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Vector control: a cornerstone in the malaria elimination campaign
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Abstract

Over many decades, malaria elimination has been considered to be one of the most ambitious goals of the international community.
Vector control is a cornerstone in malaria control, owing to the lack of reliable vaccines, the emergence of drug resistance, and
unaffordable potent antimalarials. In the recent past, a few countries have achieved malaria elimination by employing existing front-line
vector control interventions and active case management. However, many challenges lie ahead on the long road to meaningful accom-
plishment, and the following issues must therefore be adequately addressed in malaria-prone settings in order to achieve our target of
100% worldwide malaria elimination and eventual eradication: (i) consistent administration of integrated vector management; (i) identifi-
cation of innovative user and environment-friendly alternative technologies and delivery systems; (iii) exploration and development of
novel and powerful contextual community-based interventions; and (iv) improvement of the efficiency and efficacy of existing interven-
tions and their combinations, such as vector control, diagnosis, treatment, vaccines, biological control of vectors, environmental man-
agement, and surveillance. | strongly believe that we are moving in the right direction, along with partnership-wide support, towards the

enviable milestone of malaria elimination by employing vector control as a potential tool.
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Malaria control should not be a campaign; it should be a .
palg Global Burden of Malaria

policy, a long-term program. It cannot be accomplished or

maintained by spasmodic effort. It requires the adoption of

a practicable program, the reasonable continuity of which Nearly half of the world’s population is at risk from malaria.

will be sustained for a long term of years It is estimated that, in 2009, the number of cases of malaria
Boyd (1939) was 225 million and the number of deaths was 781 000 [I].

. . . . Thirty-five countries are responsible for the majority of the
Malaria defeated the international community many

. . . total deaths worldwide. The five main contributors (Nigeria,
years ago. We cannot allow this to happen again. A sin-

. . . Democratic Republic of Congo, Uganda, Ethiopia, and Tanza-
gle global action plan for malaria control, that enjoys

nia) account for 50% of global deaths and 47% of malaria

Partnership-wide support, is a strong factor for success.
cases [2] (Fig. 1).

Margaret Chan, Director-General of the WHO
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FIG. |. World malaria map.

History of Malaria Control: Past Experience

To understand malaria today, it is important to acknowledge
the history of the disease and previous global efforts made
to control and eradicate it. In the mid-nineteenth century,
malaria was endemic in most countries and territories of the
world, affecting about 90% of the world’s population and
reaching as far north as the Arctic Circle (Wernsdorfer,
Presentation at WHO Informal Consultation on Global
Malaria Control and Elimination, January 2008). After suc-
cessful efforts to reduce malaria with dichlorodiphenyltri-
chloroethane (DDT), beginning in 1945, in 1955 the 8th
World Health Assembly launched the Global Malaria Eradica-
tion Campaign for all malarious countries except Madagascar
and those of sub-Saharan Africa, using indoor residual spray-
ing (IRS), primarily with DDT, as a vector control tool
together with case management [3].

The activities of the Global Malaria Eradication Pro-
gramme led to the elimination of the disease from countries
at the edges of the global malaria distribution, where the
intensity of transmission was quite low. In all, 37 of the 143
countries in which malaria was endemic in 1950 were freed
from malaria by 1978, with 27 of these being in Europe and
the Americas. In many other countries, major gains were
made in decreasing the burden of disease and death [3].
However, some of the countries were unsuccessful in inter-
rupting transmission. By 1973, it was concluded that, in cer-
tain countries, a ‘time-limited eradication program was
impracticable’ [4], and the emphasis was therefore changed

to long-term integrated control programmes.

The priorities of a malaria elimination programme are: (i)
to identify and treat malaria patients and all people carrying
parasites, including those carrying gametocytes, ensuring that
they become non-infectious as early as possible; and (ii) to
sustainably reduce human—vector contact and the vectorial
capacity of the local Anopheles mosquito population, to pre-
vent new infections from occurring [5].

Vector control is defined as measures of any kind directed
against a vector of disease and intended to limit its ability to
transmit the disease. The current focus on malaria
elimination will depend on increasingly effective and afford-
able vector control interventions.

Methods Against adult Mosquitoes

IRS
IRS is an effective method of vector control, and involves
applying a long-lasting insecticide to the inside walls of
houses and other structures where people sleep. It is aimed
at killing mosquitoes that enter houses when they rest on
sprayed surfaces (e.g. walls and ceilings). IRS is widely used
in areas of seasonal transmission, including epidemic-prone
areas, and increasingly in more malaria-endemic areas. The
most common insecticides used are DDT and pyrethroids.
IRS is appropriate in epidemiological settings where vectors
mainly stay indoors, and in countries where the necessary
logistical capabilities can be deployed [6].

In terms of its immediate impact, IRS remains the most
powerful vector control intervention for reducing/interrupt-
ing malaria transmission. Its use in the last 60 years has
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played a major role in the elimination of malaria from south-
ern Europe and the Mediterranean, Russia, large parts of
Asia and Latin America, and many areas of South Africa. In
contrast to the historical impact of IRS, clinical evidence for
its efficacy is limited. Interruption of spraying in Latin Amer-
ica, Sao Tome and Madagascar was observed to have a
demonstrable detrimental effect on the prevention of malaria
transmission [7,8]. Randomized controlled trials have shown
that IRS reduces malaria incidence in unstable malaria
settings, but is inferior to insecticide-treated nets (ITNs) in
this setting [7].

Despite its initial widespread use and contribution to the
success of malaria eradication and control efforts, the use of
IRS has declined in recent years. This is because of the lack
of commitment and financing from governments to sustain
these efforts over the long term, concerns about insecticide
resistance, and fear of its harmful effects on the environment
and human health [8]. IRS is relatively demanding in terms of
planning, logistics, infrastructure, the skills required, and the
coverage levels that are needed for a successful operation.
Reaching areas with no roads, particularly in the rainy sea-

son, may be exceedingly difficult.

Ultra-low-volume (ULV) space spraying (fogging)

Space sprays are widely employed for the control of adult
mosquito populations worldwide. Space sprays may be
applied as thermal fogs, in which kerosene or oil is used as a
carrier for insecticides that produce dense fogs of droplets,
or as ULV sprays, in which fine droplets of insecticide con-
centrate are applied. They should be carefully planned, timed,
supervised and evaluated by professional staff if they are to
be effective. Equipment should be well maintained [9]. ULV
space spraying is generally not cost-effective as a means of
malaria vector control, as the operational costs are high and
residual effects are low. It may, however, be considered for
use in exceptional circumstances, such as emergency situa-
tions in refugee camps. In this case, if the target mosquito
species is exophilic, treatment is applied outdoors wherever
the mosquitoes rest. If the vector is endophilic, treatment is
applied both indoors and outdoors. Suitable insecticides are
applied as cold aerosol sprays or as thermal fogs. Where
possible, applications should coincide with the flying times of
the local vector [10].

Personal Protection Measures

ITNs
ITNs have become the most widely used form of vector

control. ITNs are more powerful than IRS and are usually

©2011 The Author

less demanding logistically; also, their coverage is easier to
sustain. Ordinary ITNs need to be retreated every year or
so, but this is not the case with long-lasting insecticide nets,
which are designed in such a way that the insecticide lasts
for as long as the net. ITNs work in two ways: first, they
protect the individual user against biting; and second, they
can kill some of the mosquitoes that try to bite. Like IRS,
the use of ITNs can produce a community-wide reduction in
transmission [| 1]. Deltamethrin is the most abundantly used
compound, constituting about 60% of global usage, followed
by permethrin (22%) [12].

The effectiveness of ITN interventions in reducing the
burden of malaria has been amply demonstrated in a
variety of epidemiological settings. ITN use by children in
several settings has been shown to be very cost-effective
[13]. Randomized controlled trials in Kenya, Ghana, The
Gambia and Burkina Faso have demonstrated that wide-
scale use of ITNs can reduce all-cause child mortality by
approximately one-fifth, saving an average of six lives for
every 1000 children aged 1-59 months protected every
year [14]. In an area of intense perennial transmission in
western Kenya, ITN use reduced episodes of clinical
malaria and anaemia in infants by >60% [I5], and reduced
by nearly one-third the incidence of sick child visits to
peripheral health facilities [13].

It has been estimated that adequate coverage of malaria-
in-pregnancy control measures, such as the use of insecti-
cide-treated bed-nets and intermittent preventive treatment
in pregnancy, may prevent 3—-8% of infant deaths [16,17]. In
the highly malarious western Kenya, studies indicated that
women who were protected by ITNs every night in their
first four pregnancies delivered approximately 25% fewer
babies who were either small for gestational age or born
prematurely than women who were not protected by ITNs.
Furthermore, the infant who sleeps under the net with the
mother will also have marked benefits: reduced malaria
exposure, decreased incidence of anaemia, decreased risk of
death, and enhanced development [I8]. Where community-
level ITN coverage is greater than about 60%, a community
effect is seen in which non-users receive similar protection
to ITN users [19]. The use of insecticide-treated bed-nets or
curtains substantially reduces the burden of malaria [14];
however, we do not know the extent to which these policies
might durably reduce malaria morbidity [20]. The major chal-
lenges to the implementation of ITN programmes are sum-
marized in Table | [21].

Repellents
Chemical repellents are important in protecting people from

blood-feeding insects, ticks, mites, and other arthropods, and
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TABLE I. Major challenges in the implementation of insecticide-treated net (ITN) programmes

Problems

Possible solutions/description

Lack of coordination between private and
public sectors in the manufacture
and distribution of ITNs

Lack of affordable (or free) ITNs
for the rural poor

Vibrant ITN public—private partnership should be established
to promote local manufacture and distribution of nets and insecticides

This can be remedied by the commitment and support of national
programmes and global partners (including Roll Back Malaria (RBM), the

US President’s Malaria Initiative (PMI), UNICEF, World Bank, Bill & Melinda Gates Foundation,
WHO, bilateral and other non-profit human and social development organizations)

Requirement for ITNs to be re-impregnated
every 6—12 months to improve their efficiency
Pyrethroid resistance (observed in Africa)

This setback can be resolved by the commercialization of long-lasting insecticidal nets

This must be addressed by discovering and developing new broad-spectrum classes of insecticide
with novel modes of action

They must be inexpensive, user-friendly, and target-specific
A field-based surveillance programme is indispensable for the detection and monitoring of
insecticide resistance

Due to large coverage of bed nets the malaria vector
mosquitoes have changed the biological behavior in
particular time of biting, feeding site and blood hosts.

Operational problems such as:

Equity and access constraints

Seasonal variation of ITN use
in the community

Low rates of net retreatment
with insecticides

The households should be subjected to indoor residual spraying (IRS) and other vector control
interventions
Understanding the biological implications of widespread and long-term ITN use is paramount

Initiating social marketing projects to promote ITN usage and creating a favourable environment
for scaling up

Creating awareness of sustainable malaria prevention through outdoor use of ITNs. Communication
on behavioural change to ensure effective use of nets

may therefore also reduce the transmission of arthropod-
borne diseases [22]. The majority of commercial repellents
are prepared by wusing chemicals such as allethrin,
N-N-diethyl-m-toluamide, dimethyl phthalate (DMP), N,N-
diethyl phenylacetamide, and N,N-diethyl mendelic acid
amide. It has been reported that these chemical repellents
are not safe for public use [23,24]. Synthetic repellents have
several limitations, including reduced efficacy owing to sweat-
ing, expense, and allergic reactions.

Repellent-treated fabrics might obviate some of these limi-
tations. Many species of bloodsucking insects bite predomi-
nantly around the ankles and wrists. The N-N-diethyl-m-
toluamide-impregnated anklets, wristbands, and shoulder and
pocket fabric strips at a concentration of 2 mg/cm? provided
5 h of complete protection against mosquito bites, and the
reduction in entomological inoculation rate varied between
65.85% and 100% [25]. Strips of cotton fitted around the
extremities and treated with a repellent reduce insect/mosqui-
toe biting significantly [26]. Similarly, DMP-treated wristbands
have shown variable degrees of efficacy in repelling different
mosquito species. A study has suggested that DMP-treated
wristbands are very promising against both day-biting and
night-biting mosquitoes [26]. Therefore, they could serve as a
potential means of personal protection against insect nuisance
and insect-borne disease when and where other kinds of per-
sonal protection measures are impossible and impracticable
[26]. Impregnation of the repellent into cotton fabric strips is a
more reasonable way of minimizing direct skin contact [25].

Plants have been used since ancient times to repel/kill
bloodsucking insects, and even today, in many parts of the
world, people are using several plant-based products against

mosquitoes and other bloodsucking insects [27]. Plant prod-
ucts can be used either as insecticides for killing larvae or
adult mosquitoes or as repellents for protection against mos-
quito bites, depending on the type of activity that they pos-
sess. A large number of plant extracts have been reported
to have mosquitocidal or repellent activity against mosquito
vectors [28]. Repellents of plants origin are currently receiv-
ing massive attention, owing to their environmental and
user-friendly nature [29].

Various plants have been reported to possess repellent
activity against mosquitoes, and Azadirachta indica, Eucalyptus
spp. (Myrtaceae), Lantana camara, Vitex negundo (Verbana-
ceae), Cymbopogon spp. (Gramineae), Mentha piperita (Labia-
tae), Tagetes minuta (Compositae) and some other plant
products have been studied extensively in recent years [29].
Smoke produced by burning of dried leaves of various plants
has been used for protection against mosquitoes since
ancient times [29-32]. The major advantages of plant-based
traditional repellents are that they are inexpensive, easily
available, locally known, and culturally acceptable [31].

Methods Against Aquatic Mosquito Stages
(Larval Control)

Mosquitoes go through four stages in their life cycle: egg,
larva, pupa, and imago. The first three stages are aquatic.
Adult females lay 50-200 eggs per oviposition. The eggs are
quite small (c. 0.5 x 0.2 mm?) and are laid singly and directly
on water. Mosquito larvae, commonly called ‘wigglers,’ live in

water for 4-14 days, depending on the water temperature.

©2011 The Author
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The pupa is comma-shaped. The head and thorax are
merged into a cephalothorax, with the abdomen curving
around underneath. It is a resting, non-feeding stage. The
imago (adult, sexually mature insect) is the final stage of
development. Most of the malaria vector Anopheles species
prefer breeding sites that are small, numerous, scattered,
and shifting. Each species has its own idiosyncratic prefer-
ences, and so detailed knowledge of the specific kinds of
water exploited by the local vectors is needed [33]. Larval
control (by chemical and non-chemical means) is relevant
and a viable method of vector control only if a high propor-
tion of the breeding sites within the mosquito flight range
can be located and are accessible, and the breeding sites are
of manageable size.

Chemical Larviciding

Paric green (cupric acetoarsenite) was used in the successful
eradication of Anopheles gambiae in Brazil in the 1930s, but it
is an arsenical compound and is too toxic to comply with
modern standards. Temephos is much safer, but it also kills
insect predators of mosquitoes [34]. Recently, numerous
insect growth regulators (IGRs) have been synthesized and
used for mosquito control. Typically, these substances are
mimics of juvenile hormones, and act by binding to juvenile
hormone receptors in the immature form of an insect, pre-
venting its survival to the next stage of development. IGRs
are target-specific, and almost all IGRs have a good margin
of safety for most non-target organisms, including inverte-
brates, fish, and birds. They are also relatively safe for
humans and domestic animals [35].

Biological Control

Biological control agents have mainly been developed against
aquatic mosquito stages, especially the larva and pupa, and not
for adults. Biological control refers to the introduction or
manipulation of organisms to suppress vector populations. A
wide range of organisms help to regulate mosquito popula-
tions naturally, through predation, parasitism, and competition
[36]. Larval control can be achieved by environmental man-
agement and the use of larvicides or larvivorous fish. The aim
is generally to kill larvae without polluting the environment.
Larvivorous fish have been used for over 100 years in mos-
quito control. Gambusia dffinis has been widely used to control
the immature stages of various vector mosquitoes. Other fish
species include Tilapia spp., Poecilia reticulata, and Cyprinidae
[37]. The benefits of larvivorous fish are that the mosquito

©2011 The Author

larvae cannot build up physiological resistance, and the fish
populations are generally self-sustaining and do not depend on
the presence of larvae [38]. Even if some Anopheles larvae sur-
vive despite the presence of fish, these emerge as smaller
adults [39]. The fish are relatively inexpensive, and 6 months
after stocking the larger fish can be harvested, providing a sus-
tainable source of income and protein for rural farmers [40].

To minimize the dependency on chemical insecticides,
efforts have been made to search for and develop alternative
methods for the control of vector mosquitoes. In this respect,
various biological control agents have been thoroughly investi-
gated with the support of the United Nations Development
Programme/World Health Organization Special Programme
for Research and Training in Tropical Diseases. In the last dec-
ade, the bacillus-based mosquito larvicides popularly known as
biocides or biolarvicides have become popular in vector con-
trol. Certain types of bacteria, especially Bacillus thuringiensis
var. israelensis and Bacillus sphaericus, have been found to be
highly effective for the control of larvae of mosquitoes [41] at
very low doses. These bacteria are Gram-positive, soil-dwell-
ing, and commonly used as a biological pesticide; alternatively,
the Cry toxin may be extracted and used as a pesticide. They
also occur naturally in the guts of caterpillars of various types
of moth and butterfly, as well as on the dark surfaces of plants.
During sporulation, many strains produce crystal proteins
(proteinaceous inclusions), called J-endotoxins, that have
insecticidal action [42]. Upon completion of sporulation, the
parent bacterium lyses to release the spore and the inclusions;
the toxins exist as inactive protoxins. When the inclusions are
ingested by insect larvae, the alkaline pH solubilizes the crystal,
and the protoxin is then converted to an active toxin. It has
been indicated that the activated toxin binds to insect-specific
receptors exposed on the surface of the plasma membrane of
midgut epithelial cells, and then inserts into the membrane to
create transmembrane pores that cause cell swelling and lysis,
and eventually the death of the insect. The major advantages
of biolarvicides are reduced application costs, and safety for
the environment, humans, and non-target organisms [41].

The application of larvicides may not be an appropriate
control strategy in terms of cost-effectiveness, owing to
widespread breeding reservoirs; their effectiveness is main-
tained for only a few days, necessitating frequent and
repeated applications at least at the end of every week [43].
Finally, biocides are effective against mosquito larvae but can-
not control the pupal stage.

Other than bacteria and fish, many other biological con-
trol agents have been evaluated against larval stages of mos-
quitoes, including mermithid nematodes such as
Romanomermis culicivorax [44], microsporidia such as Nosema

algerae [45], and several entomopathogenic fungi [46].
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Among these fungi, the oomycete Lagenidium giganteum has
been proven to be successful for vector control in rice fields

[47] and has been commercialized recently.

Source Reduction

‘Environmental management’ is defined by the report of the
Expert Committee as ‘The planning, organizing, carrying out
and monitoring of activities for the modification and/or
manipulation of environmental factors or their interaction
with man with a view to prevent or minimize vector propa-
gation and reducing man—vector—pathogen contact.’ It
includes the building of settlements away from vector
sources, mosquito-proofing of houses, personal protection
and hygiene measures against vectors, the provision of such
installations as mechanical barriers and facilities for water
supply, waste water and excreta disposal, laundry, bathing
and recreation to prevent or discourage human contact with
infested waters, and zooprophylaxis, the strategic placement
of cattle as a buffer between mosquito breeding places and
areas of human habitation to divert vectors away from the
human blood source. The term ‘modification’ refers to per-
manent or long-lasting physical transformation of land, water,
and vegetation, including drainage, filling, land levelling and
transformation, and multipurpose reservoir  margins.
Although these works are usually of a permanent nature,
proper operation and adequate maintenance are essential for
their effective functioning. Environmental ‘manipulation’ is
defined as ‘any planned recurrent activity aimed at producing
temporary conditions unfavourable to the breeding of vec-
tors in their habitats’ [48], including water salinity changes,
stream flushing, regulation of the water level in reservoirs,
dewatering or flooding of swamps or boggy areas, vegetation

removal, shading, and exposure to sunlight.

Genetic Control

Genetically modified mosquitoes (GMMs)
In the last decade, molecular biology has been a source of
great hope for the creation of GMMs. Genetic control offers

a unique opportunity to control vector-borne diseases, par-

ticularly malaria [49]. The aim of GMM applications is to sup-
press or manipulate vector mosquito populations by
reducing their ability to transmit diseases [50]. Site-specific
gene recombination technologies insert the antipathogen
effector genes in the integration sites of the genome, making
it more effective [49], and as a result reared sterile mosqui-
toes can be released into the environment [50].

Sterile insect technique is a species-specific and environ-
mentally non-polluting methodology that relies mainly on the
release of large numbers of sterile insects [51,52]. Mating of
released sterile males with native females leads to a decrease
in the females’ reproductive potential, and ultimately leads to
local elimination or suppression of the vector population.
Field trials in the 1970s and 1980s demonstrated the effect
of sterile insect technique against mosquitoes, even with the
technology then available [53,54]. For instance, Anopheles al-
bimanus was successfully controlled by the use of chemoster-

ilized mosquitoes during a trial in El Salvador [55].

Major Issues and Challenges in Malaria
Elimination: the Need for More
Commitment

Chemical control remains an important element in the inte-
grated approach to vector control. In this perspective, vec-
tor resistance is a major threat to the successful prevention
and control of malaria. The number of available and effective
insecticides for malaria vector control is decreasing. Cur-
rently, only the pyrethroid class of insecticides is appropri-
ate for ITN impregnation and long-lasting insecticide nets
[56], but vector mosquitoes have already developed resis-
tance to pyrethroids in some areas of the world [20].
Although 12 insecticides are currently recommended by the
WHO for IRS, they belong to only four chemical classes,
namely organochlorines, pyrethroids, carbamates, and or-
ganophosphates, and cross-resistance among insecticides is
frequent [3]. For public health use, it is essential that alter-
native insecticides belonging to new or different classes be
developed if current scaling-up efforts are to be sustained
and if local interruption of malaria transmission is to be

achieved [3]. Points to be remembered while implementing

TABLE 2. Points to be remembered when implementing effective vector control interventions

Depending on feasibility and availability, indoor residual insecticide spraying, long-lasting insecticidal nets or a combination of both interventions is often the key method to

reduce transmission in residual or new active foci

The insecticide and frequency of application of indoor residual spraying are determined by the local epidemiological situation
Up-to-date information is needed on vector resistance to pesticides, especially in conjunction with their continuing extensive use in agriculture. Planning and operations

are guided by geographical reconnaissance

Larviciding may play an important supportive or even leading role in some special settings such as arid environments where mosquito breeding sites—often a result of
human activity—are few in number and well identified. Larviciding may also be used to reduce receptivity in recent foci

©2011 The Author
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TABLE 3. Technical issues in deploying genetically modified mosquitoes

Funding and regulatory constraints that influence how rapidly new control tools can be developed
Anticipated economic, environmental, health and social trade-offs associated with the use of different control methods

Social and cultural issues expected to influence acceptance of these methods

effective vector control interventions are summarized in
Table 2.

GMM research has already yielded the proof-of-principle
demonstration that malaria-resistant mosquitoes can be pro-
duced, and that induced sterility can be generated. However,
deployment of the laboratory-derived genetically engineered
mosquito strains effectively in the field remains to be dem-
onstrated, and many challenges remain unmet. These chal-
lenges encompass several technical issues, as listed in
Table 3. In the case of a new technology such as GMM, care-
ful planning and preparation are also required to address
these challenges [50].

No single malaria control measure is sufficient to reduce
malaria in any given setting. However, if an entire package of
locally appropriate interventions can reach a sufficient level
of coverage, then it may be possible to reduce the burden of
malaria and achieve the malaria-related Millennium Develop-
ment Goals [57]. Proper understanding of the local transmis-
sion dynamics is the key for the selection of the most
appropriate control measure. Good knowledge of the breed-
ing, resting and feeding behaviour of the local vectors must
be well documented before an intervention is selected. Base-
line information should be collected before initiation of an
intervention for proper monitoring and evaluation. To
reduce unnecessary costs, countries should first stratify
malaria transmission according to the major eco-epidemio-
logical types, before deciding on which intervention measures

to be applied and where they are to be applied.

Conclusions

At present, malaria control and elimination is one of the
most challenging and serious tasks, owing to the spread of
multidrug-resistant strains of Plasmodium falciparum, poverty,
fragile health infrastructure, insecticide resistance, and eco-
system degradation. However, vector control is one of the
most powerful weapons in the process of managing vector
populations to reduce/interrupt the transmission of disease.
The existing vector control interventions offer highly encour-
aging results, and have afforded a unique opportunity to
eliminate malaria in a few countries. Over the decades, inte-
grated vector management has become vital to antimalarial
efforts throughout the world’s tropical regions, and is still

the most feasible, workable and viable approach.

©2011 The Author

At present, malaria control relies heavily on a limited arse-
nal: artemisinin derivatives and pyrethroids. However, these
could also become ineffective, owing to the development of
resistance. In this perspective, innovative user-friendly and
environment-friendly alternatives to conventional vector con-
trol are apparently inevitable. The exploration and develop-
ment of novel and powerful contextual community-based
vector control interventions are also warranted. Continuous
effort is needed in terms of research and development to
improve the existing interventions, such as vector control,
diagnosis, treatment, vaccines, biocontrol of vectors, envi-
ronmental management, and surveillance, for the sustainable
elimination of malaria and possible eventual eradication in

the near future.
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