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Environmental factors affect the transmission intensity, seasonality, and geographical distri-
bution of malaria, and together with the vector, the human, and the parasite compose the
malaria system. Strategies that alter the environment are among the oldest interventions for
malaria control, but currently are not the most prominent despite historical evidence of their
effectiveness. The importance of environmental factors, the role they play considering the
current goals of malaria eradication, the different strategies that can be adopted, and the
current challenges for their implementation are discussed. As malaria elimination/eradica-
tion takes a prominent place in the health agenda, an integrated action, addressing all
elements of the malaria system, which contributes to improved knowledge and to building
local capacity and that brings about positive effects to the health of the local population has
the greatest chance to produce fast, effective, and sustainable results.

“Like chess, (malaria) is played with a few
pieces, but is capable of an infinite variety

of situations” (Hackett 1937). Four pieces com-
prise the malaria system: the vector, the parasite,
the human, and the environment (Table 1).
The triad human–vector–parasite exists within
(and interacts with) the environment, resulting
in a variety of unique local patterns of malaria
transmission that have been associated with
specific definitions (e.g., forest malaria, urban
malaria, frontier malaria). Each of these unique
transmission patterns present distinct challeng-
es, requiring a tailored package of control inter-
ventions.

A multitude of factors impact each of the
four pieces in the malaria system, adding com-
plexity to the proper understanding and control

of malaria (Singer and Castro 2011). The vector
is shaped by the type of Anopheles species and
associated feeding, resting, biting, and breeding
behavior, flight range, vectorial capacity, mor-
tality and reproduction rate, mosquito resis-
tance to insecticides, and larval resistance to
larvicides. Important issues regarding the par-
asite include the type and strain, resistance to
antimalarial drugs, and duration of infection.
The human component is shaped by several
factors including genetic and acquired immu-
nity, behavior, demographics, culture, socio-
economic characteristics, and politics. Last, the
environment component depends both on the
natural environment—temperature, humidity,
rainfall, soil quality, elevation/slope, land cover,
hydrography, presence of natural enemies of
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Table 1. A systemic view of malaria: Factors, control strategies, and challenges

Elements Factors Control strategies Challenges

Vector Species; feeding, resting, biting,
host, and breeding
preference; flight range; life
span; vectorial capacity;
reproduction rate; resistance

Insecticide-treated nets;
indoor residual spraying;
larval source management;
fogging or area spraying

Mosquito behavior change;
insecticide resistance; novel
vector control (traps,
engineered mosquitoes);
genetic differences

Parasite Type and strain; resistance to
antimalarials; duration of
infection

Case management; malaria
seasonal chemoprevention;
intermittent presumptive
treatment; mass drug
administration

New diagnostic tools; sub-
microscopic parasitemia;
asymptomatic infections;
gametocyte cycle; genetic
diversity; hypnozoites;
drug resistance; vaccines

Human Genetic/acquired immunity;
knowledge (transmission,
prevention, treatment); age;
migratory pattern;
occupation; education;
cultural beliefs; behavior;
access to care; population
density; political context
(public health interventions,
support and infrastructure,
construction of major
development projects,
implementation of foreign
assistance, political stability,
and governance);
globalization (market
pressures, choice of crops,
exploitation of natural
resources); environmental
change

Personal protection
(repellents, protective
clothing); behavior change
communication

Community participation;
adherence to control; risk
perception; behavior
change; human mobility;
forced mobility (climate,
conflicts); malaria in
pregnancy

Scale-up; sustainability of
recent achievements;
funding (donor fatigue);
political commitment;
intersectoral collaboration;
strong health system;
surveillance; counterfeit
drugs; affordable drugs;
supply chain management

Environment Natural: temperature, rainfall,
humidity; elevation/slope;
soil quality; vegetation;
hydrology; presence of
natural enemies of
mosquitoes and larvae;
natural disasters

Human-made: urbanization;
land change/use; housing
type; deforestation;
infrastructure (water, waste
collection, sanitation);
development projects (dams,
roads, oil pipelines, mining,
railways, irrigation,
resettlement); disasters
facilitated by human change

Environmental management;
house improvement

Infrastructure projects;
environmental change;
extreme climatic events
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mosquitoes and larvae, and natural disasters—
and the human-made environment—land use,
land change, deforestation, housing type, in-
frastructure (water, sanitation, and waste col-
lection), urbanization, development projects
(e.g., roads, railways, dams, irrigation, mining,
resettlement projects, and oil pipelines), and
disasters facilitated by human-made changes.

Each of these factors may affect malaria
positively or negatively, and effects can be mod-
ified depending on how they interact with each
other. In addition, many of these factors are not
static, but rather change/adapt to pressure or
novel local conditions, bringing about addi-
tional challenges for malaria control. Examples
include the development of drug and insecti-
cide resistance, changes in vector (Chinery
1984; Sattler et al. 2005; Awolola et al. 2007)
and human behavior (Maheu-Giroux and Cas-
tro 2013), and environmental changes (Keiser
et al. 2004; Gething et al. 2010; Castro and
Singer 2011; Yamana and Eltahir 2013; Hahn
et al. 2014). Therefore, although specific inter-
ventions target each of the four pieces that
compose the malaria system, two equally im-
portant issues deserve special attention. First,
efforts to control (and eventually eradicate)
malaria must address all four components of
the malaria system. Second, the implementa-
tion of a package of interventions must be ac-
companied by a surveillance effort that allows
fine tuning strategies in the event of changing
local conditions.

This article focuses on the environmental
component of the malaria system, considering
(1) its interactions with other elements in the
system, (2) the ways through which control
strategies could address environmental deter-
minants, and (3) if and why considering the
environmental component is crucial for current
goals of malaria eradication.

ENVIRONMENTAL DETERMINANTS
OF MALARIA TRANSMISSION

Several environmental factors impact mosquito
and parasite vital rates, and thus affect the trans-
mission intensity, seasonality, and geographical
distribution of malaria. These factors fall into

two broad categories: natural and human-made
environment, as detailed next.

Natural Environment

Climate-based factors, temperature and precip-
itation, are the primary environmental determi-
nants of malaria. Temperature impacts vector
and parasite development and thus is an impor-
tant constraint on the geographical suitability
to malaria (Gething et al. 2011). The extrinsic
development of the parasite is constrained with-
in a certain temperature range (Macdonald
1957), extremely high temperatures are likely
to produce smaller and less fecund mosquitoes
(Warrell and Gilles 2002), and increasing tem-
peratures reduce the time for mosquito matu-
ration (from larva to adult form) and increase
the feeding frequency (Service 1980; Martens
et al. 1999). Recent models indicate that malaria
transmission (as measured by the R0) is con-
strained to temperatures between 16˚C and
34˚C, with optimal transmission at 25˚C (Mor-
decai et al. 2013), �6˚C lower than previously
estimated (Martens et al. 1997; Craig et al. 1999;
Parham and Michael 2010).

The frequency, duration, and intensity of
precipitation contribute to the formation of
suitable water habitats for mosquito breeding.
Although water pools must persist for a long
enough time for mosquito development, heavy
precipitation has been associated with imma-
ture mortality (Paaijmans et al. 2007). Because
Anopheles mosquitoes have different breeding
preferences, and other natural conditions such
as water temperature and quality, soil character-
istics, and vegetation cover (Yamana and Eltahir
2013) can modify the suitability of the aquatic
habitat for mosquito development, the relation-
ship between rainfall and malaria has produced
contrasting results, with some studies reporting
positive impacts (Loevinsohn 1994; Kilian et al.
1999; Lindblade et al. 1999), and others finding
negative or nonsignificant ones (Lindsay et al.
2000; WHO 2000; Singh and Sharma 2002).

Extreme weather events (e.g., tropical
storms, droughts, hurricanes, cyclones, ty-
phoons) often have the most dramatic impacts
on human health (Kovats et al. 1999). The El
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Niño Southern Oscillation (ENSO) is a phe-
nomenon often associated with extreme weath-
er events across the globe, with significant
impacts in malaria transmission (Kovats et al.
2003). Although the periodicity of ENSO varies,
early warning systems (some up to 1 year ahead)
that monitor sea surface temperature facilitate
the adoption of measures in anticipation of the
consequences of extreme weather events (Lu-
descher et al. 2014).

Local hydrography, hydrology, and topogra-
phy affect the water flow and collection, and the
formation of water pools (Bomblies et al. 2008;
Yamana and Eltahir 2013). For example, in the
Amazon region the water level of the rivers in-
creases dramatically during the rainy season,
flooding the areas immediately proximal to
the margins. When the rainy season is ending
the water level decreases, and pools of water
suitable for mosquito breeding appear because
of the irregularity of the terrain (Peixoto 1917).

The presence of natural predators of mos-
quito larvae can contribute to control the pop-
ulation size of malaria vectors, depending on
the physicochemical properties of the water
habitat (Dida et al. 2015). Humidity affects
mosquito survival, because under very dry con-
ditions mosquitoes will desiccate (Jawara et al.
2008). Last, natural disasters can also result in
increased malaria transmission (Watson et al.
2007) through population displacement, and
habitat change after an earthquake and flooding
that facilitate the proliferation of mosquito
breeding habitats (Sáenz et al. 1995; Gagnon
et al. 2002). In contrast to the ENSO phenom-
enon, natural disasters often happen without
warning, leaving little room to plan in anticipa-
tion of their negative impacts.

Human-Made Environment

Human-made transformations of the natural
environment serve many purposes and can re-
sult in reductions or increases in malaria trans-
mission. The implementation of development
projects, such as roads, railways, dams, irriga-
tion, mining, population resettlement, and oil
extraction, to name a few, often result in social
and environmental impacts that, if not properly

assessed and mitigated, bring about negative
effects on people’s health. Such impacts are as-
sociated with, for example, deforestation that
can create ideal breeding grounds for mosqui-
toes; migration of naive populations to malaria-
endemic areas, or migration of infected people
to areas where the malaria vector is present and
transmission, albeit absent or very low, is suit-
able; a large concentration of workers living in
poor housing and thus highly exposed to the
vector; and creation of ideal water habitats for
mosquito breeding, such as artificial lakes asso-
ciated with dam construction. These and other
consequences of development projects, as well
as the negative impacts on health, have been
well documented for more than a century
(e.g., Cruz 1972; Ghebreyesus et al. 1999; Lerer
and Scudder 1999; Jackson and Sleigh 2000;
Keiser et al. 2005a; Knoblauch et al. 2014). Nev-
ertheless, they continue to happen and to
threaten the lives of many in malaria-endemic
areas, exposing major flaws in the transparency
and execution of environmental impact assess-
ments (Erlanger et al. 2008).

The massive deforestation observed in the
Brazilian Amazon in the 1970s and 1980s (driv-
en by large cattle-ranching and human set-
tlement efforts) was associated with a major
increase of malaria, and brought about a new
definition to describe the dynamics of transmis-
sion in the region: frontier malaria (Sawyer and
Sawyer 1987; Castro et al. 2006). It has been
hypothesized that extensive deforestation and
disorganized occupation could be indirectly re-
sponsible for modifications in mosquito behav-
ior (outdoor biting), subtracting its former
sources of food (wild animals, who were scared
away by the new settlers) and bringing man
closer to its breeding places (Deane 1988).

Regarding agriculture, the impact on malar-
ia depends on the type of crop, the planting
system, the irrigation practice, and the charac-
teristics of the local Anopheles (Yasuoka and Lev-
ins 2007). Without proper management of irri-
gation, rice fields often provide ideal grounds for
mosquito breeding (International Rice Research
Institute and Joint WHO/FAO/UNEP Panel of
Experts on Environmental Management for
Vector Control 1988). Specifically related to
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maize, it has been shown that its pollen is a nu-
tritious food for the larvae of the most common
malaria vector in Ethiopia, contributing to in-
creasing vector density, mosquito longevity, and
malaria infection (Ye-Ebiyo et al. 2000; Kebede
et al. 2005). Also, the practice of cultivating
crops such as sweet potato and beans, among
others, using raised planting beds interspaced
by channels that naturally provide irrigation re-
sult in highly productive breeding habitats for
Anopheles (Dongus et al. 2009).

The availability of basic infrastructure (wa-
ter, sanitation, waste collection) in residential
areas is another factor that can modify human
exposure to a malaria infection, depending on
the characteristics of local malaria vectors. The
need to collect water from streams or closer to
areas where mosquito density is higher, to bathe
in rivers, and to defecate and urinate near for-
ested areas around villages are associated with
a higher human–vector contact (Castro et al.
2006; Gryseels et al. 2015). Also, the accumula-
tion of waste that can block the water flow
of drains contribute to the formation of water
pools ideal for mosquito breeding (Castro et al.
2010).

The process of urbanization is expected
to contribute to lower malaria transmission
through better health care, improved house
construction, and a reduced number of breed-
ing habitats for Anopheles mosquitoes caused by
water pollution and large areas of impervious
surface (Castro et al. 2004; De Silva and Mar-
shall 2012). However, declining economies, un-
controlled urban growth (with large fractions of
the population living under slum-like condi-
tions lacking proper infrastructure), and adap-
tation of malaria vectors to the urban environ-
ment bring additional challenges to urban
malaria control (Chinery 1984; Keiser et al.
2004).

Another important aspect of the human-
made environment is the housing quality and
the extent to which it offers a barrier against
the malaria vector. In malaria-endemic areas,
houses with open eaves, without screens, and
without doors and/or windows offer higher
risk of human–vector contact and are associat-
ed with higher malaria transmission (Sawyer

and Sawyer 1987; Gamage-Mendis et al. 1991;
Tusting et al. 2015).

ENVIRONMENT-BASED INTERVENTIONS
FOR MALARIA CONTROL

Strategies that alter the environmental charac-
teristics associated with malaria transmis-
sion are among the oldest interventions for ma-
laria control (Stromquist 1920). They can be
grouped into three types of activities, aiming
to reduce the number of breeding habitats for
malaria vectors or to reduce the human–vector
contact. First, a permanent modification of the
environment, such as drainage, filling, and land
leveling; these activities often demand large-
scale engineering work. Second, a manipulation
of the environment that demands recurrent ac-
tivities, such as regulation of water level in res-
ervoirs, intermittent irrigation, afforestation/
deforestation, and vegetation removal from wa-
ter bodies. Third, modification of human hab-
itation through resettlement or improved hous-
ing (WHO 1982).

Environmental management was crucial for
the elimination of malaria in European coun-
tries and in the United States and to reduce the
burden of the disease in many other locations
(Pomeroy 1920; Boyd 1926; Neiva 1940). Im-
portant endeavors, including the construction
of the Panama Canal (Gorgas 1915), copper
mining in Zambia, former Rhodesia (Watson
1953; Utzinger et al. 2002), and rubber produc-
tion in Malaysia (Watson 1921), were unlikely
to have the same outcome if environmental
management was not adopted as part of the
package of interventions for malaria control.
Malaria transmitted by a bromeliad-breeding
mosquito was eliminated from the South of
Brazil through removal of bromeliads from ur-
ban areas and introduction of eucalyptus trees
(on which bromeliads do not grow) in forested
areas (Pinotti 1951; Deane 1988). Housing im-
provement, first introduced by the Italian
hygienist Angelo Celli at the end of the 19th
century, was a crucial intervention in Europe,
in the United States, and during wars (screening
barracks) (Carter and Mendis 2002; Lindsay
et al. 2002). The use of intermittent irrigation
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strategies for control of rice-field malaria has
been and continues to be an important strategy
in China (Baolin 1988; Singer and Castro 2011).

The historical examples of the successful use
of environmental management are many, both
in urban and rural settings, and they proved to
be cost effective (Konradsen et al. 2004; Keiser
et al. 2005b). A few lessons learned include the
combination of control strategies (with envi-
ronment management playing a central role)
idiosyncratic to each locality, the multidisci-
plinary nature of the control staff (entomolo-
gist, epidemiologist, ecologist, hydrologist,
physician, and engineer), the importance of
surveillance to inform the need to fine-tune
the package of interventions, and the recogni-
tion that about 3 years would be necessary to
obtain expected results (B Singer, unpubl.).

Lessons from contemporary environmental
management for malaria control are twofold.
First, it should be established with the partici-
pation of the community, which contributes to
the sustainability of the activity and promotes a
sense of ownership and empowerment (Fillin-
ger et al. 2008; Castro et al. 2009). Second, mul-
tisectoral collaboration should be pursued, in-
tegrating health actions with sectors responsible
for agriculture, urban planning, transportation,
education, and finance (United Nations Devel-
opment Programme and Roll Back Malaria
Partnership 2013).

Currently, environmental management has
very low priority, maybe as a result of the urgent
desire for novel technologies that could quickly
resolve the malaria problem (Lindsay et al.
2002). The opportunity, however, not only ex-
ists but is unique at a time when malaria erad-
ication is back to the health agenda, as detailed
in the next section.

FUTURE PERSPECTIVES

Inspired by the 2007 Gates Malaria Forum, ma-
laria eradication came back to the global health
agenda. Malaria-endemic countries intensified
control measures, particularly indoor residual
spraying, use of artemisinin combination ther-
apy for treatment, and distribution of insecti-
cide treated nets. Significant progress has been

achieved, and since the year 2000, the average
prevalence of malaria infection in children aged
2–10 has declined by 47%, and an increasing
number of countries are moving toward malaria
elimination. Despite these achievements, there
are still 198 million cases of malaria, about
584,000 deaths annually (WHO 2014), and
challenges abound (Table 1).

Specifically related to the environment, ex-
isting unfavorable conditions as well as ongoing
and projected environmental changes must be
analyzed considering the interactions between
the different elements in the malaria system. For
example, environmental transformations may
result in vector behavior change, imposing con-
straints on vector control interventions (Fergu-
son et al. 2010). This complexity of the system
deserves more careful attention by malaria con-
trol programs, as exemplified next.

Housing improvements that could help re-
duce malaria transmission include screening of
doors, windows, and eaves, closing eaves, in-
stalling ceilings, improving roofs, sealing cracks
in walls, using higher quality building materials,
creating new housing designs, and installing
eave tubes (Lindsay et al. 2002; Ogoma et al.
2009; Tusting et al. 2015). Those are applicable
in areas where conditions leave inhabitants
highly exposed to contact with malaria vectors,
such as urban and rural areas where poor hous-
ing prevails, and in refugee camps. The increase
in conflicts that force populations into refugee
camps (Rowland and Nosten 2001) and the in-
crease in the frequency and intensity of natural
disasters (IPCC 2013), demanding quick hous-
ing solutions, are two examples of current and
future threats to malaria eradication efforts that
could be mitigated with housing improvement,
combined with other interventions.

In addition, current patterns of urban
growth that result in concentration of poor
housing and lack of infrastructure can facilitate
the vector adaptation to water habitats that tra-
ditionally would not be suitable for mosquito
breeding, and the creation of pockets of malaria
infection among worse off areas. In this regard,
recent population trends show that although
currently Africa is the least urbanized region
(40% of the population living in urban areas),
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it shows the fastest pace of urbanization and by
2050, 56% of its population will be living in
urban areas (United Nations et al. 2015).
Thus, in anticipation of major changes, inter-
sectoral collaboration becomes crucial. Envi-
ronmental management strategies should be
implemented concurrently with city growth,
minimizing the negative effects commonly as-
sociated with rapid and unplanned urbaniza-
tion (United Nations et al. 2015).

Also, environmental management is likely
to increase the return of other malaria control
interventions. For example, in Dar es Salaam, a
third of all anopheline-positive water habitats
were found in drains (Castro et al. 2010). Con-
sidering that the city has included larval control
in the package of interventions, the cost and
effort invested in that activity could be reduced
if drains were regularly maintained to prevent
water stagnation. The initial cost of cleaning
drains may be high, given the massive accumu-
lation of waste materials after years of lacking
proper maintenance. However, in the long run,
costs of keeping drains clean are lower than the
resources needed to acquire and apply larvicides
in the drains (UMCP et al. 2007; Castro et al.
2009). In addition, the use of environmental
management strategies is likely to impact other
vector-borne diseases (e.g., dengue and lym-
phatic filariasis), contributing to a much broad-
er health improvement.

Although expanding areas protected under
environmental conservation policies would be
beneficial to prevent an increase in malaria
transmission (Bauch et al. 2015), current trends
make it reasonable to expect that deforestation
will continue to be a reason for concern, partic-
ularly in the Amazon forest, driven by cattle
ranching, agriculture, mining, large-scale devel-
opment projects, and land invasions. When de-
forestation is planned and/or anticipated be-
cause of a specific activity that is implemented
through legally approved mechanisms (e.g., de-
velopment projects), there is an opportunity to
adopt mitigation strategies to prevent increases
in vector density and in malaria transmission.
To be successful, however, these strategies must
be closely monitored. In contrast, when defor-
estation results from illegal operations there is

no planning, no warning, and thus no oppor-
tunity to counteract the impacts on malaria. In
such a scenario, outbreaks are often observed,
and responses only happen after a major health
problem has already happened.

Considered as the biggest global health
threat of the 21st century (Costello et al. 2009;
WHO 2009; Watts et al. 2015), climate change is
a significant environmental change currently
unfolding, with worldwide consequences. Cli-
matic effects on vector-borne diseases can occur
directly, through extreme events (e.g., drought,
flooding), increases in average temperature, and
changes in precipitation patterns, but also indi-
rectly, by population displacement and water
and food insecurity, which impact individuals’
exposure and vulnerability to infections.

Despite the uncertainty embedded in cli-
mate change scenarios (IPCC 2013), malaria
burden is likely to be impacted by climate
change. The magnitude of the impact will de-
pend on many issues, such as (1) the pattern of
variability in temperature (Paaijmans et al.
2010); (2) how countries are planning in antic-
ipation of future changes; (3) how adaptation
strategies are adopted at varied scales (individ-
ual, community, institutional); (4) the combi-
nation of malaria control strategies in place; (5)
the extent to which the risk of infection deter-
mined by local characteristics can be augmented
by climatic changes; and (6) the level of clinical
immunity (Laneri et al. 2015). Such complexity
is reflected by contrasting results of global mod-
els on the impact of climate change on malaria
(Martens et al. 1999; Rogers and Randolph
2000; Pascual et al. 2006; Gething et al. 2010;
Yamana and Eltahir 2013; Laneri et al. 2015).
The impacts and the responses are unlikely to be
uniform across and within regions (Takken et al.
2005), and this adds another layer of complexity
to the efforts of malaria eradication.

CONCLUDING REMARKS

Environmental factors affect malaria transmis-
sion in different ways depending on the local
ecosystem and on the transformations it has
suffered through human action. They also in-
teract with other elements of the malaria system,
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resulting in a variety of local transmission pro-
files. This is a characteristic of malaria that adds
complexity to disease control and elimination.
There is no unique combination of control
strategies that works in every setting, and each
must be tailored to address local characteristics
of transmission.

As malaria-endemic countries embrace
elimination goals, focus has been given to test-
ing, treatment, and vector control by indoor
residual spraying and insecticide treated nets.
Overall, environmental aspects have not re-
ceived much attention by malaria control pro-
grams. One could argue that potential reasons
include (1) limited financial and human re-
sources; (2) lack of local expertise integrating
health, hydrology, and engineering; (3) re-
stricted knowledge on the additional benefit of
adopting environmental management in differ-
ent settings in combination with other inter-
ventions already in place; and (4) the desire to
find a new technological solution.

It is unquestionable that progress in reduc-
ing cases and deaths has been achieved in the
past decade, although not uniformly across and
within countries. Although significant reduc-
tions can be achieved without control strategies
that focus on the environment, the assumption
that a fully successful control program can exist
while neglecting environmental issues is naı̈ve,
and a mistake from a programmatic point of
view.

Arguments favoring environmental inter-
ventions are threefold. First, by targeting all
elements of the malaria system progress toward
elimination can be faster and more cost effec-
tive. Because the elements of the system interact
with each other, the returns from interventions
can be maximized by concurrently addressing
all elements, for example, human behavior
affects the impact of other interventions (such
as bednet use). Thus, by including behavior
change campaigns in the control package it is
possible to maximize local acceptance and up-
dates of other interventions; also, environmen-
tal management can contribute to reducing the
costs of other interventions, such as use of lar-
viciding. Second, gains are likely to be sustain-
able. Because environmental strategies target

the source of the problem (from a vector point
of view) and have a long-term impact (if prop-
erly maintained), it is expected that the direct
benefits, and interactions with other elements
in the malaria system, will last longer. Third,
environmental management benefits go be-
yond malaria and are expected to also affect
the incidence of dengue, lymphatic filariasis,
and other vector-borne diseases. Thus, by pro-
moting a healthier environment, these inter-
ventions make an important contribution to
the overall improvement of local health condi-
tions, probably reaching out to populations
that are not directly benefited by other malaria
control interventions.

Environmental management strategies have
been successfully implemented in malaria-en-
demic settings in the past (Keiser et al. 2005b).
The knowledge regarding what/how to do is
available, and so is the evidence regarding its
impact. Considering the current scenario, where
(1) changes to the environment are fast, often
unplanned, significantly favoring vector breed-
ing, and thus should be mitigated, (2) extreme
weather events are more frequent and intense,
and therefore adaptation strategies are urgently
needed, and (3) vectors adapt to urban ecolo-
gies, breeding in places previously considered to
be unsuitable for larval development, failing to
introduce environmental strategies into the
package of malaria control interventions is a
missed opportunity with implications for the
success and sustainability of other control ef-
forts. However, the adoption of environmental
strategies demands local knowledge and exper-
tise: knowledge to identify places where target-
ing the environment is feasible and beneficial to
the reduction of malaria transmission; entomo-
logical knowledge on vector species composi-
tion and behavior; and expertise to plan, imple-
ment, maintain, and monitor the activities.

Realistically, it is probably the case that most
malaria control programs do not have the prop-
er knowledge and expertise to effectively ac-
count for the local environment in control
efforts, and maybe do not even have compre-
hensive entomological information (Ulrich
et al. 2013). Thus, filling in these gaps is imper-
ative, and the task could be better accomplished
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by fostering an integrated collaboration be-
tween donors, the industry, academia, and dif-
ferent sectors of the government (United Na-
tions Development Programme and Roll Back
Malaria Partnership 2013).

One of the challenges for incorporating en-
vironmental interventions is funding. Most re-
sources are placed on interventions that have
shown to be effective in bringing about signifi-
cant declines in transmission in high-endem-
ic countries (bednets, indoor residual spray-
ing, and treatment). However, if a plateau is
achieved, and those interventions are not able
to promote further declines, what is the next
step? Incorporation of other well-known but
currently less used interventions, such as envi-
ronmental management, may lack the political
and financial support because funding agencies
might not be willing to sponsor them on the
grounds that (1) they are not novel, (2) they
are not a priority, or (3) the country has no
knowledge and expertise to implement them.
Depending on the local characteristics of ma-
laria transmission, such a scenario may hamper
attempts to quickly move toward elimination.

As elimination/eradication takes a promi-
nent place in the health agenda of malaria-en-
demic countries; an integrated action, address-
ing all elements of the malaria system, which
contributes to improve knowledge and to build
local capacity, and that brings about positive
effects to the health of the local population,
has the greatest changes to produce fast, effec-
tive, and sustainable results.
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