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SUMMARY   

This was the inaugural meeting of the WHO Malaria Vector Control Technical Expert Group (TEG).  
The sixteen members of the TEG met 3 to 5 July, 2013 to review background documents and make 
recommendations on key vector control strategic issues, including maintenance of universal 
coverage Long Lasting Insecticidal Net (LLIN); guidance on estimating the physical life span of nets in 
the field; and guidance on capacity building in vector control.  The TEG also reviewed progress on 
developing guidance for:  prioritizing vector control interventions; entomological surveillance; the 
combination of LLINs and Indoor Residual Spraying; and tools for personal protection and vector 
control for early and outdoor transmission.  Finally, the TEG proposed additional strategic vector 
control issues to be considered in the future.  Summaries of the guidance documents, 
recommendations and key discussion points are included in this report.  When finalized, the 
guidance documents for maintenance of LLIN coverage and estimating LLIN physical life span will be 
presented to the Malaria Policy Advisory Committee (MPAC) in September 2013 for consideration 
and endorsement.  Other guidance documents will be presented to MPAC in March 2014.  The list of 
TEG members is provided in the Annex. 

ROLE AND FUNCTIONS OF THE VECTOR CONTROL TEG  

The Vector Control TEG is tasked with reviewing and providing guidance and making draft 
recommendations to MPAC on the implementation of malaria vector control including issues related 
to programme management. The TEG is constituted by and reports to the MPAC.  

The responsibilities of the TEG on malaria vector control are: 

 Review and recommend to MPAC on the predicted effectiveness and appropriate mix of 
vector control interventions for particular situations of– including the adoption of new forms 
of vector control following recognition of “proof of principle” from the VCAG  

 Formulate and propose to MPAC evidence-based norms, standards and guidelines for the 
implementation and management of malaria vector control;  

 Address policy issues related to building capacity for entomological monitoring and 
optimization of vector control investments; and  

 Identify gaps in evidence and suggest specific areas of priority research to improve 
management and implementation of malaria vector control.  

The VCTEG is distinct from the newly formed Vector Control Advisory Group (VCAG) in that the VCAG 
is focused on tool development and validation across all vector control, while the VCTEG is focused 
on strategies and implementation.  The VCTEG comprises a mixture of skills, including public health 
entomology (vector biology and ecology) insecticide resistance, epidemiology, impact assessment of 
vector control, program management and heath economics. 

OBJECTIVES OF MEETING 

1. Review and propose draft recommendations to MPAC on: 

a. Methods to sustain universal coverage with LLINs 

b. Guidance to countries and partners on how to estimate the median durability of 
LLINs after deployment for policy and procurement decisions 
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c. Guidance to countries on how to prioritize malaria vector control interventions 
when faced with unstable resources 

d. Guidance to countries and partners for capacity building in malaria vector control 

2. Update TEG members on the following areas requiring policy guidance for MPAC decision in 
2014: 

a. Guidance to countries on control tools for early and outdoor biting 

b. Guidance for entomological surveillance 

c. Guidance to countries and partners on the use of IRS and LLINs together for malaria 
vector control 

3. Identify priority areas for policy guidance and dates for the Second TEG meeting.  

These are WHO policy recommendations and are therefore directed at the Ministries of Health.  The 
conclusions and recommendations will also be posted to the WHO website, with the full report and 
documents as annex. 

GUIDANCE TO COUNTRIES ON METHODS FOR MAINTAINING COVERAGE 
WITH LONG-LASTING INSECTICIDAL NETS 

Global malaria control efforts have achieved remarkable success over the past decade with 
estimated malaria-related deaths decreasing by 25% globally and by 33% in sub-Saharan Africa 
between 2000 and 2010.  Much of the success is related to the rapid scale-up of distribution of long-
lasting insecticidal nets (LLINs)1. 

These achievements must not be taken for granted.  If vector control is withdrawn from an area 
where malaria transmission was originally intense but was suppressed for a few years by effective 
interventions, transmission is likely to return to its previous intensity, and can do so rapidly.  Thus, 
there is a serious risk of malaria resurgence in many parts of Africa if LLIN coverage is allowed to 
decline.  In the past, such lapses in intervention coverage have caused major epidemics with 
substantial loss of life.  The malaria control community therefore has a shared responsibility to 
maintain coverage, despite challenges of constrained resources.  The aim of this document is to 
guide national malaria control programmes seeking to achieve and sustain universal coverage of 
LLINs.  

Our goal remains universal coverage.  Gaps in coverage should therefore be addressed by  using a 
mix of approaches, including mass campaigns coupled with routine distribution as appropriate2, 
especially to pregnant women and infants through antenatal and child health immunization clinics.  
It is important to note that use is expected to be high when populations have access to nets. The 
World Malaria Report 2012 compared the proportion of the population with access to an ITN and 
the proportion sleeping under an ITN in 17 countries in Africa, and found that the median proportion 
of the population using an ITN among the population with access to one was very high, at 91%.  

The WHO Position Statement on ITNs recognises that net distribution campaigns are a cost-effective 
way to achieve rapid scaling-up of net coverage, but emphasises the need for “strategies to sustain 

                                                           
1
 World Health Organization. World malaria report 2012. Geneva, 2012.  

2
 In the context of LLINs, the term “continuous” is used to describe distribution systems that deliver nets continuously and 

without interruption over time, as opposed to “campaigns” which deliver a consignment of nets to a defined target 
population in a single time-limited operation.   “Routine” LLIN systems deliver nets along with other routine health 
services (especially ante-natal care and child immunization, through established health system delivery channels.     
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high levels of LLIN coverage in parallel with strategies for achieving rapid scale-up.”  In particular, it 
recommends that mass campaigns should be complemented by LLIN distribution to pregnant 
women through antenatal services, and to infants through immunization services, in order to ensure 
continuous and sustainable coverage.  Further experience in the last five years has revealed that the 
physical lifespan of nets is highly variable, with a gradual loss beginning immediately after the 
campaign.  For this reason, WHO recommends that routine distribution through antenatal and 
immunisation should be given equal priority to mass campaigns.      

The Position Statement on ITNs also recognises that other distribution channels may also play an 
important role: schools, workplace programs and community-based networks have all been used for 
distribution of nets bought with public health funds. In some settings (especially in Asia) commercial 
markets have also made a substantial contribution to net coverage, including LLINs. 

Mass campaigns can achieve high and equitable coverage quickly and efficiently, but this coverage 
declines over time and significant coverage gaps can appear in between campaigns.  By contrast, 
routine distribution through routine channels such as antenatal and immunization clinics can sustain 
coverage levels that are stable over time, but fall significantly short of universal coverage (Figure 1). 
Progress has been made in assessing various continuous distribution channels in a range of country 
contexts, particularly in antenatal and child health clinics.  There is also some experience with 
schools, community based distribution and the commercial sector in certain settings.     

Although there is still much we do not know, it is possible to draw some initial conclusions about the 
strengths and weaknesses of the various options for maintaining LLIN coverage.  These 
recommendations are discussed below, with emphasis on the public health channels.   

RECOMMENDATIONS  

Complementary campaign and continuous distribution systems 

 Universal coverage remains the goal: this is defined as full coverage with effective vector control 
of all people at risk of malaria3   

 In order to maintain universal coverage, WHO recommends a combination of mass distributions, 
complemented by continuous or “routine” distributions through multiple channels, in particular 
antenatal and immunisation services.  

 There should be a single national plan for both routine and campaign distribution strategies that 
all partners adhere to.  This unified plan will include a comprehensive quantification and gap 
analysis for all public sector LLIN distribution channels  

 As with immunization programs, which also employ a combination of campaign and routine 
delivery services, LLIN campaign and routine distribution systems should be planned and 
coordinated as a unified program, with shared resources, communications and LLIN stocks. 

 These continuous distribution channels should be functional before, during and after the mass 
distribution campaigns, there should be no gap in access to LLINs and the behaviour change 
communications should be coordinated for both the campaign and continuous distribution 
activities. 

                                                           
3
WHO. Insecticide-treated mosquito nets: a WHO position statement. Geneva, World Health Organization, 2007. Accessible 

at: http://www.who.int/malaria/publications/atoz/itnspospaperfinal/en/index.html  

http://www.who.int/malaria/publications/atoz/itnspospaperfinal/en/index.html
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Distribution channels appropriate for country contexts 

 Each national malaria control programme should develop an overall co-ordinated LLIN 
distribution strategy.    This strategy should be based on an analysis of local opportunities 
and constraints, and should identify a combination of distribution channels that will achieve 
and sustain high coverage.  

 Mass free distribution campaigns will remain an important component for maintaining 
universal LLIN coverage.  Technical training materials to support planning, implementation 
and evaluation of distribution campaigns are available through WHO and the Alliance for 
Malaria Prevention.4 

 Antenatal, immunisation and child health clinics should be considered as the highest priority 
LLIN continuous distribution channels in countries where contact rates are high, as they are 
in much of Africa south of the Sahara. 

 One possible method of delivering access to LLINs through public sector channels is the use 
of vouchers, which allow the recipient to obtain an LLIN either free or at subsidized cost 
through participating retail outlets.  These outlets are then responsible for supply and 
storage of the nets, rather than in the public sector.   

 Schools may also be explored as a channel for LLIN distribution in countries where this 
approach is feasible and equitable.  

Supplemental distribution methods  

Additional channels may also be considered.  Each country context is unique, with its own 
opportunities.  Other channels such as community-directed distribution, church and mosque-based 
networks, and agricultural and food-security support schemes should be explored.   Additional 
channels to be considered in the national strategy might include: 

 Occupation-related distribution channels.  In some settings –  particularly in Asia where 
transmission ecology is often localised and patchy -- the risk of malaria may be strongly 
associated with specific occupations, such as plantation and farm workers and their families, 
as well as miners, soldiers and forest workers. The opportunities for distribution through 
local channels, including private sector employers and farmers’ organisations etc., may be 
explored where appropriate.  

 While not the direct rresponsibility of control programmes, the private and commercial 
sector can be an important supplementary channel to the free LLIN distributed through the 
public sector channels.  Private sector engagement can take many forms:   

o Retail sales of all kinds of net have public health benefits, and should be encouraged.    
However, an LLIN is twice as effective as an untreated net.   

o Retail sales of LLINs may be encouraged throughout the country.   LLIN products should 
be regulated by the national registrar of pesticides, in order to ensure the quality of the 
insecticide following the specifications as described by WHOPES. 

o Workplace programs, whereby the employer provides free malaria preventive services 
to the employee families and surrounding communities, can also be effective. 

o Existing commercial markets in untreated nets are also beneficial and should not be 
discouraged.   In the case of nylon and polyester nets, it may be possible to convert 
these nets into LLINs during or just after manufacture, using novel techniques: either by 

                                                           
4
 More information on Alliance for Malaria Prevention available at: 

http://www.allianceformalariaprevention.com/index.php  

http://www.allianceformalariaprevention.com/index.php
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applying a long-lasting insecticidal treatment to a batch of nets in bulk, or by using an  
insecticide-impregnated yarn made for this purpose.   These technologies allow the 
additional cost of the insecticide to be paid by public funds, while the cost of the net and 
its distribution are paid for the net-buyers who would normally be buying untreated nets.   
Such net treatments can therefore be considered an additional channel for improving 
LLIN access.  

Time and place for mass distribution campaigns and continuous distribution 

 LLIN distribution campaigns are a cost-effective way to rapidly achieve high and equitable 
coverage, and in almost all settings repeated campaigns will be needed.  As coverage gaps will 
start to appear almost immediately post-campaign through net deterioration, loss of nets and 
population growth, complementary continuous distribution channels should be in place. 

 The interval between mass campaigns should normally be no more than three years unless there 
is reliable observational evidence that a longer interval is appropriate (for example because 
routine distribution through ANC and EPI channels is maintaining high coverage or nets are 
lasting longer).     

 In the future, there should be a gradual shift in the methods used to distribute publicly-funded 
LLINs, away from campaigns and towards a system where continuous distribution systems, are 
the primary means of sustaining coverage.  Campaigns may still be necessary, but will be 
deployed as a supplementary measure, as and when coverage is seen to be inadequate.   

 In order to manage this shift in methods, programmes will need to track coverage as it evolves 
over time, and they will also need to distinguish the relative contributions to overall coverage of 
various parallel delivery channels.   Appropriate indicators and methods are noted below.   

 There should also be consideration of improving the product and/or behaviour change 
interventions to improve net longevity and usage.  

 The lifespan of LLINs varies widely between individual nets in a cohort, and between settings.  
This variability makes it difficult to plan the rate or frequency at which replacement nets need to 
be procured and delivered.  In several settings in Africa, the median lifespan of a cohort of LLINs 
(the interval until 50% of the nets are worn out or lost) has been observed to be approximately 
three years.  WHO has developed technical guidance for countries and partners on how to 
monitor the survival of LLINs in field studies in sentinel sites, and recommends that all medium 
and large-scale LLIN programmes should carry out such monitoring.   

 LLIN durability in the field is a major factor in the costs of maintaining universal coverage.  
Current evidence suggests that some LLIN products can be significantly more durable than 
others, depending on the setting.  Programs are encouraged to compare the durability of 
alternative products under local conditions, using the standard methods mentioned above; this 
information can then be used to inform procurement decisions. It is possible that with more 
durable products and a strengthened routine LLIN delivery, programmes can move away from 
campaigns.   

 Periodic “top-up campaigns” (as opposed to universal coverage campaigns) are not 
recommended at present.  These campaigns are where community workers visit each household 
and replace only nets that have been lost, leaving in place those that are still in good condition.   

o Experience so far suggests that “top-up” campaigns may encourage under-reporting of 
the number of nets actually present in households, and further work on methods to 
overcome this problem will be needed before top-up campaigns can be given a more 
general recommendation.   Top-up systems may be more feasible and efficient in areas 
where community health workers are involved because of their long-term relationship 
with each resident household but more evidence is required.   
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o If the population coverage of nets less than two years old is less than 40%, such “top up 
campaigns” are not expected to be cost-saving, and a full-coverage campaign should be 
deployed instead.  

 Improved supply chain management, including quantification, durability monitoring and 
evidence-based resource allocation is key to maintaining universal coverage.  Programmes 
should ensure there are adequate human and financial resources for efficient programme 
management, as well as for the basic costs of LLIN procurement and distribution. 

Monitoring and Evaluation 

Currently, the four basic survey indicators of coverage, as developed by the RBM Monitoring and 
Evaluation Reference Group (MERG) and used by WHO for the World Malaria Report are:   

a) Percentage of households with at least one ITN/LLIN 

b) Percentage of population with access to an ITN/LLIN within the household 

c) Percentage of population reporting having slept last night under an ITN/LLIN 

d) Percentage of under-five children reporting having slept last night under an ITN/LLIN 

In addition to these cross-sectional outcome indicators, the following process indicators are 
likely to be necessary in order to manage the operations recommended above:  

(i) Changes in coverage over time, as measured by repeated estimates of the percentage of 
population with access to an ITN/LLIN within the household (i.e. a longitudinal version of 
b) above).   

 This can be measured using sentinel sites.    The possibility of a “Hawthorne effect” 
must be considered: if net-owners know that a net will be inspected by someone 
coming to the house, they are more likely to look after the net and less likely to 
throw it away.   However, this potential bias may be excluded or at least minimized 
by using several sites, so that only a subset of households will be visited.  

(ii) Operational coverage by ANC and EPI services, i.e. the proportion of pregnant women 
given an LLIN by ANC services, as a percentage of the total number of women attending 
these services, and the equivalent for children attending for immunization.   

 Clinic records are not satisfactory for this purpose.   Standard national household 
surveys (e.g. DHS and MICS) already ask detailed information from mothers about 
attendance at such clinics and the services received; an additional question may be 
asked as to whether the mother was given an LLIN.   In some settings, family health 
cards or books are used to record child health and maternal health contacts, these 
should also record LLIN delivery.     

Relative contributions of different delivery services.  This is best measured in 
household surveys, by identifying the source of individual nets.   

 To do this accurately, nets (and bales of nets) should have a batch-identification 
label attached at the time of manufacture, and LLIN programmes should carefully 
record the numbers of the batches sent to each district and used by each channel of 
distribution.  This will have the additional benefit of allowing an alternative method 
of determining net durability.     

Key discussion points: 

The private sector:  This document is directed to the Ministry of Health and public sector prevision of 

LLINs.  Private sector engagement is critical and needs to be part of the overall plan, but it is 
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largely outside the control of the MoH where this document is directed.  A full analysis of 

the private sector role in LLIN delivery and use is beyond the scope of the present document.  

Equity of access to protection and Universal Coverage: There needs to be clarification for the 

financing agencies in equity of access to protection which is different than simply equity of 

access to ITNs.  This will take into account community protection not just for the specific 

target population, such as pregnant women, but others in the house and community who 

should be protected.   The degree of mass effect is dependent on the local transmission 

ecology, the vectors involved and availability of alternate hosts.  When discussing “Universal 

Coverage” or “Universal Protection”  one should make a clear distinction between 

geographical equity, one village equitable with another village, or about universal protection 

within a particular village While we speak of “Universal Coverage” we must recognize that in 

many situations, malaria transmission is very heterogeneous, we need to be more versatile 

and rational in our targeting and distribution of nets.  This will be especially important where 

countries are moving towards elimination where universal coverage may not be required.  

This issue of prioritization is covered in other documents before the TEG.   

Management and sustainability of funding.  Programmatically this will be a reference document and 

should therefore address the more broad-based issues of equity and sustainability. Each 

country needs to adapt the strategy to its own conditions.  Supply chain management is a 

very difficult issue where programs face many operational problems. These are not trivial 

matters.  Nets will be our main intervention for many years, even decades to come, and thus 

need to be integrated into the other public sector systems.  Countries will need to establish 

robust programs with adequate staffing and resources to sustain this for many years to 

come.  This needs to be understood and supported by donors, partners and financiers.  

GUIDANCE TO COUNTRIES FOR ESTIMATING FUNCTIONAL SURVIVAL OF 
LONG-LASTING INSECTICIDAL NETS FROM FIELD DATA  

This technical document has two main purposes: to provide guidance to countries to track LLIN 
durability in order to support management of resupply; and to inform at global level procurement 
decisions in conjunction with urgently needed new, more predictive textile laboratory testing. 

The document is aimed at malaria program staff and researchers who are directly involved in the 
collection and analysis of data on LLIN durability in the field in order to allow standardization of 
procedures and analysis of LLIN durability estimates across countries. 

The document complements the existing documents, namely “Guidelines for monitoring the 
durability of LLINs under operational conditions “ and “Guidelines for laboratory and field testing of 
long-lasting insecticidal mosquito nets“ and should always be considered in conjunction with these 
documents. 

Recommendations:  

 LLIN survival should always be calculated using both attrition and physical integrity data – 
this applies to both prospective and retrospective studies. 

 Only that part of attrition should be included that relates to the durability of the LLIN 
product; LLINs that have been “lost”, i.e. given away for others to use, should be excluded 
from the denominator. 
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 The previously recommended measure of physical integrity, the proportionate Hole Index 
(pHI), should be categorized based on recommended cut-off points into the following three 
groups: 

o LLIN in “good” condition (pHI 0-64): no reduction of efficacy compared to an 
undamaged net 

o LLIN in “acceptable” condition (pHI 65-642): effectiveness somewhat reduced but 
still provides significantly more protection than no net at all.  

o LLIN “torn” (pHI 643+): protective efficacy for the user is in serious doubt and the 
net should be replaced urgently  

 These categorizations are then used to calculate the following proportion which represents 
the numerator for the survival estimation: 

o Proportion of LLIN “serviceable”(comprising those in “good” and “acceptable” 
condition) 

 For the time being, insecticidal effectiveness is not included in the estimation of LLIN survival 
due to the absence of a reliable field test that would allow to test all samples.  WHO 
recommends the exclusive use of LLINs that have received WHOPES recommendation. This is 
based on the assumption that these nets have already passed WHOPES phase III testing 
criteria, namely that after three years of field use 80% or more of LLIN have proven high 
level of effectiveness against susceptible vectors in standard WHO cone or tunnel tests.   

 The “proportion of LLIN surviving to time x” should be calculated as the number of LLIN in 
“serviceable” condition over the total number of LLIN originally distributed and not given 
away for others to use or stolen, where x is the time in years since distribution. 

 In order to better interpret the findings, results of the “proportion of LLINs surviving to time 
x” should be plotted against “time of follow-up” and compared against the hypothetical 
survival curves which are included in this document. 

 If at least two data points in time are available for “proportion of LLINs surviving to time x” 
and the first is 85% or lower, a “median LLIN survival” can be calculated using a formula and 
tool that are provided with this document. 

 If at all possible, more than two data points in time should be used to estimate “median LLIN 
survival” in order to obtain more reliable estimates; this is particularly important for 
retrospective surveys. 

 For all LLIN survival estimates, appropriate confidence intervals should always be calculated 
to provide a measure of uncertainty and allow an assessment of whether observed 
differences between products or time points are statistically significant.  

The most urgent outstanding issues in order of priority are: 

 In order to ensure a high level of standardization, there is a need to develop standard 
operation procedures (SOP) for all steps of LLIN survival estimation surveys, make available 
standardized tools and templates and establish strict norms of quality control. 

 To include durability performance into the WHOPES evaluation criteria for LLIN and thereby 
create a stimulus for manufacturers to improve performance of their products, WHOPES 
should consider a minimum requirement of “x% of LLIN that survive to three years of field 
use in ‘serviceable’ condition”.  

 To understand better the determinants of mosquito entry into a damaged net and to 
improve – if needed – the weighting system for hole counts in the proportionate Hole Index, 
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there is a need to study the relationship between hole size and position on an effective LLIN 
and the influence of total net size compared to the size of the hole.  

 To define a) the cut-offs to be used to determine “end of useful life” and b) how the cut-offs 
need to be adjusted with increasing vector resistance, there is a need to explore the 
relationship between net damage, remaining insecticide and feeding inhibition in susceptible 
and resistant vectors in hut trials.  

 To establish the epidemiological impact of damaged LLIN,  there is a need to study the 
impact of damage, age and insecticide levels of LLIN on malariometric parameters in children 
and adults (malaria incidence, prevalence and anemia).  

 In order to include insecticidal effectiveness in the future, it is important to accelerate the 
development of field tests that reliably predict protective effectiveness of the LLINs.  

Recommendations for next steps: 

WHO  

 Disseminate and promote this document and accompanying tools to countries and partners 
with significant LLIN programs 

 Facilitate the collection, analysis and sharing of results of comparable LLIN survival data by 
providing training and technical support  

 Review these methods as new information emerges 

Countries 

 Analyze available data according to this document as long as all necessary input is available 

 Include in country  work plans the collection and analysis of data on LLIN survival according 
to existing recommendations and guidance 

 Share the results from LLIN survival analyses with other partners so that a better 
understanding of the dynamic of LLIN survival can be obtained 

 Where sufficiently reliable information exist, include this in their planning for malaria 
prevention using LLINs 

Partners 

 Support countries in the collection and analysis of LLIN survival data directly and by building 
capacity 

 Undertake research to address the outstanding issues identified in this document 

 Actively contribute to improvement of this document and these methods in the future 

STRATEGIC RECOMMENDATIONS AND IMPLICATIONS FOR PROCUREMENT 

In reviewing the document “Technical guidance on how to estimate functional survival of long-
lasting insecticidal nets” the Vector Control Technical Experts Group (VCTEG) members recognized 
the critical importance of this document in allowing (1) for the measurement of LLIN durability in 
operational conditions using standardized methods, and (2) a better anticipation of the replacement 
timing of nets in the field. In addition to finalizing this document for submission to the MPAC, the 
VCTEG members also highlighted additional steps in moving forward the agenda on LLIN durability. 
The ultimate goal of both the technical document and the activities presented below is to foster the 
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technical evolution of LLINs and encourage innovation, leading ultimately towards LLINs with a 
lower cost per year of protection.    

1. The WHO (GMP and WHOPES) is currently assessing the fabric strength of different WHOPES 
recommended LLINs under laboratory conditions. These results will be presented and reviewed 
by experts in a WHO meeting in August 2013. WHO is also planning a consultation in early 2014 
that will review field data from various sources (published and unpublished) including those by 
PMI and R4D as well as the GMP/WHOPES laboratory assessment. The recommendations from 
the two WHO consultations will be presented to MPAC in March 2014 for consideration. The 
recommendations will include scores on physical performance of tear and wear and 
flammability on different LLINs.  

2. The VCTEG strongly requests that WHOPES considers the operationalization of durability as an 
additional criteria when proposing recommendations for LLIN products.  Since such a 
methodology is now available (estimating median survival of LLINs based on hypothetical 
curves), it is now time for WHOPES to formally include this in the criteria for LN evaluation. This 
will also be in line with the testing of nets for insecticide retention. It is also recommended that 
the physical assessment of nets should also be integrated into Phase 1 testing. However, WHO 
guidance will be required on how to handle currently approved products, since the inclusion of 
durability data might lead to some LLINs  being removed from the recommended list if they fail 
to meet the proposed WHO specifications. 

3. Best buy list. Recognizing that WHOPES recommendations of LLINs focuses on defining and 
assessing minimum acceptability criteria, and its processes do not represent an appropriate 
system for ranking different LLIN  products, the VCTEG recommends the launching of a 
systematic system of performance assessment similar to the successful experience made with  
Rapid Diagnostic Test kits (FIND/CDC/WHO testing). This would allow purchasers to make a 
comparative cost-benefit analysis in their purchasing options, and hence buying best value for 
money and ultimately stimulating manufacturers to produce and offer more durable products 
with option to periodically evaluate their newer versions/ products. Future performance criteria 
could include insecticide resistance management properties of candidate LLIN products. 

4. Recognizing that quality field monitoring studies are needed to inform procurement decisions 
and timing the replacement of nets, countries and partners need to mobilize resources for 
routine monitoring of LLIN durability under operational use as well as for implementation 
research including capacity to validate such data. 

Key discussion points on LLIN durability 

Data precision: The “median survival time” is difficult to determine, especially in the early life of the 
net or too soon after a distribution as there is a larger proportion of nets with no holes. The 
confidence intervals are very important  

Terminology:  We need to be careful with the term “unserviceable” because people may hear this 
language and discard their net too soon.  The designation “too torn” may also send the 
wrong message and encourage people to throw out their nets where there is still some 
benefit to continue using, especially if no replacement nets is available.  Likewise with the 
term “attrition” as some of the nets are given away and not discarded because they have 
fallen apart.     

Insecticide retention: It was decided not to include insecticide retention in the basic assessment of 
durability.  Some programs, such as in India and some countries in the Americas, would like to 
continue monitoring insecticide retention in different contexts, but in general it was concluded that 
the WHOPES-approved LLINs would retain their insecticide content through the physical life of the 
net.  Insecticide retention can be monitored, but as the sample size would have to be so much 
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smaller, and hence, the confidence intervals so much larger than the physical durability estimates, 
this should be considered separately. 

Hole characteristics: Hole size and placement matters; there is a difference between having many 
small holes and a few large holes.  For example on holes < 2.5 cm only 3-5% of the mosquitoes get in, 
but a hole of 10cm, 25% can get in.  It may be possible to weight the size of the hole so that it is not 
a straight linear relationship.  We may also look at the linear dimensions of where the netting is to 
look at mosquito probing.  Also the location of the hole is important, if it is at the top, on the sides or 
the bottom of the net. The more we look the more we find, but what we need is a simple message 
on what is really applicable, including how  many sites to sample.  There are also species differences, 
with Anopheles gambiae the most efficient at finding holes,  An arabiensis less efficient and Culex 
the least efficient.   

Operations research: What is the difference between statistical significance and operational 
significance? Who will validate the data? There should be a recommendation on the need for 
operations research on the clinical significance of net durability.  PMI has net durability studies in 8 
countries and will be expanding to the Mekong.  In addition there are three countries where all the 
approved nets are being monitored in a prospective study.  The WHO guidelilnes suggest countries 
procure extra nets of different brands in order to carry out prospective studies, but this is generally 
not done 

UNITAID may be able to help set up a project to subsidize the price of nets so that new nets can be 
tested without price barriers. These results can then be used for procurement decisions.  As soon as 
we really begin testing he manufacturers will take notice and pay more attention to durability.  We 
need Operations Research to link net damage and durability to clinical failure.  Whose job is it to do 
clinical assessments?  Who can we stimulate to get the studies done?  In program planning, OR is 
often the first thing to get cut.   Countries have the ability to do OR in the grant process, but OR will 
usually get cut and we need global resources to do these studies. The RBM Harmonization Working 
Group can provide guidance on value for money and make suggestions for inclusion of Operations 
Research but cannot enforce accountability, for example with the suggestions that each country 
conduct therapeutic efficacy studies, GF will not withhold ACTs if these studies are not conducted 

Procurement decisions. There is a recommendation to separate the issues into two papers, first is 
the paper on determining durability and used to determine when repeated campaigns are 
needed; then a separate document on recommendations on procurement issues and means 
to foster quality improvement.   

There need to be clear messages to manufacturers, financiers and procurement agencies 
that there is an ongoing effort to monitor LLIN durability in the field and to foster quality 
improvement.  

Procurement is moving to standardization and so we need the procurement agencies to be 
on board with this.  We need them to be able to accept the guidance. We also need to 
include distribution costs.  What if we have a net that lasts half as long, but only 1/3 
including procurement and distribution costs?  Is that preferable? Net durability studies are 
intended for quality improvement, how to build incentives for improve quality of the net for 
improved market share.  We need robust data that will stand up in court.   

There will be a procurement meeting in August where durability data will be included.  The 
TEG can develop a document for this August meeting.   
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GUIDANCE TO COUNTRIES AND PARTNERS FOR CAPACITY BUILDING IN 
ENTOMOLOGY AND VECTOR CONTROL 

Malaria control is at a critical juncture.  We cannot achieve the goal of malaria elimination in many 
settings, nor even sustain our current gains without adapting to the changing threats and 
opportunities to controlling transmission.  Progress in global malaria control over the past decade 
was largely gained through investments in vector control, especially insecticide treated mosquito 
nets (ITNs) and indoor residual spraying (IRS).  In order to sustain and build further on these gains, 
there is a need to improve the efficiency of malaria vector control, including through better targeting 
of interventions, and effectively managing anopheline resistance to insecticides.  These challenges 
can only be met by national staff with the training, support and career structures required to be able 
to effectively plan, monitor, evaluate and manage control programme efforts.  Investment in human 
resources and the particular systems for public health entomology and vector control, while 
requiring initial investment, will ultimately save money, ensure the gains of the past decade are not 
lost, and enable us accelerate progress in the control and elimination of malaria.    

In the past, WHO played a leading role in coordinating training in entomology and vector control, 
and in directly supporting implementation at the country level.  Now, the landscape of global health 
has expanded to include other intergovernmental agencies, NGOs, the private sector and other 
partners who assume direct engagement with malaria endemic countries. The guidance and 
leadership of WHO nonetheless, continues to be crucial in these organizations’ partnerships. A 
number of these partners provide countries with financial resources for commodities and for vector 
control implementation.  With such broad support, there is an urgent need to  coordinate these 
resources in order to prioritize system strengthening through capacity building of ministry staff as 
well as relevant infrastructures for entomological surveillance and vector control. 

This paper reviews capacity needs in malaria entomology and vector control within national health 
systems, focusing on the public health vector biologist cadre at both the national and subnational 
levels.  This paper does not address entomological capacities at national universities and research 
institutes.  The paper notes the need to expand and adapt entomology and vector control skills to 
include an epidemiological approach and to take better advantage of the revolution in information 
management and communication technology, but equally important to providing the right skills, is 
to ensure there are adequate career opportunities for trained entomologists in the national health 
system.  

Recommendations: 

Countries to: 

 ensure the presence of a functional intersectoral coordination mechanism with a sub-
committee for capacity building responsible for developing a long-range strategic plan for 
building human resources and systems for public health entomology and vector control – 
including malaria; 

 strengthen intersectoral collaboration with ministry of education, and with universities and  
in-service training programmes to ensure that public health entomology and vector control 
(including epidemiology and management) is  included in curricula and educational activities; 

 ensure that posts and career development and structures for entomology and vector control 
experts are established at national and subnational levels within ministries of health or other 
appropriate government structures;  

 establish institutional arrangements among universities, training and research institutions 
and the national malaria control programme to support ongoing training and support for 
entomologists and vector control experts;  
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 conduct training needs assessment and curricula review for pre-service and in-service 
training, following guidelines from WHO; 

 ensure that there are sufficient resources for human and infrastructure capacity building 
factored into bi-lateral and multi-lateral projects/programmes and  funding requests based 
on costed national strategic plans. 

Partners to: 

 ensure that all support to countries has a strong component of capacity building to include 
short and long-term  training and  mentoring as well support for the necessary 
entomological laboratory and insectary resources.   

 ensure national “ownership” in  all the technical and management activities; 

 support national control programmes in clearly defining and implementing strategies to 
ensure that  human and technical resources and systems are adequate to sustain and 
expand vector control efforts after partner support ends.  

 Support global and regional efforts to revise curricula and make available training and on-
going mentoring opportunities for national staff 

WHO to: 

 support countries in the mobilization of resources (human and financial) to implement 
capacity building activities; 

 facilitate the needs assessment for capacity building  in public health entomology and vector 
control as part of a broader assessment of human resources for malaria control and 
elimination;  

 support relevant institutions and partners in revising and adapting appropriate curricula  in 
entomology and vector control that address the needs of vector control programme staff at 
national and sub-national levels; 

 develop prototype strategic plans for capacity building and facilitate the development and 
dissemination of training materials on public health entomology and vector control;  

 support regional and global collaboration networks (including resource mobilization) for 
training, technical advice and continued mentoring for entomological monitoring and vector 
control operations; and 

 support a clearly defined advocacy strategy for public health entomology and vector control 
professionals, developed in collaboration with global, regional and national partners.   

Key discussion points: 

Advocacy.  The TEG recognized there needs to be a clearly defined advocacy strategy, articulating 
what is being asked and how much it will cost.  Specific steps in developing and advocacy 
piece include defining the problem and articulating the issue, understanding the audience 
and who is in the best position to make resource allocation decisions and what they need to 
know in order to make better informed decisions.  

We must make the case that public health entomology is a critical component for malaria 
prevention and control programmes.  From the very beginning of directed malaria control 
efforts, entomology and vector control have been at the center.  This was true in the first 
half of the 20th century when much of the effort was focused on larval control, through the 
Malaria Eradication Era based on IRS and through to our current era of Roll Back Malaria 
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that is largely based on LLINs and IRS.  The decrease in deaths over the past decade is largely 
due to LLINs and IRS.  One can largely accomplish this scale up, however inefficiently, 
without entomology, but in order to sustain and maintain the gains one needs a strong 
entomological component to the program.  Likewise entomology is required when the 
vector control measures do not seem to have the expected impact, i.e. to understand what 
went wrong.  A strong entomological component is needed if we aim for program 
efficiencies through stratification and targeting; to manage insecticide resistance; and to 
diversify with more methods of vector control beyond IRS and ITNs. A prototype strategic 
plan would be helpful for these recommendations.  Funding institutions are sometimes 
reluctant to support advanced training for fear the staff will not be retained, but after the 
training may leave the program or even leave the country    

Skills required by the Public Health Entomologist. The first task of the entomologist and vector 
control specialist is to decrease the incidence of the disease and not to focus purely on 
entomological parameters that may have less to do with transmission.  While core 
entomology skills such as taxonomy and identification are essential, there also needs to be a 
strong emphasis on the public health and epidemiological aspects of transmission, and not 
just the purely entomological.   

Many of these broader skills are outlined in the curricula developed for Integrated Vector 
Management, which is being implemented, at least in name, in many countries throughout 
the different regions.  Capacity building also needs to include management issues such as 
procurement, planning, logistics, monitoring and evaluation. Care should be taken with the 
job descriptions of these cadre to ensure that they stick to task and are not diverted from 
their core entomological monitoring and vector control responsibilities  

While it is important to expand the range of skills of the traditional medical entomologist it is 
also important that we provided training in vector biology and control to the leadership and 
medical staff in the control programme so that they have an appreciation of the needs and 
opportunities offered through improved entomological surveillance.   

Inventory. There has been an inventory of institutions in Africa engaged in research and training for 
Integrated Vector Management that needs to be updated. 
http://www.rbm.who.int/mechanisms/vcwgWorkstream8.html.  Guidance is needed to 
show how these research and training institutions make the institutional arrangements to 
actually support the needs of the NMCP rather than just focus on their own entomological 
research that may have little bearing on daily malaria control operations.  

Likewise WHO AFRO has documented human resource needs for entomology and vector 
control, including a gap analysis and recommendations for further development.  Capacity 
building needs to start from the ground to ensure that local staff, from the district through 
to the national level are trained and supported.  The WHO Regional Offices and WHO HQ 
need to work together for career structures.  There needs to be statements from the very 
highest levels of WHO that this is an important issue.  In the past, WHO supported regional 
training centers,  courses and funding for scholarships and other training.   

Capacity building for other vector borne diseases.  In many countries the training and work 
responsibilities is beyond malaria but includes other vector borne diseases as outlined in the 
IVM framework.  The most significant of these in many areas is Aedes control and dengue, 
but there are also significant efforts in India with visceral leishmaniasis, in the Americas with 
Chagas.    

http://www.rbm.who.int/mechanisms/vcwgWorkstream8.html
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GUIDANCE TO COUNTRIES ON HOW TO PRIORITIZE MALARIA VECTOR 
CONTROL INTERVENTIONS WHEN FACED WITH UNSTABLE RESOURCES 

This is still a work in progress.  Dr. Lines presented preliminary results of mathematical modeling of 
LLIN coverage and the community or mass effect being done by Imperial College in the UK and the 
Swiss Tropical Public Health Institute in Basel.  From the very preliminary modeling conducted by 
Imperial College a few general conclusions have been drawn: 

• It is not optimal to target geographically unless the high prevalence area has a parasite 
prevalence in excess of four times that in the low prevalence area.  

• When this multiplier exceeds ten it is likely to be better to aim to achieve full coverage in the 
high prevalence area. This multiplier at which to switch to geo-targeting gets larger with 
increasing overall baseline prevalence. 

• This may be due to the fact that age-targeting is more effective when transmission is higher 
in the lower prevalence area due to age-dependent patterns of immunity.   

• Recent history of ITN use has the effect of increasingly favouring age-targeting, rather than 
geo-targeting, as rebounds in transmission predominantly affect younger children who do 
not have any residual immunity.  

Key discussion points: 

Graphs and estimates.  There was much discussion on the graphs.  They should possibly be done on 
a log scale rather than an arithmetic scale.  The models should also consider usage not 
coverage.  A degree of 50% usage really means about 70% or 80% coverage.  One also needs 
to be clear if we are speaking of DALYs or parasite incidence. The degree of zoophily is 
extremely important.  This will be dynamic, as the indoor, anthropophilic population may be 
removed the proportion of transmission may shift to more zoophilic species  

Community effects and messaging.  One needs to be careful on the interpretation and messaging of 
this information on potential community effect or mass impact at lower coverage levels.  
Some may see this as an opportunity to back off from “universal coverage” and reduce 
allocation of sufficient resources. 

Practicality of targeting.  Geographic targeting is operationally easier than biologically vulnerable 
group targeting.  It is much easier to fill gaps when resources become available by  simply 
adding a district rather than adding another vulnerable group within the district.   How can 
one operationalize priority distributions when the data is so sparse?  Countries will need to 
develop their own capacities and systems to make these decisions. While we can distribute 
nets to specific target individuals, like a pregnant woman or a child, there is often a 
redistribution of the net within the household where the decision is made who gets to use 
the net. There is an informal dispersion.  Data suggests that now this is most often to 
pregnant women and children with the highest usage, possibly with teen agers with the 
lowest usage. 

GUIDANCE FOR THE BASIC ENTOMOLOGICAL MONITORING PACKAGE 

Complementing the WHO Guidance to countries for capacity building in entomological monitoring 
and vector control, WHO is developing guidance on the “Basic Entomological Monitoring Package” to 
help countries develop the minimum systems and sets of indicators to target, adapt and monitor 
their vector control operations.  This guidance is not a compendium of entomology laboratory and 
field techniques, which are already widely available but rather guidance for developing strategic 



First meeting of WHO Malaria Vector Control Technical Expert Group (TEG) | 17 
 

plans as well as annual workplans and budgets for a robust entomological monitoring system.  This 
guidance is still underdevelopment, but tentatively will include the following chapters:  

 Rationale for entomological monitoring 

 Basic indicators 

 Location and times for entomological sampling 

 Responsibility  for collection and analysis 

 Indicators and design for monitoring interventions 

 Special considerations for Human Landing Collections 

Key discussion points: 

Hypothesis-driven monitoring plans.  It is important that the mosquito surveillance be hypothesis 
driven, that the program knows exactly what questions are being asked, and then plan the 
collection and analysis to answer that question. This will  then guide the choice of collection 
techniques, e.g. if simply for identification and mapping the specimens can be dead, if for 
insecticide resistance monitoring there is the decision to collect larvae and rear to  adult 
stage, to collect gravid females and rear F1 or to collect and test wild caught adult females 

Trapping techniques. There should be more focus and development on trapping techniques, 
including improved use of attractants.  There is also a suggestion that there be a table 
showing what collection technique is appropriate for which question asked Trapping 
techniques differ greatly from high transmission to low transmission settings 

Insectaries.  There should be at least one insectary in each country.  It would be very difficult to have 
colonies of all vector species in each insectary, but there should be at least one susceptible 
strain of one vector available.  Biosafety issues should be considered so that there not be 
any chance of exotic strains or species being released from the insectary. 

WHO AFRO  guidance.  WHO Afro has developed a surveillance Standard Operating Procedures for 
entomological monitoring  that should be included or referred to in the document  

GUIDANCE ON LLIN AND IRS COMBINATIONS 

The Terms of Reference for developing WHO guidance on LLIN IRS combinations have been 
approved.  There will be a symposium on the combination convened at the Multilateral Initiative on 
Malaria conference in Durban South Africa in October 2013.  Data presented at that symposium of 
trials being conducted in Africa will provide the basis for evidence on the epidemiological impact of 
the combination.  There should also be information from LLIN IRS combinations in South Asia as well.   

There was a suggestion that there be a step-by-step guidance on how to select the most appropriate 
and cost effective method for each particular situation.   

GUIDANCE ON OUTDOOR TRANSMISSION 

There was also an update on guidance for outdoor transmission Originally being developed for the 
Mekong Region as part of the Vector Control Working Group the work has expanded focus to include 
Africa and the Amazon region where many of the same issues of early and outdoor biting occur.   
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VECTOR CONTROL TECHNICAL EXPERT GROUP PRIORITIES  

The final session of the meeting included discussion of priorities for consideration in future TEG 
meeting.  The topics include: 

 Provide an update of GPIRM implementation. The VCTEG requests periodic assessments of 
the status of the GPIRM implementation including: feedback from countries on GPIRM 
mplementation; an update on the availability of new products (e.g.  what trials are being 
done with new resistance management products and formulations); what has worked? This 
may lead to the development of an inventory of what the gaps are in the roll out of the 
GPIRM. Another output might be the development of a commodity procurement forecasting 
plan for GPIRM implementation for both insecticides and for susceptibility test kits. Based 
upon the outcomes of this update, a summary advocacy piece should be circulated to 
partners highlighting the progress but also any key gaps. 

 The role of vector control in malaria elimination.  Linking vector control to micro-
stratification and areas of focal transmission. How long does universal coverage need to be 
maintained?  Is there an end in sightIs there an end in sight?  How does one monitor and 
reduce “receptivity” to ensure that the local elimination is stable?  

 Establish Evidence Review Group for insecticide susceptibility data.  Note there were two 
parts to this suggestion.  First, a time-limited ERG to review current data.  Suggested 
members included, Maureen Coetzee, Fabrice Sargent, Bill Brogdon, Jo Lines, Janet 
Hemmingway and Melanie Renshaw as chair.  There was also discussion of a longer-term 
expert committee who could provide technical advice  to countries on interpretation of  data. 

 Input to Global Malaria Technical Strategy. The VCTEG should have input into the 
development of the Technical Strategy, which will  then form the basis of the next revision of 
the Global Malaria Action Plan. 

 Differentiation between Vector Control Advisory Group and the VCTEG.  Clearly define the 
distinctions between the two groups and the arrangements for coordination and 
communication between the two groups. 
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