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1. Introduction 
 
The tenth meeting of the Global Collaboration for Development of Pesticides for 
Public Health (GCDPP) was held at the Hotel Intercontinental in Geneva, 
Switzerland on 20–21 September 2016. The theme of the meeting was global 
capacity for vector control and product testing. 
 
The meeting was opened by Dr Dirk Engels, Director, WHO Department of 
Control of Neglected Tropical Diseases, who recalled the long tradition of working 
with the private sector and recognizing their contributions in controlling diseases. 
Key developments in setting policy for global vector control by WHO include the 
move to harmonize evaluation of vector control products with other product 
assessment streams under WHO prequalification, and the development of a global 
vector control response to build sustainable systems to control and eliminate 
vector-borne diseases.  
 
The preparation of a draft global vector control response by the World Health 
Assembly was initiated after formal requests to WHO by its Member States. Key 
elements include rebuilding capacity for vector control, supporting research and 
innovation, and linking vector control with other broad development goals such as 
those of UN-Habitat, urban health and sustainable development. 
 
Dr Raman Velayudhan, Coordinator, WHO Vector Ecology and Management, 
introduced the objectives of the meeting, which were: 
 

• to review and discuss how to build capacity for entomology and vector 
control including entomological surveillance and insecticide resistance 
monitoring in at-risk countries; and 

• to brainstorm on test procedures for the evaluation of innovative long-
lasting insecticidal nets (LLINs) and products for indoor residual spraying 
(IRS) with a view to revising the WHO guidelines and developing 
standard operating procedures. 

 
The meeting was conducted in plenary (Annex 1) and attended by representatives 
of industry, national programmes, donors, regional and international 
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organizations, universities and research institutions (Annex 2). Dr Steve Lindsay 
was appointed Chairman of the meeting and Dr Helen Pates Jamet as Rapporteur. 
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2. The Global Collaboration for Development of 
Pesticides for Public Health – a brief history and key 
contributions 
 
Dr Rajpal Yadav, scientist in charge of the WHO Pesticide Evaluation Scheme 
(WHOPES) and focal person for the GCDPP, presented a brief history of the 
Collaboration and its major contributions. The GCDPP was established in 1998 
through a WHO trust fund mechanism in the Division of Control of Tropical 
Diseases, Department of Communicable Diseases. The secretariat is provided by 
WHOPES.  
 
The GCDPP provides a forum for exchange of information and ideas on the 
development and use of pesticides and pesticide application equipment in the 
context of WHO's global disease control strategies. It helps to identify priority 
vector control activities, and promotes harmonization of activities related to the 
development of pesticides and their safe use. Members of the GCDPP are enrolled 
by invitation and currently include several stakeholder constituencies, namely 
manufacturers of pesticides and equipment, associations of pesticide 
manufacturers, national and government-supported agencies, regional and 
international organizations, research institutions and nongovernmental 
organizations. 
 
The GCDPP meets biennially to discuss contemporary topics of importance to the 
development of pesticides for use in public health. Themes for the past three 
meetings have included the 50th anniversary of WHOPES (2010), surveillance and 
management of dengue vectors (2012) and management of insecticide resistance in 
vectors of public health importance (2014). 
 
The theme of the tenth meeting was global capacity for vector control and product 
testing. The objectives were to review and discuss how to build capacity for 
entomology and vector control, including entomological surveillance and 
insecticide resistance monitoring, in countries at risk of vector-borne diseases. The 
meeting also discussed test procedures and designs for the evaluation of LLINs 
and IRS with a view to revising the relevant WHO guidelines.   
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3.  Overview of the need for global capacity in vector 
control 
 
Professor Steve Lindsay, Durham University, United Kingdom described the 
progress made in developing policies for global capacity development for vector 
control. During the Sixty-ninth World Health Assembly (Geneva, 23–28 May 2016), 
WHO Member States had requested the Director-General to draft a global vector 
control response for consideration by the Seventieth World Health Assembly 
through the 140th Executive Board meeting in January 2017. In June 2016, the 
WHO secretariat began a global consultation process involving Member States and 
stakeholders, including organizations in the United Nations system, scientific and 
research groups, nongovernmental organizations and implementation partners. 
The development process was co-led by the Department of Control of Neglected 
Tropical Diseases, the Global Malaria Programme and the Special Programme for 
Research and Training in Tropical Disease. It was supported by a dedicated 
Steering Committee consisting of leading vector control experts, scientists and 
representatives of ministries of health from Member States. Further support was 
provided by the Malaria Policy Advisory Committee (of the Global Malaria 
Programme) and the Strategic and Technical Advisory Group (of the Department 
of Control of Neglected Tropical Diseases). Regional consultations were also 
organized and informal discussions held in the margins of WHO regional 
committee meetings and international scientific network meetings, which included 
Member States and key stakeholders.   
 
3.1 Current situation of vector-borne diseases 
 
Vector-borne diseases pose a major threat to the health of societies around the 
world. They are caused by parasites, viruses and bacteria transmitted to humans 
by vectors including mosquitoes, blackflies, sand flies, tsetse flies, triatomine bugs, 
ticks, mites and lice. Major global vector-borne diseases of humans include malaria, 
dengue, lymphatic filariasis, Chagas disease, onchocerciasis, leishmaniasis, 
chikungunya, Zika virus disease, yellow fever, Japanese encephalitis and 
schistosomiasis. The disease burden is highest in tropical and subtropical areas, 
and the risk of infection is a growing threat in towns and cities where vectors 
proliferate because of favourable habitats and where contact with humans is high.  
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3.2 The global vector control response in brief 
 
The draft global vector control response 2017–2030 aims to help countries mount 
coherent and coordinated efforts to address the increasing burden and threat of 
vector-borne diseases. The document provides strategic guidance to countries and 
development partners for urgent strengthening of vector control as a fundamental 
approach to controlling disease. Critical enhancement of programming for vector 
control is called for, supported by increased technical staff, strengthened 
monitoring and surveillance systems, and improved infrastructure. The vision of 
this response is a world free of human suffering from vector-borne diseases, with 
the aim of reducing the burden and threat of vector-borne diseases through 
effective locally adapted and sustainable vector control. The response depends on 
two foundational elements:  (i) enhanced human, infrastructural and health 
systems capacity and capability for vector control and entomological surveillance 
within all locally relevant sectors, and (ii) increased basic and applied research to 
inform optimized vector control, and innovation for development of new tools and 
approaches (Figure 1). 
 

 
M & E, monitoring and evaluation 
Figure 1. Overview of the draft global vector control response 2017–2030 
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The draft global vector control response has two foundational elements: 
 
Foundation 1. Enhance vector control capacity and capability. Formulating an inventory 
of the direct human, infrastructural and financial resources available and 
appraising the organizational structures available for vector control are essential 
first steps. A critical evaluation of career structures available to those who form the 
core component of the vector control unit within national and subnational vector 
control programme must be undertaken by ministries of health. Opportunities to 
leverage resources beyond the health sector should be explored. Staffing 
arrangements that involve collaboration and time-sharing across sectors may be 
fruitful. Where human resources are inadequate, efforts should be made to recruit 
and train staff from across sectors in the field of vector management and control 
and, more broadly, in public health, epidemiology and programme management.  
 
Foundation 2. Increase basic and applied research, and innovation. Vector control must 
be evidence-based to ensure local appropriateness and justify continued 
investment in implementation. Basic research is needed to develop new 
interventions, whereas applied research is needed to assess the efficacy and 
effectiveness of interventions. A balance between basic and applied research is 
essential for optimal impact. A research agenda should be defined by the national 
vector-borne disease control programme, in collaboration with relevant partners. 
This agenda should outline a prioritized list of strategic focus areas required to 
inform vector control, and should serve to guide research and academic institutes 
to align the focus of their work. A clearly defined national research agenda will 
avoid overlap and gaps, and may assist in identifying additional external resources 
to support priority work.  
 
Action is required in four key areas (pillars) to attain effective locally adapted and 
sustainable vector control. These four areas are aligned with the key elements of an 
integrated vector management approach. 
 
Pillar 1. Strengthen inter- and intra-sectoral action and collaboration. Collaboration with 
non-health sectors must be enhanced, along with improved coordination of 
activities within the health sector. National vector control programmes should 
become an integral part of poverty-reduction strategies, national development 
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plans and regional development cooperation strategies. Engagement with 
ministries of agriculture, environment, housing, water, transport and tourism is 
especially important and should involve municipalities in the process, in order to 
reduce vector numbers and contact with people and communities. Collaboration 
requires strong political commitment from central government, and respective 
ministerial strategic plans should adequately reflect contributions to vector control. 
An inter-ministerial taskforce should be established and funded appropriately to 
conduct the necessary coordination activities. The initial task should be to 
coordinate a national vector control needs assessment, if not recently conducted. 
An appraisal of the partnership landscape will help to identify all resources 
available to support vector control.  
 
Pillar 2. Enhance entomological surveillance and monitoring and evaluation. The capacity 
of vectors to transmit pathogens and their vulnerability to vector control measures 
varies by species and is influenced by local environmental factors. There may also 
be variations within species, even over short distances or relatively short 
timeframes, as is the case for insecticide resistance. Vector control must therefore 
be implemented on the basis of up-to-date local data. Vector surveillance should be 
routinely conducted at representative sites in areas where vector-borne diseases 
are endemic as well as those with high receptivity. This information should be 
used to inform sound decision-making for policy, planning and implementation of 
vector control.  
 
Pillar 3. Scale up and integrate tools and approaches. A key element to maximize the 
public health impact of vector control is the deployment and expansion of tools 
and approaches appropriate to the epidemiological and entomological context. 
Each vector control tool that is selected for use in a particular setting should be 
implemented to a high standard and at optimal coverage. One tool can have 
multiple effects against several vectors and diseases. In certain settings, multiple 
vector control tools can have greater impact in reducing transmission than one tool 
alone. Core tools may need to be supplemented with additional tools to address 
specific challenges such as insecticide resistance. Strategies that alter the domestic 
environment to reduce vector habitats, such as improved water supply to prevent 
household-level storage, or to prevent vector access to human dwellings through 
house screening, can also be integrated. 
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Pillar 4. Engage and mobilize communities. Communities play a major role in the 
prevention, control and elimination of vector-borne diseases. The success and 
sustainability of vector control interventions require coordination between many 
stakeholders but critically depend on harnessing local knowledge and skills within 
communities. Communities can be mobilized to take responsibility for and 
implement vector control actions if participatory community-based approaches are 
in place to facilitate their engagement and to manage programmes.  Engagement 
strategies should be built upon research, including behavioural situation analyses, 
monitoring and evaluation of engagement and long-term sustainability. 
 
Three key factors are required to implement the response: (i) country leadership, 
(ii) advocacy, resource mobilization and partner coordination, and (iii) regulatory, 
policy and normative support.  Health systems must be prepared to detect and 
respond quickly and effectively to changes. This requires not only the availability 
of effective control tools but also well-trained staff who can build resilient and 
sustainable systems for evidence-based delivery of vector control interventions.   
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4. Opportunities for capacity-building in medical 
entomology and vector control 

 
In this session, various speakers from different institutions described the 
opportunities for building global capacity in entomology and vector surveillance 
and control.   
 
4.1 WHO Eastern Mediterranean Region 
 
Dr Caroline Barwa, WHO Regional Office for the Eastern Mediterranean, 
summarized the activities being undertaken in the region to build entomology 
capacity.   
 
In Sudan, training courses are conducted by the Sennar Research and Training 
Centre, the University of Khartoum and the Blue Nile River Institute. Courses 
overseen by Sennar Research and Training Centre from 2011 to 2016 included 
vector surveillance (183 graduates), vector identification (101 graduates), 
integrated vector management (122 graduates), supervising application of IRS for 
vector control (1046 graduates), maintenance of spray equipment (248 graduates), 
molecular biology (19 graduates) and geographical reconnaissance (86 graduates). 
The molecular biology laboratory at this training centre was established in 
collaboration with the London School of Hygiene & Tropical Medicine, the 
Liverpool School of Tropical Medicine and the WHO Regional Office for the 
Eastern Mediterranean.  
 
The University of Khartoum hosts two courses of study: a Master of Science (MSc) 
in medical entomology and vector control (47 graduates) and courses in 
Geographical Information Systems (34 graduates). The Blue Nile River Institute, 
Gezira State, also hosts a MSc course in medical entomology and vector control 
(137 graduates) as well as training on inventory assessment (12 graduates).  From 
2008 to 2015, the 15 month MSc in Medical Entomology and Vector Control 
through the Blue Nile River Institute trained students to identify vector-borne 
diseases and their impact on the overall health of their countries.  Also, students 
were trained to plan, implement, monitor and evaluate integrated vector 
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management programmes targeted to the epidemiological, social and economic 
conditions of their countries.  
 
In Yemen, medical entomology is taught as part of the curriculum for the second 
year undergraduate students under the medical laboratory science division, 
Faculty of Medicine and Health Sciences, Sana'a University.  Medical entomology 
has also been taught to postgraduate students as part of the curriculum for the MSc 
programme. Between 2011 and 2016, a total of 924 graduates have undertaken this 
course. 
 
Pakistan conducted various training courses from 2007 to 2012, including capacity-
building for medical entomology and disease vector control; dengue prevention 
and control (training course and inter-provincial workshops); trainings and 
workshops for provincial in-service medical entomologists, technicians, insect 
collectors and field workers; workshops on sustainable dengue prevention and 
control (Khyber Pakhtunkhwa districts); and training on safe and judicious use of 
pesticides under the National Initiative on Development of Technical Manpower. 
 
The Islamic Republic of Iran conducted an international diploma course on Malaria 
Programme Planning and Management from 1996 to 2012. The objectives of the 
course were to gain sufficient knowledge and skills to be able to analyse the 
malaria situation and problems, find solutions, and plan, implement, manage and 
evaluate anti-malaria programmes. The 8-week course involved 300 participants 
from 26 countries. Another international diploma course on Malaria Programme 
Planning and Management in Bandar Abbas was conducted in 2012. A total of 23 
participants selected from different countries of WHO’s Eastern Mediterranean 
Region took part in the course, the overall goal of which was to introduce 
participants to basic entomology and vector control techniques.  
 
The Mazandaran University of Medical Sciences in Sari also conducts training 
courses and provides technical support to the region through the Department of 
Medical Entomology and Vector Control in the School of Public Health. In 2015, 
national programme staff from Afghanistan were trained on practical methods in 
the biochemistry of insecticide resistance for the main malaria vector from 
Afghanistan, Anopheles stephensi (Diptera, Culicidae). The university has also given 
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technical support to process mosquito samples from Afghanistan. A training 
workshop on prevention, surveillance and control of Aedes mosquito vectors in the 
context of emerging Zika virus disease and other Aedes-borne diseases was 
conducted for all the Member States in the region in August–October 2016. 
 
The Eastern Mediterranean Region has faced many challenges in training and 
capacity building. In Sudan, major challenges are the availability of resources to 
sustain and expand existing programmes and facilities. This includes maintaining 
trained staff, establishing state entomological laboratories, maintaining the Blue 
Nile National Institute for Communicable Diseases, and sustaining insecticide 
resistance monitoring. Some of the needed support has been provided from local 
government sources.  
 
In Yemen, there are insufficient resources to support training of undergraduate 
students, including funding and facilities (e.g. lecture areas, laboratory space and 
insectaries).  Insectaries are needed to maintain mosquito colonies for teaching and 
research; there are also insufficient funds to support diagnostic facilities for an 
entomological laboratory and for field visits for postgraduate students. The current 
security situation is also posing challenges; for example, activities are being 
restricted to teaching hours only, while the running of an insectary requires 
continuous routine monitoring outside of these hours. Insufficient fuel for electric 
generators also leads to disruption of lectures and practical training, and limits 
student training visits to endemic field areas.   
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In Pakistan, major challenges are insufficient capacity and financial resources, 
leading to limited trained staff in entomology and vector control, and insufficient 
research to address the country’s needs.  Advocacy is needed to mobilize support 
for vector control programmes. 
 
4.2 South East Asia Region – India 
 
Dr P. Jambulingam, Vector Control Research Centre, Puducherry, India gave 
details of the South-East Asia Master’s course in medical entomology run by the 
Centre.  
 
One of the mandates of the Vector Control Research Centre, a WHO Collaborating 
Centre for research and training in lymphatic filariasis and integrated methods of 
vector control (including efficacy testing of insecticides), is to develop manpower in 
the field of public health entomology and vector control to meet the needs at the 
national and international levels. The Ministry of Health & Family Welfare, 
Government of India has recognized it as a Centre of Excellence for Research and 
Training in vector-borne diseases and their control. 
 
To meet the needs for medical entomology at the national and regional levels, the 
Centre has hosted the postgraduate course in medical entomology since 1986. From 
1986 to 1998 the course was run as a two-year MSc in Medical Entomology that was 
sponsored by the Indian Council of Medical Research and WHO and which trained 
83 candidates who went on to work in universities, public health departments and 
industries in India and abroad. Due to logistic challenges in 1998–2007, this was 
changed to a one-year postgraduate diploma in medical entomology to meet the 
demand for training in medical entomology. During this period, 41 technical staff 
were trained in medical entomology.  In 2011, a two-year MSc course in Public 
Health Entomology was initiated on the recommendation of the Scientific Advisory 
Group of the Indian Council of Medical Research and the Scientific Advisory 
Committee of the Vector Control Research Centre to meet a growing demand for 
public health entomologists at national and regional levels following the 
introduction of integrated vector management as a global approach to vector 
control. Twelve candidates are admitted each year into the course, including two 
foreign candidates sponsored by WHO’s Regional Office for South-East Asia. To 
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date, 39 candidates have completed this course of study. On successful completion, 
a one-year internship programme is also available to select candidates. 
 
The course is designed to provide an opportunity for students from India and other 
countries in the South East Asia Region to gain in-depth knowledge on public 
health entomology, emphasizing advanced epidemiology as well as prevention and 
control of vectors and vector-borne diseases. The curriculum covers 12 areas: (1) 
biology and ecology of arthropods of public health Importance; (2) morphology, 
taxonomy and biodiversity of vectors; (3) physiology and biochemistry of insects of 
public health importance; (4) biostatistics; (5) vector-borne parasites and pathogens 
of public health importance; (6) application of molecular biology, immunology and 
bioinformatics in public health entomology; (7) pesticides used in public health; (8) 
control of vectors of public health importance; (9) epidemiology of vector-borne 
diseases; (10) environment in public health; (11) integrated vector management: 
and (12) vector-borne disease control programmes.  
 
Each paper of the course is comprised of six to seven units. The credit hours for 
each paper vary from 65–70 hours for theory and 25–40 hours for practical. All 
students undertake an independent research project in the fourth semester. The 
course includes educational tours for laboratory and field training on integrated 
vector management to field stations engaged in research on control of malaria 
(Koraput, Odisha State) and chikungunya and dengue (Kottayam, Kerala State) as 
well as to other national institutions such as the National Vector-Borne Disease 
Control Programme, the National Centre for Disease Control, the National Institute 
of Malaria Research and the Rajendra Memorial Research Institute of Medical 
Sciences in Patna, which also works on the control of vectors such as sand flies, 
fleas and mosquitoes. 
 
4.3 Western Pacific Region – Malaysia 
 
Dr Rohani Ahmad, Institute for Medical Research, Kuala Lumpur, Malaysia gave 
details of the Diploma in applied parasitology run by the institute.  
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This 5-month postgraduate course is conducted in conjunction with SEAMEO (the 
Southeast Asian Ministers of Education Organisation). It is normally held from the 
first week of July to the fourth week of November each year. 

 
The course is designed to train doctors, scientists and other health personnel 
involved in research, diagnostic services, control programmes and teaching 
institutions in the theory and practice of various aspects of applied parasitology 
and entomology. Applicants must have a sufficiently good command of English to 
follow the course held at a postgraduate level and possess at least a basic degree in 
the biological sciences or a health field. 
 
The course consists of 12 modules, namely: (1) effective communication;  
(2) haematology and immunology; (3) molecular biology in parasitic diseases;  
(4) biostatistics and epidemiology; (5) insects of medical entomology and 
entomological field and laboratory techniques; (6) control of vectors of medical 
importance; (7) acarology and other arthropod borne diseases; (8) arthropod-borne 
nematode diseases and their vectors; (9) arthropod-borne protozoan diseases and 
their vectors; (10) other protozoan diseases; (11) soil-transmitted helminth 
infections and other diseases; and (12) trematode and cestode diseases. 
 
Participants are required to conduct a research project under supervision. The 
project given can be completed within 3 months and is designed to provide the 
participant with experience in conducting a research project, data analysis, writing 
up research results, and presenting the findings to the class and faculty. 
Participants are also each given an assignment project where they are expected to 
conduct a literature review and present their findings on recent advances in the 
subject to the class and faculty members.  
 
The course includes continuous assessment of candidates. The successful 
candidates are awarded the Diploma in Applied Parasitology and Entomology of 
the Regional Centre for Tropical Medicine and Public Health of SEAMEO (Institute 
for Medical Research, Kuala Lumpur). 
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4.4 The London School of Hygiene & Tropical Medicine MSc in medical 
entomology and control of vector-borne diseases 
 
Dr Mark Rowland from the London School of Hygiene & Tropical Medicine 
summarized the MSc in medical entomology and control of vector-borne diseases 
run by the School. 
 
The London School is the leading European postgraduate school of public health 
and tropical medicine, with 2300 students from more than 120 countries and 800 
staff from 40 countries. It runs one-year MSc courses through individual teaching 
as well as distance learning of longer duration. Medical entomology is taught 
through a range of MSc courses. The three main courses are the MSc in Medical 
Entomology for Disease Control, or MEDiC (formerly: Biology & Control of 
Disease Vectors), the MSc in Medical Parasitology and the MSc in Control of 
Infectious Disease. The aim of MEDiC is to provide training in the theoretical and 
practical aspects of the biology and control of disease vectors and the human 
pathogens that they transmit, and to equip students with specialized skills to 
facilitate careers in operational control and research.  Many leaders in malaria 
control present at the tenth GCDPP meeting had taken this MSc at the London 
School. The aim of the MSc in Medical Parasitology is to provide training in the 
theoretical and practical aspects of medical parasitology.  
 
These courses teach core parasitology and entomology, analysis and design of 
research studies, and molecular biology in term 1 through lectures and practicals. 
The core topics are to introduce protozoa and helminths, insect vectors, disease 
transmission and epidemiology, diagnosis and control, pathology and 
pathogenesis, immunology, chemotherapy and drug resistance, sand flies, 
leishmaniasis, trypanosomes and tsetse flies, triatomine bugs, ticks and mites, 
culicine mosquitoes and arboviruses, anophelines and malaria, myiasis, flies, lice, 
fleas and bed bugs, and filariasis, onchocerciasis and blackflies.   
 
The modules for terms 2 and 3 of MEDiC are chosen depending on specialization. 
These include epidemiology and control of malaria; advanced diagnostic 
parasitology; design and analysis of epidemiological studies; statistical methods in 
epidemiology; vector sampling, identification and incrimination; vector biology 
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and vector–parasite interaction; epidemiology and control of communicable 
diseases; population dynamics and projections; immunology of parasitic infection: 
principles; and integrated vector management.  
 
The module on integrated vector management includes IRS, insecticide-treated 
nets, larval control, environmental management, mathematical modelling, 
insecticide modes of action, insecticide resistance mechanisms, repellents, 
biological control of vectors, evaluation of new LLINs and IRS tools against 
resistant vectors, and control of triatomine bugs and Chagas disease.  
 
Short courses of 5-week duration provide an opportunity to undertake any two 
back-to-back modules, typically vector sampling and incrimination, vector parasite 
interactions and transmission, and integrated vector management. 
 
There is a 2-month project, usually overseas in an endemic country but also 
laboratory based in the United Kingdom, on an appropriate entomological or 
parasitological topic. Some of these lead to publications. According to need, the 
modular system provides opportunities to specialize in traditional biology, 
molecular biology, public health and control, mathematical biology and 
epidemiology.  
 
4.5 Capacity strengthening in the Western Pacific Region 
 
Dr Zairi Jaal, Vector Control Research Unit, School of Biological Sciences, 
Universiti Sains Malaysia, Penang, Malaysia summarized the efforts being made to 
strengthen entomological capacity in the Western Pacific Region (see also Box 1). 
 
Investment in human resources and the particular systems for public health 
entomology and vector control have increased in Malaysia and in most countries of 
the Western Pacific Region.  The aim is to accelerate progress in the control and 
elimination of vector-borne diseases in the country with emphasis on malaria and 
dengue fever and including more recently chikungunya and Zika virus disease. 
 
The Ministry of Health of Malaysia is responsible for ensuring basic human 
capacity and infrastructure to support vector control, surveillance and monitoring 
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including insecticide resistance.  The ministry leads a strong intersectoral 
collaboration that is responsible for developing a long-term strategic plan to build 
human resources and systems for public health entomology and vector control, 
including both short- and long-term training needs relevant to the expected skills 
of the human resource.  The Ministry works closely with national universities and 
training and research institutes to provide training.  
 
National universities provide entomology courses at both the undergraduate and 
postgraduate levels with several emphasizing the biology and management of 
vectors.  A five-month advanced diploma course in Applied Parasitology and 
Entomology is available at the Institute for Medical Research in Kuala Lumpur, 
Malaysia under SEAMEO TROPMED Malaysia. 1   Entomology graduates are 
employed in the Ministry of Health of Malaysia to strengthen their capacity for 
vector control and entomological surveillance.  Graduates are also in high demand 
in other ASEAN countries, especially Singapore, to enhance their national vector-
borne disease control programmes.   
 
In-service training courses on integrated vector management are conducted by the 
ministry in collaboration with WHO for state entomologists, with the goal of 
equipping entomologists and public health professionals with the necessary 
knowledge and skills to support and strengthen human capacity for the 
implementation of IVM. Short courses on the use of the WHO test kit are also 
conducted by the Vector Control Research Unit, Universiti Sains Malaysia upon 
request from the Ministries of Health throughout WHO’s Western Pacific, Eastern 
Mediterranean and the South-East Asia regions. 
 
The Ministry of Health has established posts and revised the scheme of service for 
entomologists and vector control specialists in Malaysia, making it more attractive 
to serve as civil servants with the government sector under the Vector-borne 
Disease Control Programme. Clearly defined job descriptions specify that 
entomologists are responsible for entomological monitoring and surveillance, 
whereas vector control is carried out by public health inspectors who normally 
hold a diploma in public health.  Currently there are over 40 entomologists posted 
at the federal level and state level throughout the country. 

                                                           
1 South East Asia Ministers of Education Organization (SEAMEO)  
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The Ministry of Health has invested in the establishment of insectaries and a 
testing laboratory at the state level to facilitate collection of entomological data 
especially for monitoring insecticide resistance.  Specific arrangements between 
WHO and the Vector Control Research Unit, Universiti Sains Malaysia and the 
Institute for Medical Research, Kuala Lumpur are in progress to strengthen 
infrastructures for entomological laboratories for GLP accreditation.  A National 
Public Health Laboratory manages and analyses data collected at the state level. 
 
 
Box 1. Established capacity-building programme for entomology in Malaysia 
 

• BA in Applied Science (Biology and Management of Vector and Parasite) and MSc 
and PhD in Applied Entomology offered by the School of Biological Sciences 
Universiti Sains Malaysia, Penang, Malaysia 

• MSc in Entomology offered by the Universiti Kebangsaan Malaysia 
• MSc and PhD in Entomology offered by Universiti Putra Malaysia 
• MSc and PhD in Medical Entomology and Vector Biology offered by Universiti 

Malaysia Sarawak 
• Diploma in Applied Parasitology and Entomology offered by the Institute for 

Medical Research, Kuala Lumpur, Malaysia 
• Diploma in Public Health offered by the Ministry of Health, Malaysia 

 
 
At the national level, strong intersectoral collaboration involves seven ministries 
and agencies, including the Ministry of Urban Wellbeing, Housing and Local 
Government, the Ministry of Works, the Ministry of Communications and 
Multimedia, the Ministry of Education, the Ministry of Home Affairs and the 
Ministry of Human Resources, State Governments. At the regional level, 
intersectoral collaboration is supported by WHO’s Regional Office for the Western 
Pacific and Intergovernmental collaboration between Member countries within the 
region. 
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4.6 Discussion 
 
Surveillance of vectors, collection of data on insecticide resistance and on-the-
ground vector control are not glamourous, but they constitute a basic disease 
control need for which governments should provide capacity.  Career pathways 
and recruitment and retainment of new entomologists and vector control 
specialists are key issues. For example, academic staff in the Islamic Republic of 
Iran must often support country vector control needs. National malaria control 
programmes often respond to outbreaks of vector-borne diseases but lack 
necessary capacity to respond at central and subnational or local levels.   
 
In Malaysia, significant changes to the career structure for entomologists were 
initiated by the Malaysian government in response to the need to sustain 
entomologists for government programmes. Prior to this, many trained 
entomologists were absorbed into industry and the government lacked capacity to 
respond to vector control needs. Currently, entomologist positions are allocated by 
States, with larger States sometimes sustaining up to 13 entomologists. Malaysia 
also provides critical regional training, for example to entomologists from 
Singapore that does not run training courses in entomology. 
 
The global vector control response highlights the need to involve sectors other than 
health in creating jobs and providing on-the-ground training of vector control 
specialists. The document may act as a catalyst for advocacy to mobilize resources 
and increase investment in vector control capacity-building. A first step is to 
understand how much more capacity is needed and to explain the gap between 
available training opportunities and capacity. Training programmes need to be 
better linked with disease control needs (entomological, surveillance, field 
components, etc.).  Feedback should be built into the design of control programmes 
to better serve their needs and to link with the needs of industry and the private 
sector. 
 
To implement control of Aedes, stronger emphasis in training is needed on 
community engagement.  Entomologists are a necessary part of the public health 
system.  Historically, India has required entomological training of engineers for 
community development in order to consider breeding sites and public health 
needs for vector control during community infrastructure development.   
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5. Evaluation of vector control products – high-quality 
management systems compliant with good 
laboratory practice 

 
5.1 Capacity-building led by WHO  
 
Dr Rajpal Yadav, WHOPES, presented progress on the development of high-
quality management systems compliant with good laboratory practice for 
evaluation of vector control products in countries outside Africa (Figure 2).  
 
The aims of this programme are to enable research institutions to develop and 
implement high-quality research systems to achieve standards equivalent to good 
laboratory practice according to the guidelines on good laboratory practice 
published by the Organisation for Economic Co-operation and Development. 
WHO has selected a number of governmental research institutions outside the 
African region to support the development of high-quality management systems 
leading to good laboratory practice accreditation of the trial sites. The criteria for 
selection of the trial sites were the following: 
 

• existing WHO collaborating institutions engaged in pesticide product 
testing; 

• other potential research institutions; 
• geographical representation of test sites; 
• feasibility of a trial site to evaluate a range of pesticide products both in 

laboratory and field; and  
• institutional commitment. 

 
WHO has completed facility audits of five participating institutions in China, India 
and Malaysia. A workshop of participants from these institutions was organized in 
May 2016 when they were briefed on the processes of good laboratory practice and 
how to write standard operating procedures. Further strengthening of the capacity 
of these institutions with support from WHO is now under way. In each of the 
three countries, the national compliance monitoring authorities for good laboratory 
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practice have been contacted in order to understand their requirements for 
accreditation.  
 
WHO has shortlisted a number of other institutions in the European and Americas 
regions, and work on facility audits and capacity-building will be initiated in 2017.  
 

 
 
IRS, indoor residual spraying; IVCC, Innovative Vector Control Consortium; Larv, 
larvicides; LLIN, long-lasting insecticidal net; SS, space spraying; WHO, World Health 
Organization 
 
Figure 2. WHO and IVCC sites for good laboratory practice accreditation 
 
 
5.2 Capacity-building led by the Innovative Vector Control Consortium  
 
Dr David Malone, Innovative Vector Control Consortium, United Kingdom 
described activities undertaken by the Consortium leading to the development of 
high-quality management systems compliant with good laboratory practice for 
evaluation of vector control products in Africa. 
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The Consortium has been working with a number of African trial sites over a 
number of years to help develop high-quality management systems for those 
conducting evaluations of vector control products. Work began with the first 
vector control quality control systems workshop (Liverpool, May 2011), the aims of 
which were “to develop and implement research quality systems so as to achieve 
standards equivalent to GEP (Good Experimental Practice) and GLP (Good 
Laboratory Practice)”. Subsequent workshops were held in the United Republic of 
Tanzania (2013 and 2016) and Benin (2015). 
 
Beyond the workshops the Consortium has supported the trial sites in writing 
standard operating procedures and developing high-quality management systems. 
On-site audits compliant with OECD guidelines for good laboratory practice1 have 
been carried out to identify the strengths and weaknesses of collaborating sites in 
assuring management systems of high-quality and to provide self-audit 
questionnaires.  
 
The Kilimanjaro Christian Medical University College has subsequently been 
working towards full compliance with good laboratory practice. Over a two-year 
period, improvements have been made to facilities and a “quality manual” has 
been developed and implemented across the vector control trial facilities, including 
the experimental hut sites.  Towards the end of 2015 these facilities applied for 
good laboratory practice certification to the South African National Accreditation 
Service and, since July 2016, have started their first studies; a second audit will take 
place in November 2016 at which point their certificate of compliance should be 
awarded. 
 
The Consortium is now working with a number of other African trial sites towards 
accreditation, as shown in Figure 2.  
 
Plans and timelines for submitting applications to the South African National 
Accreditation System and initiating studies are in place for these sites.  
 
The Consortium has also produced a training manual for those developing their 
programmes for vector control studies and has set up a SharePoint workspace and 

                                                           
1 http://www.oecd.org/chemicalsafety/testing/good-laboratory-practiceglp.htm 
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discussion group for these different institutions to share resources and support one 
another. 
 
The roll out of good laboratory practice should enable consistent, reliable and 
repeatable data to be generated from vector control studies, which conform to the 
OECD guidelines, that are recognized by pesticide regulatory bodies, and that 
form a component of the WHO transition to prequalification as part of i2i. 
 
These efforts have been made possible by the considerable support from Graham 
Small and Alex Wright (working for the Innovative Vector Control Consortium), 
Matt Kirby at KCMUCo as well as the scientists and other staff working in Moshi 
and at the other institutions that have joined the programme on good laboratory 
practice. 
 
5.3 Discussion 
 
Compliance with good laboratory practice may assure the quality of trials, but it 
does not eliminate the need for competent experts to assess the data and determine 
their relevance, particularly in light of the variable behavioural responses of 
mosquitoes. 
 
Concerns were raised over the rising costs of product trials due to new quality 
standards.  Measures must be taken to ensure that smaller entities (companies or 
manufacturers) can continue to participate in vector control product development 
amid rising costs. 
 
Communication with manufacturers will be important to understand what 
products are in the pipeline and to ensure that sufficient capacity is available at 
accredited sites. Sites will become available in the next 1–2 years. In the interim, 
WHOPES and the WHO prequalification team will continue to collaborate in 
providing oversight for vector control product trials.  
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6. Vector surveillance 
 
6.1 Monitoring resistance to insecticides, developing capacity and 

networking in India 
 
Dr Pradeep Kumar Srivastava, Joint Director and Head of the Vector Control 
Division, National Vector Borne Disease Control Programme, Ministry of Health 
and Family Welfare, Government of India, Delhi discussed insecticide resistance, 
capacity development and networking in India. Technical experts are available in 
the states and research institutions to support insecticide resistance management. 
Resources for capacity-building are available in institutions such as the National 
Vector Borne Disease Control Programme, the National Centre for Disease Control, 
the National Institute of Malaria Research, the Vector Control Research Centre, the 
Centre for Research in Medical Entomology, the Regional Medical Research 
Centres of the Indian Council of Medical Research, and in the states such as the 
Institute of Vector Control and Zoonoses, Hosur, Tamil Nadu, which has the 
infrastructure to maintain regular training courses.  
 

According to guidelines published by the National Vector Borne Disease Control 
Programme, entomologists in India have the following roles: 
  
• to undertake entomological surveillance, monitor insecticide resistance and 

provide technical support to the State/District in vector-related issues under 
integrated vector management; 

• to undertake regular field visits to monitor and evaluate the quality of vector 
control measures in coordination with block medical officers; and  

• to support the preparation of a district action plan for control of vector-borne 
diseases and organize locally relevant behaviour change communication 
initiatives. 

 
Figure 3 shows the status of insecticide resistance in India, based on data from 
vector control programmes and research institutes. Challenges to implementing 
strong insecticide resistance management include lack of resources, insufficient 
capacity to prioritize all aspects of vector surveillance including insecticide 
resistance management for adults and larvae, and weak intersectoral coordinating 
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mechanisms. The contribution of various institutions in India to insecticide 
resistance monitoring is shown in Figure 4. A critical threat is the current shortage 
of entomologists, which may exacerbate the current challenges for resistance 
management. 

 
Figure 3. Distribution of insecticide resistance and susceptibility across India, 
2013 
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ICMR, Indian Council of Medical Research; NCDC, National Centre for Disease Control; 
NVBDCP, National Vector Borne Disease Control Programme; ROHFW, Regional Offices of 
Health and Family Welfare; Univ, universities  
 
Figure 4. Participants in insecticide resistance monitoring 
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6.2 Vector surveillance and control in China 
 
Professor Gao Qi, Jiangsu Institute of Parasitic Diseases, China discussed vector 
surveillance and control under the National Malaria Elimination Programme in 
China. 
 
Historically, China was a high malaria endemic country with more than 30 million 
cases occurring annually in the 1970s. The National Malaria Elimination Working 
Plan was launched in 2010 with the aim of eliminating local transmission 
nationwide except in the border areas in Yunnan, which were included in 2015, 
and fully eliminating transmission nationally by 2020. By the end of 2014, local 
transmission occurred only in Yunnan province (9 counties mainly around the 
China–Myanmar border) and Tibet (1 county along the China–India border). A 
total of 3285 confirmed malaria cases were reported in 2014, of which only 40 (1.2 
%) cases were indigenous (1 Plasmodium falciparum case; 7 P. malariae cases and 32 
P. vivax cases). Additionally, 3245 (98.8%) cases were imported: 77.2% from Africa, 
22.6% from South-East Asia and 0.2% from other regions.        
 
National malaria vector surveillance sites have been established in 13 provinces 
where malaria is transmitted according to the distribution of vectors and imported 
cases. Vector surveillance and response are conducted in foci according to China’s 
new “1, 3, 7” malaria elimination strategy (Box 2). 
 
 
Box 2. China’s “1,3,7”  malaria elimination strategy 
“1”: All malaria cases should be reported within 1 day. 
“3”: All reported malaria cases should be laboratory-reconfirmed and investigated within 3 
days. 
“7”: All malaria foci should be surveyed and a response given within 7 days.  
 
  
Vector surveillance is comprised of national vector surveillance sites, foci with 
surveillance and foci without surveillance. Vector species, density, behaviour and 
breeding are investigated in all national vector surveillance sites every year.  
Insecticide resistance surveys are carried out in areas with different vectors every 2 
years. For foci with vector surveillance, the data on vectors can be used to plan 
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vector control activities in foci. Tests for sporozoites are performed only in foci with 
local transmission.  For foci lacking data on vector surveillance, special vector 
surveys will be carried out focusing on vector species, vector density and vector 
breeding sites. 
 
Four major malaria vector species are distributed across China: Anopheles sinensis, 
An. anthropophagus, An. minimus and An. dirus. An. sinensis is widely distributed in 
most areas of malaria transmission in China and is the major vector for P. vivax 
transmission. An. anthropophagus has limited distribution in the central and 
southern part of China and can transmit both P. falciparum and P. vivax. An. 
minimus has limited distribution in Yunnan and Hainan provinces. Distribution of 
An. dirus is limited to mountain areas in Yunnan and Hainan provinces.   
 
The aim of foci vector control is to kill malaria-positive mosquitoes before 
transmission to a second-generation case. Important considerations for foci vector 
control in the elimination phase include: 
 

• the timeline for, rather than the universal coverage of, vector control, 
which is prioritized during the malaria control phase; 

• the use of IRS, which is superior to use of LLINs as it can be done quickly 
in foci; and  

• the long residual activity of insecticides, which is not a priority in foci 
vector control in China.  

 
During the malaria elimination phase, vector control in border areas of Yunnan 
province is of particular concern.  Control measures include universal coverage of 
LLINs in villages along the China–Burma border, IVM strategies targeting multiple 
vector-borne diseases, promoting health education at community level and 
adhering to the timelines for IRS in foci with both locally infected and imported 
cases.  Outside border areas, IRS is used to liquidate foci with indigenous as well as 
imported cases and where a suitable vector is present. Health education and 
promotion are also followed up at the community level. 
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6.3 Vector surveillance in Sudan  
 
Dr Caroline Barwa, WHO Regional Office for the Eastern Mediterranean, reviewed 
the status of vector surveillance in Sudan.   
 
There is an eclectic distribution of vector-borne diseases in Sudan, which include 
malaria, leishmaniasis, onchocerciasis, African sleeping sickness, yellow fever, 
dengue, Rift Valley fever, lymphatic filariasis, Crimean–Congo haemorrhagic fever, 
schistosomiasis and diarrhoea. The strategic plan on integrated vector 
management (2007–2012) aims to reduce the burden of vector-borne diseases in 
Sudan by reducing vectorial capacity to the point of preventing risks of 
transmission.  
 
The objectives are to implement integrated vector management and prevent vector-
borne diseases by deploying cost–effective, sustainable vector control interventions 
and strengthening inter- and intra-sectoral coordination, partnerships and 
community participation, as well as to ensure the safe, judicious use of public 
health pesticides and their sound management throughout their life-cycle.  Key 
areas of focus for integrated vector management in Sudan are control of malaria, 
schistosomiasis and leishmaniasis, elimination of lymphatic filariasis, trachoma 
and onchocerciasis, eradication of dracunculiasis, and prevention of outbreaks of 
yellow fever, Rift Valley fever and dengue. 
 
Specific objectives include: 
 
• to strengthen capacity for entomological surveillance and vector control, for  

planning, implementing and evaluating integrated vector management, and 
for pesticide regulation and life-cycle management of public health pesticides;  

• to mobilize and use resources efficiently for integrated vector management and 
the sound management of public health pesticides; and   

• to strengthen inter- and intra-sectoral collaboration and partnership, including 
with communities, for effective implementation of the strategic plan.  

 
To achieve these objectives, Sudan has updated the distribution maps of the major 
vectors of vector-borne diseases and worked to strengthen vector surveillance 
including for susceptibility of vectors to insecticides. This monitoring includes the 
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vectors of dengue and yellow fever. Entomological laboratories have been 
expanded to support vector control. To further strengthen capacity, MSc training 
courses on Medical Entomology and Vector Control have been conducted in the 
region as well as trainings for sanitary managers and technicians on practical 
entomology and vector control operations.  
 
Operationally, vector and nuisance mosquito larval source management has been 
expanded in urban areas, with priority on environmental management, and vector 
control carried out as part of the emergency response to outbreaks of vector-borne 
disease. Resources have been mobilized to expand IRS and use of LLINs in order to 
reach the goals for malaria control of universal health coverage. A mechanism to 
assess the impact of vector-borne diseases on development projects has also been 
initiated.  
 
Other major projects include assessing the role of vector control in transmission of 
lymphatic filariasis, assessing the impact of malaria vector control interventions on 
visceral and cutaneous leishmaniasis, and conducting and promoting research on 
the judicious use of insecticides for vector control and non-chemical vector control 
measures.  
 
National guidelines on vector surveillance and control of endemic and emerging 
vector-borne diseases have been developed and support provided for their 
implementation at different levels of administration. National guidelines for 
transportation, storage, handling and disposal of waste of public health pesticides 
have also been prepared. Legislative frameworks to prevent and control vector and 
nuisance pests have been developed and the necessary capacity for their 
enforcement built. 
 
Under the goal of strengthening collaboration between sectors, an inter-ministerial 
steering committee has convened routine meetings as the institutional coordinating 
body for integrated vector management. In collaboration with the National 
Pesticide Council, the national programme has established a National Poisons 
Centre.  Also, demonstration projects have been initiated in collaboration with the 
agricultural sector to investigate the complementary role of snail control and mass 
drug administration in control and elimination of schistosomiasis in Sudan.  Public 
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awareness to enhance community participation has been raised to improve the 
efficiency and sustainability of control interventions against vectors and nuisance 
pests.  
 
Specific achievements include: 
 
• Operational guidelines on implementation of integrated vector management 

prepared, printed and disseminated.  
• System for implementation of integrated vector management established in 

140 out of 184 localities (at least during the rainy season). Although only 21 of 
these localities received 50% of the annual planned budget, activities were 
implemented with support from the local community.  

• Integrated vector management incorporated into the policy of the health 
ministry at the federal and state levels. At federal level, IVM unit established 
under the directorate general of primary health care responsible for control of 
all disease vectors. Inter-sectoral committee for IVM involving all relevant 
sectors (32 members from different sectors) established.   

• Vector control units established in all 18 states; 83% of these units are led by an 
MSc in medical entomology and vector control.  

• Human resource and institutional capacity for implementing integrated vector 
management strengthened at all levels in national, state and localities (800 
health cadre trained at short training courses in different aspects of vector 
control and 141 at MSc level in medical entomology and vector control).   

• Overall coverage of LLINs for target state is 80% (1 LLIN for every 2 persons). 
Coverage of IRS in target localities exceeds 97%, but it covers 22 out of 32 
localities. Larval source management (chemical larviciding, environmental 
management, biological control using Gambusia fish) expanded to cover 75 
urban and pre-urban areas.   

• Of the 106 sentinel sites identified for routine vector surveillance across the 
country (Figure 5), 73 monitor resistance to insecticides. Resistance monitoring 
is conducted annually for most of the sites, but in 24 sites monitoring of 
malaria vector resistance is done every 2 years.  

• Overall, An. arabiensis populations from all sentinel sites during the study 
period were fully susceptible to fenitrothion and bendiocarb insecticides in all 
sentinel sites, but resistant to deltamethrin, DDT and malathion insecticides 
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(2010–2014).  Deltamethrin resistance is spread across all sentinel sites with 
variation in resistance levels over time. Deltamethrin is the primary active 
ingredient used for LLINs in Sudan (PermaNet 2.0). Although DDT was 
banned in Sudan in 1979, there is still evidence of resistance in many sentinel 
sites.  

• A molecular laboratory was established in the Sennar malaria training centre 
to support monitoring activities. 

 
 

 
 
Figure 5. Vector insecticide susceptibility monitoring in Sudan 
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Challenges and constraints include updating the distribution map of disease 
vectors, the widespread resistance of insecticides to pyrethroids and the high 
turnover of trained staff. There has been delay in the procurement and supply of 
reagents for resistance mechanism detection. Sustainable support for 
entomological capacity is another challenge. 
 
6.4 Monitoring insecticide resistance in Brazil   
 
Dr Ademir J. Martins Jr, Labratório de Fisisologia e Controle de Artrópodes 
Vetores Instituto Oswaldo Cruz – Fiocruz, Rio de Janeiro, Brazil spoke on 
monitoring insecticide resistance in Aedes aegypti in Brazil. 
 
Dengue began to circulate intensively in Brazil in the 1980s, with increasing 
epidemic bursts until now.  Besides dengue, chikungunya and Zika virus disease 
have recently emerged and spread across the country (Figure 6).  To date, Ae. 
aegypti is considered the only vector of these arboviruses responsible for 
transmission. 
 
 

 
 
Figure 6. Distribution of arboviral diseases in Brazil as of June 2016 
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Chemical control of Ae. aegypti is threatened by high levels of resistance to 
organophosphate and pyrethroid insecticides.  The Brazilian Ministry of Health 
only applies insecticides recommended by WHOPES for public health purposes, 
and few alternatives active ingredients exist to target resistant Aedes mosquitoes.  
 
Decreased susceptibility to insecticides was first detected in 1998 to an 
organophosphate larvicide, indicating the necessity for a monitoring scheme.  The 
following year, samples of mosquito populations tested at the Liverpool School of 
Tropical Medicine confirmed resistance to organophosphates and indicated that 
metabolic mechanisms were involved. The Brazilian National Programme of 
Dengue Control then initiated the Nationwide Network for the Monitoring of 
Insecticide Resistance in Aedes aegypti (Morenaa Network), which initially 
comprised two research laboratories (Fiocruz, Rio de Janeiro and Sucen, Marilia).  
In the following years, two other laboratories (Fiocruz, Recife and UFPR, Curitiba) 
joined the Morenaa Network, evaluating around 80 municipalities annually.   
 
Bioassay protocols recommended by WHO and the United States Centers for 
Disease Control and prevention were adopted, with some adaptations including 
in-house production and impregnation of papers for dose–diagnostic and dose–
response adulticide  bioassays.  Biochemical and molecular assays were also 
performed to determine the mechanism for resistance and to better infer the 
possibility of cross-resistance among alternative compounds.  Resistance to the 
organophosphate larvicide consistently increased, and from 2009 onwards 
temephos was no longer recommended for use in Brazil, and was replaced with 
insect growth regulator compounds.   
 
Pyrethroid adulticides were the choice of substitution to the organophosphates in 
2000. Although efficacy of organophosphates took 30 years to be observed, 
resistance to pyrethroid insecticides was recorded a few years after their 
implementation by the national dengue control programme.  A rise in kdr 
mutations in Aedes populations was likely the main reason for this rapid evolution 
of resistance to pyrethroid insecticides; the spread of such mutations was followed 
by PCR-based assays.  As a result, in 2009, pyrethroid adulticides were gradually 
replaced by organophosphates again.   
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Currently, the national dengue control programme recommends insect growth 
regulators (diflubenzuron and pyriproxyfen) as larvicides, and organophosphate 
(malathion) and carbamate (bendiocarb) as adulticides, respectively for spatial and 
residual applications.   
 
The Brazilian policy for monitoring insecticide resistance is being reformulated. 
The new strategy indicates the need for increased monitoring of around 144 dose–
response bioassays for one larvicide, dose–diagnostic bioassays for one adulticide 
and kdr genotyping, annually (Figure 7).  The idea is that different compounds can 
be tested each year.  A new monitoring programme is also being implemented for 
malaria vector mosquitoes, following PAHO/WHO recommendations.   
 

 
 
Figure 7. Resistance monitoring network, Brazil 
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6.5 Vector surveillance at ports, airports and ground crossings under the 
International Health Regulations 

 
Mr Daniel Lins Menucci, Ports, Airports and Ground Crossings, WHO Department 
of Country Health Emergency Preparedness & International Health Regulations, 
Lyon made a presentation on vector surveillance at ports, airports and ground 
crossings. 
 
The purpose of the International Health Regulations is to “prevent, protect against, 
control and provide a public health response to the international spread of disease 
in ways that are commensurate with and restricted to public health risks, and 
which avoid unnecessary interference with international traffic and trade”. 
 
The Regulations, which were agreed to in 2005 with the commitment of 195 States 
Parties, call for: 

• strengthened national capacity for surveillance and control, including at 
ports, airports and ground crossings, and travel and transport; 

• prevention, alert and response to international public health emergencies; 
• global partnership and international collaboration; and 
• rights, obligations and procedures, and progress monitoring. 

 
Under the Regulations, a key focus is controlling the spread of disease across 
points of entry; that is, passages for international entry or exit of travellers, 
baggage, cargo, containers, conveyances, goods and postal parcels as well as 
agencies and areas providing services to them on entry or exit. Points of entry can 
serve as points to check that prevention of known risks is in place, to detect events 
that may constitute a public health emergency of international concern, and to take 
measures to contain the disease at its source. However, since at these points 
travellers, baggage, cargo, containers, conveyances, goods and postal parcels all 
enter and exit, measures taken should avoid unnecessary interference with 
international traffic and trade. 
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Several key steps have been recommended for implementing vector control at 
points of entry (Figure 8).1  These include understanding roles and responsibilities, 
recognizing vector-borne disease threats, instituting vector surveillance at points of 
entry including surveillance of conveyances, cargo, containers, postal parcels and 
baggage, and implementing evidence-based vector control at points of entry and 
emergency measures as necessary.  A WHO handbook to guide the development 
and implementation of vector surveillance and control plans for ports, airports and 
ground crossings has been developed to support compliance with these 
recommendations. It includes guidance on integrated vector control and 
management, surveillance at points of entry, methods for aircraft disinsection, and 
several guidance documents to support disinsection of ships.2 Finally, a vector 
identification platform is being developed to support activities at points of entry. 
 
 

 
 

Figure 8. Schematic of vector control at points of entry (POE) under the 
International Health Regulations 2005  
  
                                                           
1 WHO (2016). Vector surveillance and control at ports, airports, and ground crossings. Geneva: World 
Health Organization. (http://apps.who.int/iris/bitstream/10665/204660/1/9789241549592_eng.pdf). 
2 WHO – No specific technical guidance (only for ship inspection and issuance of Ship Sanitation 
Certificates, with some reference to vector control); IMO – MSC.1/Circ.1358 (2010): recommendations on 
the safe use of pesticides in ships; IMFO – International Maritime Fumigation Organisation: Code of 
Practice on Safety and Efficacy for Marine Fumigation. 
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During the emergency response to Zika virus disease, WHO issued 
recommendations on the importance of following aircraft and airport disinsection 
procedures to control Aedes spp. mosquitoes, depending on individual country risk 
assessments for vector control, and recommended that existing WHO-
recommended methods be followed for aircraft disinsection.  
 
 
6.6 Evaluation, monitoring and research on insecticide resistance in the 
WHO Special Programme for Research and Training in Tropical Diseases 
 
Dr Florence Fouque, Vectors, Environment and Society unit, summarized the 
networking activities of the WHO Special Programme for Research and Training in 
Tropical Diseases for evaluation, monitoring and research on insecticide resistance. 
 
The Programme is supporting research activities and capacity strengthening to 
help the most vulnerable populations find solutions to the burden of infectious 
diseases. Among these activities, support to and development of networks are key 
components.  
 
Networks are based on interconnected people, systems and materials for the 
exchange of information. Structured networks where interconnected people and 
systems share common objectives are supported, some of which are imbedded in 
the activities of the Vectors, Environment and Society research unit. The unit is 
supporting research activities aimed at improving control of infectious diseases, 
particularly vector-borne diseases. Projects are included in four main working 
areas (Figure 9): impact of environmental changes; emerging challenges; social and 
community dynamics; and gender equity and ethics. The development of networks 
is included in some of these projects, such as the project on residual malaria and 
the impact of insecticide resistance on malaria control, the project for the 
development of a worldwide network on insecticide resistance for vectors of 
arboviral diseases, the project for expanding the Caribbean network on 
surveillance and control of emerging arboviral diseases, and the project on the 
development of an online platform to provide information on courses on medical 
entomology at the worldwide level.  
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Figure 9. VES/TDR approaches and working areas1 
 
The project on the impact of insecticide resistance on malaria control and on the 
causes of residual malaria includes six research proposals. The main objective is to 
provide evidence on entomological data (such as Anopheles mosquito fauna, vector 
density, species composition, malaria transmission dynamics, feeding patterns, 
analysis of malaria vector phenotypic resistance to insecticides and evidence on 
different mechanisms underlying this resistance) as well as epidemiological and 
social data (such as malaria prevalence, human behaviours, net distribution, 
coverage and use). The six research proposals are implemented in four WHO 
regions (African, Americas, South-East Asia and Western Pacific) and 13 different 
countries including Benin, Brazil, Burkina Faso, Cameroon, Ethiopia, Kenya, Mali, 
Nigeria, Papua New Guinea, Peru, Thailand, United Republic of Tanzania and Viet 
Nam. Preliminary results show important variations in feeding and resistance 
patterns, even for the same species at the local level. A secondary objective is to 
enhance knowledge on the key elements in order to adapt policies and 
recommendations. 
 
Our knowledge about resistance to insecticides of the vectors of arboviral diseases 
is scattered and the impact of this phenomenon on the efficacy of vector control has 

                                                           
1  Source: TDR (2016). Vectors, Environment and Society: annual report 2016 
(http://apps.who.int/iris/bitstream/10665/255773/1/TDR-VES-17.1-eng.pdf). 
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rarely been investigated. Consequently, a consortium of institutions (including 
more than 10 countries) was selected in November 2015 to provide commissioned 
reviews and organize a workshop to gather the available information, identify 
areas where challenges to insecticide resistance and vector control are under-
reported, fill knowledge gaps on insecticide resistance in vectors of arboviral 
diseases and assist national authorities and WHO in decision-making and 
recommendations for insecticide resistance management and deployment of 
alternative control tools. The workshop is scheduled for December 2016, in Brazil. 
This new Worldwide Insecticide resistance Network (WIN) is now expanding and 
several institutions have joined recently, representing all WHO regions. 
 
A third network initiated by the unit – the Caribbean network on surveillance, 
prevention and control of emerging arboviral diseases – is in the expansion phase. 
A consortium of institutions was selected in June 2015 to organize two workshops. 
The first workshop, on surveillance and diagnostics of emerging vector-borne 
diseases, was held in Trinidad in December 2015 and for the first time all 
Caribbean countries and territories were represented at such an event. The second 
workshop, on vector surveillance and control, was held in Saint Kitts and Nevis in 
May 2016. Both workshops concluded that: (i) for information-sharing, an 
electronic site should be developed with links to relevant documents and 
standardized laboratory methods and vector control guidelines; (ii) for network 
management, key focal points should be identified from each country to 
participate in drafting an initial document with a proposed structure and strategy 
for expanding the network; and (iii) that necessary capacity should be built for 
these activities. 
 
Since capacity-building on vectors is now recognized as a pillar for improving 
vector control activities, a network of courses on vectors is also currently 
supported. The main objective is to develop a platform to host courses worldwide. 
In the first part of this activity, the main courses on vectors and vector-borne 
diseases available in four languages (English, French, Spanish and Portuguese) 
were mapped. More than 240 institutions offering programmes in biology and 
entomology in over 65 countries were analysed in detail. A workshop was then 
held in Lisbon, Portugal in February 2016 at which representatives of 17 higher 
education institutions from all regions presented details of their courses on disease 
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vectors in particular and medical entomology in general. The main objective of the 
workshop was to discuss the development of a platform to host the information on 
courses on vectors, which would improve the visibility of the courses. The last part 
of this activity is to select a consortium of partners to host and construct the online 
platform. At this stage, the recommendations and way forward for the courses are: 
(i) to make the courses available, and distribute their contents and costs evenly, to 
those who need them most in order to enhance the efficiency of vector control; (ii) 
to improve the poor links between basic science and operational research and the 
almost nonexistent link with other entomology streams (agricultural, forensic), and 
to encourage and officially support collaboration; and (iii) to organize and 
harmonize training in medical entomology for scientists and technical staff at the 
global level.   
 
Finally, the networking activities are essential for the exchange of relevant 
information and practices to reach the targets in terms of vector control efficiency, 
including for insecticide resistance. 
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7. Industry: stewardship support in vector control and 
pesticide management 

 
7.1 CropLife International member companies 
 
Mr John Lucas, Sumitomo Chemical, made a presentation on behalf of the 
following member companies of CropLife International: BASF, Bayer, Sumitomo 
and Syngenta.  
 
He explained that the former vector control team, hosted by CropLife International, 
had been composed of the following companies:  BASF, Bayer CropScience, Bestnet, 
Shobikaa Impex, Sumitomo Chemical, Syngenta, Tana Netting (NRS) and 
Vestergaard Frandsen.  Faced with increasing challenges within the industry and 
limited financial and other resources, the International Board of CropLife decided 
on 22 April 2016 to terminate the team.  
 
It was made clear that the team was no longer in existence and that the views 
expressed in his presentation were not those of the vector control team but of BASF, 
Bayer, Sumitomo and Syngenta. These four companies have a long history of 
involvement in the development, manufacture, marketing and delivery of high-
quality vector control products. Their aim is to make sustainable, lasting and 
innovative contributions to counter malaria and other vector-borne diseases while 
at all times adhering to the principles of product stewardship with the long-term 
goal being the elimination and ultimate eradication of insect-borne diseases.  
 
Some of the key activities of these four companies were described. These include 
continued investment in vector control research and development in order to be 
able to deliver innovative new tools and solutions to the market, noting that to 
bring a new product through the current WHOPES process can cost up to US$ 1 
million and take over 5 years.  
 
Examples of innovative products include the development of long-lasting residual 
spray products such as Syngenta’s Actellic® CS or Bayer’s Polyzone® as well as 
developing products based on new insecticides such as BASFs Interceptor® G2 or 
Sumitomo’s SumiShield™. 
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Another key activity is the promotion of good product stewardship through the 
responsible use of vector control products. This is reflected in all aspects of product 
labelling, shipping and disposal, etc. The importance of the proper use and correct 
handling of products through training of staff, distributors and customers to on-
site instruction and development of educational tools was highlighted. At all times, 
companies adhere to the WHO/FAO International Code of Conduct on Pesticide 
Management.1 
 
Promoting resistance management is a good example of where good stewardship 
is important. For example, Sumitomo are working with Abt Associates to help 
develop and establish diagnostic doses for SumiShield and develop in country-
monitoring programmes to ensure correct and appropriate use of products.  
Additionally, the above mentioned companies operate to the highest standards of 
quality assurance to ensure compliance of vector control products with 
specifications.  
 
As part of good product stewardship, companies involved in the development and 
use of biodegradable bags have also made significant investments in LLINs and 
water-soluble packaging for IRS products as well as investing in recycling 
programmes for bed nets.  
 
Other activities include sustained commitment for advocacy to support the fight 
against malaria and other vector-borne diseases including advocating for 
additional investment in public health innovations and improvements in market 
architecture to ensure that the cost efficacy of interventions is properly recognized. 
It was noted that all companies have and continue to provide resources and 
expertise for the former and new WHO Roll Back Malaria partnership. For 
example, Mr Ray Nishimoto, a Senior Managing Executive Officer at Sumitomo, is 
a board member of this partnership.   
 
As a significant presence in the marketplace, these companies are able to take a 
leadership role in the promotion, expansion and distribution of vector control 
interventions to enable impact. To support this effort, they consistently provide 

                                                           
1 http://www.who.int/whopes/resources/9789251085486/en/ 
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high levels of regulatory support and expertise, and maintain large numbers of 
highly qualified and experienced regulatory personal with backgrounds in 
toxicology, environmental fate and related disciplines. Companies also consistently 
maintain the quality of production of their vector control tools to the highest 
international standards while at the same time maintaining capacity in what is an 
uncertain and sometimes highly fluctuating market.  
 
Challenges for the future include the need for these companies to maintain their 
active engagement in and support to the transition from WHOPES to 
prequalification as well as continuing to uphold levels of investment in research 
and development for vector control, particularly given the challenging and often 
very costly and long lead-times and the uncertain market architecture.  
 
7.2 Support from manufacturers for training, capacity-building, pesticide 

management and waste stockpiling, and insecticide resistance 
monitoring 

 
Many manufacturers and stakeholders in vector control have active programmes 
to support training and capacity-building for pesticide management and resistance 
monitoring.   
 
For example, BASF has contributed to an empty container collection system. 
Insecticide containers can be collected through a system organized by CropLife for 
agricultural products. Representatives described their companies’ efforts to engage 
with users in the community and identify ways to reduce packaging. Countries 
with large stocks of obsolete products should explore CropLife’s programme for 
clearance of old products, but education is needed on the programme and 
expanded capacity. 
 
Bayer supports capacity-building through training grants at the London School of 
Hygiene & Tropical Medicine in medical entomology and IRS training grants in 
countries.  Resistance management workshops are held, and an online mosquito 
learning laboratory is targeted to teaching and engaging local communities on 
Aedes mosquitoes. Bayer interacts with users (including the President’s Malaria 
Initiative and Abt Associates) to inform them about safe disposal of pesticide 
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sachets, develop waste management pathways, and guide and advise countries in 
line with the WHO/FAO International Code of Conduct on Pesticide Management.  
 
Syngenta has conducted trainings on IRS and given funding for PhD research in 
resistance management. They chair the public health team of the Insecticide 
Resistance Action Committee and help partners move products between countries 
for use before they become obsolete in order to reduce wastage and stockpiling of 
obsolete pesticides. 
 
Sumitomo is making efforts to consider stockpiles in their supply chain, and is 
exploring whether technology could be developed to safely recycle LLINs. They 
also discussed capacity-building through grants to universities in Africa in 
entomology and vector control. 
 
Vestergaard Frandsen has provided equipment to certain laboratories as well as 
technical support for insecticide resistance monitoring, including to build 
understanding of insecticide resistance. They also support collaborative training 
programmes including on molecular techniques and resistance monitoring. 
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8. Revision of WHO efficacy testing guidelines 
 
8.1 Long-lasting insecticidal nets  
 
Dr John Gimnig, United States Centers for Disease Control and Prevention, 
presented the key issues identified for the revision of WHO’s guidelines on efficacy 
testing of LLINs.  
 
The current LLIN testing guidelines are designed to assess characteristics of 
pyrethroid insecticides. These primarily act through direct toxicity and have fast-
acting knockdown effects with mortality observed usually within 24 hours and 
under varying degrees of excito-repellency.  New insecticides may not have some 
(or any) of these characteristics, and therefore revisions to the current guidelines 
are needed. 
 
General issues discussed included: 

• Is the existing three-phase approach still relevant for testing the efficacy of 
LLINs? 

• How will the revised guidelines be incorporated into WHO’s new 
prequalification system for evaluating vector control products? 

• How should a comparison net be selected? 
• For mixed or combination LLIN products, is there a need to include 

products with only one component for comparison? 
• Must a LLIN be effective for at least 20 washes and for 3 years? 
• Are phase II studies sufficient to provide a recommendation on the use of 

an LLIN product for control of resistant mosquitoes? If not, what type of 
evidence is required? 

 
There followed a detailed review of the current testing procedures in which input 
was solicited from the GCDPP members on each aspect of LLIN efficacy testing. 
Areas for discussion included: 

• significance of levels of improvement; 
• strains to be used for determination of regeneration time; 
• new assays and outcomes; 
• objectives for each testing phase;   
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• criteria for site selection for phase II studies; 
• use of semi-field systems; 
• use of animal baits rather than human subjects in experimental hut 

studies; 
• interim recommendations on claims of effectiveness for control of 

insecticide resistance; and  
• community versus household level randomization in phase III trials. 

 
The following general conclusions were made from this discussion session. 

• A three-phase sequential process may be unnecessary in future testing of 
LLINs, and the phasing terminology could be replaced by more 
descriptive language to indicate the purpose of each testing phase.   

• For mixed and combination LLINs, there was a recommendation to 
evaluate the entire product rather than components of it.   

• The group considered that movement towards a claim system would be 
useful, to allow for market-based decisions on usability.   

• WHO will continue to issue interim phase II based recommendations for 
LLINs until the prequalification procedure is operational. 

 
Detailed discussions were had on testing procedures and this feedback will be 
considered during the revision of this LLIN testing guideline.   
 
8.2 Indoor residual spraying 
 
Dr Richard Oxborough, WHO temporary adviser, explained the revision of the 
guidelines on efficacy testing of IRS insecticides and summarized the major 
considerations for each phase of testing.  
 
For phase I studies, the use of the Potter’s Tower to assure accuracy and 
comparability of results was discussed. Another area of discussion was the holding 
and exposure times in bioassays, and how to define these for slow-acting 
insecticides. For phase II studies, it was suggested that videos prepared during 
spraying could provide further evidence on the quality of spraying. The issue of 
spraying the ceilings of experimental huts was also discussed. Current guidance 
from national programmes is that ceilings should be sprayed, but this is not 
feasible in many settings and may overestimate the efficacy of insecticides. For 
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phase III (village-scale) studies, a critical point of discussion was the type of trial 
needed to adequately demonstrate efficacy. If an insecticide is fast-acting and 
performs adequately in phase II, a community randomized trial may not be needed; 
however, for insecticides with new modes of action or that are slow acting or that 
act on fertility, such trials may be required.  
 
Collection of baseline data was another point of discussion. Currently, all phase III 
trials are done as household or community randomized trial. These are small-scale 
trials for which the quality of baseline data collected varies and in many cases is 
insufficient. The criteria for collection of baseline data should be revisited to 
determine best practice. 
 
The following points were made on each phase of testing. 
 
Phase I data requirements to evaluate the product 
• Products should be evaluated against disease outcome criteria without the 

need to define modes of action or product criteria and parameters.  
• Often, industry will have phase I data already and provisions for their use 

should be made. 
• Data sets are necessary, but the current methodology used does not capture the 

actual activity and efficacy of products. A suggestion was made to take 
products to the field first, and then reconfirm their efficacy in the laboratory.  

• The tests used are not all applicable to all products, and tests should be used to 
demonstrate the properties of products.  

 
Phase II data requirements and causes of variability  

• The results of cone bioassays conducted in experimental huts may have 
high variability due to variability in dosage actually applied. 

• The correct procedures for conduct of cone bioassays and placement of 
filter paper were discussed.  

• Incorrect use of equipment causes variability. The use of control flow 
valves reduces the occurrence of some of these issues but these were 
designed for emulsions and not for suspensions and, depending on spray 
operators, valves may be prone to clogging.  
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• Variation of pressure in the tanks of hand compression sprayers has an 
impact on the dosage of insecticide emitted. Insecticide rebound or run off 
from sprayed walls causes loss of insecticide.   

• Type of formulation ca also impact spray quality. For example, after 
mixing a powder or granular formulation with water in a spray tank if 
sedimentation occurs within about 12 minutes, this shows that the 
formulation is of poor quality. High-quality formulations should only be 
used for IRS. 

• Track sprayers for IRS are in the development phase and when available 
will improve the quality of spraying during experimental huts trials. 

 
Detailed discussions were had on many aspects of the testing procedures and this 
feedback will be considered during the revision of this IRS testing guideline. 
 
Dr Rajpal Yadav described next steps in the development of revisions to the 
guidelines. The follow up from and comments made during the meeting and as 
submitted by email will be integrated into the revision. A subsequent meeting will 
be convened to finalize revisions to the guidelines on IRS and LLIN efficacy testing.  
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