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1. Introduction 

The ninth meeting of the Global Collaboration for the Development 

of Pesticides for Public Health (GCDPP) was held at the Hotel Royal, 

Geneva, Switzerland on 9–10 September 2014. The Collaboration 

provides a forum for exchange of information and ideas on the 

development and use of pesticides and pesticide application 

equipment in the context of WHO’s global disease control strategies 

and serves an advisory and resource-mobilizing role to the WHO 

Pesticide Evaluation Scheme (WHOPES). The theme of the meeting 

was management of insecticide resistance in vectors of public health 

importance. 

The meeting was opened by Dr Hiroki Nakatani, WHO Assistant 

Director-General, HIV/AIDS, Tuberculosis, Malaria and Neglected 

Tropical Diseases. Dr Nakatani said that, while noncommunicable 

diseases have been the primary focus of WHO’s work, there is 

growing awareness of the seriousness of communicable diseases, 

such as Ebola virus disease and dengue, and increasing recognition 

of the significant role that disease vectors play in public health. The 

topic of World Health Day on 7 April 2014 had therefore been vector-

borne diseases; it had provided an opportunity for individuals at all 

levels of the community to become involved in activities for better 

health. As evidence of insecticide resistance in vectors of human 

pathogens accumulates, it is critical to focus on this important issue. 

WHOPES functions at the intersection of efforts to control neglected 

tropical diseases and malaria; it maintains strong ties with pesticide 

manufacturers and researchers and also with public health interests 

from global to local level. Through the GCDPP, WHOPES brings 

together the private sector, national and international organizations 

and academic leaders to confront key issues in vector control and 

support the development of new pesticides and approaches to 

monitoring and managing insecticide resistance.  

Dr Dirk Engels, Director, WHO Department of Control of Neglected 

Tropical Diseases, welcomed the participants, noting that the large, 

diverse participation reflected increasing interest in vector 

management for the control of neglected tropical diseases. The third 

report on those diseases, which is in preparation, will provide a 

vision beyond 2020 and describe progress in vector control tools and 

management strategies. The two objectives are: to go as far as 
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possible with current tools and to develop new tools that can be 

evaluated quickly, made widely available and deployed to the field. 

As the GCDPP comprises a broad constituency of industry, 

academia, foundations, nongovernmental organizations and 

multilateral and bilateral partners, it can provide valuable input to 

WHOPES on key issues in vector control. We must keep ahead of the 

vectors, adjusting procedures to the rapidly changing global 

environment. The theme of the meeting is monitoring and managing 

insecticide resistance; protecting current tools and ensuring the 

continued availability of effective control methods are paramount to 

the future of neglected tropical diseases. 

Dr Raman Velayudhan, Coordinator, Vector Ecology and 

Management, introduced the theme and objectives of the meeting, 

which were agreed by consensus: 

• to review evidence on insecticide resistance in vectors of 

malaria, dengue, leishmaniasis, Chagas and other arboviral 

diseases; 

• to discuss options for tools and approaches for managing 

insecticide resistance; 

• to collect information on operational experience in insecticide 

resistance management; 

• to collect evidence on innovative vector control techniques in 

the pipeline;  

• to identify and acknowledge the role of partners in insecticide 

resistance management; and 

• to discuss the potential of the GCDPP partnership and identify 

priorities.  

Dr Rajpal Yadav, Scientist in charge, WHOPES, gave an overview of 

the objectives, history and functions of GCDPP. It was established in 

1998 to facilitate the search for alternative safe, cost–effective 

pesticides and application methods and to promote safe, proper use 

of pesticides and application equipment. The activities are supported 

by a trust fund administered by WHOPES, into which the 

contributions of participants and other financial support designated 

for the activities of the GCDPP are deposited.  

GCDPP members include manufacturers of pesticides and pesticide 

application equipment, government-supported agencies, 
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nongovernmental organizations, regional and international 

organizations, donors, universities and research institutions. The 

GCDPP provides a forum for the exchange of technical information 

and ideas on the development and use of pesticides and pesticide 

application equipment in the context of WHO’s global disease 

control strategies. In addition to informal consultations, there is one 

regular general meeting of the GCDPP every 2 years.1 

The ninth meeting was conducted in plenary (Annex 1) and attended 

by invited experts, representatives of industry, academia, 

government-supported agencies and national programmes, regional 

and international organizations, universities and research 

institutions, invited observers and members of the WHO secretariat 

(Annex 2). Professor Hilary Ranson and Dr Egon Weinmüller were 

appointed Co-Chairs of the meeting and Dr Michael Macdonald as 

Rapporteur.  

 

2. Quantification of insecticide resistance: evidence of the 

impact on transmission and entomological indicators 

Professor Hilary Ranson, Liverpool School of Tropical Medicine, 

United Kingdom, gave the keynote speech, on quantification of 

insecticide resistance. The number of mosquito populations recorded 

as resistant has increased dramatically in recent years, probably 

because of increased selection pressure from scaled-up vector control 

activities rather than an artefact of increased monitoring. Some 

mosquito populations are now resistant to all four insecticide classes 

recommended by WHOPES for adulticiding. The limited data 

available suggest that not only the frequency of resistance but also its 

“strength” or “intensity” is increasing rapidly as further selection 

pressure is exerted on mosquitoes.  

Accurate measures of insecticide resistance are critical to 

understanding its epidemiological impact and are necessary for 

practical decision-making in managing resistance. Current tools for 

monitoring resistance are inadequate for quantifying its impact. 

Monitoring relies mainly on diagnostic dose bioassays, specifically 

                                                           
1
  Further information on the GCDPP and reports of previous meetings can be found at 

http://www.who.int/whopes/gcdpp/en/. 

http://www.who.int/whopes/gcdpp/en/


4 

 

the WHO tube assay and the “bottle assay” of the United States 

Centers for Disease Control and Prevention (CDC). The results of 

these assays are reported as percentage mortality in a population; for 

WHO tube assays, a threshold of < 90% mortality is considered 

confirmation of resistance. These standard methods are useful for 

tracking the spread of resistance by quantifying the frequency or 

proportion of individuals in a vector population that are resistant to 

an insecticide, but they do not provide information on the intensity 

of resistance, i.e. how strong the resistance to toxicity is, as 

determined by the proportion of the population that survives higher 

concentrations of the insecticide. Frequency and intensity determine 

the degree to which resistance will reduce the effectiveness of a 

pesticide. Consensus is needed on a single method for consistent 

tracking of changes in resistance. Professor Ranson reviewed the 

methods available through targeted use of the standard WHO tube 

assay and the CDC bottle assay for quantifying the strength of 

resistance.  

Control programmes require information not only on the distribution 

of frequency and strength of resistance but also on the impact of 

resistance on the effectiveness of current vector control tools. Reports 

of high levels of insecticide resistance (> 1000 times the diagnostic 

dose) in some populations have raised concern that long-lasting 

insecticidal nets (LLINs) may be rendered ineffectual and that the 

community protection afforded by wide-scale use of LLINs may be 

lost. Additionally, switching from pyrethroid-based insecticides for 

indoor residual spraying (IRS) to more expensive organophosphates 

and carbamates could result in reduced overall IRS coverage (as seen 

in some control programmes in Africa). The epidemiological impact 

of resistance must be known in order for programme decisions to be 

taken, but this remains difficult to ascertain because of the many 

factors involved and shifting levels of insecticide resistance in 

populations over time. Professor Ranson reviewed various 

approaches for estimating the strength of resistance and the impact 

of resistance on malaria transmission, including indirect evidence 

and retrospective analyses of studies of switching insecticides used 

for vector control within control programmes. A new repertoire of 

monitoring tools is needed to obtain evidence for resistance 

management and better stewardship of new insecticides and tools.   
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Discussion 

The current tools for monitoring, which measure only the frequency 

of resistance, are inadequate; there is growing recognition that 

programmes should also monitor the “strength” or “intensity” of 

insecticide resistance with modified WHO and CDC assays, and 

correlate the results on intensity to the outcomes of insecticide-based 

vector control. Tools and methods for measuring resistance intensity 

should be standardized, led by WHO with support and advice from 

scientists and industry. Current WHO guidelines provide a testing 

framework that could be adapted for this purpose. Classical end-

points could be broadened to include measures such as extended 

mortality and fecundity, and provisions could be made in protocols 

to include well-characterized resistant mosquito strains. Periodic 

revision of guidelines for monitoring resistance would ensure that 

the methods and tools used are current and applicable in the rapidly 

changing landscape of insecticide resistance.  

Monitoring programmes must be “ruthlessly practical”, as, often, 

decisions about the procurement of large volumes of insecticide must 

be made very quickly on the basis of limited information. Countries 

need guidance on the most efficient, practical way of managing a 

monitoring system for insecticide resistance, including the location 

and number of sentinel sites or transects and guidance for 

interpreting the results of testing, in order to formulate resistance 

management plans. All locally appropriate, cost–effective vector 

control tools that decrease reliance on insecticide application should 

be considered for managing resistance, including quality-assured 

management of larval sources.  

A forward-looking strategic plan is required for resistance 

monitoring and management. Current monitoring is based on 

classical tests of frequency of resistance to neurotoxic insecticides; 

however, these methods may be inadequate to measure the impact of 

chemicals with different insecticidal modes of action. Industry is 

rapidly developing new active ingredients and formulations for use 

in areas of high insecticide resistance, which may require radically 

different testing methods. Testing procedures and standardized 

sampling methods should be prepared by WHO, with input from 

experts in programmes, academia and industry, and information 

should be shared by relevant mechanisms (e.g. the Roll Back Malaria 
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partnership) and used to develop long-term strategies to address 

these concerns. 

 

3. National and regional perspectives on insecticide 

resistance 

3.1 Sudan  

Dr Hmooda Toto Kafy, Ministry of Health, Sudan, said that 

Anopheles arabiensis is the main malaria vector in his country, with 

An. funestus involved in transmission in southern parts of the 

country. The Sudan malaria control programme has been using IRS 

since the 1950s, starting with benzene hexachloride and then 

introducing DDT in 1965; malathion was introduced for IRS and 

temephos for larviciding in 1975, then fenitrothion for IRS in 1980.  

Between 1990 and 2006, pyrethroids were used: deltamethrin for IRS 

and permethrin for ultra-low-volume space spraying. In 2007, 

bendiocarb was selected for IRS to mitigate emerging pyrethroid 

resistance. In addition to IRS and larval source management, more 

than 12 million LLINs were distributed between 2010 and 2014.  

Resistance to DDT was detected in An. arabiensis in 1969, to 

malathion in 1981 and to deltamethrin in 2004. In 2006, a review 

meeting on insecticide resistance held in Khartoum drew up a plan 

for monitoring insecticide resistance, and, soon after the meeting, an 

insecticide-resistance monitoring programme was initiated in the 

central states of Sudan, with 26 sentinel sites. In 2012, the programme 

was extended to 67 sentinel sites, where the WHO tube assay was 

used. The results showed that An. arabiensis is resistant to 

deltamethrin, permethrin, DDT and malathion throughout the 

country, with temporal and spatial variations. In all the sentinel sites 

surveyed, the vector is susceptible to fenitrothion, bendiocarb and 

propoxur. There is a high frequency of the L1014F kdr mutation but 

no evidence of the L1014S kdr mutation. Both target-site and 

metabolic mechanisms appear to play roles in conferring resistance 

to pyrethroids in An. arabiensis in Sudan. 
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Currently, there are 106 sentinel sites for vector surveillance. Of 

these, 67 sites monitor insecticide resistance, 43 once a year and the 

other 24 sites in alternate years. There is a strong capacity-building 

component, in which vector surveillance teams are trained annually. 

Presently, 141 medical entomologists are working throughout the 

country, and baseline data on phenotypic susceptibility are now 

available from more than 70% of sites. Six field insectaries and five 

entomology laboratories are established at state level, and a vector 

surveillance system is established in all 18 states. In collaboration 

with the University of Khartoum, the Veterinary Research Institute 

and the Tropical Medicine Research Institute, 22 staff have been 

trained in vector identification. 

The Sudan programme has had a number of successes. In addition to 

the surveillance systems and the large number of medical 

entomologists trained, there is an integrated vector management 

steering committee with 36 members from different sectors. But 

challenges remain, including completing establishment of state 

entomological laboratories, funding and training staff to conduct 

molecular assays to investigate the mechanisms of insecticide 

resistance, and establishing mobile field laboratories to conduct 

bioassays of mosquitoes and sand-flies in the field. The programme 

needs updated vector distribution maps and must adapt its budget to 

apply the good resistance management practice of rotational use of 

insecticide classes with different modes of action for IRS rather than 

a long-term switch to a single alternative to pyrethroids.  

 

3.2 WHO Eastern Mediterranean Region  

Dr Raman Velayudhan, WHO Secretariat, presented the activities of 

the WHO Regional Office for the Eastern Mediterranean against 

insecticide resistance. A consultation on implementation of the 

Global Plan for Insecticide Resistance Management (GPIRM) was 

held in Casablanca, Morocco, in 2012, with representatives from 12 

health ministries and regional entomology training and research 

institutes. The consultation decided to initiate a number of activities, 

including a framework for sound management of public health 

pesticides, with country-specific activities in the Islamic Republic of 

Iran, Lebanon, Pakistan and Tunisia; updating of national integrated 
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vector management strategies, including resistance management, in 

the Islamic Republic of Iran, Sudan and Yemen; resistance 

monitoring in 11 countries; and establishment of a regional 

insecticide resistance database comprising nearly 4000 records from 

13 countries dating from 1950 up to 2011. A regional training course 

on insecticide resistance was conducted in collaboration with the 

United States Naval Medical Research Unit 3 in Cairo in 2013. 

 Dr Velayudhan noted that countries in the Region do not report 

resistance consistently, particularly Somalia and Yemen, and the 

reports from Pakistan were for Punjab Province only. Afghanistan, 

Iraq, the Islamic Republic of Iran and Oman still generally report 

susceptibility to pyrethroids among malaria vectors. Data on the 

susceptibility to insecticides of Aedes aegypti, the vector of dengue 

virus in Pakistan, Saudi Arabia, Sudan and Yemen were ambiguous. 

Egypt, Morocco and Sudan monitor the susceptibility of Phlebotomus, 

and Sudan reported resistance to carbamates and organophosphates 

but susceptibility to pyrethroids and DDT; Morocco reported 

susceptibility to DDT, organophosphates and pyrethriods, and Egypt 

reported susceptibility to pyrethroids. 

The Islamic Republic of Iran and Sudan have shifted from 

pyrethroids to carbamate insecticides for IRS. Yemen intends to 

switch but is finding difficulty in procuring bendiocarb because of 

registration issues. Pakistan and Saudi Arabia continue to spray 

pyrethroids.  

With the exception of Sudan, countries in the Region lack human 

capacity and infrastructure for adequate surveillance of insecticide 

resistance. The problem is compounded in Morocco and Pakistan, 

where vector control operations have been decentralized to 

provinces and districts, so that there is no routine monitoring, 

resulting in gaps in the regional database. More advocacy is 

required; national and regional technical advisory committees should 

be established; and monitoring and management of resistance, 

including pesticide registration and procurement, should be 

supported.  
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3.3 Philippines  

Dr Ferdinand V. Salazar, ACTMalaria Foundation, presented the 

programme for monitoring insecticide resistance in the Philippines. 

Wide-scale use of insecticide-based vector control has led to the 

development of resistance in vectors of malaria (An. flavirostris,  

An. maculatus) and dengue (Ae. aegypti). Monitoring of susceptibility 

to insecticides in the Philippines should be fully operationalized and 

the data used to inform resistance management strategies. Attempts 

to improve the sensitivity of tests include establishing discriminating 

doses of different insecticides for the local vectors and modification 

of the WHO tube assay to determine trends in the development of 

resistance.  

Malaria vectors are collected in traps baited with carabao (water 

buffalo) at six sentinel sites (Agusan, Davao, Isabela, Kalinga, 

Mindoro and Palawan) to determine the susceptibility of adult 

vectors. Ovitraps are used to collect Ae. aegypti in selected parts of 

Metro Manila to test the susceptibility of both larvae and adults. 

Adult female An. flavirostris and An. maculatus were exposed to 

diagnostic doses of pyrethroids (0.05% deltamethrin,  

0.5% etofenprox, 0.75% permethrin, 0.05% lambdacyhalothrin,  

0.15% cyfluthrin), an organochlorine (DDT) and an organophosphate 

(5% malathion) according to the standard WHO testing protocol.  

An. flavirostris, the primary vector of malaria, is still susceptible to all 

six insecticide groups, except in Mindoro (89.3% mortality to 

lambdacyhalothrin), indicating possible incipient resistance to 

pyrethroids. Tests for the susceptibility of An. maculatus (secondary 

vector of malaria) were conducted only in Occidental Mindoro; the 

results showed more than 98% mortality with deltamethrin, 

etofenprox and permethrin, indicating susceptibility to the three 

insecticides; however, the mortality rate with lambdacyhalothrinwas 

below 90%, confirming resistance. Furthermore, a mortality rate of 

85% in one of three tests with cyfluthrin, 94% and 95% in the other 

two tests and 93–96% mortality in three tests with DDT suggest 

possible resistance. Tests with Ae. aegypti collected from three 

districts of Mandaluyong City showed 100% susceptibility to 

malathion; however, the mortality rates with other insecticides were 

less than 90%, suggesting resistance to pyrethroids and DDT in this 

location. 
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The programme is investigating the selection pressure of agricultural 

pesticides, as the frequency of resistance is higher in agricultural 

areas, including resistance in Culex quinquefasciatus and  

Cx. tritaeniorhynchus to organophosphates and carbamates. 

Furthermore, the seasonal fluctuation of resistance in vectors 

parallels periods of agricultural treatment, and the resistance is 

specific to pesticides used for crop protection. With ACTMalaria, the 

programme has published guidelines for harmonizing protocols for 

monitoring insecticide resistance in agriculture and public health.  

 

3.4 Colombia  

Dr Martha Quinones, National University of Colombia, introduced 

the Colombian perspective on insecticide resistance and vector 

control. The number of reported cases decreased from 230 000 in 

2001 to fewer than 50 000 cases in 2013; most occur in the west of the 

country. The number of cases of dengue is, however, increasing 

throughout the country, and there were large outbreaks in 2010, with 

160 000 reported cases, and again in 2013, with 110 000 cases. 

DDT was used for 33 years, between 1959 and 1992, to control the 

malaria vectors An. albamanus and An. darling, and focal areas of 

resistance were reported from the very beginning, in 1959–1987. DDT 

was also used in the Ae. aegypti elimination campaign in 1960–1972, 

until resistance became widespread; the organophosphates 

malathion and temephos have been used since. DDT was banned in 

1992, and the malaria and dengue programmes have been 

decentralized since that time. In malaria control, lambdacyhalothrin, 

deltamethrin and fenitrothion have been used for IRS, with 

distribution of pyrethroid-treated nets. In dengue control, malathion 

has been used as an adulticide during outbreaks and epidemics and 

temephos as a routine larvicide. Deltamethrin has been used since 

2000.  

A large project was conducted with partners between 2004 and 2007 

to evaluate the current situation of resistance to insecticides in the 

main malaria and dengue vectors and to re-establish a national 

network. Both WHO tube and CDC bottle assays were used, but the 

bottle assay was used predominantly, as access to test papers and 

tubes was limited in the decentralized system. The results showed 
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that An. albimanus is widely distributed, with one population in the 

west that is resistant to lambdacyhalothrin. There are two 

populations of An. nuneztovari, one in the east that is resistant to 

lambdacyhalothrin, DDT and fenitrothion and one in the west that 

resistant to these three insecticides plus deltamethrin. Populations of 

An. darlingi are distributed mainly in the central part of the country 

with one in the west that is resistant to DDT and pyrethroids.  

Ae. aegypti is resistant to DDT and susceptible to deltamethrin, 

malathion and propoxur, but some populations are resistant to 

fenitrothion (28%), lambdacyhalothrin(22%), permethrin (25%) and 

temephos (58%). A report from one field site indicated reversion of 

susceptibility to temephos 4 years after its use had been 

discontinued. 

A national insecticide resistance surveillance network has been 

created, which indicates focal and delimited resistance in malaria 

vectors and a high frequency of resistance to temephos in Ae. aegypti 

(about 60% of populations). Future work will include testing for kdr 

target-site mutations in Ae. aegypti, given the generalized resistance 

to DDT and recent pyrethroid use; determination of kdr in  

An. darlingi, in view of resistance to DDT and pyrethroids in the west 

of the country; and investigation in the field of whether temephos 

resistance has been reversed. 

 

3.5 China 

Dr Qiyong Liu, China Centres for Disease Control and Prevention, 

described the network of centres, with 31 in provinces, 333 in 

prefectures and 2859 in counties and districts. The volumes of 

pesticides used for public health in China are 82% pyrethroids,  

8% propoxur, 5% fipronil and 4% imidacloprid (a neonicotinoid). Of 

the pyrethroids, 32% are betacypermethrin, 10% permethrin,  

9% lambdachyhalothrin and smaller amounts of alphacypermethrin, 

tetramethrin, deltamethrin and bifenthrin.  

The burden of vector-borne diseases is increasing, due to climate 

change, global trade and travel, urbanization and environmental 

changes. Likewise, resistance is increasing due to misuse and 

improper application. In response, the Centres have established a 

surveillance-based insecticide resistance management strategy, 
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which includes rotation, mixing and application of alternate vector 

control tools in integrated vector management. A surveillance 

network was launched in 2007 and now covers 30 provinces. On-line 

data are available on the mosquitoes Cx. pipiens pallens, Cx. pipiens 

quinquefasciatus, Cx. tritaeniorhynchus, Ae. albopitus, Ae. aegypti and 

An. sinensis; the cockroach Blattella germanica; and the house fly 

Musca domestica. 

An. sinensis shows high levels of resistance to malathion, DDT and 

deltamethrin. Focal resistance of Ae. albopictus and Ae. aegypti to 

pyrethroids has been observed, but they are still susceptible to 

temephos and the carbamate fenobucarb. Cx. tritaeniorhynchus shows 

some resistance to temephos. 

The China Centres for Disease Control and Prevention are a WHO 

collaborating centre for vector surveillance and management. Its 

terms of reference are to provide technical support for the 

development of global strategies and guidance on surveillance and 

management of vector-borne diseases based on the principles of 

integrated vector management; to conduct WHO-certified training 

on dengue vector management; to support testing and evaluation of 

public health pesticides and their sound management for WHOPES; 

and to provide technical support for rodent control for plague and 

for other ectoparasites and rodent-borne diseases when necessary. 

 

Discussion 

Participants commented that the country presentations provided 

good examples of surveillance systems and how data were used to 

make decisions on insecticide procurement and use. Many countries 

lack the capacity and guidance to make policy decisions on the basis 

of the available data, however, especially in decentralized systems. 

Participation of all sectors involved in vector control (including large 

vector control operations by the private sector) in a uniform 

approach for harmonizing insecticide use and resistance monitoring 

will be essential for the collection and effective use of data for policy 

decisions and to guide implementation. The focal nature of resistance 

underlines the importance of capacity for making local decisions. 

Sudan used data on resistance in their proposal to the Global Fund to 

justify the higher unit cost of including the non-pyrethroid 
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bendiocarb for IRS. Countries and donors must realize that the unit 

cost of non-pyrethroids is higher than that of other insecticides, 

which must be factored into long-term planning.  

In some countries, pyrethroid resistance appears to have been 

reversed following rotation to IRS with a carbamate or 

organophosphate. The reversal may, however, be temporary, and 

programmes will not necessarily be able to rotate back to pyrethroids 

in the long term. The private mosquito control operations in 

countries should be represented on national insecticide resistance 

management committees. 

 

4. Evaluating resistance in vectors of neglected tropical 

diseases 

4.1 Insecticide resistance in dengue vectors 

Professor Hilary Ranson described insecticide resistance in  

Ae. aegypti and Ae. albopictus. Mosquito control is presently the only 

means for preventing transmission of dengue. This relies primarily 

on insecticides; however, the classes of insecticide available for use 

are severely limited, and the development of insecticide resistance in 

dengue vectors is a serious threat to sustainable control. While 

insecticides are used in established vector control programmes 

guided by standard ministry of health procedures, significant use of 

insecticides (including larvicides, repellents, space sprays, treated 

materials and coils) in the home and the private sector results in 

unquantifiable, unregulated use of insecticides for control of Aedes 

spp. in many dengue-endemic countries. 

Resistance to pyrethroids and, to a lesser degree, organophosphates 

in the primary dengue vector, Ae. aegypti, is widespread. While fewer 

studies have been done on Ae. albopictus, the available data suggest 

that resistance is less prevalent in this species than in Ae. aegypti. The 

primary mechanisms of resistance in Aedes spp. have been identified 

by molecular analysis. Resistance to temephos is associated with 

raised esterase activity, while resistance to pyrethroid-based 

insecticides is associated with target-site mutations and increased 

expression of cytochrome P450s (mainly the CYP9 family). 
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The bioassays used to assess resistance in Aedes mosquitoes, 

however, vary substantially, making it difficult to make reliable 

comparisons among studies. Standard methods should be agreed 

upon for detecting and reporting resistance, to facilitate 

management. Methods for testing the resistance of local vectors to 

the interventions that are in use or under consideration should be 

embedded in all insecticide-based control programmes.  

The data on insecticide resistance in Aedes vary. Diagnostic doses are 

not defined for some insecticides used against Ae. aegypti, and even 

fewer are defined for Ae. albopictus. Changes to WHO test procedures 

are not always adopted, e.g. for temephos, and various susceptible 

mosquito strains are used to calculate resistance ratios. More data on 

field application rates are available, however, for Aedes than for 

Anopheles vectors, however, from protocols for measuring the 

entomological impact of resistance in adult cage bioassays for space 

spray applications and the duration of efficacy of larviciding.  

In summary, insecticides play an important role in dengue control, 

but resistance is widespread and compromises the entomological 

impact of these interventions in some countries. Recent advances in 

understanding resistance mechanisms may expedite the 

development of better synergists and screening for new active 

ingredients. Little is known about how resistance affects disease 

transmission. The relation between vector indices and dengue 

transmission is difficult enough to understand; adding resistance to 

the uncertainty about entomological parameters makes it even more 

difficult to demonstrate the impact of resistance on transmission and 

epidemiological parameters in the field. 

 

4.2 Insecticide resistance among leishmaniasis vectors on the 

Indian sub-continent 

Dr Ramesh Dhiman, National Institute of Malaria Research, India, 

presented information on insecticide resistance among vectors of 

visceral leishmaniasis in the sub-continent. The vectors of 

leishmaniasis (sand-flies of the genus Phlebotomus) include  

P. argentipes, the vector of visceral leishmaniasis (kala-azar) in 

Bangladesh, India and Nepal, and P. papatasi, P. sergenti and P. salehi, 

the vectors of cutaneous leishmaniasis. The indoor resting habitats of 
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sand-flies make them suitable targets for control by IRS: during the 

malaria eradication campaigns of the 1950s and 1960s, the incidence 

of kala-azar also dropped sharply due to the collateral benefit of IRS.  

A review of the literature on the susceptibility of sand-flies in South 

Asia showed that the major vector, P. argentipes, has developed 

resistance to DDT in areas where it is used regularly, such as Bihar, 

parts of West Bengal, Jharkhand and Maharashtra. (In Bihar, 43% of 

the vectors were reported to be resistant to DDT in 2012.) In recently 

endemic areas of eastern Uttar Pradesh and some areas of West 

Bengal, P. argentipes is still susceptible. In Gadchiroli district, where 

pyrethroids have been used for more than a decade, P. argentipes 

shows some tolerance to this insecticide class; however, in view of 

the resistance of P. argentipes in the major kala-azar-endemic area in 

India, the pyrethroids deltamethrin, alphacypermethrin, 

lambdacyhalothrin and permethrin, which are used for malaria 

control, may be introduced, at least in highly endemic districts.  

P. papatasi has developed resistance, but it does not pose a public 

health problem, because of the very low incidence of cutaneous 

leishmaniasis in the region.  

In order to manage resistance in sand-flies, rotation, mosaics and 

mixtures of insecticides should be tested to delay the development of 

resistance. Few reports are available on the mechanism of insecticide 

resistance in sand-flies, and further studies should be conducted to 

inform resistance management. As the only alternative insecticides 

are carbamate compounds such as bendiocarb, new compounds are 

needed to control sand-fly vectors. 

 

4.3 Insecticide resistance in triatomine vectors 

Dr Liléia G. Diotaiuti, Oswaldo Cruz Foundation, Brazil, described 

the biology and insecticide resistance of the triatome vectors of 

Chagas disease. The first evidence of resistance was published in 

1976 for Venezuelan populations of Rhodnius prolixus and Triatoma 

maculata in the State of Trujillo, where they were found to be resistant 

to dieldrin and propoxur. Subsequent reports of resistance to several 

insecticides in various Triatominae species indicate that this 

phenomenon is distributed over a wider area than that currently 

recognized. Better characterization and delimitation are required. 
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The resistance mechanisms include physiological resistance, in which 

insecticidal penetration is reduced due to changes in the insect 

cuticle or in storage or excretion of the insecticide. A study of the 

insecticidal activity of 1-dodecanol on development of the cuticle in 

R. prolixus and T. infestans showed that recently hatched first-instar 

nymphs (1–3 h old) are more vulnerable than older ones (24–36 h 

old). Argentinian populations of T. infestans resistant to deltamethrin 

have a thicker exoskeleton (32.1 ± 5.9 μm) than susceptible 

populations (17.8 ± 5.4 μm). All the studies indicate that the cuticle is 

the important factor in the susceptibility of these bugs and the first 

barrier that insecticides must breach to find their target site.  

Biochemical resistance involves significantly increased cytochrome 

P450 and esterase activity. Biochemical studies of triatomine 

populations have shown changes in the activities of different 

enzymes in various proportions and combinations. This 

characteristic, already observed in other biological models, could 

result in different specific responses in the interaction of each 

population with each insecticide, refuting the concept of a “general 

diagnostic profile” for resistance. 

Target-site resistance has also been documented, with two point 

mutations (L1014F and L925I) in the second domain of the gene 

encoding the sodium channel protein in two Argentinian populations 

of T. infestans with high resistance.  

Studies of triatomine resistance to insecticides are difficult to 

interpret, first because of the vast diversity of methods used, even 

though there is a single guiding protocol; secondly, information on 

the real impact of resistance ratios in the field is lacking; and thirdly, 

not all studies are based on a “susceptibility reference lineage”. 

The persistence of triatomine populations, despite control activities, 

is due to operational flaws in control programmes, and the technical 

capacity of field teams must be improved urgently. Furthermore, the 

intrinsic characteristics of the bugs and their resistance to insecticides 

warrant more studies, including biological, biochemical, molecular 

and behavioural aspects. Despite the low priority currently given to 

the control of triatomine populations in Brazil, the Ministry of Health 

and the Oswaldo Cruz Foundation have set up a monitoring network 

to assess the susceptibility of bugs in areas where they persist after 
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chemical treatment. The priorities of the network are to consider the 

environmental particularities and different species of Triatominae in 

selecting strategies and chemical control tools; to improve the quality 

of spraying and train professionals involved in controlling bug 

populations; and to monitor the resistance of triatomines to 

insecticides. These activities will be followed by evaluation of the 

strategies adopted in control programmes and selection of feasible, 

efficient measures for triatomine control. 

 

4.4 Insecticide resistance in Culex spp. vectors 

Dr Bill Brogdon, CDC, reviewed insecticide resistance in Culex 

vectors and particularly the Cx. pipiens complex (Cx. pipiens,  

Cx. quinquefasciatus and Cx. molestus), which are vectors of a number 

of arboviruses and Filarioideae, as well as Cx. tritaeniorhynchus,  

Cx. vishnui and Cx. gelidus, the vectors of Japanese encephalitis. In the 

USA, the pyrethroids used for Culex control include pyrethrins, 

permethrin, resmethrin and etofenprox, often mixed with up to  

67% piperonyl butoxide. The organophosphates malathion, dibrom 

and chlorpyrifos are also used. The larvicides used include larvicidal 

oil, Bacillus thuringiensis serovar israelensis and insect growth 

regulators. In Africa, class 1 pyrethroids (permethrin and etofenprox) 

are used, as well as cyanopryrethroids (alphacypermethrin, 

deltamethrin and lambda-cyhalothrin), the organophosphate 

primiphos-methyl and the carbamates bendiocarb and propoxur.  

The insecticide resistance mechanisms in Culex include sodium 

channel mutations (kdr) and changes in cytochrome P450 oxidases for 

pyrethroids; altered carboxyesterase activity and insensitive 

acetylcholinesterase for organophosphates; and insensitive 

acetylcholinesterase and altered P450 oxidase activity for carbamates. 

An important concept is “epistasis”, a multiplicative interaction 

between resistance mechanisms, such as kdr and P450 

monooxygenase detoxification. This has been documented in Culex 

and may now be present in Anopheles and Aedes. 
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Prospects for restoring susceptibility to pyrethroids after rotation of 

insecticide classes against Culex does not seem to be promising in the 

USA, but a group in Zambia reported that susceptibility of Anopheles 

to cyanopyrethroids is being restored. Thus, An. gambiae and  

An. funestus showed reversion to susceptibility to deltamethrin after 

spraying with bendiocarb and primiphos-methyl; this was not the 

case for DDT. Further longitudinal data are needed to determine 

whether Culex spp. are also reverting to susceptibility.  

The intensity of insecticide resistance in an area may be a factor in 

control failure. For example, in the Copperbelt Province of eastern 

Zambia, malaria parasites incidence of correlates with resistance 

intensity for An. gambiae and An. funestus, surviving at five and 10 

times the deltamethrin discriminating dose, respectively. It will be 

important to determine the threshold intensity that indicates or 

predicts failure of control.  

 

Discussion 

The widening threats of dengue and chikungunya make resistance 

monitoring and management of Ae. aegypti and Ae. albopictus a 

priority. Services and resources should be integrated to address 

resistance in the range of vectors of public health importance. 

Especially in countries in which the prevalence of malaria is 

decreasing, integration of services for all vector-borne diseases will 

ensure that capacity is retained to monitor inherent transmission 

potential and to respond effectively to resurgences.  

Monitoring and managing insecticide resistance for sand-fly control 

are challenges. Most of the techniques used have come from the 

control of Anopheles in malaria programmes; thus, the diagnostic 

doses are based on assessments in Anopheles, and their relevance for 

sand-flies has not been verified. Significant operational challenges 

remain in insecticide application because of the quality of the 

equipment (e.g. continuing use of stirrup pumps) and lack of 

resources for adequate training and supervision. Irregular spray 

coverage and suboptimal insecticide application provide the 

conditions for the development of resistance. The choice of 

insecticide is also an issue; for example, although Bangladesh and 

Nepal have changed to pyrethroids, India continues to rely on DDT. 
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There are significant gaps in understanding and managing resistance 

in Chagas disease control programmes. As resistance is 

multifactorial, a unique diagnosis of resistance cannot be defined. 

Exposure of insects to sub-lethal doses of insecticide, due to either 

poor spray quality or failure to re-spray as efficacy decreases over 

time, can promote development of insecticide resistance. The biology 

of triatomine bugs (which are hemimetabolous and long-lived) 

complicates monitoring of resistance, particularly because resistance 

is defined in reference to a susceptible strain, and the susceptibility of 

triatomines is variable and poorly understood. Environmental 

particularities and differences among the triatomine species 

underscore the importance of building capacity for locally adapted 

responses. 

Epistasis, or interactions between disparate genetic loci, may be an 

important determinant of the intensity of resistance and the failure of 

vector control in a given area. Further information is needed on the 

role played by synergistic, multiplicative epistasis, in which 

interactions between two genetic resistance mechanisms can amplify 

each other and thus the overall resistance phenotypes in a 

population. Better understanding is also needed of the genetic 

stability and spread of individual resistance mechanisms in order to 

predict a potential return to susceptibility. For example, a population 

of An. gambiae that displays near fixation of resistance-associated kdr 

alleles may have a different potential for recovering susceptibility to 

pyrethroids from that of a population of An. funestus, in which kdr 

mutations have not been detected.  

The practical implications of increased use of piperonyl butoxide 

should be further examined. Primiphos-methyl is metabolically 

activated by P450 enzymes to the oxon form, which is more toxic 

than the parent insecticide, but the activation may be inhibited by the 

presence of piperonyl butoxide.  

The relation between insecticide resistance and vector competence 

should also be explored. Preliminary studies in anophelines have 

indicated links between kdr gene frequencies and susceptibility to 

Plasmodium infection. Studies should be conducted to determine 

whether this is true for other parasites or viruses (e.g. dengue) in 

order to predict better the impact of insecticide resistance on disease 

transmission.  
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5. Insecticide resistance prevention and management  

5.1 Experience from Africa  

Professor Maureen Coetzee, Witwatersrand University, South Africa, 

said that South Africa had experienced an upsurge in malaria 

transmission in the late 1990s, when DDT was replaced by 

pyrethroids, with subsequent increases in pyrethroid-resistant  

An. funestus and malaria transmission. When the programme 

reverted to DDT, the An. funestus population was brought under 

control, and, with a change in the first-line drug, the prevalence of 

malaria was again brought to a low level.  

The South African programme has practised mosaic spraying of 

traditional houses with DDT and of western-style houses with 

pyrethroids since 2001. Traditional houses are, however, rapidly 

being replaced by western-style houses, with plaster or painted 

walls, which are less suitable for DDT wettable powder formulations; 

therefore, DDT application has been reduced. Furthermore, DDT has 

become more expensive and is being phased out of the market. South 

Africa has not reduced its area of control but ensures effective control 

with DDT. As the Lubombo Spatial Development Initiative is no 

longer operating, it can be assumed that An. funestus has returned to 

that area. Carbamates have been used sporadically. There is no 

evidence of the presence of An. funestus in South Africa. The 

resistance detected in An. arabiensis in northern KwaZulu-Natal has 

not affected the control programme, as the malaria rates continue to 

go down. 

Data from the Honde Valley in Zimbabwe indicate cross-resistance 

between pyrethroids and carbamate in An. funestus through P450 

enzymes. Between October and December 2013, spraying was 

conducted with lambda-cyhalothrin in Honde Valley. Sporozoite 

rates in An. funestus rose from 2.3% in 2013 to 3.5% in 2014. Malaria is 

holoendemic: every member of eight households surveyed had had 

at least one bout of malaria in the 2013–2014 season. Spraying with 

pirimiphos-methyl was planned for 2014. 

In Zambia, studies are being conducted in the Nchelenge district of 

Luapula Province. The An. funestus population density is high, and 

there is significant resistance to pyrethroids and carbamates. In 2013, 

sporadic spraying was conducted with lambda-cyhalothrin, and 
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LLINs were distributed by the Ministry of Health. Despite these 

activities, the sporozoite rates in An. funestus rose from 2.1% in 2013 

to 9.2% in 2014. Malaria is holoendemic. The National Malaria 

Control Centre planned to spray with pirimiphos-methyl in 2014. 

A study in the Kilombero Valley of the United Republic of Tanzania 

by Lwetoijera and colleagues1 demonstrated the continuing role of 

An. arabiensis and the growing importance of An. funestus in malaria 

transmission. Pyrethroid resistance is increasing in both species. The 

entomological inoculation rates and sporozoite rates of An. arabiensis 

and An. funestus increased significantly between 2008 and 2012, the 

entomological inoculation rate increasing from 30.6 to 111 for  

An. arabiensis and from 10.9 to 115 for An. funestus. At the same 

location, An. gambiae, with an entomological inoculation rate of 36.6 

in 2008, had disappeared by 2011, presumably because of greater use 

of LLINs. A disturbing report from Senegal indicated that  

An. funestus were biting during daylight hours after use of LLINs.  

The alarming upsurge of An. funestus at these study sites shows the 

importance of insecticide resistance management for a very efficient 

vector that had previously been amenable to control. 

 

5.2 Experience from South-East Asia  

Dr Rajpal Yadav described the distribution of malaria vectors and 

insecticide susceptibility in the WHO South-East Asia Region, which 

consists of 11 countries. In Bangladesh, LLINs and larviciding with 

temephos are used for malaria control. In the kala-azar programme, 

IRS is conducted with 5% deltamethrin wettable powder; IRS is not 

used for malaria control. There is no central database of insecticide 

resistance, but one is to be established in 2015. An. dirus and  

An. minimus are susceptible to DDT, organophosphates and 

pyrethroids, while An. sundaicus, An. maculatus and An. annularis are 

reported to be resistant to DDT but generally susceptible to 

organophosphate and pyrethroid insecticides. In Bhutan,  

An. culicifacies and An. maculatus are resistant to DDT. An. sinensis is 

                                                           
1  Lwetoijera DW, Harris C, Kiware SS, Dongus S, Devine GJ, McCall PJ et al. 

Increasing roles of Anopheles funestus and Anopheles arabiensis in malaria transmission 

in the Kilomberi Valley, Tanzania. Malar J. 2014;13:331. 
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resistant to pyrethroids in some areas of the Democratic People’s 

Republic of Korea.  

India has an extensive network of resistance monitoring sites. The 

primary malaria vector, An. culicifacies, is resistant to DDT 

throughout the country, and there is widespread resistance to 

malathion, except in the north-west of the country, and patchy areas 

of resistance to pyrethroids. An. stephensi is also resistant to DDT and 

malathion but is usually controlled by larval source management in 

urban areas. An. culicifacies is resistant to DDT, malathion and 

pyrethroids in some locations; An. annularis is resistant to DDT and 

malathion and tolerant to pyrethroids, and An. stephensi is resistant 

to DDT and tolerant to malathion. An. fluviatilis and An. minimus are 

susceptible to all the available classes of insecticide. Monitoring of 

resistance in Ae. aegypti and Ae. albopictus is more sporadic. In Assam, 

Ae. albopictus is resistant to DDT but generally susceptible to 

deltamethrin and malathion.  

In Indonesia, An. barbirostris, An. subpictus and An. sundaicus are 

tolerant to bendiocarb; An. sundaicus, An. maculatus are resistant to 

permethrin; and An. sundaicus and An. barbirostris are resistant to 

cypermethrin. The Maldives is free of malaria, but there are no data 

on the susceptibility of malaria and dengue vectors. 

In Myanmar, An. culicifacies, An. aconitus, An. annularis,  

An. barbirostris and An. hyrcanus are resistant and An. dirus tolerant to 

organochlorines. In Nepal, various vector species are resistant to 

DDT but are still susceptible to other insecticides; no resistance to 

pyrethroids has been reported so far. In Sri Lanka, An. culicifacies is 

reported to be resistant to DDT and malathion. In Thailand, An. dirus 

is susceptible, while An. annularis and An. minimus are resistant to 

DDT. In Timor-Leste, An. barbirostris and An. subpictus are 

susceptible to pyrethroids. 

The Democratic People’s Republic of Korea uses only pyrethroids 

and deltamethrin for IRS, -cypermethrin for LLINs and permethrin 

to treat clothing. Susceptibility tests in An. sinensis indicated  

94.2–100% mortality with deltamethrin and 98–100% mortality with 

permethrin.  
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In Timor-Leste, An. barbirostris and An. subpictus are susceptible to 

DDT, malathion and pyrethroids. In Thailand, Ae. aegypti showed a 

wide range of susceptibility to pyrethroids: while all 32 populations 

tested showed evidence of resistance to permethrin, the majority 

were susceptible to deltamethrin, and all were susceptible to 

lambdacyhalothrin at operational doses. Similarly,  

Ae. albopictus showed resistance to permethrin but susceptibility to 

deltamethrin and lambda-cyhalothin. 

Overall, capacity in public health entomology is inadequate, and 

surveillance for insecticide resistance should be significantly 

improved. Some institutions in the Region have the capacity for 

molecular studies of resistance mechanisms.  

There is no regional database or a network on insecticide resistance. 

Some countries have shown interest in joining the ACTMalaria 

network. In response to the widespread problems of insecticide 

resistance in vectors of malaria and other vector-borne diseases in the 

Region, WHO has prepared a regional framework for integrated 

vector management, a regional policy on sound management of 

pesticides and a regional training course on integrated vector 

management.  

 

5.3 Innovative products  

Professor Mark Rowland, London School of Hygiene and Tropical 

Medicine (LSHTM), described progress in the development of 

products for use against insecticide-resistant mosquitoes. Four trials 

of combined use of LLINs and IRS were reviewed. In Muleba, United 

Republic of Tanzania, a two-armed randomized control trial was 

conducted to determine whether IRS with bendiocarb plus LLINs 

gave greater protection against malaria than LLINs alone. IRS with 

bendiocarb provided significant additional protection. LLINs treated 

with permethrin and IRS with lambda-cyhalothrin in year 1 had a 

limited impact on the prevalence of falciparum malaria. Other trials 

showed no additional protection with IRS: IRS with DDT and high 

coverage with insecticide-treated nets provided no additional 

protection; in another trial, there was no evidence of protection 

against An. arabiensis by IRS with bendiocarb, but there was 

protection against pyrethroid-resistant An. gambiae on some 
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occasions. These trials indicate that the effectiveness of combinations 

depends on the insecticide used, the coverage with insecticide-

treated nets, the vector species and its resistance. 

Another set of trials will be conducted in Muleba, this time with 

Olyset® Plus LLINs (permethrin and piperonyl butoxide 

incorporated into polyethylene) and IRS with pirimiphos-methyl 

capsule suspension. Other LLINs in current use or in development 

include PermaNet® 3.0 (deltamethrin and piperonyl butoxide), 

Olyset® Duo (permethrin and pyriproxyfen) and Interceptor® G2 

(alphacypermethrin plus chlorfenapyr). Olyset® Duo is undergoing 

Phase 1 evaluation by WHOPES and experimental hut trials by 

LSHTM in southern Benin. These nets could both provide personal 

protection and contribute to resistance management, as pyrethroid-

resistant An. gambiae survivors are sterilized by pyriproxyfen. A new 

set of tools under testing is based on chlorfenapyr, a pyrrole 

insecticide being developed by BASF SE that is not neurotoxic like 

other mosquito adulticides but disrupts energy transfer (oxidative 

phosphorylation) in mitochondria. 

In conclusion, in response to the growing problem of insecticide 

resistance for malaria control, new vector control products 

containing novel insecticides are being developed. The WHO Vector 

Control Advisory Group will facilitate the development and 

assessment of new categories of vector control tools (paradigms), 

making recommendations on their public health utility to the 

Strategic and Technical Advisory Group for Neglected Tropical 

Diseases and the Malaria Policy Advisory Committee of the Global 

Malaria Programme. WHOPES will continue to evaluate new 

pesticides and other tools within established vector control 

frameworks, adapting its guidelines and procedures to meet the 

needs of testing insecticides with new modes of action. Market 

incentives that reward the cost of innovation will be essential to 

encourage companies to bring new products to the market.  

 

5.4 Lessons for public health from agricultural resistance 

management 

Mr Mark Hoppe, CropLife International, said that the International 

Insecticide Resistance Action Committee is the specialist technical 
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group of the agrochemical industry association, CropLife 

International. Formed in 1984, the Committee provides a coordinated 

industry response to the development of resistance in insect and mite 

pests. The aims of pest and vector control are similar in agriculture 

and in public health; for example, the main aim is to stop insect pests 

from feeding, and the mechanism of selection is fundamentally the 

same. The main objective of insecticide resistance management in 

both agriculture and public health is to remove or reduce the 

selection pressure for genes that result in resistant phenotypes. But 

agriculture and public health differ in the requirements for insect 

control, the insecticidal tools available and the process for deciding 

on an intervention. In agriculture, crop yield and quality are the 

main considerations. A crop may have multiple pest species or 

different pests during crop cycles; furthermore, multiple, rapid 

applications of insecticide are possible, and crops can be rotated 

between seasons. In vector control, the main aim is to reduce the 

burden of disease. A limited number of species are targeted, 

insecticide application is logistically difficult, and many generations 

of vectors are exposed to same insecticide during one application 

cycle. 

The greatest difference in insecticide resistance management between 

agriculture and public health is the size and variety of the market. 

The agrochemical and non-crop market represents about US$ 54 

billion a year, while the vector control market represents less than 

US$ 1 billion, making investment in novel insecticides unattractive. 

Moreover, regulatory pressure with regard to broad-spectrum and 

persistent insecticides limits the development of products useful in 

both agricultural and public health vector control. 

The decision-making process is also different. In crop protection, 

insecticides are procured after a cost–benefit analysis and depend on 

a return on investment, and the many individual growers each 

include different factors in their choice of product. There is thus 

room for different products and a very competitive market, leading 

to incentives for quality improvement, innovation and product 

development. In public health vector control, the choice of insecticide 

is based on an analysis of impact and how much money is available, 

not on how much money can be made on a return on investment. 

Donors and other outside groups have a strong influence, and sales 
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are often based on tenders between a small number of vendors and 

purchasers. Tenders are often awarded on the basis of the lowest cost 

for the tender requirements, i.e. what is “good enough” rather than 

“better”. This encourages use of similar products and a market that is 

less than perfect, with disincentives for innovation and product 

development. 

Resistance will develop to any insecticide. Agriculture responded to 

this reality with integrated pest management, including rotation of 

insecticide classes, maintaining “spray windows” (small untreated 

areas) or refugia in each crop and each major plot and the 

development of novel insecticide classes. Public health vector control 

responded with integrated vector management, as any activity that 

reduces the adult mosquito population, without recourse to 

adulticides, will help to reduce the selection pressure for 

development of insecticide resistance.  

Unlike the market for crop protection, that for adulticides in vector 

control is not conducive to product innovation. Fewer products are 

available for resistance management, and the market is not large 

enough to meet the costs of developing novel formulations. The 

current tender policy encourages the development of products that 

“satisfy” and do not “excel”, and entrance to the regulated market 

through “equivalence” destroys motivation to invest in innovation. 

Continual use of insecticides with a mode of action to which 

susceptibility is decreasing will eventually result in product failure. 

Monitoring and early reaction to insecticide resistance can delay the 

development of resistance and prolong the useful life of insecticides. 

Better still is to have an insecticide resistance management 

programme in place when a novel insecticide is first introduced. The 

susceptibility of vectors and pests is a “common good”, with 

financial and utilitarian value, freely available to all. Each time an 

insecticide is applied without consideration of resistance 

management, some of the susceptibility is “used up”, reducing the 

future benefits of vector control with that insecticide. Insecticide 

resistance management should therefore be included in planning all 

vector control programmes, to minimize loss of susceptibility.  
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To deliver more tools for managing insecticide resistance, innovation 

must be given incentives: “pull” as well as “push”. Resistance 

management in vector management must be integrated into all 

programmes, and a resistance management strategy should be in 

place before a new insecticide is introduced.  

 

Discussion 

Use of a combination of IRS and LLINs has been examined mainly in 

the control phase of African programmes. In other situations and 

regions, where programmes are in the pre-elimination phase or in a 

resistance management strategy, the combination of LLINs with a 

non-pyrethroid for IRS is justified. 

It is essential to facilitate innovation in vector control products, 

particularly in light of the need to preserve susceptibility to 

insecticides and the limited numbers of insecticides appropriate for 

use in vector control. In agriculture, consumers will pay for a 

product that can ensure a better crop yield, but this concept is 

difficult to translate to vector control products. Many agricultural 

insecticides are tailored for appropriate crop use (e.g. the insecticide 

applied on cotton is different from that applied to rice or potatoes), 

and there is a market for minor-use agrochemicals. While the return 

on investment of a new agricultural product is almost always higher 

than that of a new vector control product, experience with “niche” 

agrochemical products could inform better commercial processes for 

products used in vector control. A niche market within the larger 

area of public health pesticides, with the possibility of small tenders 

and avoiding “winner take all” procurement strategies, could 

incentivize innovation.  

In vector control, there are unique limits on the kinds of insecticides 

that may be used. The route of exposure to most agricultural 

chemicals is ingestion, and most products selectively target the insect 

gut. In vector control, however, only larvicides target the insect gut; 

all other pesticides must be effective by surface contact with the 

insect. This is a challenge to finding suitable chemicals for use in 

vector control.  
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Corporate social responsibility is particularly important in public 

health vector control. The market should prioritize this concept in the 

development and deployment of products for vector control.  

A national integrated vector management steering committee should 

be in place to manage the insecticides used in different sectors for the 

control of different diseases. Such committees can coordinate 

activities at international, country and local levels.  

 

6. Strengthening capacity for monitoring resistance to 

insecticides 

6.1 The WHO Asia–Pacific Network for Vector Resistance 

Dr Ferdinand Salazar recalled that the WHO Asia-Pacific Network 

for Vector Resistance had been established in September 2012 and is 

hosted by ACTMalaria. Its objectives are to standardize the reporting 

of insecticide resistance in malaria and dengue vectors; to establish a 

centralized, online resource for collating data on insecticide 

resistance in disease vectors; to review the quality of reports 

submitted by countries in the Network, in consultation with WHO 

staff and other volunteer experts; to communicate with participating 

countries; and to prepare interactive maps of the situation of 

insecticide resistance in the countries of the WHO Western Pacific 

Region.  

During the meeting of the Executive Board of the Network in 

Bangladesh in 2014, country programme managers presented the 

status of insecticide resistance status in their countries. Not 

all countries have sent data to the database, because of inadequate 

computer literacy of entomologists in some countries, testing of 

resistance by different teams or agencies in a single country and a 

preference for initial clearance of data or a decision by an academic 

researcher to publish the information before sharing it online as 

country data. 

While the database was being developed, the WHO Global Malaria 

Programme asked countries to report on insecticide resistance. As 

this appeared to be duplication of effort, the Asia-Pacific Network 

proposed that countries be asked only to submit the WHO form. 

During its development, the Network intended to prepare a report 
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based on geographical information; however, it has not yet done so 

owing to lack of data. Quality assurance of the data provided is 

another challenge. In the most recent agreement, the Network and 

ACTMalaria will provide assistance in the procurement of 

impregnated papers for the WHO test, will continue to include 

insecticide resistance monitoring in overall vector control monitoring 

and will share their reports with WHO. 

 

6.2 IR Mapper project 

Dr Helen Pates Jamet, Vestergaard Frandsen, presented IR Mapper, a 

user-friendly, easily accessible one-stop platform for information on 

insecticide resistance in malaria vectors. IR Mapper collates all 

publicly available published data on phenotypic resistance and 

testing of resistance mechanisms onto an online geospatial platform. 

The database that supports IR Mapper consists mainly of peer-

reviewed, published data obtained by systematic searches of the 

literature in major online scientific databases (e.g. PubMed and Web 

of Science) with key words in English and French. Phenotypic data 

are derived from WHO susceptibility tests, and the results of assays 

for resistance mechanisms are categorized into target-site 

mechanisms and metabolic resistance. The data in IR Mapper are 

organized into a standard format that includes the main parameters 

in insecticide resistance monitoring. Limited additional unpublished 

data obtained with standard WHO protocols were obtained from the 

President’s Malaria Initiative, the Africa Network for Vector 

Resistance and reputable scientists. The database does not include 

unpublished datasets that do not clearly adhere to standard WHO 

testing protocols. 

The extracted data are independently verified and validated before 

inclusion in the database. IR Mapper was created on ArcGIS, a cloud-

based content-management system for maps, web applications, data 

and other geographical information that facilitates collaboration 

among users within an organization. This allows direct updates, so 

that newly published data can be uploaded onto the database in real 

time. It also ensures correct symbol scaling on the IR Mapper user 

interface and correct configuration of the pop-up boxes, which 

display assay-specific information for each data point, including a 
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URL to the source publication(s). A “heatmap” feature, showing the 

proportions of confirmed and possible resistance and the resistance 

mechanisms tested and detected, is also incorporated. A time filter is 

included to allow visualization of changes in vector susceptibility 

and resistance mechanisms over user-specified periods. 

Users can temporarily view their own datasets on the IR Mapper 

platform, using the “View own data” functionality. These datasets 

are not integrated into the database and will be removed once the 

application is refreshed, thereby safeguarding the integrity of the 

core database. Tailored maps generated by users can be printed. 

To date, the database contains 7705 entries from 54 countries in 2829 

geo-referenced localities. Resistance to at least one insecticide has 

been reported by 79.6% of countries, and 76% have reported testing 

resistance mechanisms. Of the 1351 reports of such tests, 75% are 

target-site assays and 25% assays of metabolic mechanisms. Three 

times more reports of insecticide resistance in Anopheles were made 

between 2000 and 2013 than in the previous 45 years. Only 29 reports 

refer to insecticide resistance testing in the Democratic Republic of 

the Congo, which is estimated to account for 32% of all malaria cases, 

whereas there were 470 reports of monitoring in Benin, which has an 

estimated 4.9% of all cases. 

IR Mapper currently includes consolidated data from published 

reports of insecticide resistance testing with WHO susceptibility tests 

and information on resistance mechanisms. Soon, IR Mapper will 

include the results of assays with the CDC bottle assay and synergist 

assays. While tailored maps can be produced, there is currently no 

facility for downloading either all or subsets of the data. This restricts 

access to information for more comprehensive analyses or for 

establishing national or regional databases. 

 

6.3 Implementation of the Global Plan for Insecticide 

Resistance Management (GPIRM): opportunities and challenges 

Dr Emmanuel Temu, WHO Global Malaria Programme, described 

implementation of the five pillars of the GPIRM.  

Plan and implement insecticide resistance management strategies. 

Resistance, especially to pyrethroids, is spreading geographically 
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and in intensity. Current recommendations are to rotate pesticides 

with the mode of action used in IRS with non-pyrethroid IRS where 

LLINs are used. The unit cost of organophosphate and carbamate 

insecticides is, however, significantly higher than that of pyrethroids. 

In some countries that have incorporated non-pyrethroid IRS, IRS 

coverage has been reduced because of the high cost of the chemicals. 

Mosaics are recommended but are often impractical and difficult to 

implement; mixtures are not yet available. Thus, many of the 30 

countries that use pyrethroids for IRS do so in areas where there is 

high LLIN coverage, despite the GPIRM recommendation.  

Ensure proper entomological and resistance monitoring and data 

management. The WHO document on procedures for resistance 

monitoring was translated and disseminated, with good uptake. 

Training has been conducted by WHO and partners to enhance 

capacity, and a draft implementation framework was produced to 

guide strategic planning and budgeting of national monitoring and 

management plans. This framework will result in standardization 

across countries and assist in resource mobilization. 

Develop new innovative vector control tools. This activity has been led by 

the Innovative Vector Control Consortium and industry. The WHO 

Vector Control Advisory Group was jointly established by the WHO 

Global Malaria Programme and the Department of Control of 

Neglected Tropical Diseases to review new paradigms, tools and 

technologies and to shorten the delay in providing validated 

products to users. Countries must now be prepared for rapid, 

appropriate deployment of the new tools. There are two new long-

lasting formulations for IRS, one deltamethrin and one primiphos-

methyl, and there are LLINs with pyrethroids plus piperonyl 

butoxide, insect growth regulator and the non-pyrethroid 

chlorfenapyr, with several other innovations under development 

Fill gaps in knowledge on mechanisms of insecticide resistance and impact 

of management practices. Progress has been made in understanding 

resistance mechanisms, but most malaria-endemic countries lack the 

necessary equipment and expertise. Country or regional reference 

centres should be established, and trained scientists in malaria-

endemic countries should be given the resources necessary to use 

their skills. The impact of resistance on malaria transmission is still 

uncertain, as a variety of results have been reported. The results of a 



32 

 

five-country project indicate that, under certain conditions, resistance 

does reduce the effectiveness of vector control and hence increases 

malaria transmission. 

Ensure that enabling mechanisms (advocacy, human and financial 

resources) are in place. The GPIRM encourages advocacy, but the cost 

of pyrethroid alternatives has been a limiting factor in managing 

resistance. Discussions on reducing the price of vector control 

commodities have not been productive, mainly due to inherent 

problems in forecasting market demand. The main priority is to 

maintain traditional funding while implementing the GPIRM. 

Support for country activities is lacking, including capacity to collect, 

analyse, manage and share entomological data on insecticide 

resistance. Countries and partners should continue to prepare and 

implement national resistance monitoring and management plans as 

part of the overall national strategic plan. These must include 

contingencies for more expensive pyrethroid alternatives and ways 

to make these alternatives more accessible through global 

forecasting, pooled procurement, tax incentives and longer-term 

procurement contracts.  

 

6.4 Production and distribution of test kits for determining the 

susceptibility of vectors to pesticides  

Mr Adanan Che Rus, University Sains Malaysia, Penang, introduced 

a facility that started collaboration with WHO in 1993 to produce 

insecticide susceptibility test papers and kits. The unit operates 

within the School of Biological Sciences and currently has a staff of 

16. Orders can be sent by e-mail, post or fax. If the order is complete, 

a proforma invoice will be sent for approval. For existing customers, 

like WHO, the order is sent directly for production; for new 

customers, production will begin only upon receipt of payment. 

Products undergo both internal and external quality control and are 

then shipped.  

Between 6500 and 7000 boxes and 200–500 kits are ordered each year. 

Of the total volume shipped to WHO regions, 29% was sent to the 

African Region, 11% to the Region of the Americas, 15% to the 

European Region, 6% to the Eastern Mediterranean Region, 20% to 

the South-East Asia Region and 19% to the Western Pacific Region.  
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Freight is a major cost component, reaching 50% or more of the total 

cost. There are also often problems with shipping, when boxes of 

papers are opened at customs points, the freight charges are too high 

for some destinations, the delivery address is incomplete or the 

national policy requires a special import permit. Improvements are 

under way, including the development of an online ordering and 

credit card payment system. 

 

Discussion 

Regional networks to support insecticide resistance monitoring and 

management are essential. The Africa Network for Vector Resistance 

has been active in the past, with six training courses between 2000 

and 2003 and support from the Bill & Melinda Gates Foundation 

“Filling the Gaps” project, but activity has now slowed due to lack of 

funds. Reviving this network could help generate data to support 

sound decision making for vector control in areas of high insecticide 

resistance in the WHO African Region. 

The IR Mapper is a valuable resource. Its speed and functionality 

could be improved, and more unpublished data could be included; 

however, the data would have to undergo quality control. Data on 

Ae. aegypti and Ae. albopictus should be added to make the tool useful 

for sub-national decision-making. Currently, data on resistance are 

stored in various databases, including IR Mapper, WHO and VecNet. 

This overlap is helpful during the development of these tools and 

may contribute to a more uniform system for tracking resistance in 

the future. Ultimately, the data are owned by countries and should 

be hosted an independent party, such as WHO, with a mandate from 

Member States.  

Implementation of the five pillars of GPIRM should be improved, 

and malaria-endemic countries are urged to prepare national 

insecticide resistance monitoring and management plans. Clear 

guidelines on the timing of rotation of insecticide classes (e.g. annual, 

biennial) should be issued. The community must also address the 

high unit costs of non-pyrethroids, as the economics of rotation is 

decisive. While the overall coverage rates of IRS for malaria are 

decreasing, it is essential that this intervention be applied 

appropriately for resistance management. More advocacy should be 
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directed to donors, and programmes should be prepared to invest 

more in resistance management approaches, such as insecticide 

rotation with alternative, although potentially more expensive, 

products. By longer planning, programmes could make a case for 

calculating the average price of an intervention over several years, 

rotating products rather than relying on a cheaper product that may 

ultimately fail. In order to reduce insecticidal pressure in vector 

control, more emphasis might be placed on methods other than 

classical adulticides, including larval source management and other 

non-chemical strategies.  

The WHO tube assay remains the main tool for monitoring 

insecticide resistance; however, access to the test kits and test papers 

could be improved in a number of ways. In particular, lower delivery 

costs and shorter delays could be ensured through WHO-associated 

channels and humanitarian discounts on shipping with freight 

companies. As countries in many regions (e.g. the WHO Region of 

the Americas) have difficulty in obtaining papers for use in these 

kits, regional production might be possible, which could including 

other insecticides for which test papers are not currently available 

(e.g. for monitoring resistance in Triatoma and Aedes).  

While the existing WHO and CDC bioassays provide valuable 

information on insecticide resistance in populations, they could be 

optimized to better link the data they provide with what is 

happening in the field. Prioritizing which insecticides to test could 

maximize the information from limited numbers of mosquito 

samples. For example, strategic testing against a single class 1 

pyrethroid (e.g. permethrin) and a single class 2 pyrethroid (e.g. 

deltamethrin) might allow better characterization of the resistance 

and cross-resistance of a population than testing many class 2 

insecticides alone. Monitoring insecticide resistance at doses that are 

relevant to field operations would have the additional advantage of 

characterizing resistance, in addition to standard WHO-specified 

discriminating doses. Further, as synergistic insecticide combinations 

become increasingly common, guidance on how to test synergists, 

how to interpret the results of such tests and quality assurance for 

test kits containing synergists will be required. Correlation of the 

results of bioassays on insecticide resistance with data from 

experimental hut trials and epidemiological studies in the 
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community will ultimately inform insecticide resistance management 

policy.  

 

7. Enabling approaches and needs  

7.1 Accelerating the progress of vector control products to the 

market 

John Lucas, speaking on behalf of the Vector Control Team of 

CropLife International, said that the team consists of companies with 

products that are under review or recommended by WHOPES. The 

team was formed to address vector control issues with one voice, to 

provide stewardship through guidance on the safe, effective, correct 

use of products, to facilitate communication and to provide 

advocacy. The membership currently comprises BASF SE, Bayer 

CropScience, Bestnet, NRS/Tana, Shobikaa Impex, Sumitomo 

Chemical, Syngenta and Vestergaard Frandsen.  

The activities of the team include providing industry feedback on 

WHOPES guidelines, clearing pathways to market for new products 

and investigating ways in which new products could be developed 

and made available on the market more rapidly. Attention is focused 

on data quality, and, as many entities are involved in this area, 

resources should be pooled. Activities related to data quality include 

the WHO-led IRS training programme, the preparation of new 

guidelines for statistical analysis of data, preparation of standard 

operating procedures, training and implementation of good 

laboratory practice, development of better application methods and 

devices by equipment manufacturers, and development of new 

methods and tools by industry and academia.  

Discussions with WHO have led to the establishment of a Data 

Quality Task Force (DQTF). Although vector control is widely 

recognized as a key component in malaria elimination, increasing 

resistance requires chemicals with novel modes of action. Thus, 

better use of existing capacity is required as new chemicals and 

paradigms are introduced. Extensive field trials are required, many 

of long duration, especially for IRS. Long, costly epidemiological 

studies are also required for new paradigms. Many stakeholders are 

working independently towards the same goal, and there would be 

benefit in working together to improve quality, share knowledge and 
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experience and avoid duplication. A data quality task force will 

allow more efficient use of limited resources, including staff, 

experimental sites, finances and time; expedited passage of products 

through WHOPES; a shorter time to market and a faster public 

health impact; and more rapid use of new products for vector 

control. Good quality will reflect positively on vector control 

products, interventions and stakeholders, resulting in a virtuous 

circle: better value for money attracts more funding, etc. 

Accreditation of trial sites might enable industry to contract some 

studies directly. 

Members of the DQTF include WHO (WHOPES and the Global 

Malaria Programme), the Vector Control Team of CropLife 

International, the Innovative Vector Control Consortium, CDC, the 

Bill & Melinda Gates Foundation and the Vector Control Working 

Group (serving as the focal point for academia). Other experts will be 

co-opted as needed. The three areas of concern will be data quality 

(good laboratory practice, good experimental practice and 

establishment of standard operating procedures), development of 

new test and application methods (when appropriate) and 

experimental design and statistical analysis. The scope is broad and 

should therefore cover any new vector intervention, including IRS, 

LLINs, larvicides, environmental management, genetically modified 

mosquitoes and house screening, and any vector-borne disease. In 

recognition of the need to ensure best use of limited resources, 

however, the data quality task force has agreed to focus initially on 

IRS products intended for WHOPES evaluation.  

The long-term plan is to establish institutional standards (good 

laboratory practice or good experimental practice) for testing 

products at selected trial sites, to obtain accreditation of those trials 

sites and then to expand the system of standards and accreditation to 

other trial institutions.  

  



37 

 

7.2 Strengthening collaboration and information exchange 

The GCDPP is a unique forum in which partners from all 

constituencies, including the individual commercial sector and 

industry groups such as CropLife International and AgroCare, can 

pool expertise from beyond the medical and public health fields, to 

find solutions to current vector control challenges.  

Global pesticide use report. Reports on global use of pesticides were 

published in 2002, 2004, 2007, 2009 and 2011, the last edition covering 

the period 2000–2009.1 The report provides the basis for 

understanding trends and challenges in the use of insecticides in 

vector control. As the GCDPP includes many of the manufacturers of 

these products, it is supporting the updating and publication of a 

report covering the period beyond 2009. 

New guidelines. During the 2 days of discussion, it became evident 

that current guidelines for monitoring insecticide resistance must be 

adapted to the evolving field of insecticide resistance, including 

systems for accessing testing materials, guidance on insecticide 

resistance management and good laboratory practice and field sites 

for the development of new products and strategies. The GCDPP 

includes many experts from the private sector, academia, 

nongovernmental organizations and bilateral and multilateral 

organizations and, as an advisory body to WHO, can contribute to 

preparation of the guidelines, as described in the conclusions and 

recommendations. 

Membership. The GCDPP collaboration includes manufacturers who 

adhere to the International Code of Conduct on Pesticide 

Management.2 Members have a strong business incentive to support 

stewardship, the safe and judicious use of pesticides and the 

development of new public health pesticides. The membership 

                                                           
1 Global insecticide use for vector-borne disease control: a 10-year assessment (2000–

2009). Geneva: World Health Organization; 2011 

(WHO/HTM/NTD/WHOPES/2011.6) 

(http://whqlibdoc.who.int/publications/2011/9789241502153_eng.pdf). 
2  International Code of Conduct on Pesticide Management. Rome: Food and 

Agricultural Organization of the United Nations, and Geneva: World Health 

Organization; 2014 

(http://www.who.int/whopes/recommendations/International_Code_of_Conduct_on

_Pesticide_Management_Y2014.pdf). 
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should be strengthened and expanded to include all collaborators in 

the WHOPES programme and to other stakeholders in public health 

vector control, such as for funding, procurement, policy and 

programme interests. 

Documentation. The GCDPP currently meets every 2 years. In the 

evolving context of vector control and insecticide resistance, 

communication and documentation generated by members could be 

strengthened. Members have valuable best practices, technical 

documents and standard operating procedures that will be of value 

to other members and to the global vector control community.  

 

8. Final discussion and conclusions 

Expanding insecticide resistance is a major concern for vector-borne 

infection in regions where the diseases and vectors are endemic. 

Consequently, the GCDPP partnership hosted by WHOPES took up 

insecticide resistance monitoring and management as the theme of its 

ninth biennial meeting. Effective management will depend on good 

entomological surveillance and an integrated approach to vector 

control.  

Better resistance monitoring tools are needed to understand the type, 

degree and spread of insecticide resistance. The WHO tube assay and 

the CDC bottle bioassay should be used to measure resistance 

intensity (kd50 and dose response curve) as well incidence of 

resistance/susceptibility, by using serial concentrations of insecticide 

(on test papers or in bottles) and by altering mosquito exposure time. 

Defining discriminating insecticide doses for Aedes, Culex, Triatoma 

and Phlebotomus spp. will also allow tracking of resistance in vectors 

of neglected tropical diseases in laboratory bioassays. Logistical 

changes in orders, payments and shipping of kits from the Malaysia 

facility and decentralizing test paper production could improve 

access to and use of WHO test kits for monitoring insecticide 

resistance. Furthermore, standardizing methods for use of these kits 

with new active ingredients and insect synergists will provide 

additional information to characterize the susceptibility of vectors 

and for use in resistance management. By studying resistance on a 

larger scale in trials in experimental huts will generate data to link 

entomological information with transmission data. With the 
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appropriate guidance and improvements in use, current resistance 

monitoring tools will generate the data required to inform effective 

insecticide resistance management. 

Integrated vector management is the basic framework for coping with 

insecticide resistance; however, effective management faces many 

challenges. Pesticide use must be harmonized across sectors 

(agricultural, public health and private pest control operations) to 

slow the development of insecticide resistance. Particularly for 

dengue vectors (Ae. aegypti and Ae. albopictus), unregulated and 

uncoordinated domestic and private sector pest control operations 

makes implementation of integrated management particularly 

challenging. There is insufficient guidance on the frequency and 

geographical scale at which insecticides should be rotated and poor 

understanding of the cost–benefit ratio of this strategy over the long 

term. Finally, efficient databases for tracking the spread and type of 

resistance are needed in order to target resistance management 

effectively.  

New, innovative vector control tools are needed to replace ineffective 

pesticides. IVCC and the Bill & Melinda Gates Foundation have been 

instrumental in promoting innovation in vector control to address 

this problem. WHO established the Vector Control Advisory Group 

in 2013 to speed up the development, evaluation and recommended 

policies for new categories of vector control products. The Advisory 

Group is preparing guidelines for testing the efficacy of LLINs in 

targeting resistant mosquito populations, a necessary step in making 

additional tools available for use in areas of high resistance. WHOPES 

remains the primary mechanism for moving forward new tools in 

established categories and provides guidance on many other aspects 

of vector control product development and use that apply to products 

for targeting insecticide resistance. In order to ensure that these tools 

are developed and assessed rapidly and rigorously, WHOPES is 

working with partners, including CropLife International, to develop 

guidelines, protocols and standard operating procedures for product 

evaluation.  

Effective integrated management of resistance will depend on high-

quality, comprehensive data on insecticide resistant vectors around 

the world. At the global level, WHO is developing an insecticide 

resistance tracking system based on annual reports from countries 
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and published data. WHOPES also collects data on the global use of 

insecticides for vector-borne disease control; a fifth edition of the 

report was published in 2011, covering the period 2000– 2009. Other 

systems, including IR Mapper, serve the specialized needs of 

professional groups, regions or the academic research community. 

Regional and national networks exist, including the African Network 

for Vector Resistance and the Asia-Pacific Network for Vector 

Resistance, surveillance-based insecticide resistance management 

strategies in China, and a national network in India. Currently, these 

networks are variable, and some overlapping, but they may form the 

basis for a comprehensive monitoring system that can provide 

valuable information on the spread of insecticide resistance.  

At country and regional levels, enhancing national structures and 

encouraging legislation to support an integrated approach to 

managing insecticide resistance will be critical. While plans for 

insecticide resistance monitoring and management are often included 

in national malaria control strategies, funding proposals such as to 

the Global Fund and other donors often lack explicit commitment for 

resource allocation and capacity-building to implement the plans. 

Advocacy is needed for funding sustainable vector control, including 

insecticide rotation, and in particular sufficient funding to cover more 

expensive insecticides. Simple, non-pesticide-based solutions, such as 

larval source management, may provide viable alternatives to 

pesticide-based control in some areas.  

 

9. Recommended priorities 

1. WHO, with partners, including those represented in the GCDPP, 

should convene a task force to review and update WHO guidance 

on insecticide resistance management, noting especially the 

coordination or expansion of activities to include vectors of 

neglected tropical diseases, in addition to Anopheles. Likewise, 

guidance for resistance management should include all available 

vector control tools, including quality-assured larval source 

management operations. 

2. WHO should convene a task force to prepare guidelines for 

intensity assays to complement current monitoring, which relies 

on diagnostic dose assays with the WHO tube assay or the CDC 
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bottle assay, and to update the guidelines on monitoring vectors 

of other major diseases, especially Aedes, Triatoma and 

Phlebotomus. 

3. WHOPES and University Sains Malaysia should update their 

business plan for facilitating access to test kits and supplies, and 

WHO should explore the possibility of establishing decentralized 

facilities for production of test kits.  

4. The data quality task force led by WHO should be supported 

through advocacy and funding from potential partners and 

funding agencies. 

5. WHOPES requirements and procedures should be clarified, with 

regard to the process of withdrawal of interim recommendations 

of LN products. 

6. Advocate for funding for operational research to define 

insecticide resistance thresholds for control failure, based on field 

studies, to inform expanded studies in experimental huts and 

modified bioassay protocols.  

7. Advocate in donor and policy forums for the GCDPP 

recommendation of a broader, better integrated strategy of vector 

control, beyond LLINs and IRS, and to include not only vectors of 

malaria but also other vectors of local public health significance.  
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