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1 Introduction 
 
The fourth meeting of the Global Collaboration for 
Development of Pesticides for Public Health (GCDPP) was held 
at the World Health Organization (WHO) headquarters in 
Geneva, Switzerland, on 24–25 June 2004.1 
 
The meeting was opened by Dr Anarfi Asamoa-Baah, Assistant 
Director-General of Communicable Diseases, WHO. In his 
remarks, Dr Asamoa-Baah noted the role of the GCDPP as an 
advisory group to WHOPES on matters related to the 
development of new insecticides, their formulations and 
applications, and their safe and effective use in the field of 
public health. Vector control is an important component in the 
management of the major vector-borne diseases. The recently 
developed WHO global framework on integrated vector 
management2 will provide an opportunity to stimulate and 
strengthen vector-borne disease control activities in endemic 
countries. While insecticides remain an important tool in the 
management of major vector-borne diseases, the depleting 
arsenal of safe and cost-effective insecticides, especially for 
malaria and dengue vector control, is of serious concern. 
Dr Asamoa-Baah requested that meeting identify strategies and 
procedures to facilitate and accelerate the development of new 
pesticides and their applications for public health use. 
 
Long-lasting insecticide-treated materials and fabrics provide an 
opportunity for the development of new tools, affording great 
potential for personal and community protection. The close 
                                                 
1 Reports of previous meetings of the GCDPP are available from the 
Information Resource Centre, Communicable Diseases, World Health 
Organization, 1211 Geneva 27, Switzerland. Fax: (+41) 22 791 4285; e-mail: 
cdsdoc@who.int (also at http://www.who.int/whopes/gcdpp). 
 
2 Global strategic framework for integrated vector management. Geneva, 
World Health Organization, 2004 (WHO/CDS/CPE/PVC/2004.10) (also at:  
http://whqlibdoc.who.int/hq/2004/WHO_CDS_CPE_PVC_2004_10.pdf). 
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collaboration of WHO with industry has been essential in the 
development of this technology for public health use. 
Dr Asamoa-Baah also asked for the meeting to review current 
knowledge on this topic and give guidance on further 
improvement and potential new applications of this technology. 
 
Dr Fatoumata Nafo-Traore, Director, Roll Back Malaria, WHO 
– joint organizers of the meeting – welcomed the participants on 
behalf of Dr Jack Chow, the Assistant Director-General of 
HIV/AIDS, Tuberculosis and Malaria, WHO, and stressed the 
interest and active participation of Roll Back Malaria in GCDPP 
meetings since its inception in 1997. She reminded the 
participants that malaria results in an unacceptable burden of 
morbidity and mortality: between 300 and 500 million cases, 
and over 1 million deaths each year, with significant social and 
economic impact. Although most of the burden of malaria is in 
Africa, south of the Sahara, it is important to note the highly 
variable malaria problems in other parts of the world, which 
sometimes pose enormous challenges to vector control. 
 
Malaria control requires both effective curative and preventive 
interventions. The control of malaria vectors can interrupt 
disease transmission, but in some areas of intense transmission, 
this may not be possible. However, vector control can still result 
in substantial reduction of morbidity and mortality as well as 
reduction of resistance to antimalarials. Interventions such as 
insecticide-treated nets and indoor residual spraying, both 
insecticide-based, are two of the primary tools for malaria vector 
control. 
 
Most insecticides used against pests and vectors of human 
disease are spin-offs from agrochemical research and 
development, as well as animal health products. The arsenal of 
safe and cost-effective public health insecticides is being 
depleted for various reasons, e.g. development of resistance in 
vectors to common insecticides, abandonment of certain 
compounds for safety reasons, unacceptable side-effects and non 
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re-registration. Furthermore, the number of new products 
launched is dwindling because of various factors, e.g. economic 
factors limiting investment into research and development of 
new compounds and their applications for the control of vectors. 
The development of new active ingredients and insecticide 
formulations, as well as long-lasting insecticide treatment 
technologies, are priority objectives, which present a great 
opportunity for effective public–private partnership. 
Dr Nafo-Traore emphasized that the strong links between the 
partners assembled in the meeting will be harnessed to formulate 
concrete strategies to achieve these objectives. 
 
The meeting was convened in plenary sessions (see Annex 1) 
and was attended by 23 representatives of industry, 
nine representatives of national and government-supported 
agencies, one representative from the Bill & Melinda Gates 
Foundation, five representatives of regional and international 
organizations, six representatives of university and research 
institutions, five temporary advisers, as well as members of the 
WHO Secretariat (see Annex 2). 
 
 
2 Keynote speech: Emergent and 

resurgent vector-borne diseases as a 
global public health problem 

 
Dr Duane Gubler, Director, Asia-Pacific Institute of Tropical 
Medicine and Infectious Diseases, Hawaii, United States of 
America (USA), and former Director, Division of Vector-Borne 
Infectious Diseases, Centres for Disease Control and Prevention, 
Fort Collins, USA, gave the keynote speech. He noted that the 
last quarter of the 20th century had seen a dramatic resurgence 
of infectious diseases of all kinds, especially vector-borne 
diseases. While some newly recognized vector-borne diseases 
have emerged, for example, Rift Valley fever, Lyme disease, 
ehrlichioses, and West Nile encephalitis, the biggest problem 
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has come from the re-emergence of well-known diseases that 
were once effectively controlled, e.g. malaria, leishmaniasis, 
African trypanosomiasis, plague, tularaemia, louse-borne 
relapsing fever, louse-borne typhus, dengue, yellow fever and 
Japanese encephalitis. The arthropod vectors that transmit these 
diseases have, in many cases, expanded their geographical 
distribution, putting new human populations at risk of infection. 
The resultant geographical expansion and increased incidence of 
disease resulted in the 20th century resurgence of vector-borne 
diseases. 
 
Dr Gubler presented as case studies several of the emergent 
diseases, including dengue, West Nile encephalitis, yellow 
fever, malaria, Lyme disease and plague, to illustrate their 
changing epidemiology in the past 25 years. Although malaria is 
still the most important vector-borne disease, it is primarily a 
problem in Africa where over 90% of all cases and deaths occur. 
It is estimated that between 1 and 3 million children die of 
malaria each year on that continent. Lyme disease, the aetiology 
of which was identified in the late 1970s, continues to increase 
as a public health problem in both Europe and North America. 
Global reports of plague have continued to increase over the 
past 15 years, with most cases reported from Africa. However, 
epidemics continue to occur in Asia and the Americas. The 1994 
epidemic in India underscored the importance of plague as an 
explosive global public health problem. Dengue continues to be 
the most important arboviral disease globally. The 20th century 
pandemic that began in the wake of World War II, has spread 
the viruses to over 100 countries, putting an estimated 2.5 to 
3.0 billion people at risk of infection. Each year, an estimated 
50–100 million infections of dengue fever and 500 000 cases of 
dengue haemorrhagic fever occur globally; the case-fatality rate 
for dengue haemorrhagic fever averages about 5%. The 
emergence of epidemic West Nile virus associated with severe 
and fatal neurological disease in humans and animals has 
occurred in the past decade. It is speculated that genetic changes 
in the virus have given it greater epidemic potential and 
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virulence, and have allowed its rapid spread to new geographical 
regions. Yellow fever poses the greatest threat of causing the 
next global public health emergency. The American tropics are 
at the highest risk, in over 60 years for urban epidemics of this 
disease. Once urban transmission begins in tropical America, it 
will spread very rapidly to other parts of the world. Of concern 
is that yellow fever will become established in Asian and Pacific 
countries. 
 
The case studies illustrated some of the complex factors that 
have been responsible for the emergence and resurgence of 
vector-borne diseases. These were discussed in some detail from 
a historical perspective, including complacency, policy change, 
lack of political will, changing public health practices, 
demographic and social changes, land use and agricultural 
practices, modern transportation, technology, microbial 
adaptation and climate change. Finally, the challenge of 
reversing the upward trend of epidemic vector-borne diseases 
was presented, including the availability and problems 
associated with the use of public health pesticides. 
 
2.1 Discussion 
 
The participants appreciated the challenges of controlling 
emerging and re-emerging vector-borne diseases as a result of 
changes in public health policy, demographic and social 
changes, shift in emphasis from prevention to emergency 
response, insecticide and drug resistance, genetic changes in 
pathogens and other factors. It was noted, however, that 
effective prevention strategies can reverse this trend: vector 
control, through integrated vector management, will be required 
to stop the spread of most emergent and resurgent vector-borne 
diseases. Chemical control is an important component of 
integrated vector management. However, the depleting arsenal 
of low-risk and cost-effective insecticides and lack of funding 
for searching for alternatives are posing a serious risk to public 
health, the magnitude of which has not been appreciated by the 
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majority of national and international organizations. Participants 
from industry reiterated their position and interest to work with 
WHO and other relevant partners for the development of such 
products. However, they requested a clearly articulated, long-
term strategy for vector control, from which they could forecast 
and invest in such developments. It was noted that wrong public 
perception of pesticides, mostly generated from non-public 
health uses, impedes the development of public–private 
partnerships for the development of new public health pesticide 
products and effective management of vector control. The 
meeting concluded that that WHO should take the leading role 
in such public education and advocacy. 
 
 
3 Summaries of presentations and 

discussions 
 

3.1 Secretariat report on developments since the 
previous GCDPP meeting 

Dr Morteza Zaim, Scientist in charge of WHOPES and 
Secretary of the GCDPP, provided a brief report on activities 
carried out by the programme since the previous meeting of the 
GCDPP in May 2002, in as far as they relate to the two main 
objectives of WHOPES. These are: (i) to facilitate the search for 
alternative pesticides and application technologies that are safe 
and cost-effective; and (ii) to develop and promote policies, 
strategies and guidelines for the safe and effective use of 
pesticides in public health, and assist and monitor their 
implementation by the Member States. 
 
The development of alternative pesticide products and 
technologies has received a high priority within the WHO in the 
past two years and many meetings have been held with industry 
(manufacturers of pesticide, application equipment and fabric) 
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on developing new compounds, optimizing existing tools and 
developing new application technologies. 
 
The risk posed by re-registration of public health pesticides in 
industrialized countries on the availability of such products in 
developing countries was reiterated. An informal consultation 
was held with the European Union and the United States 
Environmental Protection Agency, 23 June 2003, to better 
understand their re-registration requirements and procedures and 
to ensure that the challenges facing vector control programmes 
in developing countries are well noted by these authorities. 
 
Since the previous GCDPP meeting, WHOPES testing and 
evaluation of five pesticide products have been completed. The 
reports of the WHOPES Working Group meetings among 
national disease control programmes and registration authorities, 
as well as industry, have been widely distributed. These reports 
contain a critical review of the existing literature as well as 
studies carried out by WHOPES, providing justification for 
WHO recommendations and facilitating the registration and use 
of such products by national authorities. Every effort will be 
made to make the reports more user-friendly and accessible. 
 
WHOPES is currently testing and evaluating five mosquito 
larvicide products (representing three different compounds), two 
products for space spray and one product for IRS against 
malaria vectors. The urgency for searching for alternative 
insecticides for the treatment of mosquito nets was emphasized 
and it is hoped that the generic guidelines3 developed in 
collaboration with the WHO Programme on Chemical Safety 
(PCS) can be used for assessing the safety of insecticides for 
such applications. 

                                                 
3 A generic risk assessment model for insecticide treatment and subsequent 
use of mosquito nets. Geneva, Switzerland, 2004  
(WHO/CDS/WHOPES/GCDPP/2004.6; WHO/PCS/04.1) (also at: 
http://whqlibdoc.who.int/hq/2004/WHO_PCS_04.1.pdf). 
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Since 2002, WHO and the Food and Agriculture Organization of 
the United Nations (FAO) have established a joint panel of 
experts and have harmonized their procedures and requirements 
for development of pesticide specifications. The details of these 
are published in the Manual on development and use of FAO 
and WHO specifications for pesticides,4 which is now available 
in English and Spanish, with French and Chinese translations 
forthcoming. During the reporting period (2002–2004), 
14 public health pesticide compounds and their formulations, 
from six manufacturers have been reviewed by the FAO/WHO 
Joint Meeting on Pesticide Specifications. 
 
The development of guidelines for the management of public 
health pesticides5 (available in English, French and Spanish) is a 
major milestone in WHOPES' activities. Reports were presented 
from regional meetings held in Amman, Jordan (December 
2003) and Bangkok, Thailand (May 2004), in collaboration with 
United Nations Environment Programme (UNEP) and Roll Back 
Malaria, to promote the implementation of elements of the 
guidelines by Member States. At these meetings, a unique 
approach was followed: representatives of ministries of health, 
environment and agriculture were invited to work together to 
develop regional and national strategies for public health 
pesticide management. 
 
In order to better support Member States, a global survey of 
public health pesticide management practices has been 
                                                 
4 Manual on development and use of FAO and WHO specifications for 
pesticides. Rome, World Health Organization and Food And Agriculture 
Organization of the United Nations, 2002. Also available at: 
http://whqlibdoc.who.int/publications/2002/9251048576.pdf. 
 
5 Draft guidelines on the management of public health pesticides. Report of 
the WHO Interregional Consultation, Chiang Mai, Thailand, 25–28 
February 2003. Geneva, World Health Organization, 2003  
(WHO/CDS/WHOPES/2003.7) (also available at:  
http://whqlibdoc.who.int/hq/2003/WHO_CDS_WHOPES_2003.7.pdf). 
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completed, which will be used as a baseline for future activities 
as well as for identification of major constraints. In addition, 
work has begun on development of guidelines for situation 
analysis and needs assessment for public health pesticide 
management in order to assist Member countries with a more 
realistic development of their national plans. 
 
The largest use of vector-control insecticides is in the field of 
malaria prevention and control. The Guidelines for decision 
making for judicious use of insecticides6 has been well received 
and is now available in English, French and Spanish. In 
collaboration with Roll Back Malaria, training materials on 
judicious use of insecticides in vector control have been 
developed and two workshops for the training of the trainers are 
planned to take place in 2004 for selected countries in the WHO 
African Region, Eastern Mediterranean Region and South-East 
Asia Region. 
 
Promoting the availability of high-quality pesticide products is 
another high priority activity for WHOPES. As less than half of 
the Member States in developing countries have facilities for 
quality control (QC) of pesticides, WHOPES has initiated the 
expansion of the existing WHO collaborating centres, and in 
early 2004 developed a collaborative project with the South 
African Bureau of Standards for QC of pesticides. He also noted 
the initiation of development of guidelines for strengthening the 
capacity of national QC laboratories, as a joint activity with 
FAO and the Collaborative International Pesticide Analytical 
Council. 
 
Any discussion on safe and effective use of pesticides is 
incomplete without due attention being given to issues related to 
                                                 
6 Najera JA, Zaim M. Malaria vector control. Decision making criteria and 
procedures for judicious use of insecticides. Geneva, World Health 
Organization 2003 (WHO/CDS/WHOPES/2002.5 Rev.1) (also available at: 
http://whqlibdoc.who.int/hq/2003/WHO_CDS_WHOPES_2002.5_Rev.1.pdf
). 
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their application and equipment. A consultation with 
manufacturers of pesticide application equipment was jointly 
organized with and held in the International Pesticide 
Application Research Centre, WHO Collaborating Centre for 
the Testing of Insecticidal Application Equipment, Ascot, 
United Kingdom, in April 2004, at which issues related to 
pesticide application and equipment were discussed. In addition, 
a plan of work was established to review the existing WHO test 
procedures and guideline specifications for pesticide application 
equipment and to make recommendations for their review by 
WHO. 
 
Dr Zaim ended his report by stating that the success achieved by 
WHOPES during the reporting period is the result of extensive 
and close collaboration which exists between WHOPES and 
industry as well as WHOPES network of collaborating centres 
and research institutions, many of which were represented at the 
meeting. He thanked them for their continued support and 
interest. 
 

3.2 Dwindling arsenal of insecticides – a 
significant threat to malaria prevention and 
control 

Dr Mohammadou Cham of the Roll Back Malaria Department, 
WHO, reviewed the arsenal of insecticides available to malaria 
vector prevention and control and noted that vector control is an 
important component of the WHO Global Strategy for Malaria 
Control, whose objective is to interrupt the transmission of 
malaria parasites. Malaria is the most important insect-
transmitted human disease, especially in Africa, south of the 
Sahara, where approximately 90% of the infections as well as 
deaths occur. Contributory factors to the high malaria 
prevalence include: (i) the development of resistance by 
parasites and vectors to antimalarial drugs and insecticides 
respectively; (ii) differences in the biology of major malaria 
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vectors which preclude the development of simple, universally 
applicable strategies for control; and (iii) the cost of available 
malaria control tools. In the most malaria-affected parts of the 
world, the cost of these tools often exceeds the public health 
resources. 
 
Current reliance on disease management as the main component 
of malaria control reflects the difficulty of preventing malaria 
infection in many highly endemic areas, especially in Africa, 
south of the Sahara. However, the incidence of severe disease, 
especially severe anaemia, and new infections can be reduced 
substantially through indoor residual household spraying, the 
use of insecticide-treated nets and intermittent preventive 
treatment during pregnancy, which will also improve birth 
outcomes and infant survival. 
 
Although the use of insecticides is central to all malaria vector 
control programmes, the number of insecticides available for 
malaria control has dwindled considerably. This is because of 
the development of insecticide resistance, toxicological and 
environmental considerations, the cost of development and of 
registration, the withdrawal of insecticides no longer registered 
for public health use and the significant decline in the 
development of new compounds, as reflected by the reduction in 
the number of new compounds submitted to WHOPES. 
 
The primary pesticide manufacturing industry has the 
combination of technical and financial resources to stimulate 
research and development of new pesticides and pesticide 
groups. It was therefore suggested that governments and 
bilateral and multilateral organizations explore mechanisms for 
supporting industry, such as in the development of new 
compounds as well as in guaranteeing the continued availability 
of effective and safe pesticides for malaria vector control. 
 
To facilitate the search for new insecticides, Dr Cham suggested 
that: (i) mechanisms to accelerate and support the discovery and 
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development of new compounds be established; (ii) the crucial 
role of WHO (Special Programme for Research and Training in 
Tropical Diseases (TDR) and WHOPES) in research and 
development as well as evaluation be optimized; (iii) WHO 
collaborating centres be revived, especially those working on 
malaria vectors in areas where Anopheles gambiae has already 
developed resistance to insecticides; and (iv) collaboration with 
agrochemical companies be stimulated to ensure that any useful 
existing insecticide will not be withdrawn from the market. 
 

3.3 DDT and challenges in developing 
alternatives – relevant requirements under 
the Stockholm Convention 

Dr Agneta Sundén-Byléhn of UNEP Chemicals, United Nations 
Environment Programme, Geneva, Switzerland, presented the 
challenges related to development of alternatives to DDT and 
noted that the goal of the Stockholm Convention is to protect 
human health and the environment from persistent organic 
pollutants (POPs). The Convention that entered into force on 
17 May 2004 requires Parties to take legal and other 
administrative measures to prohibit the production and use of 
the following intentionally produced POP pesticides: aldrin, 
chlordane, dieldrin, endrin, heptachlor, hexachlorobenzene, 
mirex and toxaphene. There are a few time-limited exemptions 
allowed for specific uses of these, notably for termite control 
purposes. 
 
Although the ultimate goal of the Convention is to eliminate the 
use of POPs, it recognizes the current need for DDT for disease 
vector control in a number of countries. This is the only 
acceptable use identified under the Convention. Production and 
use of DDT can take place for disease vector control provided 
that a Party notifies such production and use for entry into a 
DDT register. There is no time limit associated with this 
acceptable purpose. However, every three years the Conference 
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of Parties will, in consultation with WHO, evaluate the need for 
continued DDT use. 
 
Parties that use DDT are requested to report on amounts and 
conditions of use and to develop action plans to implement 
alternatives products, methods and strategies, including 
resistance management strategies to ensure the continued 
effectiveness of the alternatives. Thus, the Convention also 
recognizes the problems of resistance that may be encountered 
when eliminating DDT use through simple replacement of the 
chemical. The Convention further requests all Parties to promote 
research and development of safe alternative products (chemical 
and non-chemical), methods and strategies relevant to the 
conditions of countries that use DDT. 
 
UNEP Chemicals works with WHO to promote development of 
alternative strategies, which are based on the principles of 
integrated vector management. When changing vector control 
strategies and implementing alternative methods, factors of 
sustainability must be given highest consideration. This includes 
developing control strategies that are based on local conditions 
and involve the local communities. 
 

3.4  Discussion 

Much of the discussion focused on the urgent need to develop 
alternative pesticides for public health use, mainly adulticides 
(contact insecticides) for mosquito control. The depleting 
arsenal of this type of insecticide is particularly serious. 
 
Pyrethroids are the only group of contact insecticides which 
have been launched for mosquito control in the past two 
decades, and are currently the only group of insecticides 
recommended for treatment of mosquito nets. It was also noted 
that resistance to one pyrethroid gives resistance to all. 
Pyrethroid resistance in major mosquito vectors and pests of 
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public health importance is underreported and spreading. 
Selective and judicious application of current insecticides, in the 
context of integrated vector management, and improving the 
cost-effectiveness of the existing tools (e.g. improved insecticide 
formulations and application technologies, including long-
lasting insecticide treated materials) were identified as short- to 
medium-term solutions. These are to be supported by improved 
capacity for planning, implementation and evaluation, as well as 
effective monitoring and management of insecticide resistance. 
However, as a longer-term strategy, identification of 
mechanisms and procedures for development of new compounds 
for public health use is a priority. Given that it takes 7–10 years 
to bring a newly discovered compound to registration, the need 
for urgent action was noted. 
 
The Stockholm Convention provides an opportunity and a 
platform for the development of new strategies and alternative 
methods and products for vector control, and for building 
capacity and revitalizing vector control activities in endemic 
countries. 
 
Participants from industry reported that the overall size of the 
pesticide market is around 9 billion Euros, of which 6 billion 
Euros are for agricultural products, 800 million Euros for 
professional pest control products and 188 million Euros for 
vector control. A successful company may have only a 25% 
market share of a product category, and so the actual volumes 
they have in the public health pesticide market are very small. 
Any investment in research and development may require active 
public–private partnership and use of public funds. It was stated 
that the average cost of research and development of a new 
compound was 100 million Euros, plus another 100–300 million 
Euros in cases where there is a need to retool production 
facilities. 
 
Industry participants confirmed that public health pesticides are 
mainly spin-offs of pesticide development for the agriculture 
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sector. However, they also noted that some of the major 
pesticide manufacturers screen new compounds against major 
public health vectors and pests, but their further development is 
affected by many decisions, mainly economic return. In 
addition, the development of pesticides for agriculture has 
become more targeted and specific in recent years, thus reducing 
the chance of bringing to the market new compounds for vector 
control. 
 
There may be compounds “on the shelf”, or for non-public 
health purposes where the size of the forecasted market halted 
their further development for public health use. Public–private 
partnerships may facilitate the final stages of development of 
such potential public health products. 
 
Any investment in development of alternative insecticides and 
application technologies requires a clear, long-term strategy for 
vector control from international organizations, such as WHO. 
The participants recognized that this may not be needed for all 
major vector-borne diseases. It was also suggested that public 
health institutions should develop a conducive environment or 
guaranteed market for such insecticides and technologies. 
Market forecasting is an essential element for development of 
any tool or technology. 
 
WHOPES was requested to promote greater use of 
WHO recommendations and specifications by Member States 
and to further promote and assist in establishing harmonized 
procedures and requirements for registration of public health 
pesticides. The meeting felt that this would help to reduce 
registration hurdles and unnecessary duplication of data. It was 
noted that in the majority of Member States the registration 
requirements and local testing of pesticides is based on 
experiences in the agricultural sector, while WHO, through its 
Pesticide Evaluation Scheme, tests and evaluates public health 
pesticides for their safety, efficacy and operational acceptability 
under different ecological and epidemiological settings. Where 
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such recommendations are available, registration authorities 
should make the best use of them. 
 
The participants congratulated the WHOPES Coordinator for 
reviving the Pesticide Evaluation Scheme and for its 
achievements in recent years. They strongly recommended the 
use of its recommendations and standards by Member countries, 
other United Nations agencies, donor agencies and 
nongovernmental organizations. 
 
3.5 Current initiatives in developing alternative 

insecticides for public health use – status 
report 

 
3.5.1 Gates Malaria Programme, London School of 

Hygiene and Tropical Medicine 
 
Dr Mark Rowland of the London School of Hygiene and 
Tropical Medicine (LSHTM), United Kingdom, reported on the 
progress made on the development of new tools and insecticides 
for malaria vector control in a collaborative effort between 
LSHTM, WHO, agrochemical and textile manufacturers, and 
African research institutes. Dr Rowland reiterated that 
insecticide-treated nets and indoor residual spraying are the 
primary methods of preventing malaria. While vector control 
remains one the most efficient ways to gain protection against 
malaria, no single method is perfect and there is a need to 
develop improved or supplementary measures. The spread of 
pyrethroid-resistant mosquitoes across western Africa, and 
increasing numbers of reports of resistance in eastern and 
southern Africa is of great concern. To maintain progress in the 
current global malaria control initiatives it is important to 
develop alternative insecticides, to ensure that insecticide-
treated nets and indoor residual spraying remain effective. The 
development of new insecticides for public health use and of 
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improved formulations that prolong residual activity requires a 
broad partnership between the agrochemical industry, institutes 
of tropical medical research, international public health 
organizations, and research partners from developing countries. 
Thus the Gates Malaria Programme at the LSHTM is working 
with WHOPES and major chemical companies to bring novel 
insecticides, which until now have only been used in agriculture, 
into the field of malaria control. Some members of the earlier 
generation of insecticides, the organophosphates and 
carbamates, while developed primarily for indoor residual 
spraying also have potential as treatments for nets. The 
development and evaluation process requires field testing in a 
controlled but realistic semi-field environment. For this purpose, 
field sites with experimental huts and platforms, insectaries and 
laboratories have been constructed in two sites, in the United 
Republic of Tanzania and Benin in West Africa. 
 
Dr Rowland also discussed the roles of the partners of the 
collaboration, the development of project sites, progress in the 
evaluation of novel insecticides and of established insecticides 
not yet used in malaria vector control, and other vector research 
initiatives within the Gates Malaria Programme. 
 
3.5.2 United States Armed Forces Pest Management Board 
 
Dr Richard Johnson of the United States Armed Forces Pest 
Management Board reported on the United States' military 
initiative to develop better pesticides and application methods 
for vector control. He stated that the Deployed War-Fighter 
Protection (DWFP) Against Disease-Carrying Insects research 
initiative began in 2004 to discover, develop and validate new 
and improved methods to protect deployed United States 
military personnel from threats posed by disease-carrying 
insects. The programme aims to develop novel insecticides and 
formulations for use against vectors of human pathogens; better 
products for personal protection against mosquitoes, sand flies 
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and other haematophagous arthropods; and more efficient 
technology for application of public health pesticides. 
 
During and following World War II, the United States 
Department of Agriculture (USDA) scientists used support from 
the Department of Defense (DoD) to develop important tools 
(e.g. DEET, ULV sprayers and permethrin-impregnated fabrics) 
for use against insects that transmit such diseases as malaria, 
typhus and dengue. Today, the DoD again critically needs better 
vector control products and USDA is particularly able to help to 
bring these to the public health market. The DWFP is designed 
to encourage the rapid development of such products and to 
improve the capability of USDA to provide long-term, 
innovative support to military preventive medicine. Through the 
DWFP, the Agricultural Research Service (ARS) of USDA 
receives DoD funding to reinvigorate this mutually beneficial 
research and development relationship between the two 
agencies. 
 
The DWFP is being implemented under auspices of the Armed 
Forces Pest Management Board for at least five years. In 
addition to ARS-based research, there is a competitively funded 
direct grants process open to non-ARS scientists. In the first 
round of awards, eight direct grant proposals were approved on 
topics ranging from aerial spray capabilities to sand fly control 
in Iraq. It is envisaged that products developed by the DWFP 
initiative will be suitable for wider applications against pests and 
vectors of public health importance. 
 
3.5.3 Discussion 
 
Much of the discussion focused on the medium-term strategy for 
development of alternative insecticides and application 
technologies and on the fine-tuning, i.e. improving formulations 
of the existing products and searching among the compounds 
"on the shelf" or registered for use in sectors other than public 
health. WHO was requested to continue its proactive role and 
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contact manufacturers of pesticides for submission of such 
products for testing and potential development for public health 
uses. Companies which are not presently represented in the 
GCDPP should be contacted. The partnership to develop long-
lasting insecticide-treated plastic sheeting is a good example of 
such an approach. The use of public funds in support of the 
laboratory and field testing of such products would help to lower 
the financial risk for industry and enable them to participate 
more actively in such efforts. 
 
The discussion on the depleting arsenal of low-risk and cost-
effective insecticides largely related to mosquito adulticides. It 
was reiterated, however, that larvicides have an important role in 
prevention of mosquito-borne diseases, especially malaria, 
dengue, and possibly West Nile fever in urban settings. The 
activity of industry in the development of new compounds and 
cost-effective formulations, including biological products and 
insect growth regulators, was noted. 
 

3.6 Medicines for Malaria Venture – a model for 
developing alternative insecticides for public 
health? 

Dr Chris Hentschel, Chief Executive Officer of Medicines for 
Malaria Venture (MMV) shared the justification for and 
experiences leading to the creation of MMV. This is a non-
profit-making organization created to discover, develop and 
deliver new antimalarial drugs through effective public–private 
partnerships. The mission of MMV is to bring public, private 
and philanthropic sector partners together to fund and manage 
the discovery, development and registration of new medicines 
for the treatment and prevention of malaria in disease-endemic 
countries. 
 
The major obstacle to the discovery of new antimalarials is the 
lack of global investment in drug research and development. 
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The enormous costs and time needed for research and 
development, with little or sometimes no prospect of return 
upon investment once a drug is fully registered and on the 
market, are dissuasive to the large pharmaceutical companies. 
 
About half of all health research is carried out in the public 
sector and about half in the private – but whether it is private or 
public, it is overwhelmingly by and for the rich or transition 
countries. One relatively new trend in global health research, 
however, is the emergence of significant levels of private 
not-for-profit funding. It is this sector that largely supports 
MMV and other private–public partnerships. Low-income 
countries account for only about 3% of global health research 
expenditure and this percentage is, if anything, decreasing. 
 
Dr Hentschel reiterated that by utilizing public funds, 
establishing a research coordination enterprise to manage the 
portfolio of investment and collaborative projects, and 
outsourcing of all technical activities while retaining full 
decision control in project initiation, licensing and partner 
selection have been the main strategies of MMV and the lessons 
learnt may be useful in the development of partnerships for 
discovery and development of alternative insecticides for public 
health. 
 
3.6.1  Discussion 
 
The participants appreciated the successful coordinating and 
management role of MMV in drug discovery and development 
for malaria. While there are similarities between the discovery 
and development of drugs and pesticides, the participants 
recognized differences (e.g. in end-user market) that should be 
taken into consideration when developing partnerships to 
support pesticide discovery and development. Strong advocacy 
by WHO was considered essential to restore the positive image 
of pesticides in public health, and attract public funds in support 
of discovery and development of public health pesticides. 
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Development of a "smart" business plan (specific, measurable, 
assignable, realistic and time-related) with critical analysis of 
the situation and a proposed operational framework, 
organization, project pipeline, costs and funding was considered 
essential for taking the initiative forward. The important role 
and contribution of the industry members of the GCDPP in the 
development of such a business plan was stressed. 
 
3.7 Current status and prospects for use of long-

lasting insecticide treatment technology in 
public health 

 
Dr Pierre Guillet of Communicable Disease Control, Prevention 
and Eradication, WHO, reviewed the current status of and 
prospects for use of long-lasting insecticide treatment 
technology for the prevention of vector-borne diseases. In the 
current challenging and changing physical, socioeconomic and 
political environments, there is an obvious need to review 
existing vector-control interventions and to develop new 
technologies and approaches to prevent vector-borne diseases. 
In developing any new technology, priority ought to be given to 
improving delivery mechanisms and ensuring that the right 
insecticide (or any other active substance) reaches the right 
target where and when needed. Dr Guillet's presentation focused 
on long-lasting insecticidal materials as a component of 
integrated vector management. 
 
Long-lasting insecticidal mosquito nets 
 
New fibre and polymer technologies have recently been used to 
produce long-lasting insecticidal mosquito nets (LLINs). With 
these nets, insecticide is incorporated into netting fibres or 
bound to their surface so they are protected and efficacy is only 
slowly removed by washing. Insecticidal activity has to remain 
for the lifespan of the net itself; this can be estimated at 2–3 
years for polyester netting and around 5 years for high-density 
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polyethylene. LLINs obviate the need for "dipping" and periodic 
re-treatment of mosquito nets, and this, of course, has enormous 
operational and social marketing implications. The advantages 
of the technology have been recognized by Roll Back Malaria 
partners, who consider this the best available technical option. 
 
Two LLIN products have already been tested and recommended 
by WHOPES. LLINs have several significant advantages 
compared with conventionally treated nets: 
 
• Cost–effectiveness. A single treatment remains active for 

several years instead of the few months following 
conventional treatment. For example, replacement of indoor 
residual spraying by LLINs reduces the amount of 
insecticide needed to protect a family by up to 1500 times. 
 

• Safety. There are major benefits in terms of human and 
environmental safety. The insecticide concentration, which 
is bioavailable at any given time on the surface of the 
treated fabrics, is very low (most of the insecticide is 
incorporated in the material and slowly migrates to the 
surface). Insecticide bound to the fabric is released into the 
environment at much lower rates than those resulting from 
other chemical vector-control methods. However, safety 
during production may require the adoption of special 
protective measures at factory level. 
 

• Resistance management. Up until now, treatment of nets 
has relied heavily on pyrethroids. Low-risk 
organophosphates (e.g. chlorpyrifos-methyl or pirimiphos-
methyl) used in combination with pyrethroids significantly 
increase the efficacy of insecticide-treated nets against 
pyrethroid-resistant vectors as well as pest mosquitoes. The 
pyrethroids and organophosphates can be used as a mixture 
or, preferably, as a mosaic ("two-in-one" treated mosquito 
nets). Various field studies have proved that a combination 
of two unrelated insecticides are an effective solution to 
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prevent or to slow down the development of resistance, 
particularly to pyrethroids. There are no strong technical, 
safety or economic barriers to the development of LLINs 
treated with a pyrethroid and an organophosphate 
insecticide in a mosaic combination. 

 
In further developing this technology, two priorities have been 
identified. There is a need for: (i) a long-lasting dipping product 
that can be easily applied, either in the factory or the field, to 
transform conventional nets currently in use into LLINs; and 
(ii) an insecticide-incorporated yarn which can be mass 
produced and sold to any net manufacturer and used with 
existing knitting machines to produce high-quality LLINs. 
 
Current efforts focus on scaling up production and distribution 
of LLINs. It is expected that malaria control programmes will 
soon purchase LLINs, to the exclusion of conventionally treated 
nets, and that these programmes will also promote the use of 
long-lasting insecticides for dipping conventional nets currently 
in use. In all of these developments, price is a major concern, as 
well as subsidy mechanisms to ensure equitable and widespread 
access to this life-saving technology by the target populations. 
 
Other long-lasting insecticidal materials 
 
• Insecticide-incorporated plastic sheeting 

Incorporation technology has been used to produce 
insecticide-incorporated plastic sheeting for emergencies 
and refugee camps. This ready-to-use tool has to provide at 
least six months protection against malaria vectors and to 
reduce fly densities in refugee camps (during the acute 
phase of emergencies, when priority is given to 
interventions other than vector control). The first laboratory 
and field trials of a deltamethrin-incorporated plastic 
sheeting show very good efficacy against both malaria 
vectors and synanthropic flies, as well as acceptability. 
Major relief organizations (e.g. Office of the United Nations 
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High Commissioner for Refugees) and nongovernmental 
organizations have shown interest in this technology, and 
expectations for a rapid wide-scale implementation are very 
high. 
 

• Long-lasting treated hammocks 
This technology could be used to produce long-lasting 
treated hammocks for the prevention of forest malaria in 
South-East Asia and southern America. A field trial with a 
long-lasting permethrin-treated hammock is about to start in 
Viet Nam. A combination of long-lasting treated hammocks 
and insecticide-incorporated plastic sheeting as shelters may 
offer a solution to the serious public health problem of 
forest malaria and possibly other related diseases such as 
leishmaniasis (in mining camps, forestry workers and 
nomadic forest populations). 
 

• Long-lasting treated netting 
The use of netting to cover water storage jars is well 
accepted. When treated with a safe insecticide, this netting 
may be used for dengue prevention, significantly reducing 
vector populations by killing both larvae and adult 
mosquitoes. A field trial with a deltamethrin-treated 
long-lasting netting is still in progress in Cambodia. 
 

• Long-lasting treated curtains and screens  
The efficacy of impregnated curtains or screens against the 
major dengue vector has already been confirmed through 
various field trials. The use of long-lasting treated fabrics 
instead of those with conventional treatment at household 
level would improve the intervention in the same way 
LLINs are improving treatment of mosquito nets. The same 
technology (incorporation into polymer) has also been used 
to develop a larvicide (pyriproxyfen matrix) that can be 
used in drinking water, and which provides more than six 
months control with a single application. 
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These long-lasting treated fabrics can also be used to 
produce tsetse traps and screens for the prevention of 
human African trypanosomiasis (also known as sleeping 
sickness). Such tools are known to be highly effective in 
preventing this disease and can be implemented at 
community level. 
 
Window screening is an important component of domestic 
comfort in many countries and offers protection against 
pests and vectors. In India, for example, more than 
25 million m2 of polyethylene netting are produced per 
month and sold on local markets, with about 60% being 
used for screening and the rest for mosquito nets (equivalent 
to 800 000 nets/month). Treatment of this material by 
simple inclusion of a master batch before yarn extrusion 
would considerably enhance the protective efficacy of these 
materials. 
 
Polyethylene screening is now widely used in agriculture 
for various applications; commonalities with public health 
could lead to significant cost savings through economies of 
scale. 
 

• Long-lasting treated fencing 
Treated fencing has been shown to be very effective against 
tsetse flies in Africa and to have a potential to protect 
people in, for example, refugee camps, specific compounds 
or human dwellings. 
 

The above list of potential applications for long-lasting treated 
fabrics is not exhaustive. Creativity and collaboration with 
agriculture and household pest-control specialists would 
certainly lead to additional new developments and applications. 
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Home improvement and personal protection 
 
Transmission of major vector-borne diseases mostly occurs 
inside human dwellings. For various reasons, most vector 
control services are unable to deliver and sustain the level of 
insecticidal coverage needed to interrupt transmission or keep it 
at low levels. The necessary resources are simply unavailable or 
inconsistent, or there is poor access to households, especially in 
urban areas, or both. Taking into account difficulties in 
delivering existing interventions, LLITMs have to be designed 
with the combined objectives of improving the domestic 
environment and preventing vector-borne diseases. With this 
approach, people themselves assume a more active role, 
bringing the vector control interventions into their homes, 
motivated by the additional comfort these tools will provide. 
Field trials are about to start with a permethrin-incorporated film 
used as roof or wall lining, designed to improve domestic 
comfort and to provide protection against endophilic vectors. 
Special attention will be given to potential impact on domestic 
pests, especially termites, since any impact on this pest may 
have tremendous implications (a similar technology is currently 
revolutionizing termite control in the northern hemisphere). 
 
Using modern technologies and housing materials to improve 
traditional or poor habitats while addressing the issue of vector-
borne disease prevention and domestic pest control is an 
attractive area to explore, in order to address vector control 
issues in a broader and longer-term perspective. 
 
Fibre technologies currently being developed for LLINs could 
be used to produce protective clothing which could protect 
against a wide range of blood-sucking arthropods; these could 
be treated either with a repellent or appropriate pyrethroids. 
These fabrics could be used for a wide range of applications: 
protection of tourists travelling in endemic areas, for military 
personnel, forest workers (e.g. to prevent Lyme disease), and 
protection of people against pests such as mosquitoes, midges or 
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blackflies in large geographical areas, especially in the northern 
hemisphere. 
 
In conclusion, Dr Guillet noted that any further development of 
the concept of long-lasting treated materials should be 
conceived through innovative alliances and partnerships such as 
the GCDPP. An open alliance has been formed with major 
industry partners (pesticide, polymer and textile industries and 
major oil producers), managers of control programmes in 
endemic countries, and selected nongovernmental organizations, 
and this collaboration is supported by the best scientific 
expertise currently available in vector biology and control. 
WHO through its technical units, the Programme for Chemical 
Safety (PCS) and WHOPES coordinates such developments, 
addressing major issues of human and environmental safety as 
well as the efficacy and judicious use of insecticides. 
 
3.7.1 Discussion 
 
The participants recognized the potential of long-lasting 
insecticide treatment technologies and materials as a new 
approach in personal protection and vector control. Noting 
current challenging and changing physical, socioeconomic and 
political environments, these technologies provide a great 
opportunity for the development of new tools and approaches 
and for cost-effective and sustainable products and 
interventions. Community and consumer acceptance are an 
important component of the development of such products and 
interventions and the relevance of social studies has to be 
stressed. 
 
It was reiterated that insecticide-treated materials are an 
effective means of individual protection. As coverage increases, 
the effect on the community becomes the addition of the 
protected individuals, and as total coverage is approached, the 
"mass impact" on the vector population may become sufficient 
to interrupt transmission. In order to reach these desired 
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coverage levels, there also needs to be a structure and resources 
for planning, implementation and monitoring. Monitoring 
should go beyond the overall household coverage rates and 
include information on actual use of the treated nets and 
materials by individuals within those households. 
 
The possible environmental impact of insecticide-treated 
plastics and the potential use of biodegradable polymers was 
recognized. 
 
The importance of private–public partnerships for development 
of such technologies was highlighted, including collaboration 
with nongovernmental organizations and other civil society 
groups. This has already been shown in the development of 
treated materials for emergency shelters. Such materials may 
also be of use to agencies working to improve housing in 
general. 
 
The participants also reiterated that there is no single answer to 
vector control and that the method(s) of intervention has to be 
selected on the basis of the ecological and epidemiological 
settings, resources and infrastructure and adapted to the local 
conditions and needs, and in the context of integrated vector 
management. 
 

3.8 Olyset technology and production 

Dr Takaaki Itoh of Sumitomo Chemical, Japan, discussed Olyset 
technology and production and noted that Olyset Net® is 
characterized by: (i) a long-lasting efficacy of more than five 
years under normal conditions of use; (ii) good air-ventilation 
for sleepers, as a result of its wide mesh size; (iii) no necessity 
of re-treatment after washing; and (iv) long durability of the net 
itself. It is made from high-density polyethylene monofilament 
fibre with 2% (w/w) permethrin incorporated during fibre 
manufacture. A mixture of permethrin and resin is extruded into 
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the fibre of an appropriate thickness at high temperature. The 
fibre is knitted into a net roll and the net roll is stitched into 
Olyset Net®. 
 
The most important characteristic to be checked for the quality 
of Olyset Net®, is the dynamic behaviour of permethrin in the 
fibre. This characteristic can be predicted by measuring the 
bleeding (release) profile of permethrin. This can be determined 
by repeated washing of the net with acetone to remove 
permethrin from the surface of fibre and repeated heating of the 
washed net to accelerate permethrin diffusion to the surface 
from inside the fibre. The repetition of washing and heating 
eventually results in a constant bleeding of permethrin, which 
suggests an equilibrium between bleeding speed from the 
surface of fibre and diffusion speed of permethrin within the 
fibre. 
 

3.9 Industrial production of long-lasting 
insecticide-treated yarns 

Mr René Moissonnier of Clariant Huningue, France, presented 
an overview of and status report on development of insecticide-
treated yarns in the company and noted that adding different 
substances during the production of manufactured fibres is as 
old as the fibre industry itself. He added that Clariant Huningue 
Masterbatch Division has developed technologies suitable for 
the incorporation of active substances into synthetic fibres 
(“masterbatch” refers to the original material to be extruded as a 
fibre, which is then spun, woven, knitted, etc., to make textiles). 
 
Partnerships have always been a condition for success in the 
fibre industry. Many examples of filaments with incorporated 
active substances are well known today, including mass 
coloured filaments for automobile seat covers, antibacterial 
permanent treated filaments for socks, fire-retardant fibres, 
optical brightener for staple fibres, ultraviolet absorbers, etc. 
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This technology can also be applied to the production of 
filaments permanently treated with insecticide. 
 
The technology consists of two main elements: the machinery 
and the material. The specialized machinery includes a dosing 
system and feeder, which is designed and installed to fit the 
spinning equipment used by the fibre manufacturer. This system 
allows chips, granulates, powders, etc. to be added to the 
polymer before the fibre is extruded. The material itself, known 
as the "masterbatch", is the concentrated active substances and 
polymer, usually in form of granules. 
 
In the production of fibres for mosquito nets, the insecticide is 
added with precision and adapted to the spinning conditions to 
keep an acceptable yield during production of the fibre. The 
active substances employed are only those recommended by 
WHOPES for treatment of mosquito nets. Only substances 
which withstand the masterbatch temperature and spinning 
conditions are acceptable. Final materials are tested using 
WHOPES specifications. In the tests so far, alpha-cypermethrin 
and deltamethrin have shown potential to meet WHOPES 
requirements. 
 

3.10 Long-lasting surface treatment of fabrics with 
insecticides 

Mr Patrick Merchiers and Mr Jacques Casteur of Utexbel, 
Belgium, gave an overview of their collaboration with the 
French and German armies in the development of personal 
protective clothing against vectors. Mr Merchiers briefly 
presented the industrial process developed by the company to 
treat the fabric prior to manufacturing the combat uniforms. The 
fabric is impregnated with permethrin cis/trans 25/75, using a 
new polymer-coating method, in contrast with traditional 
dipping methods. This new method has following advantages: 
higher efficiency; permanency (up to 100 launderings); 
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homogeneity of treatment; and it is carried out in an industrial 
area, with lower ecological impact and reduced risk of causing 
allergies. 
 
3.11 Discussion 
 
The participants acknowledged the great interest of industry in 
further development of long-lasting insecticide treatment 
technology for public health use, noting that experience and 
knowledge in other sectors should be further explored. Industrial 
production and commercial availability of long-lasting 
insecticide treated yarns for wide-scale use by industry for 
fabrics and netting material has great potential. WHOPES was 
requested to work with industry to develop guideline 
specifications for such products, should the preliminary studies 
continue to show promise. 
 
The bleeding (release) dynamics of permethrin in Olyset Net® 
was discussed. Concern was raised that if the diffusion of 
insecticides through the fibre was slow, this may leave the net 
users unprotected for significant amount of time. It was noted, 
however, that in areas where the nets have been in use for many 
years, significant reduction in morbidity has been reported. 
More recent studies in the United Republic of Tanzania on 
Olyset Net® used for seven years have concluded that about 
40% of the insecticide is still available, confirming the long-
lasting performance of the net. 
 

3.12 Insecticide-treated plastic sheeting technology 

Mr Mikkel Vestergaard of Vestergaard Frandsen, Denmark, 
reviewed the developments related to insecticide-treated plastic 
sheeting for use in refugee camps and noted that over 
180 million people in Africa alone are living in countries 
affected by conflict. In such situations, there has been a 
breakdown in infrastructure, with poor access to effective health 
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care and basic food supplies, and continuing insecurity prevents 
economic recovery or meaningful development. These crisis-
affected populations are among the most vulnerable in the 
world, where disease and malnutrition thrive, often killing more 
people than war injuries. 
 
In these situations international relief organizations are the main 
providers of essential services, with a focus on the most acute 
needs: shelter, food and clean water. Slow-releasing insecticide 
from the plastic sheeting protects the displaced population from 
vectors at the very beginning of the assistance, even as other 
services are being developed. 
 
The plastic sheeting is composed of three layers, with the central 
layer containing the insecticide and the outer layers allowing 
controlled release and UV protection. Vestergaard Frandsen has 
identified a particular ultraviolet filter that protects the 
deltamethrin in addition to protecting the plastic itself. 
 
Following the first field tests in refugee camps in Pakistan, 
Vestergaard Frandsen and its partners are now finalizing a 
large-scale field test in a displaced persons camp in 
Sierra Leone. The results from the Pakistan refugee camps are in 
press. The associated laboratory tests showed that mosquitoes 
were killed after just a one-minute exposure to the sheeting. The 
test on the platform where mosquitoes were allowed to enter 
under a net surrounding the sheet with people showed that 86–
100% of mosquitoes were killed, but the bite reduction was 
weak. Thus the sheeting works by “mass effect”, killing resting 
mosquitoes, rather than simply acting as a repellent to provide 
personal protection. In this respect, the treated plastic sheeting is 
acting much more like mass vector control with indoor residual 
spraying, rather than as personal protection with insecticide-
treated nets. It therefore has a great potential for vector control, 
provided the coverage is high. The critical level of coverage 
necessary for this mass effect has yet to be determined. 
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The field test of sheeting includes intervention zones and control 
zones that are large enough to obtain such mass effects, and are 
planned to be sufficiently far apart to reduce the spillover from 
the treated to the non-treated zone. Results of these studies are 
forthcoming. 
 

3.13 Use of long-lasting insecticide treated 
fabrics/materials in sectors other than public 
health 

Dr Gerhard Hesse of Bayer Environmental Science, France, 
gave an overview of potential uses of the long-lasting 
insecticide-treated materials in sectors other than public health. 
These included animal health (e.g. tsetse fly traps and targets, 
zero grazing fencing, leucocystis control in poultry production, 
fly control in open-house animal production and blow fly strike 
prevention), general insect control (e.g. impregnated window 
and door screens, and insecticidal paints, chalks and foams), 
material protection (e.g. termite barriers, protection of carpets, 
moth proofing, moth papers), protection of stored products 
(e.g. impregnation of: bags; primary and secondary packaging 
materials; and moth traps and targets) and in agriculture 
(e.g. fencing in crops, impregnated traps and targets, and 
impregnated cartons for transport of fruits). 
 

3.14 Discussion 

The successful public–private partnership established for the 
development of long-lasting insecticide-treated plastic sheeting 
was noted. It was also noted that such products will be mainly 
used by United Nations agencies and affiliated nongovernmental 
organizations in emergency relief operations, and that country 
registration requirements may delay their speedy 
implementation. It was suggested that WHO recommendations 
on use and specification for quality control of these vector 
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control products used in emergencies would enable their rapid 
acceptance by national regulatory authorities. 
 
Long-lasting impregnation of materials with pesticides 
(including acaricides) is a method currently used in various 
non-public health sectors. It involves various active ingredients 
according to the need and the materials' properties. 
Cross-fertilization of the techniques to the long-lasting 
insecticide treated materials for public health uses is necessary 
and should be further explored. 
 
The potential environmental contamination related to this 
technology was discussed and it was recommended that studies 
related to reuse and safe disposal of insecticide-treated materials 
should be further explored. 
 
3.15 Insecticides and repellents with potential for 

use in long-lasting treatment of fabrics/ 
materials for personal protection and vector 
control 

 
3.15.1 London School of Hygiene and Tropical Medicine, 

United Kingdom 
 
Dr Mark Rowland of London School of Hygiene and Tropical 
Medicine (LSHTM), United Kingdom, reported on some of the 
studies carried out on insecticides and repellents with potential 
for use in long lasting treatment of fabrics/materials under the 
Gates Malaria Programme at the LSHTM. He noted that long-
lasting treatment of nets promises to circumvent the problem of 
having to re-treat nets periodically over their normal lifespan, 
commonly cited as 4–5 years. The only group of insecticides 
that are currently being incorporated into long-lasting nets and 
plastics are the pyrethroids. With the spread of pyrethroid-
resistant mosquitoes there is a need to develop non-pyrethroid 
insecticides for vector control and for treatment of nets. 
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Potential advantages of non-pyrethroid insecticides include 
better control of pyrethroid-resistant anophelines, improved 
efficacy against Culex mosquitoes, management of pyrethroid 
resistance, and possibly an enhanced killing impact on vector 
populations and community protection if the alternative 
insecticides are non repellent. 
 
There is some evidence that alternative insecticides used in 
combination with pyrethroids may have a synergistic impact in 
some cases, and give improved control using lowered dosages. 
Use of mixtures may also be useful for managing resistance, 
i.e. slowing the selection of resistance, provided the decay rates 
of the two components are not dissimilar. Some of the 
alternative insecticides are likely to be more soluble, have lower 
residual activity, and to decay faster than the pyrethroids. If 
these alternatives are to be introduced as replacements or 
supplements to the pyrethroids or to be used in combination 
with them, they may have to be formulated in such a way as to 
increase their residual activity. Microencapsulation of certain 
organophosphates has, for example, been shown to increase 
residual activity. Non-pyrethroid insecticides may also be 
amenable to the types of processes being applied to pyrethroids 
for incorporation into long-lasting nets. The properties, 
efficacies and potential of the non-pyrethroid insecticides that 
are currently being evaluated as supplements to pyrethroids 
were discussed. 
 
3.15.2 Institut de Recherche pour le Développement, 

Montpellier, France 
 
Dr Jean-Marc Hougard of the Institut de Recherche pour le 
Développement (IRD), France, gave a brief review of their 
innovative studies on the mixture of insecticides and repellents 
for personal protection and vector control. Pyrethroids are the 
main insecticides commonly used in public health since they are 
fast acting (causing a "knock-down" (KD) effect), effective at 
low doses, present a low toxicity against mammals, and show 
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irritant properties against mosquitoes. The unfortunate 
development of pyrethroid resistance in most mosquito species 
and the lack of alternative compounds for public health has led 
to the search for new strategies which would allow effective 
control of resistant mosquitoes. In that context, IRD have tested 
the efficacy of a non-pyrethroid mixture combining an excito-
repellent compound (diethyl toluamide (DEET)) and a 
carbamate insecticide (propoxur) in order to get similar or 
higher characteristics than those of pyrethroids. Irritancy, 
KD effect and mortality were measured, alone and in 
combination, using standard WHO tests against adults of a 
susceptible strain and a pyrethroid-resistant strain of 
Aedes aegypti mosquitoes. 
 
Results showed that propoxur, at the dose 0.02% that produces 
30% mortality (lethal dose 30 (LD30)), induced no KD effect and 
no irritancy against both susceptible and resistant mosquitoes. 
At the LD0 of DEET, i.e. the highest dose which causes no 
mortality (1%), no KD effect was observed, but a high excito-
repellent effect was seen against both mosquito strains. 
 
By adding DEET (at LD0) to propoxur (at LD30), a strong 
synergism was noted on both KD (twice that expected) and 
mortality (three times that expected). A simple additive effect on 
irritancy was also recorded. These characteristics make this non-
pyrethroid mixture as effective as deltamethrin at its LD100 
(0.014%) against susceptible A. aegypti. More interestingly, the 
mixture remained effective against the pyrethroid-resistant strain 
whereas deltamethrin at the LD100 was ineffective. 
 
Dr Hougard concluded that a mixture of a repellent and a 
carbamate insecticide could be a promising tool for mosquito 
control since it presents the same features as pyrethroids 
(irritancy, KD effect and mortality) against both susceptible and 
pyrethroid-resistant mosquitoes. It would now be interesting to 
treat mosquito nets with this mixture and to evaluate its efficacy 
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in field conditions against malaria vectors, especially in areas 
where mosquitoes are strongly resistant to pyrethroids. 
 
3.15.3 Discussion 
 
Much of the discussion focused on the urgent need to develop 
alternatives to pyrethroids for treatment of mosquito nets. Given 
the focus of malaria prevention in Africa and the use of 
insecticide-treated nets, the need to search for alternatives is of 
high priority. 
 
The participants appreciated the potential of insecticide mixtures 
for the uses described and for resistance management. However, 
the safety data requirements for such "pre-mixtures" and cost 
implications were noted. The potential of weaving filaments 
treated with different insecticides as a way to overcome the 
problem of resistance was suggested. 
 
The advantages of low-dose mixtures of insecticides for safety 
and economic reasons were pointed out. However, the potential 
for development of insecticide resistance, through not killing the 
heterozygotes, was raised and further studies were requested. 
 
The two sets of studies were again noted as good examples of 
private–public partnership for the development of alternative 
insecticides, based on available chemistries, and as medium-
term solutions to the depleting arsenal of low-risk and 
cost-effective insecticides. However, the development of a 
flowchart for testing and development of alternatives, with clear 
attributes and expected outcomes was highly recommended. 
This would ensure the optimum use of the limited resources 
available for such activities. 
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4 Conclusions and recommendations 
 
4.1 Development of new public health pesticides 
 
Recognizing: 

− the continued role of pesticides in the management of 
vector-borne diseases; 

− the depleting arsenal of low-risk and cost-effective 
pesticides, mainly because of the resistance of vector 
and pests of public health importance; 

− the low return on investment by industry in research 
and development of public health pesticides;  

− wrong public perception on pesticides, mostly arising 
from non-public health uses, impedes the 
development of public–private partnerships for 
development of new public health pesticide products 
and effective management of vector control; 

 
it is recommended that: 

− WHO, in collaboration with partners, develop a 
business plan, including situation analysis and 
proposed operational framework, organization, 
project pipeline, costs and funding, to enable 
effective implementation of the public–private 
partnership to coordinate development of new public 
health pesticides, which are urgently needed. The 
business plan may take into account the lessons 
learnt and processes of the Medicines for Malaria 
Venture; 

− any partnership effort to develop new compounds for 
public health use should consider potential 
compounds "on the shelf" or products currently 
registered for non-public health uses; 

− WHO develop proactive strategies to educate and 
inform the public and policy- and decision-makers on 
the role of pesticides in the management of vector-
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borne diseases, to engender public support for 
development of new public health pesticides and 
their effective and appropriate applications. 

 
4.2 Development and availability of long-lasting 

insecticide treatment technologies and 
applications 

 
Recognizing: 

− the proven utility of insecticide-treated mosquito nets 
in reducing malaria morbidity and mortality; 

− the low re-treatment rate of mosquito nets, which 
limits the scaling up of coverage in malaria-endemic 
countries; 

− the rapid advancement in the development of long-
lasting insecticide treatment and technologies and 
their potential applications for the control of malaria 
and other vector-borne diseases; 

− the central role of WHO in stimulating and 
coordinating the development of long-lasting 
insecticide treatment technologies; 

 
it is recommended that: 

− WHO should augment its efforts and identify 
additional partners, including industry and research 
institutions in endemic countries, to further facilitate 
the development and availability of long-lasting 
insecticide treatment technologies and products in 
endemic countries. 

 



40 

4.3 Registration of public health pesticide 
products 

 
Recognizing: 

− the extensive duplication of effort and data in the 
registration of public health pesticide products, as a 
result of varying registration requirements and 
procedures by Member States, and the implications 
of these on the research and development of such 
products; 

− that the WHO guidelines on the management of 
public health pesticides provide an opportunity for 
streamlining the registration requirements and 
procedures of public health pesticide products; 

 
it is recommended that: 

− WHO should further promote adoption of the 
guidelines on the management of public health 
pesticides by Member States and advocate the 
creation of harmonized regional registration 
requirements and procedures; 

− WHO should further promote the use of 
WHO specifications for public health pesticides for 
quality control and international trade, and extend the 
activity to support international trade of long-lasting 
insecticide-treated fabrics and materials (e.g. by 
developing guideline specifications and standards for 
polymers and masterbatches). 
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4.4 Improved management of existing tools 
 
Recognizing: 

− the limited arsenal of low-risk and cost-effective 
insecticides, especially adulticides for malaria and 
dengue vector control, and the need to ensure the 
continued usefulness of existing insecticides; 

− the inadequate technical capacities in endemic 
countries for sound vector management; 

− that the forthcoming WHO guidelines for the 
selection of appropriate malaria vector control and 
personal protection methods would facilitate 
effective implementation of malaria vector control 
interventions; 

− that WHO guidelines on Malaria vector control. 
Decision making criteria and procedures for 
judicious use of insecticides provide the logical 
framework and requirements for selective and 
targeted application of insecticides in the context of 
integrated vector management; 

 
it is recommended that: 

− WHO should continue to promote integrated vector 
management, including pesticide management, to 
ensure judicious use of insecticides and efficient 
management of resources. This would require 
developing integrated vector management strategies 
and guidelines for major vector-borne diseases and 
supporting the development of capacity for effective 
implementation by Member States; 

− WHO, to meet an urgent need, should develop 
strategies and guidelines for management of vector 
resistance to insecticides. In this context, continued 
efforts to develop national and regional networks for 
resistance monitoring and management should be 
strengthened. 
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