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1 Introduction

Existing malaria vector control measures, such as long
lasting insecticide treated nets (LLINs) and house spraying
with residual insecticides (IRS), have significantly contrib-
uted to the decreasing burden of malaria in sub-Saharan
Africa [1]. It is estimated that intervention scale-up from
the year 2000 to 2010 averted between 563.000 and 1.36
million child deaths in 43 malaria-endemic countries in
Africa [2]. Despite these gains, evidence suggests that
even in communities where most people already use the
current prevention measures, there remains a significant
amount of residual transmission, not readily amenable to
control [3-5]. For example, while LLINs and IRS are espe-
cially effective against indoor-feeding and indoor-biting
species such as Anopheles gambiae and An. funestus, these
interventions are far less effective against An. arabiensis
[5,6], which now dominates many epidemiological niches
left by An. gambiae after long-term vector control in en-
demic countries [4,5,7-10]. Others include An. rivulorum
and An. ziemanni, which also play a secondary but vital
transmission role in areas with high IRS and LLIN use [11
-13].

This situation constitutes a major long-term challenge
to the goal of malaria elimination and eventual eradication
[14,15], especially where vector species have divergent
ecological needs [16], or reduced behavioural susceptibil-
ity to indoor insecticidal interventions [17,18]. Even if
universal population coverage with LLINs and IRS was to
be achieved, as prescribed by the Global Malaria Action
Plan (GMAP) [19], Anopheles mosquitoes would still have
numerous resources upon which they could survive and
potentially transmit disease, albeit at low levels [16, 20].
Moreover, while most malaria transmission in Africa still
occurs indoors [21,22], outdoor biting is increasing in both
urban and rural settings [7,23,24]. It is therefore reasona-
ble to infer that despite the remarkable successes of the

ongoing malaria prevention operations, efforts towards
elimination will likely fall short unless complementary
strategies are initiated to target disease-transmitting mos-
quitoes outdoors [15,16,25].

The Outdoor Mosquito Control (OMC) project, at the
Ifakara Health Institute (IHI) in Tanzania, is one example
of a handful of ongoing studies around the world that ad-
dress these challenges. The aim of the OMC project at [HI
is to develop and test an integrated outdoor mosquito con-
trol strategy that can be sustainably used to complement
LLINs and IRS and therefore accelerate malaria elimina-
tion efforts in sub-Sahara Africa. This article outlines the
idea behind this project, and provides an overview of ma-
jor research activities conducted by the team. It also re-
views some important early findings of the project and
discusses the overall potential of this strategy in the con-
text of the malaria control and elimination agenda.

2 The idea

To supplement current malaria prevention methods, and
accelerate efforts towards elimination, we are exploring
the use of outdoor mosquito control devices that mimic
real humans, to attract and kill disease-transmitting vectors
on a sustained basis. The idea (as envisioned in our GCE
Phase I grant (2009) and Phase II grant (2011)) is to lure
female Anopheles mosquitoes onto these outdoor ‘pseudo-
hosts’, when positioned at optimally selected sites within
or around human settlements, and then either trap these
mosquitoes, contaminate them with substances that reduce
their survival and ability to transmit disease or kill them
instantly or within a few days after contact with the devic-
es, thereby reducing exposure to mosquito bites and mos-
quito-borne pathogens. To be successful, the efforts should
be continued consistently throughout the dry and wet sea-
sons over an extended period of time, while at the same
time ensuring sustained and consistent LLIN use in the
communities.
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To ensure sustainability, this project also incorporates
the concept of integrated innovation [26], whereby in addi-
tion to designing, constructing and testing these outdoor
mosquito control devices, we are also exploring: 1) com-
plementary social innovations that would offer a practical
means of promoting and implementing the overall strategy,
and 2) innovative market-based options that would ensure
uninterrupted medium to long term financing of the strate-
gy. The overall goal is to achieve a practical and communi-
ty-driven outdoor vector control strategy, which will com-
plement rather than replace existing interventions. The
combined strategy would ensure enhanced and progressive
decreases of both indoor and outdoor malaria transmission
and will accelerate malaria control efforts beyond thresh-
olds necessary to achieve elimination in many low and
middle-income endemic communities.

This approach differs from the current intradomicilliary
and insecticide-based malaria prevention strategies primar-
ily because it targets mosquitoes while they are outdoors
as opposed to indoors. However, it also allows for target-
ing of mosquitoes that would otherwise bite people in the
early evening hours and at dawn, during which time LLINs
offer no protection. Though not previously evaluated for
malaria prevention, similar or related odour-based ap-
proaches have been successful against insect vectors of
human and animal diseases [27,28], and agricultural crop
pests [29-31], providing key indications that this strategy
could have potential against insect vectors of disease, and
possibly fill the gaps in future vector control operations.

3 Results

Since most of the findings presented here have been pub-
lished elsewhere or are not ready for release, this section is
primarily intended as an overview, rather than a presenta-
tion of the actual primary data. Instead, specific references
are provided to guide readers on where more details can be
obtained. All the field studies described here were con-
ducted in southern Tanzania, where LLINs are widely used
and where malaria transmission has been dramatically re-
duced over the past decade, though there is still significant
residual transmission [4,7] mediated by 4An. arabiensis and
An. funestus (Kaindoa et al., unpublished data).

3.1 Design, construction and small-scale
efficacy tests of experimental proto-
types of outdoor mosquito control de-
vices

We initially designed and field tested two different experi-
mental prototypes of outdoor mosquito control devices
namely: a) the odour-baited station, now commonly re-
ferred to as the Ifakara odour-baited station or the Ifakara
OBS, and b) the odour-baited mosquito landing box (Fig.
1). These devices were constructed using materials locally

available in Tanzania (wood, canvas and netting) and were
baited either with a long-range synthetic mosquito lure
[32], or with worn nylon socks (a common reservoir for
smelly foot odour and a proven lure for mosquitoes [33]),
supplemented with carbon dioxide (CO;) gas. The attract-
ant dispensing units in these experimental prototypes con-
sist of a battery driven fan fitted onto the upper ends of a
dispensing unit, inside which the mosquito attractants are
inserted (Fig. 1B). Host-seeking mosquitoes lured to these
decoy hosts are trapped, contaminated or killed.
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Figure 1. Diagrammatic and pictorial representations of the Ifa-
kara odour baited station (A) and the odour-baited mosquito land-
ing box (B). Panel A of this figure was adapted from Okumu et
al. [34].

Before applying any mosquito-killing agents, we first
demonstrated that wild mosquitoes (including An. ara-
biensis and An. funestus) visit these devices. To do this the
Ifakara OBS was fitted with interception traps on two sides
to catch exiting mosquitoes (Fig. 1A), while the mosquito
landing box (Fig. 1B), which does not have any trapping
mechanism, was evaluated simply by intermittently cover-
ing it with a large netting cage and then collecting the tran-
sient mosquitoes found on its surfaces or inside the netting
cage at different times during the night (Matowo et al.,
unpublished data).

3.2 Proof that host-seeking mosquitoes vis-
iting these devices can be contaminated
or Kkilled

We used two different mosquito-killing agents to test this
concept, namely a non-repellent organophosphate insecti-
cide (pirimiphos methyl), and a mosquito-killing fungus
(Metarhizium anisopliae). The tests were done by treating
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the devices and then sampling mosquitoes that visited
them each night. The collected mosquitoes were main-
tained on 10% sugar meals and their daily survival ob-
served every 24 hrs over several days. The tests with the
Ifakara OBS were conducted against wild mosquitoes in a
rural village [34]. However, the mosquito landing box was
evaluated against laboratory-reared mosquitoes inside a
‘semi-field’ system (a 100 m long screened-tunnel), so that
we could recapture and observe any mosquitoes landing on
the device and then flying away afterwards (Fig. 2).
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Figure 2. Pictorial representation of semi-field assessment of
fungus-treated mosquito landing boxes on female An. arabiensis
mosquitoes inside the screened tunnel.

In the field experiments using the Ifakara OBS, we
observed that in addition to trapping, it was possible to
contaminate and slowly kill between 74% (using pirimi-
phos methyl [34]) and 95% (using M. anisopliae 1P 46
[35]) of the free-flying wild malaria vectors that passed
through the device. The mean survival time of wild adult
An. arabiensis mosquitoes after exposure to M. anisopliae
IP46 in the OBS was reduced five-fold, i.e. from 10.0 (2.8
- 14.3) days to 2.0 (1.0 - 4.0) days, Hazard Ratio = 2.65, P
<0.0001 [35].

In the semi-field system, we placed two fungus-treated
mosquito landing boxes (baited with worn socks and CO,
gas from a yeast-sugar solution [36]), and released 400
laboratory-reared female An. arabiensis mosquitoes night-
ly (Fig. 2). Two exposure-free tent traps [37] with sleeping
adult male volunteers were also placed in the tunnel, so
that mosquitoes had a choice between real human odours
and the outdoor devices. Each morning, mosquitoes were
recaptured from the tent traps and from the general area
within the tunnel, and monitored for survival and fungal
growth on cadavers. Up to 42% of mosquitoes recaptured
inside the tent traps and 26% of catches outside the traps
had fungus growth on their cadavers, confirming that even

where there are competing cues from real humans, mosqui-
toes still visit the outdoor devices and get contaminated or
killed, and that this can happen even before the mosquitoes
reach their human hosts (Lwetoijera et al, unpublished
data). In this study we also observed that fungus-
contaminated mosquitoes survived relatively fewer days (8
and 10 days for mosquitoes collected inside and outside
the tents, respectively) compared to those that did not have
any signs of fungal contact (10 and 12 days for those mos-
quitoes collected inside and outside the tents, respective-
ly).

The field and semi-field tests therefore demonstrated
that these experimental prototypes of outdoor devices can
be used to attract, trap, contaminate and kill mosquitoes,
including the main malaria vectors, An. arabiensis and An.
funestus [34, 35]. However, despite the efficacies, our ex-
perience during these initial trials, and our ongoing field
studies suggest that the greatest challenges that will face
this technology include: 1) lack of locally produced attract-
ants, including CO, gas, which is arguably the ‘universal’
attractant of Anopheles mosquitoes [38] and is now consid-
ered an essential additive to most other known attractants,
including the most potent synthetic lures we currently have
[32], and 2) lack of a highly effective mosquito killing
agents that cannot be affected by physiological or behav-
ioural resistance in mosquito vector populations [17,18,39-
41].
3.3 Initial tests of a participatory geo-
location model for identifying the best
sites to place the outdoor devices with
in and around human settlements

To enhance effectiveness of the outdoor devices, it will be
essential to optimally locate them in areas where mosqui-
toes are most abundant or in locations between mosquito
sources and human dwellings. Using the Ifakara OBS as an
example, we created the first geo-location test model (Fig.
3A) to identify suitable sites for these devices using the
following procedure: 1) community participatory mapping
was conducted to identify mosquito breeding habitats in a
rural village called Lupiro (8.3854°S; 36.6702°E), 2) ento-
mological field studies were conducted to estimate outdoor
mosquito densities and also to determine safe distances
from human dwellings at which the odour-baited devices
could be placed without increasing exposure to mosquito
bites, and 3) field surveys were conducted to map house-
holds, roads, landmarks and places where people congre-
gate in the evenings. The data were combined in a Geo-
graphical Information Systems (GIS) environment and
analysed using ArcGIS 9.2 (ESRI, USA). An easy-to-
interpret suitability map showing optimal sites for Ifakara
OBS was produced, clearly depicting sites that are least
appropriate and sites that are most appropriate for locating
the devices [42].
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Figure 3. A: Schematic presentation of the steps in GIS-based
location modelling and analysis to determine suitable areas for
locating odour-baited lure and kill stations, based on location of
mosquito breeding habitats, roads, households and places with
high outdoor vector densities within the village. B: Visual repre-
sentation and comparison of two interpolated mosquito density
maps derived from community knowledge and experience (i) and
data obtained during outdoor mosquito sampling conducted in the
same study area (j). The figures were adapted from Sumaye et al.
[42].

Separately, in an attempt to develop a cheaper, quicker
and easier geo-location strategy that could be used to scale
up this or similar outdoor vector control techniques in fu-
ture, we conceived and tested a novel geo-targeting meth-
od, which primarily exploits knowledge and experiences of
community residents to approximate areas where disease-
transmitting mosquitoes are most abundant, and therefore
the optimal areas where the outdoor devices should be
located. Community members were provided with gridded
maps of their own village and were asked to rank each grid
on a scale of 1-10 based on their knowledge and experi-
ences of mosquito densities, without necessarily paying
attention to mosquito taxa. The obtained grid values were
interpolated in ArcGIS 9.2 using inverse distance weighted
interpolation method (IDW) and the resulting map was
visually compared to another map created by interpolating
empirical entomological data collected from outdoor mos-
quito trapping performed throughout the same village (Fig.
3B). The entomological sampling was done during dry
season to represent the time when permanent dry season
mosquito larval breeding sites (dry-season refugia) are
likely to be most important sources of transmission.

Comparative visual interpretation of the two maps de-
rived from interpolating the community data and the ento-
mological data (Fig. 3B) revealed similarities between the
maps, with only small positional variations of 75-200 m
[42]. This initial small-scale exploration highlighted the

possibility that this cheap, quick and easy-to-perform com-
munity-based method could in future be applied when im-
plementing outdoor lure-and kill strategies over larger are-
as. However, since the work was performed in only one
village and a single dry season, this initial finding was
considered as being merely indicative of the possibility of
relying on community knowledge to predict vector densi-
ties. Therefore, to validate this methodology prior to any
further applications, we are conducting a larger and longer
multi-village trial, with a higher geographic resolution and
a more rigorous sampling scheme (Mwangungulu et al.,
unpublished data).

3.4 Mathematical evaluation of potential
benefits, limitations and target-product
profiles of outdoor mosquito control
devices for malaria control and elimi-

nation

We have not been able to undertake a rigorous field trial
within the scope of this project, which would enable us to
examine in detail the benefits of combining LLINs with
these outdoor devices on malaria transmission. However,
we completed a collaborative mathematical modelling
exercise, through which we objectively evaluated the epi-
demiological potential and limitations of this proposed
strategy, and also described essential characteristics that
the outdoor devices should have so as to be effective for
malaria control and elimination in different scenarios rep-
resentative of Africa [43].

Once again, using the example of Ifakara OBS fitted
with exit traps, we first examined whether these devices,
when used alone or as a complementary intervention
alongside LLINs, can have significant impact on malaria
transmission in highly endemic areas. A target product-
profile (TPP) that developers of this technology should
consider, so as to ensure effectiveness under realistic oper-
ational conditions, was also elucidated. In this mathemati-
cal assessment, the odour-baited devices were considered
as ‘pseudo-hosts’, which unlike humans or cattle cannot
provide blood to host-seeking mosquitoes, but which mos-
quitoes can attack nonetheless (Fig. 4).

We modified equations from previous mathematical
models [44,45] and revised among other features, the de-
scription of term ‘host availability’ to mosquitoes so that it
was now equivalent to the probability that mosquitoes en-
counter and then attack a particular host (which could be
humans, cattle or ‘pseudo-hosts’ like odour-baited traps)
[43]. We determined that malaria transmission would de-
cline if the proportion of total availability of all hosts and
‘pseudo-hosts’ that the traps constitute increased [43]. In
other words, transmission would decline with increasing
trap coverage in the targeted communities. If the traps are
used to complement rather than replace LLINs, transmis-
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A simplified representation of behavioural and mortality
processes that occur in a mosquito feeding cycle. The host-
seeking process includes non-host ornented kinesis and host-
ornented taxis. The gray circular area represents the extent of
detectable odor plume around a host of species or fype (s). In
blood acquisition processes, mosquitoes are said to encounter
hosts when they first detect odor cues associated with that host
(2.). Then they can either attack the encountered host (y.) or be
diverted back to non-host-oriented kinesis (4,). Mosquitoes
which go on to attack the host can either successfully obtain a
blood meal (,) or die (u,). Mosquitoes which successfully feed
will go on to rest, digest the blood meals and then oviposit their
eqgs at a suitable site before eventually returning to host
seeking state. This diagram is not drawn to scale and the host
odor plume may not always be circular.
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Relationship between trap coverage (C,) and relative malaria
exposure (W,). This figure shows predicted relationship between
proportion of total availability of all hosts and pseudo hosts that is
accounted for by odor-baited mosquito traps (trap coverage; C,) and
resulting relative exposure to malaria (W) when the traps are used
in communities where there are no insecticide treated nets (ITNs) or
in communities where half of the population already uses [TNs. The
simulated traps are baited with long-range odors, which can atiract
at least four times as many malana mosquitoes as humans, when
compared at long range. The trap coverage (C,) can be improved by
several means, for example by increasing bait attractiveness,
biasing trap locations towards areas with most mosquitoes,
increasing the number of traps, or removing cattle from the area.
Spatial targeting according to the 80-20 statistical distnbution means
concentrating the traps in areas where at least 80% of all
mosquitoes are found.

Figure 4: Mathematical evaluation of effects of odour-baited mosquito traps (functioning as ‘pseudo-hosts’) on the malaria transmission.

A: Tllustration of what happens when mosquitoes encounter a host. B:

Relationship between trap coverage (which is a function of number

of traps, attractiveness of the bait used, the number and types of other vertebrate hosts including humans in the environment, and the

location of the traps relative to human dwellings) and relative malaria

sion could be reduced by more than 99% in most scenarios
representative of Africa, by using between 20 and 140
traps for every 1000 people [43], although systems domi-
nated by An. arabiensis would be evidently more challeng-
ing than systems dominated by An. gambiae (Fig. 4). In
one example, we noted that in hyperendemic settings
where unprotected persons are exposed to 200 infectious
mosquito bites per person per year, 80% coverage with
LLINs combined with about 45 Ifakara OBS devices per
1000 people could reduce relative exposure to malaria
from 1 to 0.001, meaning an absolute reduction to 0.2 in-
fectious bites per person per year [43].

The results of this in silico assessment provide a clear
indication that by combining optimally located effective
outdoor mosquito control devices with high coverage of
LLINSs, it is possible that malaria transmission intensities

exposure. Figures are adapted from Okumu et al. [43].

can be reduced to, and even below the threshold necessary
for malaria elimination in many epidemiological scenarios
representative of Africa [43]. However, in order to match
cost-effectiveness of LLINs (which are the best malaria
prevention technique today and are considered to be the
second most cost-effective health product after childhood
immunisations [19]), we estimated that the entire operation
and maintenance of a single device would have to cost less
than 28 US dollars per unit per year [43]. Besides, effec-
tive delivery would require vertical government support of
organised local communities and public health administra-
tion. We also proposed that future development of similar
strategies should target highly attractive mosquito lures,
optimal geographical positioning, as well as reducing costs
and bulk of the devices.
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3.5 Social and business innovations to en-
sure acceptability and sustainability of

the outdoor mosquito control strategy

To improve the likelihood of this strategy being successful
and sustainable we have incorporated, from the beginning,
specific research tasks that focus on examining effects of
human behaviour on outdoor malaria transmission, as well
as perspectives of communities to outdoor mosquito bites
and how best to control these bites (Moshi et al, un-
published data). Specifically, we are assessing community
views and behaviours on outdoor transmission and its pre-
vention, and catalogue different outdoor activities done by
children and adult household members at different times of
the night including early evening hours before people go to
bed and in the early morning hours when people wake up.

The study involves both qualitative cross sectional sur-
veys conducted in villages in the Kilombero valley and
quantitative assessments using structured observation
sheets to capture information on what people say they do
and what they actually do, followed by mixed methods
analysis [46]. This information will enable us to assess and
quantify the risk of outdoor transmission in situations
where LLINs are already widely used such as our study
sites in southeast Tanzania [4,7]. It will also support our
ongoing improvement of the prototype devices, and more
importantly become the basis of any future community
sensitisation and behaviour change programmes, which
will be necessary to ensure that the overall strategy is ef-
fective and sustainable.

We are also exploring various options through which
this strategy can be effectively financed on a medium to
long-term basis (Moshi et al., unpublished data). Specific
examples being addressed include: 1) the possibility of
using the same solar energy system that powers the odour-
dispensing units inside our devices (Fig. 1B) to also pro-
vide basic lighting to nearby households, and 2) the possi-
bility of individual families or groups of families directly
contributing towards a subsidised cost of these devices as a
regular consumer product. Our specific goal in this regard
is a market-focused programme that can allow local manu-
facturers to earn direct financial income from the business
of vector control, thus improving local economies as well.

4 Discussion

Malaria control in the past decade has seen major success-
es, but these can be sustained only if the current goodwill
from international partners and endemic country govern-
ments is sustained [47]. While, these achievements have
convinced the global community to re-consider attempting
malaria elimination and eradication [19], there are im-
portant challenges that must be addressed effectively in the
long-term, so that gains so far accumulated are not re-

versed.

A careful examination of current malaria prevention
targets suggest that even if universal population coverage
as currently prescribed by GMAP [19] were achieved with
indoor interventions like LLINs and IRS, effective biologi-
cal coverage of all potential vertebrate hosts from which
disease transmitting mosquitoes can possibly obtain blood
meals would remain sub-optimal [20]. Yet, expert opinion
suggests that for malaria elimination to be achieved, it will
be essential to also identify and cover essential extra-
domiciliary and non-anthropological resources that Anoph-
eles mosquitoes depend upon for survival [15,16]. This
challenge of sub-optimal biological coverage occurs pri-
marily because: 1) LLINs and IRS primarily target mos-
quitoes that enter and those that attempt to enter human
dwellings, yet mosquitoes also obtain significant propor-
tions of essential resources outdoors, including biting hu-
man and non-human blood hosts, and 2) some mosquito
populations either naturally bite outdoors or have devel-
oped behaviouristic resistance against insecticides com-
monly used to control them [40, 41].

The current action plan, which consolidates opinions of
250 experts from a wide range of fields, encourages coun-
tries to scale up existing malaria prevention measures, ap-
propriate diagnosis and treatment options, so as to reach
universal coverage of at-risk populations, and to sustain
these universal levels in the long term [19]. Very im-
portantly, however, this plan together with other expert
reports from consultative groups, such as the malaria eradi-
cation research agenda initiative [15], recognise that the
current stated goals are unlikely to be achieved in most
endemic countries, unless additional complementary inter-
ventions are introduced. Research for development of
these new tools thus remains crucial and is recommended
at all levels [15,19]. Our efforts to develop and test new
ways for targeting malaria vectors outdoors are therefore
perfectly in line with the ongoing global health initiatives.

By targeting vector outdoors, in places and at times
when LLINs and IRS are less effective, our proposed strat-
egy will enhance the pressure that these current strategies
are already having on malaria transmission, and will great-
ly diminish the remaining opportunities available for path-
ogen transmission. If we supplement rather than supplant
the existing interventions, this strategy would offer an op-
tion to further shrink the residual malaria transmission and
potentially accelerate elimination efforts in Africa. Obvi-
ously, there are still some specific challenges that must be
addressed and we duly recognise that the overall strategy
has still a long way to go. For example, the available find-
ings reviewed here and our ongoing studies indicate that
we will have to explore options to circumvent issues such
as: 1) the current lack of locally produced attractants, in-
cluding CO, gas [38], which is necessary as additive to
most known attractants for malaria vectors, and 2) lack of
a highly effective mosquito killing agent that is unlikely to
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be affected by physiological or behavioural resistance in
mosquito vector populations [39,40].

Other than vector behaviour and the efficacy of inter-
ventions, human behaviour is known to be a major deter-
minant of the overall effectiveness of interventions [48].
Risk behaviours associated with outdoor malaria transmis-
sion should therefore be identified and carefully examined
to determine where and when new approaches could have
the greatest impact [48]. Even though we have determined
that outdoor mosquito control devices can have significant
impact [43], it is critical to also consider the perspectives
of typical users and to adequately address the numerous
important questions. In this regard, we believe that the
most important of these questions will be: 1) whether peo-
ple appreciate the fact that mosquitoes also bite outdoors
and that malaria transmission can actually happen when
people are outside their houses, 2) whether people know
the risk factors associated with such transmission, 3) how
they currently protect themselves from such transmission,
4) what measures they would propose against such outdoor
biting and transmission, 5) what strategies would they pre-
fer as a means to complement LLINs, and 6) whether they
would be willing to participate in the implementation of
the strategy or contribute resources towards the strategy.
The project described here is therefore designed with com-
ponents to answer these and similar questions.

We also expect that the integrated innovation approach
that has been adopted here [26] will ensure that technolo-
gies being developed are not only effective, but also that
the overall strategy is acceptable to communities, and sus-
tainable in the long term. Evidence suggests that vector
control programmes can be more effectively conducted
through supervised community-based programmes [49,50]
and also that community involvement increases acceptabil-
ity and sustainability. Besides, health promotion efforts
with substantial community participation are more likely
to succeed than those that focus on reproducing external
technologies and practices [50-53]. Moreover, community
level strategies that allow local financing of such initia-
tives, while at the same time improving local household
economies could potentially increase uptake and sustaina-
bility.

5 Future perspectives

This research is one example of the many new approaches
that scientists across the world are exploring to address
important global health challenges. It focuses on outdoor
mosquito control to address limitations of LLINs and IRS,
which are the current malaria vector control methods of
choice but are inadequate for achieving the goals of full
transmission control in many endemic countries in sub-
Sahara Africa. The project has already made significant
progress and we have a clear strategy going forward. We
recognise, however, that it will take significant time and

resources, along with well co-ordinated partnerships with
other researchers and industrial partners, to eventually
achieve the final goal of a practical and community-driven
outdoor vector control strategy to sustainably complement
indoor interventions such as LLINs. Nevertheless, we al-
ready have clear indications from our studies, that this or
similar strategies could have substantial impact in future
malaria control and elimination efforts, if the target prod-
uct profiles are met. Also important is that this research is
now enabling identification of key opportunities and chal-
lenges associated with outdoor mosquito control strategies,
particularly in low and middle-income countries.
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