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Outdoor Malaria Transmission Work Stream

Progress on 2012 Work Plan – Marc Coosemans, Institute Tropical Medicine Antwerp,
Belgium
The importance of outdoor transmission was outlined and progress in 2012 described:
1. 4th Outdoor Malaria Transmission Work Stream meeting was held for Mekong countries in
Bangkok, 12-13th March 2012.
2. Literature review on outdoor transmission.
3. Development of guidelines on spatial repellents (WHOPES) ‘Guidelines for efficacy testing of
spatial repellents’.
4. Research project topical repellents as an added intervention in Cambodia: MalaResT.
The next meeting will be held in March 2013 at Mahidol University in Bangkok.
Discussion
Outdoor transmission has always occurred. While it complicates elimination, indoor control remains
the most important intervention and should not be neglected. Outdoor transmission does not
indicate LLIN failure but is a reflection of success of control programs with LLINs and IRS for having
reduced or eliminated vectors responsible for indoor transmission. Nomads are an important
affected by outdoor transmission (e.g. in the Sahel, in East Africa) and must be protected by
measures in addition to LLINs and IRS.
Larval Source Management (LSM) may help reduce outdoor biting in some specific settings. There
was also some discussion of the role of space spraying in controlling outdoor malaria transmission
noting that it is sometime used in the control of Aedes-borne dengue and chikungunya. WHO
guidelines state that space spraying does not have a role in malaria control. Even under optimal
conditions there is a maximum of 20-30 minutes when insecticide will be airborne and efficacious
and often flying vectors are not active during this period. There are serious limitations to this
approach and it does not have a role as a routine malaria control intervention.
There are difficulties in measuring the entomological parameters of outdoor transmission. Human
landing catch at present is the only robust measure, but research ethics committees are sometims
reluctant to approve its use, especially where there are circulating arboviruses.
WHOPES guidelines for efficacy testing of spatial repellents will be published in February 2013 and
subject for review subsequently.

RBM VCWG
5th Outdoor Malaria Transmission Work Stream Meeting
Wednesday 30th January 2013, Geneva

5th Outdoor Malaria Transmission Work Stream Meeting
13.00-15.00, Wednesday 30th January 2013
Auditorium, IFRC, Geneva
Chairs: Marc Coosemans and Chusak Prasittisuk
Rapporteurs: Olivier Briët and Lucy Tusting
Outdoor transmission in Africa - Gerry Killeen, Ifakara Health Institute (IHI), Tanzania and LSTM,
UK
Gerry Killeen presented work conducted in collaboration with Dan Msellemus, Isaac Namango,
Katarina, Nicodem Govella and Heather Ferguson. Work has investigated biological coverage
indicators for eliminating malaria transmission. Behavioural resilience to LLINs and IRS in Tanzanian
An. arabiensis populations has also been investigated, by assessing the proportion of bites received
indoors given local patterns of human behaviour. Recent work has also outlined target product
profiles for protecting against outdoor malaria transmission.
Discussion
There was some discussion of the relative importance of individuals sleeping indoors and outdoors.
Outdoor sleeping is an important consideration where indoor transmission has been controlled. The
priority is high LLINs and IRS coverage. With appropriate interventions, models indicate that it would
be possible to achieve An. arabiensis population reductions similar to those observed in An.
gambiae.
Review of outdoor and early transmission - Marc Coosemans, Institute Tropical Medicine Antwerp,
Belgium
A recent review of outdoor and early transmission by Durnez and Coosemans was outlined. The
principle of residual transmission was introduced, followed by examples of outdoor biting in South
East Asia and Uganda and early biting in east and west Cambodia, Eritrea, Vietnam and Uganda. The
‘gap’ in control methods existed prior to the scaling-up of vector control. However the effect of
vector control measures may have been to shift the ratio of indoor biting and indoor resting, as in
Burundi (Smits et al., 1995); to alter species compositions, as in Kenya (Bayoh et al., 2010); to
produce a shift to outdoor and early biting, as in Tanzania (Russell et al., 2010); and to produce a
shift to early biting, as in Papua new Guinea (Charlwood et al., 1987). Other effects of indoor vector
control interventions include an increase in the length of the oviposition cycle, induced by disrupting
feeding behaviour, deterrence of vectors by insecticides such as DDT, plasticity in host selection and
selection for secondary vectors such as An. barbirostris.
Mechanisms for shifts are as follows:
• Protective avoidance: Behavioural plasticity in response to insecticide, unavailability of host.
Trigger of gene expression of accumulated gene variants, phenotypically neutral in normal
environment. e.g. excito-repellent effect.
• Protective behaviour: exophily, exophagy, zoophily, early biting resulting in a minimum
contact with insecticides used indoors.
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•

Behavioural resistance: develops gradually under insecticide pressure resulting in selection
for mutations and recombinations. This is difficult to demonstrate due to confounding
factors such as environment changes.

In conclusion:
• Although current vector control tools (LLINs and IRS) are effective, they only tackle indoor
and night biting, and indoor resting malaria vectors, leaving a gap in protection.
• Before the scaling-up of vector control, there was large heterogeneity in vector behaviour.
• With the scaling-up of vector control efforts, the importance of outdoor and early malaria
transmission is increasing.
• Additional control tools are required for addressing this residual malaria transmission.
Discussion
Points raised during the discussion included the importance of distinguishing between differences in
plasticity and genetic shifts in behaviour that has evolved and remains. True evolution is likely to be
rare. It was highlighted that programmes should continuously assess human and vector behaviour.
The efficacy of vector control in reducing P. vivax during the final stages of elimination was
discussed. A hypothesis was formulated that saliva of uninfected anophelines may activate the
hypnozoites.
Topical and spatial repellents - Sarah Moore, LSHTM, UK
The benefits to vectors of outdoor and early evening feeding when intra-domiciliary control tools are
used were outlined and data illustrating differences in the ratio of indoor to outdoor biting were
presented for South America and the Mekong region. Data from a recent meta-analysis of topical
repellents was presented. Repellency was defined as a general term referring to a range of insect
behaviours induced by chemicals that result in a reduction in human-vector contact, including: (1)
movement away from a chemical stimulus, (2) interference with host detection (attractioninhibition), (3) interference with feeding response and (4) incapacitation. Data for various spatial
repellents including transfluthrin-treated hessian strips was presented.
Discussion
It was debated whether evidence of personal protection would count as sufficient epidemiological
evidence or whether evidence of community protection must also be demonstrated. Interference of
repellents with attract-and-kill tools should be considered, for example several topical trials have
been conducted in combination with LLINs. Diversion is important for endophagic endophilic
mosquitoes but not for zoophagic vectors. It was highlighted that there is a strong retail market for
repellents. If proof of principle for spatial repellents, who will fund the development of new tools
and will repellents compete with the funding for current tools? Costs could be reduced through
subsidies where LLINs and IRS are not fully appropriate (for example, for particular risk groups such
as forest workers and miners).
Personal protection tools from the deployed warfighter research program – Scott Gordon, Armed
Forces Pest Management Board, USA
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The views and opinions expressed in this presentation were solely those of the author. Mention of a
trade name, product or company does not constitute endorsement by the US Department of
Defense (DoD).
Current research efforts by the AFPMB Deployed Warfighter Research Program include: (1)
permethrin-treated uniforms, (2) non-toxic insect resistant textiles, (3) mosquito attraction
inhibitors, (4) new fast acting volatile pyrethroids, (5) functional micro-dispensers. The overall vision
of the program is to recommend and exercise DoD policy, execute technical oversight, provide
scientific advice and enhance coordination among the Military Services on all matters related to
medical entomology and pest management and to ensure deployed combat forces have the most
effective disease vector control and pest management capabilities to prevent adverse effects on
troops, weapons systems, supplies and equipment, and installations using environmentally sound
techniques with maximal risk reduction. The program is currently in its 9th year, with annual funding
of US$5.1 million, with particular focus on (1) novel insecticide chemistries and formulations, (2)
personal protective systems and (3) pesticide application technology, primarily targeting
mosquitoes, sand flies and filth flies.
Current projects include the development of permethrin Treated Military Uniforms, Mosquito
Attraction Inhibitors, New Fast Acting Pyrethroids, a Velcro wrist band with natural fiber matrix,
Reverse Band-Aid, Functional Micro-Dispensers. Other work includes outdoor barrier treatment to
reduce sand flies and mosquitoes (Dr Ken Linthicum, USDA CMAVE; Dr Alon Warburg, Hebrew
University), enhancing the efficacy of pyrethroid insecticides against mosquitoes using plant
essential oils and individual terpenoids (Dr Joel Coates, Iowa State University), development of a
New Indoor Residual Spraying Formulation for Mosquito Control (Dr Mike Willis, Clarke), new safe
carbamates (Dr Jeff Bloomquist, University of Florida), attractive targeted sugar baits for sand fly
control (Dr Günter Müller, Hebrew University; Dr Amir Gallili, Westham Industries; Dr Laor Orshan,
Israeli MoH) and molecular pesticide development (Dr Jimmy Bechnel, USDACMAVE; Dr Catherine
Hill, Purdue University).
Discussion
WHOPES does not have guidelines for risk assessments for long-term exposure to permethrintreated clothing, although industry and AFPMB do. Interventions such as these are appropriate for
certain target groups, but not for the general population. It was queried whether there are any
WHOPES plans to evaluate insecticide treated clothing in terms of personal protection. A risk
assessment of permethrin treated clothes should be available before these products can be tested
by WHOPES.

Actions and 2013 Work Plan
1. To explore the mechanism of a shift in species and behaviour of vectors (exophagic, early biting,
exophilic, zoophilic) as a consequence of scaling-up vector control.
2. To collect further evidence on the epidemiological efficacy of topical, spatial repellents and
protective clothing, and on personal versus community protection.
3. To develop standard designs to evaluate variation in time (biting time) and space (outdoor vs
indoor) of malaria transmission.
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4. To conduct a risk assessment of insecticide treated clothes.
5. To improve designs for the evaluation of the protective efficacy of repellents (topical and spatial,
and both personal and community protection).
6. To conduct informative research to improve adherence to personal protective method.
The next meeting of the Work Stream is to be held in March (date TBC).
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Agenda
12:00 – 13:00
13:00 – 13:05
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13:20 – 13:35
13:35 – 13:50
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14:20 – 14:40
14:40 – 14:50
14:50 – 15:00
15:00 – 15:30

Lunch
Poster viewing
Objectives and introductory remarks
Outdoor and early transmission – an old
issue for new approaches
Outdoor malaria transmission in Africa
Discussion
Topical and spatial repellents: where are
we?
Personal protection tools from the
deployed warfighter research program
Discussion
Mekong Outdoor Malaria Transmission
Network
2013 Workplan: Discussion
Afternoon break / coffee and tea
Poster viewing
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