integrated vector 
control interventions and developing an IRM 
decision-making framework that includes mixtures, 
mosaics and pre-emptive rotations. These were 
not possible before the efforts of the ZERO by 40 
partnership and IVCC. 

Capacity-building 

IVCC and the ZERO by 40 partners support 
capacity in three specific areas. First, the IVCC 
African trials facilities now includes seven vector 
control product research facilities in Africa that  
are moving towards Good Laboratory Practice 
certification. ZERO by 40 is working with IVCC  
on a range of activities to improve access to 
information to design and deploy IRM strategies 
and build the evidence case for IRM. Specifically 
for product stewardship, ZERO by 40 is working 
to improve communication and distribution  
of labelling and application instructions for 
decision-makers and applicators to improve IRM 
best practices, aligned with best practices and 
standards in agriculture. 

Conclusion 

Preserving vector susceptibility to the limited 
range of these life-saving products that are the 
foundation of malaria and other vector-borne 
disease control demands a comprehensive 
approach that can be addressed through the IVM 
framework. The ZERO by 40 partnership brings 
unique resources to this global effort, beyond 
product development and stewardship itself,  
but also through its stated commitment:  

“ Together we will win. When 
the world comes together 
toward a common goal, 
nothing is impossible. ZERO 
by 40 is an unprecedented 
partnership among the world’s 
leading agricultural companies 
to collaborate toward the 
development of innovative 
vector control tools that will help 
eradicate malaria by the year 
2040, because we believe that 
together, it can be done.” 
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GUIDELINES FOR MALARIA  
VECTOR CONTROL 
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 Plan and implement insecticide resistance management strategies in 
malaria-endemic countries.

Ensure proper, timely entomological and resistance monitoring and e	ective 
data management.

IR, insecticide resistance

Develop new, innovative vector control tools.

Ensure that enabling mechanisms (advocacy, human and financial resources) are in place.

Fill gaps in knowledge on mechanisms of insecticide resistance and the impact of current 
insecticide resistance management strategies.

Foundation: insecticide 
susceptibility is a 
common good 

Maintaining insecticide susceptibility is a common 
good [2], especially among malaria vectors with 
limited control options, requiring a broad multi-
sector and multi-faceted approach. This includes 
contact insecticides used in and around homes 
and sleeping spaces. 

The ZERO by 40 partnership brings a unique 
perspective and stewardship for the protection  
of this common good and an essential part of 
enabling us to reach zero malaria deaths by 2040. 
Here we examine a range of vector control tools 
and approaches applied in an IVM framework to 
maximise effectiveness. Integrating innovative tools 
and approaches, balancing costs and capacities to 
use the right tools, managing insecticide resistance, 
and ensuring uptake and implementation in  
a wide range of entomological, geographical, 
programmatic, and economic backgrounds is  
a holistic approach to maintaining insecticide 
susceptibility and the common good. 

WHO Guidelines for Insecticide 
Resistance Management and  
Vector Control 

In 2012, the WHO published the Global Plan for 
Insecticide Resistance Management (GPIRM) 
based on five “pillars” [3] and a complementary 
framework for national planning [4]. 

GPIRM implementation has been challenged by the 
limited availability of vector control tools with new 
mechanisms of action and critical financial, human 
and infrastructural resource deficiencies [5]. 

In 2014 the WHOPES Industry Consultation,  
the Global Coalition of the Development  
of Public Health Pesticides, offered several 
recommendations. This included lessons learned 
from Insecticide Resistance Management in 
agriculture, and recasting GPIRM in the framework 
of Integrated Vector Management, IVM [6]. 

The technical basis for GPIRM was reaffirmed  
in the 2019 WHO Guidelines for Malaria Vector 
Control [7]: Insecticides should be applied  
with care and deliberation in order to reduce 
unnecessary selection pressure. Countries should 
consider whether they are using insecticides 
judiciously, carefully and with discrimination,  
and if there are clear epidemiological benefits. 

• Vector control programmes should avoid  
using a single class of insecticide everywhere 
and over consecutive years. Instead, they 
should use rotations, mosaics, combinations  
of interventions and mixtures (once available). 

• Wherever possible, vector control programmes 
should diversify from pyrethroids to preserve 
their effectiveness. Although pyrethroids will 
continue to be used for insecticide-treated 
nets (ITNs) in the near-term, they should  
not be deployed for IRS in areas with ITNs. 

• IRM principles and methods should 
be incorporated into all vector control 
programmes, not as an option, but as a  
core component of programme design. 

• The agriculture sector should try to avoid  
using classes of insecticides that are widely 
used for public health and should collaborate 
with vector control authorities on an 
intersectoral approach. 

• Routine monitoring of insecticide resistance is 
essential to sustain the effectiveness of vector 
control intervention. 

• The short-term additional costs of IRM should 
be balanced against the long-term potential 
public health impact and potential costs of 
insecticide resistance. 

Insecticide Resistance Management 
in agriculture and public health 

The CropLife International, Insecticide Resistance 
Action Committee (IRAC) and public health  
team have produced several resources important to 
public health vector control strategies [8].  
The IRAC IRM Vector Manual notes the basic  
IPM tenet of reducing reliance on extended 
exposure of a single mode of action; and that 
sustainable approached to pest control may be 
more expensive in the short-term but far more 
cost-effective in the long-term; prevention is better 
than cure. (pg. 29) [9]. 

While this document draws on several parallels 
and IRM lessons to be learned in the agriculture 
and public health sectors, there are significant 
differences in the two strategies [2]. For 
similarities, first is the concept of Redundant 

Killing, through mixtures or high doses [10],  
that do not allow a “window of selection” as 
concentrations decline and resistant insects start to 
survive, while susceptible insects are still killed [11]. 
Second is Fitness Cost; insecticide resistance, often 
through an up-regulation of defensive mechanisms 
can have a fitness cost to the insect. This results in 
longer larval-stage development time (that could 
render resistant larvae more vulnerable to control 
measures such as larviciding and to predators) 
as well as reduce fecundity, blood feeding rate 
and short survival rate, all these could affect 
adult vectorial capacity [12]. Greater fitness cost 
imposed by multiple P450 genes also shows that 
resistance management strategy based on rotation 
could help slow the spread of resistance [13]. Third 
is the tenant that you should not expose both 
larvae and adults to insecticides with the same 
mode of action. This is especially important when 
insecticides used for agriculture or domestic pest 
control enter the mosquito larval habitats [14]. 

While some of the basic principles are the same for 
IRM in agriculture and public health, there  
are also significant differences. Agriculture looks 
for a short residual avoiding a long decay where 
heterozygote resistant individuals may survive. 
Public health strives for “long-lasting” applications 
where logistically it is not possible to replace  
an LLIN or reapply an IRS product as the lethal 
concentration declines. Agriculture may encourage 
“refugia”, areas with no insecticide pressure where 
resistant individuals don’t have an advantage. 
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IVM core 
elements

IRM

Advocacy, 
legislation and 
community 
engagement

Pesticide stewardship 
Market and long-term cost-
benefit considerations 
Harmonised approval/ 
regulatory processes 
Judicious use of agricultural 
and domestic pesticides 

Cross-sector 
collaboration

Ministries of Health, Ag. and 
Environment 
National training/research 
Institutions 
Industry and private sector

Integrated 
approaches

Inclusion of alternate chemical 
and non-chemical control, 
including combinations 

Development and 
stewardship of new tools 
and strategies

Evidence-based 
decision-making

Entomological and 
resistance monitoring 

Pre-emptive resistance 
management 

Modelling

Capacity-building Product testing and 
development facilities 

Systems and strategies for 
effective IRM

The wider vector control system is very different 
and while IRS rotations may be considered as 
providing refugia, it is unlikely we can relieve the 
selective pressure of pyrethroids from LLINs. 
However, with both LLIN and IRS, the male 
mosquitoes are effectively the refugia as they 
rarely encounter the insecticide and face minimum 
selection pressure. Whilst there may be also be 
refugia due to incomplete coverage, it would be 
considered unethical to deliberately withhold 
vector control interventions on the grounds of 
leaving refugia. 

Nevertheless, the fundamental aim of both 
agriculture and public health IRM is to reduce the 
continuous use of insecticides with a single mode 
of action until it fails. It is also to use the IPM/IVM 
model of multiple interventions, both non-chemical 
as well as different chemical modes of action in a 
comprehensive pre-emptive IRM strategy. 

Insecticide mode of action 

Understanding the insecticide modes of action 
classes is a fundamental step in developing 
insecticide resistance management strategies. 
IRAC lists 32 classes for mode of action (MoA), 
plus five other classes of compounds of unknown 
or uncertain MoA [15]. Five of these classes include 
WHO pre-qualified mosquito adulticide products: 

 
MoA class 1. 

Acetylcholinesterase (AChE) inhibitors: Inhibit 
AChE, causing hyper excitation. AChE is the 
enzyme that terminates the action of the 
excitatory neurotransmitter acetylcholine at  
nerve synapses. 

 1A Carbamates: Bendiocarb 

 1B  Organophosphates: Malathion; and 
Pirimiphos-methyl 

MoA class 3 

Sodium channel modulators: Keep sodium 
channels open, causing hyperexcitation and, in 
some cases, nerve block. Sodium channels are 
involved in the propagation of action potentials 
along nerve axons: 

 3A  Pyrethroids: Alphacypermethrin; 
Bifenthrin; Deltamethrin; d-Phenothrin, 
transcypenothrin; Etofenprox; 
Lambdacyhalothrin; Permethrin; Pallethrin; 
S-bioallethrin; Transfluthrin. 

 
MoA class 4 

Nicotinic acetylcholine receptor (nAChR) 
competitive modulators: bind to the acetylcholine 
site on nAChRs, causing a range of symptoms 
from hyperexcitation to lethargy and 
paralysis. Acetylcholine is the major excitatory 
neurotransmitter in the insect central nervous 
system: 

 4A  Neonicotinoids: Clothianidin and 
Imidacloprid 

 4D  Butenolides: Flupyradifurone 

 
MoA class 7 

Juvenile hormone mimics: Premetamorphic instar: 
disrupt and prevent metamorphosis;  
Adult: reduces fecundity and fertility: 

 7C Pyriproxyfen 

 
MoA class 13 

Uncouplers of oxidative phosphorylation via 
disruption of the proton gradient: Protonophores 
that short-circuit the mitochondrial proton 
gradient so that ATP cannot be synthesised. 

 13 Pyrroles: Chlorfenapyr 

Integrated Vector Management and 
Insecticide Resistance Management 

IVM is defined as “a rational decision-making 
process to optimise the use of vector control” and  
comprises five core elements.[16] As illustrated here,  
IRM can be framed across these same five elements,  
emphasising the need for a comprehensive, multi-
sector, data-driven approach to protect insecticide 
susceptibility. The IVM strategy has evolved into the  
WHO Global Vector Control Response, retaining 
these five core elements with an added emphasis 
on capacity and applied research/innovation [17]. 

ZERO by 40 recognises the comprehensive  
IVM framework for specific IRM activities and  
that among these fundamental IRM activities  
there are different levels of engagement, from 
direct engagement to facilitation to advocacy.  
The range of issues and activities are outlined 
below according to the five elements of the IVM 
framework. While this document is focused on 
Anopheles malaria vectors, the same principles 
apply to the urgent needs of IRM among Aedes 
arbovirus vectors [18]. 
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One: Legislation, 
advocacy and 
community engagement 

Legislation, advocacy and community 
engagement is the first element of the IVM 
framework. There are several key areas where the 
ZERO by 40 partners are in a unique position to 
engage on insecticide resistance management. 

National Insecticide Resistance 
Management Committees 

Several countries have National Insecticide 
Resistance Management Plans that include the 
establishment of multi-disciplinary national 
Insecticide Resistance Management Committees 
as called for under the first GPIRM Pillar. For 
example, in Kenya there is an Insecticide 
Resistance Management Sub-Committee (IRMSC) 
who plan to meet semi-annually to discuss matters 
around insecticide resistance and advise on the 
implementation of vector control tools to mitigate 
resistance in line with the IRM strategy. The IRMSC 
will also advise the NMCP on how to liaise with 
stakeholders from agricultural and environmental 
sectors on insecticide resistance management 
[19]. Such national IRM committees offer a 
platform for policy-development and coordination 
as detailed in this document. 

Policy and regulatory 

Policy and regulatory benchmarks are key steps  
in bringing new vector control products to the 
market that can help avert malaria control failures 
caused by insecticide resistance to current 
interventions. Given the global response to the 
current COVID-19 pandemic, there is a need for 
policy and regulatory recognition that malaria  
and insecticide resistance is also a public health 
emergency that demands action. Collectively we 
can facilitate an accelerated process for approval 
and registration that was shown possible in the 
accelerated response to the new corona-virus.

Often, National Pesticide Regulatory Authorities are 
housed in Ministries of Agriculture that may not  
fully appreciate the urgency and needs of vector 
control and public health insecticide management 
[20]. The Asia Pacific Leaders Malaria Alliance, 
APLMA, is developing an initiative, with input from 
Unitaid, WHO, IVCC and the Vector Control Platform 
in Asia Pacific (VCAP) that aims to enhance national 
regulatory capacities and facilitate registration 
of existing and new vector control products [21]. 
Likewise, there are university-based centres of 
excellence for regulatory sciences in agriculture who 
may be engaged [22]. 

Pesticide stewardship 

As described for crop protection products: 
“Pesticide stewardship is a life-cycle approach to 
product management. It is the responsible and 
ethical way to manage crop protection products 
from their discovery and development to their use 
and the final disposal of any waste. The overall aim 
of the stewardship approach is to maximise the 
benefits, and minimise any risks, from using crop 
protection products” [25]. 

Likewise, for public health vector control products, 
the ZERO by 40 partnership is committed to  
the International Code of Conduct. In 2013, the 
Code was revised to clearly reference public 
health and align with current best management 
practices. The revised Code, formerly known 
as the International Code of Conduct on the 
Distribution and Use of Pesticides, takes a life-
cycle approach to pesticides from production and 
development to farm use and disposal, including 
obsolete agrochemical stocks and empty product 
containers. It is based on risk assessment and 
the shared responsibility of all parties involved 
in manufacturing and handling pesticides. The 
accepted revisions augment protection of human 
health and the environment by further limiting 
the availability of products sold to the public in 
non-specialised outlets, safeguarding intellectual 
property to discourage counterfeit products from 
entering the marketplace, and requiring an “expiry 
date” on bio-pesticides and a “release date” on 
other pesticides respectively [26]. 

The ZERO by 40 partners with 
extensive experience in national 
registration of agricultural and 
public health pesticides, may 
provide technical insights to 
VCAP, university-based regulatory 
centres of excellence and other 
initiatives supporting capacities 
of national regulatory authorities

ZERO by 40, with its strong 
roots in agrochemicals and 
domestic pest control products 
can help in policy development to 
coordinate with other sectors to 
reduce selective pressures on the 
evolution of insecticide resistance 
for products used in public health. 

There is evidence that use of common insecticides 
among agriculture and malaria vector control can 
exacerbate insecticide resistance [23]. Likewise, 
for Aedes vectors there is a need for a global IRM 
plan that coordinate across sectors, including 
indiscriminate domestic and municipal use of 
insecticides [24]. 

Advocacy 

The recognition of the cost-effectiveness of IRM 
and the collective efforts needed to protect the 
common good of insecticide susceptibility is a 
clear area for engagement. 

Benefits of IRM 

ZERO by 40 looks to work closely with other 
manufacturers, WHO, member states and NMCPs 
to expand business cases on how the public 
health, financial and agricultural benefits of  
IRM within the IVM framework, further national 
specific interests and articulate the direct impact 
of the proposed measures. As called for in  
the 2019 WHO Vector Control Guidelines, the 
international community should also balance  
the short-term investment of effective IRM with 
the long-term consequences should we fail. We 
need to demonstrate the return on investment for 
adequate funding and resources to research, plan 
and implement IRM in the IVM framework. Zero 
deaths by 2040 is a global commitment.  

Through stewardship and 
promotion of the International 
Code of Conduct, the ZERO by 
40 partners commit to preserving 
insecticide susceptibility to these 
life-saving products as detailed in 
this document. 

ZERO by 40 will refresh and  
support an advocacy  
programme through its “One 
Voice” work-stream for members 
to actively promote IRM as an 
essential tool, raise awareness 
and drive engagement with 
wider stakeholders, including 
NMCPs Ministers of Agriculture 
and Environment and 
implementing partners. 

ZERO by 40 will work with the 
donor community and NMCPs, 
Ministries of Agriculture and 
the National IRM Committees 
to better understand current 
practices and limitations in the 
development of country-specific 
IRM strategies, making the 
‘business case’ balancing near-
term IRM investments with the 
long-term benefit of maintained 
insecticide susceptibility. 
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ZERO by 40 recognises the importance of the 
Sustainable Development Goals (SDGs) [26]. 
Preserving insecticide susceptibility touches on 
several of the SDG goals and underpins global 
efforts to improve food security and support  
to the family farm. Eliminating malaria by 2040 
among agricultural households in Africa has a 
potential impact on health, labour productivity, 
education and gender equity [26]. The SDGs 
provide a common platform to engage the 
interests stakeholders across various sectors to 
inspire coordinated action against vector-borne 
diseases and the preservation of insecticide 
susceptibility [27]. Market considerations 

ZERO by 40 will link IRM to the 
Sustainable Development Goals 
by developing frameworks to 
identify the value created by 
private sector organisations and 
to incentivise broader industry 
support to collaborate on IRM, 
illustrating impact across these 
several goals. 

The VERV initiative is an 
opportunity to facilitate 
a continued pipeline of 
innovative vector control 
products available to prevent 
or slow the development of 
insecticide resistance. 

Increased unit cost of next-generation vector 
control interventions is a significant challenge 
given current procurement policies. Clear 
evaluation of the long-term public health value 
of IRM, and the value-for-money of additional 
and next-generation products is critical to ensure 
“market shaping” interventions and access to 
these essential tools. 

Vector control cost-effectiveness guidelines have 
not been updated since 1993 [28]. A standard 
approach to determining cost effectiveness  
of an intervention, as well as combinations of 
interventions, will be critical to ensure the effective 
uptake of an IRM toolbox. This will also enable 
more products and competition and minimise 
market volatility, reassuring manufacturers that 
they can rely on sales of these next-generation 
products versus tender awards to the cheapest 
product regardless of its contribution to IRM. 

Insecticide Susceptibility and the  
Sustainable Development Goals
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New products are often more expensive, a 
challenge to increasing coverage with fixed 
budgets. Global financing for malaria control  
and elimination continues to fall short of WHO’s 
Global Technical Strategy for Malaria (2016-2030) 
estimates for annual funding requirements. The 
funding gap between the amount invested and  
the resources needed has continued to widen 
dramatically over recent years, increasing from 
US$ 1.3billion in 2017 to US$ 2.3billion in 2018 and 
to US$ 2.6 billion in 2019 [28]. Limited commercial 
incentives for industry leaders to develop the 
next-generation products compound the issue. 
Development costs are high in a market riddled 
with uncertainties, little to no Intellectual Property 
protection, and involving a plethora of potential 
implementing partners. 

Work by IVCC to implement the Vector Expedited 
Review Voucher (VERV) creates a new incentive 
for manufacturers to discover and develop novel 
new public health insecticides, even when market 
for public health insecticides does not provide an 
adequate return on the development costs [29]. 
VERV is a new type of incentive (but inspired by 
the Priority Review Voucher used to catalyse drug 
and vaccine development) for the development 
and commercialisation of safe new insecticides to 
be awarded to a sponsor that introduces a novel 
insecticide for public health use. The voucher 
could be redeemed to expedite registration of  
a second, more profitable, product by the US 
Environmental Protection Agency [30].  

Market considerations
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Two: Cross-sector 
collaboration 

The second element in the IVM framework is 
cross-sector collaboration. ZERO by 40 can 
facilitate the functioning of national insecticide 
resistance management committees as called for 
in the first pillar of GPIRM and described above. 
This committee can help coordinate Ministry of 
Health/National Malaria Programme activities 
with other line ministries and institutions. 
Several countries have established multi-sectoral 
insecticide resistance management committees. 

 
Agriculture: 

There is a direct impact of malaria and agricultural 
productivity at the level of the family farm [36]. 
Likewise there has been considerable work over 
the decades on the impact of agricultural practices 
on malaria vector proliferation, including both 
irrigated urban agriculture and other irrigated 
crops [31]. There is a demonstrable link between 
insecticide use in industrial agriculture and 
resistance in public health insecticides, especially 
synthetic pyrethroids [37] but also in other  
classes of chemistry such as neonicotinoids [38]. 
As noted above under community engagement, 
there are opportunities to develop a coordinated 
approach to improve pesticide management in 
both the agriculture and public health sectors. In 
Sri Lanka during the early 2000’s, Farmer Field 
Schools were used to promote Integrated Pest 

Vector Management in rice ecosystems, with the 
aim to reduce agricultural pesticides to lower  
the selection pressure on malaria vectors and  
to reduce vector populations through improved 
irrigation methods, both leading to economic and 
social gains [39] 

ZERO by 40 will explore 
opportunities to collaborate with 
agriculture extension networks 
and agro-input dealers for closer 
engagement on malaria and 
the preservation of insecticide 
susceptibility through the more 
judicious use of agricultural and 
domestic pesticides.

Community engagement 

Community engagement and education is an 
essential part of IVM, including the “Zero Malaria 
Starts with Me” initiative [26]. Regarding IRM, 
families, communities and municipalities need  
to be engaged to optimise use of insecticides.  
For example, use recommended rates and 
methods for applications of domestic and 
agricultural insecticides, combined with improved 
supplementary control measures such as housing 
improvement and larval habitat source reduction. 
The prevalence of counterfeit products is also  
a challenge in many countries that needs to be 
addressed [31]. A recent study in Tanzania found 
many of the same active ingredients used in 
agriculture and malaria vector control, as well as 
poor pest management practices and low levels  
of awareness among farmers and agrochemical 
retailers which might enhance the selection of 
insecticide resistance in malaria vectors. There  
is a need to improve awareness and stewardship 
among retailers and farmers on proper usage and 
management of pesticides through coordinated 
actions to improve the overall management of 
insecticide resistance in both agricultural and 
public health sectors [32]. The networks of 
agricultural extension workers across much of 
Africa provide opportunities to expand training  
in development and communication to help them 
facilitate better stewardship across sectors [33]. 
Likewise agro-input dealers can be better engaged  
to provide accurate advice to their clients [34]. 
Networks exist, e.g., through CGIAR (formerly the 
Consultative Group for International Agricultural 
Research) [35] and GFRAS (the Global Forum  
for Rural Advisory Services) [35] that can be 
explored for potential engagement for IPM, and 
reduction of vector larval habitats exacerbated  
by agriculture (including both urban agriculture 
micro-dams and wet rice cultivation) and IRM the 
intersection between household and domestic  
use of insecticides and resistance management in 
disease vectors. 

  

Ministry of Environment 

Ministries of the Environment often play a role in 
national pesticide regulation. Their engagement  
is critical to enable the deployment of the full-
range of vector control products shown to be  
safe, quality-controlled and entomologically 
effective by the WHO pre-qualification unit (PQ). 
It is critical that the registration of existing and 
new vector AIs and products receive appropriate 
attention and timely reviews to provide these  
tools to decision-makers, applicators and others 
involved in mosquito and malarial control. 
Secondly, Ministries of Environment can help 
reduce the abuse of many of the same active 
ingredients use in public health pesticides by 
various end-users. 

reduced vector
populations

reduced
transmission

Increased
profit

less agro
insecticides

local
initiative

less
disease

less insecticide
resistance

awareness/
understanding

better housing/
nutrition

IPVM

The ZERO by 40 group, through 
their in-house links with 
agrochemicals, are in a unique 
position to first, draw upon lessons 
learned from IPM and IRM in 
agriculture; and second, use their 
links to Ministries of Agriculture 
to vastly strengthen a coordinated 
response to address IRM in both 
agriculture and public health. 
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IRS and ITNs, including LLINs, have collectively 
been the most effective interventions to date, 
targeting female mosquitoes during resting and 
blood feeding periods respectively [41]. While 
both methods have relied heavily on pyrethroids, 
they are challenged by the emergence of 
pyrethroid resistance. Thus, there is a need and 
potential to develop and better manage new AIs  
in these products. 

Similarly, there are readily available additional 
vector control interventions that can used to 
facilitate the reduce dependency on a single  
MoA. These include improved targeting of larval 
habitats [42] and improved larvicide application 
[43], meeting the challenge of “Few, Fixed and 
Findable” and enabling a powerful spectrum of 
vector control tools. Attractive Targeted Sugar 
Baits [44] enable additional tools to reduce the 
selective pressure on insecticide used for LLINs 
and IRS. Likewise, the malaria control community 
must take full advantage of tools such as lethal 
house lures to support IRM [45]. Finally, there are 
several initiatives for volatile pyrethroids (spatial 
repellents) and personal protection tools that  
may have more resiliency and less exacerbation to 
pyrethroid resistance [46]. 

National training and research 
institutions 

The Africa Network on Vector Resistance (ANVR) 
was established under the auspices of WHO/ 
AFRO in 2000 to facilitate links between national 
training and research institutions and national 
malaria control programmes [40]. ZERO by 
40 has strong engagements with agricultural 
research institutions across the region as well 
as internationally, and can help support closer 
technical coordination to address the urgent 
needs of IRM. 

The ZERO by 40 partners  
support and practice pesticide 
stewardship and promotion of the 
International Code of Conduct. 
Through the national insecticide 
resistance man-agement 
committee these principles  
as they relate to IRM can be 
promoted and ex-panded to other 
pesticide users in the country. 

ZERO by 40 can strengthen 
existing ties with the Pan Africa 
Mosquito Control Association 
[33] to improve the links between 
national research centres and 
national programmes to improve 
education, understanding and 
training - critical to building 
capacities for IRM. 

Three: Integrated 
approaches 

The foundation of insecticide resistance 
management (across all disciplines, vector 
control, agriculture pest management and 
animal health) is to minimise the pressure for 
selection of less susceptible populations to 
a given mode of action class. ZERO by 40 is 
addressing this first, by expanding an integrated 
vector control toolbox with specific priority 
product development areas, second by combining 
insecticide-based interventions and third, by 
enabling the pre-emptive rotation of insecticides 
with different modes of action [33]. 

Integrated Vector Control toolbox 

The integrated vector control toolbox concept 
involves selecting a set of interventions based on 
evidence for local requirements and deploying 
those in different combinations and in parallel 
to achieve additive effects. The underlying 
hypothesis is that by deploying multiple tools 
that combine different active ingredients (AIs) 
with different modes of action (MoA), the impact 
on malaria prevention will be greater. This is 
supported by initial research and modelling 
conducted by IVCC and Imperial College as noted 
below in the next IVM section on developing the 
evidence-base for decision-making. 

There are more vector control products available 
today with different modes of actions than 
a decade ago [30]. However, these tools still 
differ in their suitability to different disease 
transmission settings and geographies. How 
those are combined in locally tailored IVM 
strategies is a critical factor in determining 
their effectiveness against malaria vectors. The 
ZERO by 40 integrated toolbox is focused on 
LLINs, IRS and ATSB®. However, other ‘close 
the gap’ interventions (housing improvements, 
improved larvicide targeting and delivery, volatile 
pyrethroids and personal protection tools) are 
recognised as being critical to eradicating malaria. 

The ZERO by 40 partner 
commitment pledges to expand the 
integrated toolbox, stating in part: 

•  Continue to screen new chemistry 
for potential use in existing and 
new vector control solutions. 

•  Sustain and extend programmes 
that will support the development 
of existing and novel insecticide 
tools and solutions to help 
eradicate malaria. 

•  Advance R&D, through bilateral 
partnerships, as appropriate, 
to find and bring to market a 
toolbox of next-generation vector 
control interventions. 

•  Work collaboratively to ensure 
technically sound IRM and 
IVM best practices, ensuring 
optimum performance and 
reduced probability of resistance 
development. 

•  Ensure that the global supply 
chain continues to deliver the 
vector control interventions 
needed in a timely and cost-
effective manner. 
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ZERO by 40 priority product 
development areas 

Supplementing Larval Source Management (LSM) 
targeting and delivery, improve IRS and “close  
the gap” tools, ZERO by 40 focus is on three 
product classes: next generation LLINs extra long- 
lasting IRS (XLLIRS) and ATSB®, selected on their 
potential to deliver transformational impact to the 
malaria eradication. 

A roadmap for IRM with the expected delivery dates of new products (time-lines for new products are estimates)

2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035 2036 2037 2038 2039 2040

  Actellic 300CS

  Sumishield

  Fludora Fusion

  Sylando

  New IRS active ingredient

  Pyrethroid only

  Pyretroid + PBO (Olyset Plus, Permanent 3)

  Pyrethroid + repurposed active ingredient (interceptor G2)

  Pyrethroid + IGB (Royal Guard)

  Next genertion LLINs (new active ingredient)

  ATSB (active ingredient 1)

 ATSB (active ingredient 2)

  ATSB (active ingredient 3)

  Larvicides

  Vector Trape (In2Trap)

  Lethal House Lures (Eave tubes)

  Spatial repellents (passive emanators)

  Genetic control (gene drive/population suppression)
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ATSB chosen due to their potentially
transformational import on the market

XLLIRS chosen due to its impact to date 
and market proliferation

LLINs chosen due to their proven impact to
date, low cost, market proliferation, high 
reliance on unsustainable pyrethroids and

ease of deployment

The following figure identifies current and future 
AIs/products which need proper management to 
increase coverage, optimise costs, and improve 
efficacy for maximum impact. 

• Proven tools (LLINs and IRS) that will work 
against resistant mosquitoes through to 
eradication. 

• Disruptive tools such as ATSB®s to block 
outdoor transmission. 

• Last mile’ innovations needed to protect 
mobile populations (personal protection, forest 
packs) and tools for vulnerable urban settings 
(e.g., An. stephensi). 

Due to the limited number of vector control 
products, classes of chemistry and new AIs still in 
development, it is critical that we integrate and 
manage the older, newer and future AIs/products 
with an IVM (IRM) approach. The preferred 
characteristics and time-line commercialisation of 
these future target products are summarised here:  

Combining insecticide-based 
interventions: 

Efforts over the past 15 years by the ZERO by  
40 partners and IVCC have enabled us to better 
manage an expanded vector control toolbox 
through the combination of insecticide-based 
interventions LLINs, IRS and ATSB®s. The following 
table provides an IRM/IVM set of principles and 
potential combinations using between 3 and 10 
different MoA insecticide classes to help mitigate 
the emergence and spread of insecticide resistance. 

Toolbox Design Principles: Intergrated Vector Management

The principles of the 6 years IVM programme: 
1.  
2. The same insecticide should preferably not be able for IRS and LLIN in the same setting. 
3.   
4. Insecticide rotation is practised to avoid population accumulation of resistance. 
5.  

short to mid-term pyrethroid use strategy.

IVM best practice when integrating IRS and LLIN usage

control interventions needed

Not recommended for  
use at the same time

MoA Class 1

LLIN (3-year rotation)  
insecticides/IRAC classes
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IRM approach

IRS only LLIN only ATSB only

3 4 3

IVM approach

LLIN + IRS LLIN + ATSB IRS + ATSB IRS+LLIN+ATSB

7 7 5 or 6 8 - 10

Product Preferred product characteristics Expected 
market entry

Next generation LLINs • Includes non-pyrethroid active ingredients

• Lifespan over 3 years

• Multiple product variants available to enable IRM

• Target cost <$X per net (TBD)

2023-2025

Extra long-lasting IRS • Includes non-pyrethroid active ingredients
• Lifespan of 12 months or more
• Multiple products variants available to enable IRM
•  Improved spray technology and targeted application 

(faster and more efficient)
• Target cost <$X per person protected (TBD)

2022-2025

Attractive Targeted
Sugar Baits

• Complementary mode of action to LLINs and IRS

• Lifespan of X

• Products with varying chemistries available to enable IRM

• Target cost <$X per person protected (TBD)

2023-2025
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Pre-emptive rotation of insecticides 

Likewise, temporal rotations of insecticides as demonstrated by the New Nets Project [47] and the 
NgenIRS project are now possible [48]. As illustrated below, the expanded toolbox enables programmes 
to pre-emptively rotate insecticides within three principal interventions. 

The principles of the 6 year programme: 

1.  No cross-resistance between different insecticide classes either at active site or metabolism.
2.  The same insecticide should preferably not be used for IRS and LLIN in the same setting.
3.  Long term (>1 year) products require a minimum of full rate mixture of 2 different insecticides.
4.  Insecticide rotation is practised to avoid population accumulation of resistance.
5.  This IVM strategy calls for the use of between 3 or more classes of insecticides depending on the tools used.

Specifically for IRS, national programmes are now able to place two, and even three, different IRS
products in rotation as part of the national IRM plan.

The key challenges in these IRM/IVM designs include 
the following insecticide resistance basic rules: 

1.   Do not over-expose the target organism to the 
chemical. 

•   Need for long-lasting products for practical 
and economic reasons. 

• Mosquitoes have a short life cycle and rapid 
breeding, many generations during a single 
product use. Long lasting products have more 
risk of resistance. “Reasonably long-lasting” 
would be preferable. 

2.  Do not expose the target organism to a dose 
that does not give complete kill. 

• Active ingredient dose declines over the 
product lifetime. 

3.  Combine or rotate modes of action in a product 
to reduce the chance of adaptation. 

• There are few established combination 
products available in vector control…and likely 
to be more expensive. The current and realistic 
options that we have are: 

• Mixtures 

• Mosaics 

• Rotations 

The key questions for employment of these 
options include: 

• Which is the best option(s) for implementers, 
funders, manufacturers? 

• And from which perspective (technical, 
epidemiological, economical)? 

• And how will the countries and market react 
and cooperate? 

Four: Evidence-based 
decision-making 

Surveillance and monitoring 

Surveillance and monitoring are the cornerstone 
of a quality IRM programme. Surveillance is 
essential to guide the best vector control 
options in a specific transmission ecology. 
Monitoring should be considered part of a 
more comprehensive surveillance system that 
considers the entire life history of a pathogen 
within humans and/or animals. The recent 
development of the Entomological Surveillance 
Tool (ESPT) aims to help programmes implement 
a hypothesis-driven entomological surveillance 
system, with a strong emphasis on the 
fundamental issue of insecticide resistance [49]. 
The ESPT is a decision-support tool for planning 
entomological surveillance activities, interpreting 
entomological data, and guiding programmatic 
vector control decisions. The ESPT prioritises 
entomological surveillance indicators and 
activities across transmission settings, geographic 
areas (sentinel sites versus transmission foci), 
and levels of programme capacity. The ESPT 
considers how these indicators and activities 
influence national malaria programme decisions 
about entomological surveillance planning and 
vector control response. The ESPT has been 
piloted in just four countries, Panama, Zambia, 
Myanmar and Namibia. 

In many programmes there remain significant 
challenges to effective entomological surveillance 
and insecticide resistance monitoring: 

• Effective entomological surveillance needs to 
be large-scale and, while it may seem costly, 
will yield a positive return on investment by 
targeting the right intervention against the 
right vector at the right time and right place. 

• Many programmes lack the resources: budget, 
trained staff, reference laboratory support for 
an effective insecticide resistance monitoring 
programme that can inform an evidence-based 
resistance management plan. 

Toolbox design principles: IVM to manage insecticide resistance

 
multiple Als used in subnational rotation

Year: 1 2 3 4 5 6

 
rates >20 washes. Replaced every 3 years.

ATBS

Scanario Year 1 Year 2 Year 3

One insecticide available 

Two insecticides available 

Three insecticides available 

Toolbox design principles: Subnational Rotation of IRS

Example of District-level resolution with sub-national rotation strategy.
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Monitoring impact of combined 
interventions 

Several malaria-control programmes have 
begun to incorporate multiple vector control 
interventions in recent years, most often LLINs and 
IRS [50], but significant gaps remain, particularly 
in the areas of entomological monitoring and the 
integration of tools other than LLINs and IRS, 
including larval source management [51] and lethal 
house lures [45]. Only a limited number of trials 
have been conducted and more extensive research 
and investigation should be undertaken to explore 
the full potential of combining vector control 
tools in different settings. There is also a need to 
identify key entomological parameters that can 
help predict the efficacy of combinations in the 
field without undertaking randomised control 
trials with epidemiological outcomes. This includes 
promising new work on serology of vector salivary 
antigens indicating exposure that may serve as a 
proxy to infection, especially in locations nearing 
elimination [52]. 

ZERO by 40 commits to 
engagement and support to 
IRM field trials which measure 
the public health benefits of 
proposed IRM strategies (e.g., 
combinations of vector control 
tools, insecticide rotations, 
insecticide mosaics, etc. While 
ZERO by 40 cannot provide 
financial support for these trials, 
it may be able to supply product 
depending on the size of the trial. 

ZERO by 40, through its 
advocacy and capacity-building 
efforts described elsewhere 
in this document will work 
with and support WHO and 
partners, including NMCPs, PMI, 
PAMCA and ANVR to improve 
the granularity, timeliness, 
and relevance of insecticide 
resistance monitoring to guide 
management decisions. ZERO 
by 40 will support establishing 
a baseline resistance monitoring 
for all new products. 

Insecticide susceptibility 
monitoring 

Based on the WHO Threats Map for insecticide 
resistance, there are large gaps in our 
understanding of the insecticide resistance status 
of major malaria vectors across the globe [53]. 
The gaps are even more pronounced when one 
considers data on the more informative resistance 
intensity rather than simply discriminating dose 
frequency [54]. The US President’s Malaria 
Initiative (PMI) has provided substantial support 
to build capacities for insecticide susceptibility 
monitoring across Africa [55]. There have 
also been attempts to use modelling to help 
bridge these gaps [56], but it remains a great 
challenge, especially for some of the new MoA 
and combinations where there are not currently 
standardised testing procedures. It must be made 
clear that insecticide susceptibility/resistance 
monitoring is undertaken to identify which mode 
of action insecticide class to use next in the 
rotation, not whether you need to rotate or not. 
There may be a good reason to use the same MoA 
class in successive interventions, but this should 
be an active evidence-based choice, not the 
default position. Decision-making framework 

For IRM to be effective, a clear decision-making 
framework needs to be established. This should  
be based on a solid understanding of local vector 
ecology and human behaviour and informed by 
insights and data collected from modelling, field 
trials and local evidence. This framework should 
consider portfolio cost-effectiveness, rather than 
solely cost. For example, a proposed integrated 
vector control toolbox would be more appealing 
to procurers if it optimises low-cost products  
use and only recommends higher-cost products 
where necessary for IRM rotation. However, 
procurers and NMCPs must also understand that 
insecticide rotation strategies will sometimes 
dictate the use of more expensive products, even 
if cheaper alternatives are available. To this end, 
any proposed strategy needs to include clear cost 
modelling and consider IRM requirements and 
competitive market dynamics as part of the tool 
selection process. 

The WHO Vector Control Guidelines include the 
following overview of IR monitoring:ZERO by 40 supports preserving 

and extending the efficacy of all 
insecticide-based vector control, 
through robust surveillance and  
monitoring as a foundation for  
targeting and evidence-based 
resistance prevention  
and management.

Overview of the process and outcomes for insectitide resistance monitoring in malaria vector mosquitoes.  
Includes measures of: i) phenotypic resistance frequency via discriminating concentration bioassays, ii) resistance 
intensity via intensity concentration bioassays, and iii) resistance mechanisms via synergist-insecticide bioassays, 
molecular and biochemical assays. Source: excerpt from (22). 

 
To determine phenotypic resistance frequency

To determine resistance intensity To determine resistance mechanism(s)

Susceptibility test® 
with discriminating concentration (1x)

Susceptibility testa 
with intensity concentration (5x)

Synergist-insecticide bioassayab comparing insecticide 
versus synegist-insecticide exposuresh Molecularbcd or biochmicalsbe assays

Assessment of resistance 
allele(s)

Susceptibility testab 

with intensity concentration (10x)

≥ 98% mortality 
Susceptile

90-97% mortality 
Possible resistance

> 90% mortality 
Confirmed resistance

≥ 98% mortality 
Low intensity resistance

≥ 98% mortality 
Moderate intensity 

resistance

< 98% mortality 
Confimed resistance

Repeat test bc

Outcome and interpretation depend on text used> 98% mortality 
Moderate to high  

intensity resistance

> 98% mortality  
High intensity  

resistance
Metabolic mechanism detected

0% allelic 
frequency

Mechanism  
not detected

Metabolic 
mechanism  

not detected 

>0% allelic 
frequency

Mechanism  
detected

Not detected

detected

Other 
process and 

outcome

Insecticide–
synergist mortatity 
not higherf than for 

insecticide-only 
 

Metabolic 
mechanismc not  

involvede 

Insecticide– 
synergist <98% 
mortatity but 

higherf than for 
insecticide-only 

Metabolic 
mechanismc  

partially involvede

Insecticide– 
synergist ≥98% 
mortatity and 

higherf than for 
insecticide-only 

Metabolic 
mechanismc  

fully involvede

Resistance monitoring outcomes are shown in bold 
a. WHO insecticide susceptibilty test or US Centers for Disease Control and Prevention (CDC) bottle  
 bioassay following standard procedures and using defined dose/concentration with adjustment of  
 mortality outcomes if necessary. 
b. Conducted using untested mosquitoes of the same population. 
c. Can be conducted using progeny of surviving mospuitoes from bioassays (F1 reared under   
 laboratory conditions). 
d. Can be conducted using mosquitoes tested in bioassays. 
e. Test for known resistance mechanisms only. 
f.  Refers to machanism of the broad group(s) related to the specific synergist used in the bioassay  
 (e.g., P450 mono oxygenases for PBO). 
g. Implies the involvement of other machanisms in conferring resistance. 
h. Can be reliably assessed only where adjusted mortality for insecticide-only exposure id <90%. 
i.  Higher considered to be where di�erence is ≥10%. 
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Modelling integrated vector control 
interventions 

Given that malaria epidemiology is a local 
phenomenon driven by the interaction of local 
vectors and human populations in a specific 
environment, mathematical modelling is essential 
to predict the impact of a set of interventions in 
a specific place and time. To explore the potential 
impact of a subset of the new interventions in 
the development pipeline, models have been 
developed on the impact of an integrated vector 
control toolbox focusing on next generation 
XLLIRS, novel LLINs, and ATSB®. 

The results provide encouraging evidence that 
getting close to malaria eradication is theoretically 
possible (figure below). The current portfolio of  
commercial and future AIs and interventions need  
a concerted effort to meet our goals of eradicating  
malaria. This is only possible if technically sound  
IRM approaches are adopted in the implementation  
of novel, more efficacious products. 

• Proven tools (LLINs and IRS) that will work 
against resistant mosquitoes. 

• Disruptive tools such as ATSB® to block 
outdoor transmission. 

• Increased impact needs increased coverage 
(optimise costs, improve efficacy). 

• Universal coverage is not feasible: Data driven 
decisions supported by surveillance are 
essential. 

• ‘Last mile’ innovations needed to protect 
mobile populations (personal protection,  
for-est packs, etc. and tools) for vulnerable 
urban settings, including against the invasive 
An. stephensi, will require adapted strategies 
from traditional control measures. 

• Collaboration of all stakeholders in the delivery 
of interventions: e.g. funders, implementers, 
WHO, industry, NMCPs, ALMA, APLMA  
and countries. 

The results from the exercise can be distilled into 
three key messages: 

• The role of vector control is critical in reaching 
the ZERO by 40 goal of malaria eradication 
by 2040, supported by wider coverage use 
solutions across vaccines, drugs and gene drives. 

• If no action is taken and the global health 
community continues to pursue the status quo, 
malaria cases and deaths will increase again. 

• Fully exploiting next generation LLINs, XLLIRS 
and ATSB® and increasing their geographical 
cover of us will have a big impact on malaria 
prevalence, (see scenario 6, highlighted in the 
figure above). 

Five: Capacity building 

There are three specific areas of capacity-building 
where IVCC and the ZERO by 40 partners can 
make a significant contribution. 

African trials facilities [57] 

High quality laboratory and field data are essential 
for manufacturers, the WHO and regulatory 
authorities to allow vector control product 
development, assess performance and approve 
market introduction. Until recently, most facilities 
conducting vector control product testing 
lacked any formal quality management system 
(QMS) – a system for internal quality control 
and quality assurance. Lack of a formal QMS 
made it impossible to fully reconstruct studies 
to determine whether they had been conducted 
correctly, without any deviations from the study 
plan or standard operating procedures (SOPs) [58]. 

A project was initiated by IVCC to provide 
the tools that enable collaborating research 
facilities in Africa and the UK to develop a QMS 
compliant with the Organisation for Economic 
Co-operation and Development (OECD) principles 
of Good Laboratory Practice (GLP) to obtain 
GLP certification. Eight collaborating research 
facilities are being supported by IVCC to-wards 
GLP certification, three in East Africa, four in West 
Africa and one in the UK [59]. 

Access to information to design 
and deploy IRM strategies 

ZERO by 40 can help improve access to 
information to design and deploy IRM strategies 
by linking, improving and ensuring access to 
critical information and data required to design 
and deploy IRM strategies at national and local 
levels. This includes: 

• Support existing central, open-source digital 
platforms to store insecticide resistance data, 
IRM field trial results and historic vector control 
deployment records. Currently, this is under 
development by IVCC. 

• Review and consider updating existing IRM 
based software to help guide decision makers 
and ground operators. Specifically, ZERO 
by 40 can determine the most effective 
and efficient approach to updating of 
ResistanceSim [60] and Resistance 101 and 
making this available for training at the country 
level [32]. 

• Provide input to the development of the 
Massive Open Online Course (MOOC) for 
Insecticide Resistance Management, currently 
under development [61]. 

• Support the development of simple, cost-
effective surveillance tools applicable to a broad  
range of species and geographical settings. 

• Create or update an existing framework of 
vector control setting archetypes i.e., identify 
and profile a list of settings according to a 
set of known parameters to then map into 
archetypes and propose standard IVM tool-kits. 

Build the evidence case for 
implementing IRM strategy 

ZERO by 40 will work collaboratively with WHO 
and implementing partners to: 

• Develop or update existing IRM schemes for 
insecticide AI rotations, mixtures and mosaics 
and potentially assist in supporting impact 
studies to validate these practices. 

• Support establishing a baseline resistance 
monitoring for all new products.

• Work with the donor community and NMCPs 
to assist in updating and/or revising country 
specific IRM strategies which define how and  
when to rotate the use of different vector control  
tools to prevent overexposure of mosquito 
populations to one class of insecticide. 

• Support existing resources for the 
development of a central, open-source digital 
platform to store all insecticide resistance data, 
IRM field trial results and historic vector control 
deployment records. 

• Focus ZERO by 40 and industry partners on 
our formal complement to IRM. 

Modelling Interventions’ Impact in Africa: Scenario 6 + Ming the Gap

Summary graphic of the results of modelling the impact of an integrated vector control toolbox in
sub-Saharan Africa at different settings between now and 2040. LLINs, IRS, ATSB®, as well as seasonal
malaria chemoprevention (SMC), next generations nets and extra long-lasting IRS.

The role of vector control in reaching our goal
of eradication by 2010, supported by wider
solutions across vaccines, drugs and gene drives.
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• Support the development of an advocacy 
programme to raise awareness and drive 
engagement with wider stakeholders. 

Improve labelling to more clearly 
address IRM 

Labelling is likely most important for those who 
make decisions on the interventions used, rather 
than just the applicator. Therefore, it may be 
more useful to include MoA labelling, etc., on 
all technical and marketing communications, 
encourage their use in academic publications, 
etc., that the decision makers may be basing their 
choice on. 

• Clearer labels that are being developed in 
partnership with regulators and the chemistry 
suppliers will improve the implementation of 
IRM best practice. 

• Support the standardisation of labelling for all 
vector control products to clearly de-scribe 
insecticide class, mode of action, effective 
dose rate and instructions on how to apply as 
part of an IRM strategy. 

• Ensure that all vector control products where 
insecticides are applied at the ‘fully effective 
dose rate’. Explore opportunities for vector-
control labelling standardisation that consider 
IVM and IRM best practices aligned with best 
practices and standards in agriculture. 

• Provide available IRM and related stewardship 
and proper use information on vector control 
products to all stakeholders from the decision-
makers to the applicators. 

Conclusion 
Insecticide susceptibility is a common good that 
can be addressed across sectors and across 
contexts through the IVM Framework. The 
ZERO by 40 initiative is in a unique position to 
support WHO, member states and implementing 
partners through their extensive experience in 
resistance management for agricultural pests 
and their development and stewardship of new 
vector control products and application. Through 
collaboration with partners across the five IVM 
elements described above, we can optimise

AI Active Ingredient 

ATSB® Attractive Targeted Sugar Bait 

ESPT 
Entomological Surveillance Planning 
Tool 

GLP Good Laboratory Practice 

GPIRM 
Global Plan for Insecticide 
Resistance Management

IPM Integrated Pest Management 

IR Insecticide Resistance 

IRM Insecticide Resistance Management 

IRS Indoor Residual Spraying 

ITN Insecticide Treated Nets 

IVCC 
Innovative Vector Control 
Consortium 

IVM Integrated Vector Management 

LLIN 
Long Lasting Insecticidal Net LSM 
Larval source management 

MoA Mode of action 

NMCP National Malaria Control Programme 

OECD 
Organisation for Economic 
Cooperation and Development 

PPCO 
Private Pest Control Operators QMS 
Quality management system 

SDGs Sustainable Development Goals 

SMC Seasonal malaria chemoprevention 

VERV Vector Expedited Review Voucher 

WHO World Health Organization 

WHOPES
World Health Organization Pesticide 
Evaluation Scheme

and sustain our current tools and develop new 
tools to ‘close the gap’, rising to the challenge of 
insecticide resistance to reach our common vision 
of zero malaria deaths by 2040. 
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