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Integrated vector management:  essential principles and attributes
Robert Bos, WHO
Important progress has been made over the past five years towards firmly anchoring IVM as the underlying principle for vector control programmes. While some elements of IVM are readily accepted by the community of medical entomologists, others meet with more resistance, either because they go beyond traditional vector control boundaries or because of possible vested interests in the continuation of vector control business as usual.  Three of these that deserve special promotional efforts include: 

Ecosystem analysis

Vector-borne diseases are uniquely linked to the environment, through the specific ecological requirements of vector species. It is therefore critical that the initiation of an IVM-based vector control programme begins with an in-depth ecosystem analysis which reveals all options for environmental, biological and chemical control of vectors. Such an analysis should be repeated periodically to account for changes over time, and it should also be part of any impact assessment of planned development projects in the area. It is not enough to do an epidemiological analysis that focuses on the vector-pathogen-human triangle. A broader ecosystem assessment will consider the role of predators and parasites, and the place of vectors in complex food-webs of, for example, agro-ecosystems.

Health-based targets

In water quality management (drinking-water, recreational waters, wastewater use in agriculture) it has become customary to promote the concept of health-based targets in accordance to which national water quality standards are set. In other words, health-based targets represent an approach that allows countries to set their own water quality standards and norms, in line with their local socio-economic context. 

The same concept is now proposed for Integrated Vector Management. For each specific eco-epidemiological setting there will be a number of measures that can be part of a package of vector control interventions. Applying principles of cost-effectiveness to the selection process implies that vector control programmes must define the health-based targets they are working towards with their IVM approach, within a clear time frame. Such targets must reflect the vector-borne disease control situation, and they must also reflect what can be achieved realistically within the national or local context. The targets are the basis for composing the IVM programme content and they serve as indicators for the monitoring activities.
Hierarchical programming

Finally, and this seems to meet with the greatest resistance in the vector control community, the design of IVM programmes should be developed in a hierarchical manner. According to experience, different levels of control and transmission interruption can be achieved through, in ranked sequence, environmental management, biological control and chemical control. There is a clear breaking point between measures that reduce vector population densities and measures that reduce vector longevity. The construction of any IVM package should include measures in this hierarchy to the point where the health-based targets are achieved within a given time frame. Even in situations where it would seem to be obvious that chemical interventions give the best short-term solutions, it is important to re-think and redesign the IVM package, relating to health-based targets and with long-term sustainability in mind.

All these three steps have to be carried out at regular intervals, in order to ensure an adequate response to changing circumstances, resulting from climate change, human development and genetic transitions in vector populations.  
It is on the basis of these principles and attributes that options and opportunities for joint IPM and IVM programmes must be pursued.

Integrated pest management: a brief overview and key principles
William Settle, FAO
IPM has an official history just short of five decades although certain examples of IPM methods can be found going back thousands of years. While the early days of IPM were mostly limited to “fine tuning” chemical applications, the concept progressively shifted to focus on non-toxic and biologically based pest control methods. Basic technical principles used in developed economies and industrial or plantation holdings in developing countries include use of thresholds for action based on population levels; conserving refuge for beneficial organisms; introduction of new species of predators and parasitoids (classical biocontrol); cultural and mechanical control methods and substitution for highly toxic chemicals with much less toxic or non-toxic alternatives including antifeedent chemicals, mating disruption pheromones and insect pathogens.

A view gradually emerged of pest regulation as a type of “ecosystem service” that can be promoted or inhibited by good or bad management activities respectively in any agricultural system. A growing body of research beginning in the 1990s illuminated the contribution of landscape-level processes to the timing and strength of natural biological control, deriving from the presence and spatial extent of non-crop vegetation and soil-based and aquatic food webs. So-called “conservation biocontrol” strategies were added to the growing list of IPM methods aiming to reduce pest without compromising the health and integrity of the ecosystems or their inhabitants. Hence, the first key principle to emerge is that IPM is an “Ecosystem Approach” to resource management.
IPM as a management tool, however, required a greater scope of knowledge and attention to a complex set of local-specific variables. This was a particular challenge when trying to help address the needs of small farmers in developing countries. The challenge of “replacing chemicals with knowledge” led to a fundamental shift in extension methodology. As a consequence, in the late 1980s IPM became the entry point for a new style of “extension” through community-level, discovery-based, season-long training for small groups of farmers in their own fields.  FAO’s Farmer Field School (FFS) approach sought to radically transform IPM from a mostly “top-down”, expert-driven knowledge system to a “bottom-up” management approach in which farmers learn to make better management decisions based on their analysis of local agronomic, economic and ecological factors. A second key principle of IPM is that it works best to employ a community-based, participatory training approach.
Topics treated in FFS have subsequently diversified greatly and can now be found to include soil-fertility, animal husbandry, water management, pond-based aquaculture and capture fisheries and on-farm diversification strategies. In East Africa “Farmer Business Schools” have developed to help groups of farmers build functioning and self-sufficient cooperatives. In Sahelian West Africa an FAO IPM programme is now working with Wageningen University on a pilot programme to examine Integrated Vector Management (IVM) in the context of Field Schools for irrigated rice farmers.  A third key principle is that community-based IPM programmes tend to evolve to address a more complete set of resource management challenges as determined by local conditions and stakeholders.

Recent collaboration with Oregon State University in the US intends to build regional capacity to detect trace levels of chemicals in surface waters and wells using new technologies that make this endeavour feasible at a large scale. The results will feed back into the communities through FFS links as well as inform national and regional policy. Whereas chemical monitoring of food and the environment has a long history in Europe and the US, this will be the first effort to monitor pesticides in water in West Africa and the largest scale effort of its kind to date anywhere. A fourth key principle is that monitoring is essential to inform local, national and regional policy. Monitoring should include movement, sale and storage of chemicals, as well as for residues in food and water
The purely technical challenges of IPM continue to be addressed in universities, national and international research centres and the food-production industry, but also in the enormously creative Action Research environment of “post-Field School” farmers in dozens of countries around the world. As such, the challenges facing IPM of most concern to us today are not so much technical, but more in the operational and policy domains. The approach needs to scaled up and be sustained by more than just donor aide programmes. A fifth principle is therefore that, for small farmers in developing countries, community-based IPM approaches need to be adopted as policy by national governments and support for training trainers and farmers written into national budgets.

In the rush to respond to the recent attention given to global hunger and rising food prices, we should not make the same mistakes made during the Green Revolution with regard to pesticides. In offering a platform for community-based learning and ecosystem-based decision-making by farmers, community-based IPM programmes are a critical tool for the development of sustainable and productive agricultural systems.

Integrated Pest Management  -  International Trends and Developments

Harry van der Wulp, FAO

Increasing populations, soaring food prices, changes in food patterns and use of crops for bio-fuel are presenting countries with growing challenges to further intensify agricultural production to meet demand. At the same time, countries are facing growing domestic and international concerns about pesticide use and associated risks to health, the environment and trade.  It is increasingly being recognised that pest management practices need to change towards more sustainable approaches with reduced reliance on pesticides, while regulatory control on the distribution and use of pesticides needs to be strengthened to better protect people and the environment. 

In many crops, there often is considerable scope for pesticide use reduction through prevention of pest development and use of non-chemical pest management techniques. Particularly for cotton, rice, vegetables and fruit, unnecessarily high levels of pesticide use have been documented in many places. Poor knowledge about pesticides and lack of awareness about alternative pest management approaches are among the factors contributing to pesticide overuse.  Integrated Pest Management (IPM) helps prevent the build up of pest populations and reduces overall reliance on pesticides.  IPM Programmes have demonstrated that it is often possible to drastically reduce pesticide use without reducing crop production or farmer profit.  Therefore, the first question to be asked in the development of pesticide risk reduction strategies, is whether the extent of current pesticide use is actually required.

Against this background, there is growing attention for IPM in national and international policy development.  The revised version of the Code of Conduct on the Distribution and Use of Pesticides puts more emphasis on IPM as a pillar of sustainable agricultural development. FAO is now mainstreaming IPM principles into all its work on crop production.  The World Bank requires that all pest management activities it finances are within the context of an IPM approach. The EU emphasizes IPM in its proposed thematic strategy on the sustainable use of pesticides.  In the private sector, there are many initiatives by the food industry to strengthen the use of IPM in crop production. 

International programmes aimed at strengthening chemicals management are often based in the environmental sector and require a pro-active approach to ensure that potential offered by IPM to reduce pesticide use is fully captured.  Elimination of unnecessary use of pesticides should be a primary element of strategies and efforts to reduce risk related to the use of chemicals. 

Integrated Production and Pest Management with Farmer Field Schools (IPPM/FFS). The case of Senegal

Mohamed Hama Garba, FAO

The Farmer Field Schools (FFS) programme is not a totally new form of farmer education in the West African sub-region. Indeed, the participatory training methodology through Farmer Field Schools has been established in West Africa since 1995. Several countries in the sub-region including Burkina Faso, Mali, and Senegal have benefited from partners' support (FAO, government of Netherlands) in order to carry out pilot projects of participatory training for production and crop pests management through FFSs (IPPM/FFS). Following these pilot experiences, the first phase of a regional programme for Senegal, Mali and Burkina Faso was conducted from 2001 to 2006.

The intervention strategy of the programme provides training to facilitators (technicians and farmers) on the approach and principles of integrated production and pest management. The facilitators will then be able to transmit their knowledge to farmers through the establishment of Farmer Field Schools (FFS). They conduct  training of about 25 farmers who get together every week in a common field during the whole crop cycle in order to study and share information and knowledge on all the agronomic techniques, but also on insects, soil fertility and all the aspects of the plant development and ecology.

A second phase of the programme IPPM/FFS (2006-2010) in collaboration with another programme managed by the FAO project (GEF Project) will be conducted in 7 countries of the West African sub-region (Benin, Burkina Faso, Guinea, Mali, Mauritania, Niger, Senegal).

In Senegal, the programme is implemented in eight administrative regions of the country out of eleven. In these regions, IPPM training programmes have been conducted in173 villages and sites and in four professional training schools. During the first phase, 220 facilitators were trained on the IPPM/FFS approach including 66 technicians and 154 farmers. 6387 farmers (market gardening, rice and cotton) have been trained including 3631 men and 2756 women (43,1%).

The data analysis of FFS in comparison with the current different cultivation practices of the farmers made it possible to observe in the field of agronomic and pest management : (i) a 25% to 50% reduction in the quantity of necessary seeds with the IPPM approach, (ii) a reduction in the number of pesticides applications in the IPPM fields including a 50% decrease for market gardening, 30% for cotton and 100% for rice, (iii) an increase in farmers' knowledge of the insects' status (pests and natural enemies) and life cycle, the phenomena of plant compensation for insect damage, and  (v) a 15% to 50% increase in productivity. 

Campbell Soup Company’s IPM Program for Processing Tomatoes: Reducing Reliance on Synthetic pesticides 
Hasan Bolkan, Campbell’s Agricultural Research Center, USA
To day, the critical issue facing the food industry is how to control plant pests and plant diseases with fewer pesticides without affecting the wholesomeness and aesthetics of the food supply. Starting in late 1989, Campbell Soup Company has focused on the multi-disciplinary pesticide quality assurance program known as “Total Systems Pesticide Management”.  The program includes: (a) hands on implementation of Integrated Pest Management (IPM), (b) pesticide record keeping and reporting, (c) rigorous, sophisticated residue testing, and (4) state-of-the-art processing. In addition, the company learned to apply the concepts of Hazard Analysis Critical Control Points (HACCP) methods and discovered that the principles of HACCP have a direct application to IPM and the two are very compatible. The present disease management program responds to public demand by taking a kinder, gentler approach to food production.  Growers became more conscious about environmental matters. As a result, pesticide manufacturers are also responding by developing and marketing newer, more pest specific and environmentally benign products. This paper will discus how Campbell’s IPM Program takes advantage of innovative agricultural techniques such as pest control with beneficial insects, insect mating disruption, computer disease forecasting for timing fungicide applications, and the use of spatial analysis technology (GIS/GPS) for risk management. 

Integrated vector management:  WHO Global Strategic Framework
Robert Bos, WHO
A 25 year gap exists between the Technical Report on Integrated Vector Control (1983) agreed by the WHO Expert Committee on Vector Biology and Control, and this year’s WHO Position Paper on IVM for all Stakeholders. Over these 25 years, the rationale for vector control itself and the rationale for an integrated approach to vector control have changed dramatically. IVC was a response to the demise of the Global Malaria Eradication Programme, and it was anchored in the values of its time which dictated that the indoor application of residual insecticides was the vector control approach of choice. Non-chemical methods were mere add-on’s that made the approach “integrated”. In emulation of the IPM paradigm of that time, economics was the main reasoning behind such an integrated approach. However, public health was not a production-oriented sector like agriculture and it had not yet been recognized as a major engine for development, as it would be by the beginning of the 21st century. Therefore, the economics of IVC were not very hardcore and the integration could get away with little more than window dressing. Also, the engrained vested interests linked to the pesticide industry remained.

By 2000, a renewed interest in the “integration” of vector control had emerged, this time forward looking in nature, driven by new policy frameworks (World Health Assembly Resolution 50.13; the 2001 Stockholm Convention on POPs) and by the understanding that a sustained reduction in vector-borne disease transmission required packages of solutions geared towards local eco-epidemiological conditions.

A number of principles remained the same for IVC and IVM: the need for the integration into the most cost-effective combination of measures, the need for intersectoral coordination and collaboration and the need for sustained community involvement (strangely enough, the latter two continue to be considered distinct issues, while in reality they represent the same need for engagement without boundaries, at either end of the administrative/societal spectrum). Subsidiarity (decision-making at the lowest possible level, with higher level decision-making subsidiary to the capacity to make decisions at lower levels) is a newer term but fits in the same category as community involvement and intersectoral action.

The renewed interest led to the formulation of the Global Strategic Framework for Integrated Vector Management, published by WHO in 2004:  (http://whqlibdoc.who.int/hq/2004/WHO_CDS_CPE_PVC_2004_10.pdf). The definition of IVM given in the Strategy document is bland (Integrated Vector Management is a process for managing vector populations in such a way as to reduce or interrupt transmission of disease), but the subsequent presentation of features brings to the forefront the relevant attributes: the need for an evidence base, intersectoral collaboration and community involvement, reliance on both regulations and operations, cost-effectiveness and subsidiarity.

The Strategy itself focuses on five items (1) advocacy, social mobilization and legislation, (2) collaboration within the health sector and with other sectors, (3) integrated approaches, (4) evidence-based decision-making and (5) capacity building.

The WHO Position Paper tries to capture the spirit of IVM in an even more reductionist manner: “A rational decision-making process for the optimal use of resources for vector control.”  (http://whqlibdoc.who.int/hq/2008/WHO_HTM_NTD_VEM_2008.2_eng.pdf). Yet, in the elaboration of this definition, it proposes a number of new essential attributes that imply a major new way of thinking, if they are adopted by the vector community at large.
A framework on decentralized decision-making in IVM

Henk van den Berg & Willem Takken, Wageningen University and Research 
Centre, The Netherlands

Integrated vector management (IVM) aims to extend the basis of disease control by involving other sectors and local communities in control action. It is vital that decisions on IVM are made locally for two reasons: first, the epidemiology of disease can vary at a small spatial scale, suggesting the need for precise targeting and second, a number of disease determinants relate to the actions and conditions of local communities, suggesting the need for their increased participation. This requires a shift from centrally managed, sector-specific operations to the facilitation of multi-partner programmes at the district and local level. We propose a methodology for involving local partners outside the health sector in describing and mapping the local determinants and conditions of disease, analysing control options, and consolidating a joint strategy of control. Thus determinants that often lie outside the domain of the health sector are tackled.

Vector Control in Urban and Peri-urban India
V.P. Sharma, Indian Institute of Technology, India

Malaria control in Bombay in the 1920s remains a shining example of achievements by integrated vector management. Urban malaria in India was trivial, and its control remained with local governments outside the ambit of malaria eradication campaign. Later malaria was seen entering many towns. This led to the launching of Urban Malaria Scheme (UMS) in 1971-72. Based on >40,000 population and 2 or more API 131 towns (100 million population) were selected for malaria control. Urban malaria accounts for 8-10% cases, out of 2 m reported from the country. Despite of UMS, dengue/ dengue hemorrhagic fever and Chikungunya have made inroads countrywide often superimposed by malaria. The principal strategy of vector control is by chemicals (Oil, Temephos, Fenthion), DDT-IRS in slums, and communities consume huge quantities of repellents to ward off mosquitoes. Although UMS includes source reduction, minor engineering works, biological control, space spraying, awareness campaigns and legislative measures, but these components are seldom applied systematically in an integrated fashion. Urban and peri-urban areas are increasing in number and geographical spread. Urban vector problem is huge and complex. Census 2001 reported 1,027 m population of India, of which 285 m urban population (27.8%) in 4,378 towns/cities of various sizes, registering 31.2% urban decadal growth. One fourth (25.7%) of urban population is poor and mostly live in slums. Rapid and haphazard urbanization leading to environmental degradation is incessant. Municipal authorities are unable to cope with water and sanitation, and other infrastructural needs of the urban conglomeration. Primarily this is at the root of vector proliferation, a characteristic of all towns. Urban malaria is spreading out, its transmission is unstable, surveillance is passive and unreliable, and impact of UMS has remained elusive. IVM in urban context is the rational and cost effective approach in achieving sustainable disease vector control and reduced reliance on pesticides. An. stephensi and An. culicifacies the vectors of malaria in urban and peri-urban areas; Aedes aegypti the vector of Dengue Fever and Chikungunya and Culex quinquefasciatus the vector of lymphatic filariasis and major cause of nuisance require both integrated approach to vector borne disease control and integrated vector management (IVM). Field experience would be presented in strengthening IVM in various ecological settings and with examples of innovative technologies in vector control.

Vector Control Monitoring and Evaluation
with an Emphasis on Resistance 

Hossein Ladonni, Tehran University of Medical Sciences, Iran
Malaria remains a major public health problem in some parts of Africa and Asia. Global estimates of the malaria disease burden in 2007 indicated that there were at least 350 to 500 million clinical cases annually, of which 90% occurred in sub-Saharan Africa. Moreover, around one million deaths are related to malaria every year. Malaria in the Eastern Mediterranean Region is endemic in 14 out of the 22 countries. Anopheles is a mosquito of Culicidae family (Diptera). This genus includes 444 formally named and 40 provisionally designated extant species. About 30-40 species of this mosquito genus transmit 4 different species of malaria parasites.  

In Iran during last decades the numbers of malaria cases remain between 15-20 thousand cases. There are 28 species of Anopheles in the most recent Iranian mosquito checklist. Of them 7 species are designated as the malaria vectors. Among these, Anopheles stephensi has the history of resistance to DDT (1957), dieldrin, BHC (1960) and malathion (1977);               An. culicifacies, An.sacharovi and An. maculippenis to DDT (1957) and dieldrin (1960). Insecticide application for adult mosquitoes control was started with organchlorine (DDT, dieldrin and BHC) during 1960’s, followed by organophosphorous (malathion and pirimiphos-methyl) for 2 decades from 1966 and continued with (carbamate) propoxure during 1977-1990, and since then with pyrethroids (lambdacyhalothrin/deltamethrin).  Among larvicides, temephos, reldan, pirimiphos-methyl was used from 1970 to 1992 and recently Bacillus thuringiensis (Bti) have been used as the larvicides. Malaria control in the country is now based on use of deltamethrin (5% WP) as a adulticide and Bti as a larvicide at the volumes of about 15 and 5 tones respectively. However regular vector control monitoring, and judicious use of insecticide for malaria control in  an IVM programme can certainly reduce further number of malaria cases and avoid the development and spread of insecticide resistance as well. 

The essential role of monitoring and evaluation in vector control and resistance management will be addressed.
Integrated Pest & Vector Management Project, Sri Lanka – a combination of IPM and IVM to reduce both agricultural pests & disease vectors

Dr. R. R. Abeyasinghe, National Malaria Control Programme, Sri Lanka

In 2002 a pilot project was launched in Sri Lanka exploiting the capacity of the Department of Agriculture in collaborating with paddy farmers through Farmer Field Schools (FFS) and the Anti Malaria Campaign of the Department of Health in Integrated Vector Management (IVM). This approach was thought possible due to the main malaria vector Anopheles culicifacies and the Japanese encephalitis vectors Culex tritaeniorhyncus breeding in paddy fields. The main purpose of the project was to train farmers in both rice crop management and management of mosquito breeding in paddy fields, their homes and peridomestic environments. For implementation the FFS system of training was selected as the most practical approach to farmer and farming community empowerment. 
The project sites have now been increased to three in three climatic zones of the country. However in all sites the projects have been carried out in respect of paddy cultivation. The entomological evaluations were limited to carrying out CBNTC (Cattle Baited Net Trap Collection) and CBHC (Cattle Baited Hut Collection) to assess adult mosquito densities and for the second season of 2007 an additional method of evaluation Pyrethrum Spray Sheet (PSC) collections were introduced to monitor adult vector densities in dwellings. In addition larval surveys were carried out in five potential breeding places paddy fields, irrigation canals, seepage pools, tank margins and peridomestic areas.
The Cattle baited hut and trap collections conducted in the main test/control site in Moneragala District revealed that the overall adult mosquito densities were lower in the test site than in the control site. Larval surveys also showed higher densities of mosquito larvae in non IPVM areas in comparison to IPVM areas. However the density of aquatic predators determined through larval surveys in paddy fields in the IPVM areas also in Moneragala District showed that the density of predators was higher compared to that in non IPVM areas. Mosquito larval density in paddy fields of non IPVM areas was found to be higher than that in IPVM areas. Similar results were observed in other mosquito breeding places where the larval surveys were carried out.
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