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Abstract 

Larval source management (LSM) has a long history of advocacy and successes but is rarely adopted where funds are 
limited. The World Health Organization (WHO) guidelines on malaria prevention recommend the use of LSM as a sup‑
plementary intervention to the core vector control methods (insecticide‑treated nets and indoor residual spraying), 
arguing that its feasibility in many settings can be limited by larval habitats being numerous, transient, and dif‑
ficult to find or treat. Another key argument is that there is insufficient high‑quality evidence for its effectiveness 
to support wide‑scale implementation. However, the stagnation of progress towards malaria elimination demands 
that we consider additional options to the current emphasis on insecticidal commodities targeting adult mosquitoes 
inside homes. This letter is the result of a global, crossdisciplinarycollaboration comprising: (a) detailed online expert 
discussions, (b) a narrative review of countriesthat have eliminated local malaria transmission, and (c) a mathematical 
modeling exercise using two differentapproaches. Together, these efforts culminated in seven key recommenda‑
tions for elevating larval sourcemanagement as a strategy for controlling malaria and other mosquito‑borne diseases 
in Africa (Box 1). LSM encompasses the use of larvicide (a commodity) as well as various environmental sanitation 
measures. Together, these efforts lead to the long‑term reduction of mosquito populations, which benefits the entire 
community by controlling both disease vector and nuisance mosquitoes. In this paper, we argue that the heavy reli‑
ance on large‑scale cluster‑randomized controlled trials (CRTs) to generate evidence on epidemiological endpoints 
restricts the recommendation of approaches to only those interventions that can be measured by functional units 
and deliver relatively uniform impact and, therefore, are more likely to receive financial support for conducting these 
trials. The explicit impacts of LSM may be better captured by using alternative evaluation approaches, especially high‑
quality operational data and a recognition of locally distinct outcomes and tailored strategies. LSM contributions are 

*Correspondence:
Fredros Okumu
fredros@ihi.or.tz
Ellie Sherrard‑Smith
ellie.sherrard‑smith@lstmed.ac.uk
Full list of author information is available at the end of the article

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s13071-024-06621-x&domain=pdf


Page 2 of 19Okumu et al. Parasites & Vectors           (2025) 18:45 

also evidenced by the widespread use of LSM strategies in nearly all countries that have successfully achieved malaria 
elimination. Two modelling approaches demonstrate that a multifaceted strategy, which incorporates LSM as a cen‑
tral intervention alongside other vector control methods, can effectively mitigate key biological threats such as insec‑
ticide resistance and outdoor biting, leading to substantial reductions in malaria cases in representative African 
settings. This argument is extended to show that the available evidence is sufficient to establish the link between LSM 
approaches and reduced disease transmission of mosquito‑borne illnesses. What is needed now is a significant boost 
in the financial resources and public health administration structures necessary to train, employ and deploy local‑level 
workforces tasked with suppressing mosquito populations in scientifically driven and ecologically sensitive ways. In 
conclusion, having WHO guidelines that recognize LSM as a key intervention to be delivered in multiple contextual‑
ized forms would open the door to increased flexibility for funding and aid countries in implementing the strategies 
that they deem appropriate. Financially supporting the scale‑up of LSM with high‑quality operations monitoring 
for vector control in combination with other core tools can facilitate better health. The global health community 
should reconsider how evidence and funding are used to support LSM initiatives.

Keywords Source reduction, Integrated vector control, Core malaria strategy, Larviciding, Community action, Public 
health, Vector control
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Background
Controlling mosquito vectors is a highly effective strategy 
to reduce disease burden [1]. Mosquitoes can be targeted 
either as adults or as larvae in aquatic habitats, with sev-
eral control strategies available for both life stages. Lar-
val source management (LSM) is an umbrella term that 
includes larviciding, larval habitat modification (perma-
nent environmental changes or removal), habitat manipu-
lation (continuous effort to make spaces less suitable for 
mosquitoes) and/or the application of larvivorous fish 
(or other natural predators for biological control)—all of 
which aim to reduce the larval habitats available to mos-
quito vectors, and thus suppress their densities.

The World Health Organization (WHO) develops 
guidelines for vector control against malaria transmis-
sion based on consolidated information that incorporates 
systematic reviews of the available evidence for interven-
tion effectiveness and pre-existing WHO recommenda-
tions. It recommends some interventions for large-scale 
deployment and others as supplementary [2]. Only those 
that show proven protective efficacy to “reduce or pre-
vent infection and/or disease in humans at the individual 
level, community level or both” and are “broadly applica-
ble for populations at risk of disease in most epidemiolog-
ical and ecological settings” obtain full recommendation 
for large-scale deployment. So far, this list consists of 
only insecticide-treated nets (ITNs) and indoor residual 
spraying (IRS) with insecticidal products and formula-
tions that are WHO-prequalified. WHO has given larvi-
ciding a conditional positive recommendation but with 
low-certainty evidence. This is supported, in part, by a 
recent Cochrane review on larviciding, which included 
four eligible studies. Only one of these studies was a 
cluster-randomized controlled trial (CRT) [3], which are 
broadly considered the optimal design for generating 
empirical data on epidemiological impacts. The lack of 
such studies on LSM efforts is principally due to limited 
funds, as such trials would likely need to be substantially 
larger than those conducted for household interventions. 
Unlike human drug trials or household-level vector con-
trol, each LSM context is relatively unique, often apply-
ing multiple approaches to reduce larval habitats. Like 
housing developments, LSM efforts will restructure the 
local landscape from the vector perspective relative to 
pre-intervention, perhaps permanently. The best strate-
gies to implement may differ between locations but col-
lectively contribute to reduced vector density and thus 
reduced disease transmission. As noted by others, CRTs 
were designed for biomedical interventions and are ill-
suited to interventions that alter the environment expe-
rienced by the vector in nuanced ways [4]. The current 
framework from WHO to generate full recommenda-
tion will therefore not fit for LSM for this reason, but the 

opportunity to adopt tailored LSM strategies should not 
be limited as a consequence. Interestingly, IRS, which 
was the principal intervention in the first global attempt 
to eradicate malaria, has long received a strong posi-
tive WHO recommendation for large-scale deployment 
in Africa without any evidence from properly designed 
large-scale epidemiological trials [5]. This decision was 
justified based on the documented impact of IRS in mul-
tiple historical operational campaigns from the 1950s 
to the 1980s [6–8] and various national programmatic 
deployments of IRS.

The WHO guidelines also highlight concerns about 
feasibility—invoking the principle that LSM is most 
effective when aquatic habitats are “few, fixed, and find-
able.” The interpretation of this concept has notably con-
strained its application, as the typical larval habitats of 
some African vector species can be numerous, dispersed 
and difficult to locate, especially during the rainy seasons. 
Consequently, the application of LSM has been signifi-
cantly restricted and its use largely limited to urban and 
arid environments, where the vector habitats are indeed 
broadly few, fixed and findable. While LSM may not be 
applicable in some contexts, the current guidelines are 
too restrictive, and there are notable priority cases that 
may make LSM more attractive, such as (i) vector con-
trol in densely populated semi-urban or urban spaces 
with lower surface areas of larval habitat that perma-
nently holds water year-round [9], (ii) targeting sites that 
retain water during drier seasons [10], and (iii) applying 
efforts to explicit problems, as is being explored in rice 
cultivation [11]. However, recent advances in technology, 
including simpler and low-cost mapping technologies, 
mobile technologies, digital information capture and 
delivery, and aerial spraying and imaging systems, have 
increased the feasibility of identifying habitats and imple-
menting an effective LSM programme in a wider range of 
contexts [12].

After years of decreasing malaria rates in Africa, pro-
gress has now stalled, and many countries are reporting 
rising case numbers [13]. The indoor insecticidal inter-
ventions, ITNs and IRS, are faltering due to a number 
of challenges, including widespread insecticide resist-
ance [14, 15], short lifespan [16], other biological chal-
lenges such as mosquitoes biting outdoors or outside 
sleeping hours [17, 18], high costs of implementation 
and suboptimal usage in some settings [19]. Although 
many innovations are underway to bridge these gaps, 
LSM, a historically proven approach, remains under-
used. Endemic nations continue relying heavily on com-
moditized vector control with ITNs and IRS—that can 
be reported to donors as units delivered, which provide 
short-term gains but must be regularly replenished at 
ever increasing costs as the population living in malaria 
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endemic settings continues to increase. Yet the catego-
rization of LSM as a supplementary tool continues to 
stifle investment in this space and dampen its potential 
impact. A recent global review of national malaria pro-
grammes implementing vector control highlights limited 
funding to specifically increase numbers and capacity of 
programmatic staff as a critical roadblock toward shifting 
countries from a status of “controlling” to “eliminating” 
malaria [20]. Only 14 of the 35 countries participating in 
the review were implementing LSM, many at small scale, 
with inadequate funding, inadequate human resources, 
logistical challenges and poor infrastructure identified as 
the critical barriers [20].

The work in this paper was initiated through online dis-
cussions and inputs shared through a Google Doc, and 
joint virtual meetings to reach a consensus on key recom-
mendations. We have included a narrative review of the 
literature from countries that have previously eliminated 
malaria, and we used two different transmission models 
for malaria to theoretically assess the potential of LSM. In 
this paper, we argue that LSM merits re-evaluation for its 
potential to reduce malaria and other vector-borne dis-
eases. We highlight the substantial evidence supporting 
its epidemiological impact, summarize its benefits and 
weaknesses, and propose key considerations  (Box 1)  for 
scaling it up in low-income and rural settings including 
those with stable year-round disease transmission. Addi-
tionally, we identify critical steps to renew investment 
and recognition for LSM as an essential component of 
the intervention packages for controlling and eventually 
eliminating vector-borne diseases, particularly malaria.

The challenge of evaluating LSM compared 
to commoditized vector control
The  WHO recommends considering supplemen-
tary interventions only after large-scale interventions 
achieve optimal coverage [2]. Full recommendations are 
restricted to interventions with evidence from systematic 
reviews of (primarily) cluster-randomized epidemiologi-
cal trials, limiting the recognition of those with extensive 
empirical (but non-randomized) studies. This policy has 
favoured readily commodifiable interventions, especially 
ITNs, which have been rigorously evaluated with well-
designed CRTs, thus discouraging the uptake of tradi-
tional evaluation methods predating CRTs. Unlike ITNs, 
and to a lesser degree IRS, LSM involves diverse imple-
mentation strategies that need to be ecologically tailored, 
making it difficult to define a single consistent, quantifi-
able metric for process, impact evaluation and extrapola-
tion to other locations—that is, an LSM action may have 
internal validity for one space but not external validity 
for other locations [21]. The diversity of local ecologies 
and differences in environmental sanitation strategies 

further complicate the measurement of individual- or 
household-level effects, as LSM primarily offers commu-
nity benefits rather than impacts that can be measured 
as personal protection as well as community benefit. In 
the context of current WHO requirements, these chal-
lenges in quantifying the public health impacts of LSM 
further contribute to the hesitancy in fully endorsing the 
strategy. This difficulty also reduces donor support due 
to the variability in efforts or strategies required, and the 
associated capacity strengthening in entomology that 
would be needed. These restrictions were overcome for 
IRS in 2006 when the President’s Malaria Initiative (PMI) 
orchestrated huge investment into IRS, expanding pro-
grammes and training thousands of people with no prior 
IRS experience [22], so there is precedent for alternative 
routes. An alternative framework for evidence generation 
is necessary to demonstrate and compare protective effi-
cacy at both the individual and community levels [4], but 
one that also facilitates the accelerated adoption of LSM 
beyond an expectation that a particular style of LSM 
would be proven successful everywhere—it likely will 
not. There are parallels between this challenge and that of 
effective water, sanitation and hygiene (WASH) systems. 
Researchers working on WASH have also raised con-
cerns that the reliance on CRTs for proving impact from 
interventions may limit the availability of funding toward 
implementation or adoption of such complex actions 
with multi-sectoral benefits [23].

Mosquito control programmes, which tend to differ 
from externally funded trials, aim at reducing mosquito 
sources by all relevant cost-effective means, and never 
just one way. The diversity of LSM approaches has led to 
studies that explicitly distinguish between commodity-
based larviciding and alternative LSM options in our 
evaluation processes. While evidence for the effective-
ness of non-commoditized LSM approaches remains 
limited [24, 25], a recent Cochrane review of the available 
data suggests that habitat modification and manipulation 
interventions for malaria prevention show some indica-
tions of benefit in both epidemiological and entomologi-
cal outcomes [26]. The authors noted that the evidence 
was mixed, and further studies were needed, but they 
concluded that these varied approaches may be useful in 
certain circumstances [26]. Given the sensible approach 
of programmes to adopt all feasible strategies when 
integrating source reduction efforts into vector control, 
establishing a robust evidence base for LSM from high-
quality monitoring of operational implementation could 
encourage greater financial support and achieve scaled 
LSM applications. Additional field evidence, whether 
observational or otherwise, could complement the theo-
retical benefits already demonstrated in modelling exer-
cises [27, 28].
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ITNs and IRS are now the dominant forms of vector 
control in Africa, though use of the latter is decreasing 
rapidly. Consequently, when CRTs are conducted, LSM 
will likely always be used alongside other standard-of-
care interventions, usually ITNs. When considering this 
evidence for policy decisions, it is essential to understand 
such evidence as reflective of only settings where LSM 
is deployed as a complementary intervention (see [29]). 
Evidence from such trials has been considered previously 
in efforts to identify and support the employment of the 
most cost-effective intervention within the time frame of 
the trial. The cost per case averted per unit time gives a 
useful comparative metric but can fail to show the com-
bination of efforts required to reach elimination status. 
Discovering this, and then strategizing on how to make 
such action most affordable, is a potential alternative. 
Moreover, decision-makers should avoid demoting LSM 
because of an absence of studies that isolate its impact, 
or the complexity and cost of trial designs required to 
attribute impact to a particular entity. Indeed, when habi-
tat modification or source reduction options are tested, 
any short-term trials (e.g. 1 to 3 years, reflecting typical 
CRT funding periods) will likely underestimate the long-
term cost-effectiveness of efforts achieving permanent 
change [21]. Lastly, LSM is not a solely malaria-centric 
strategy, and trials focused solely on malaria transmission 
may overlook parallel or broader community benefits, 
such as improved sanitation (e.g. removal of tires or rub-
bish from waterways) and reduced densities of nuisance 
biting insects and vectors of other diseases.

Most malaria-endemic countries already mention LSM, 
primarily larviciding, in their strategic plans. The sta-
tus of LSM within the WHO guidelines may be limiting 
because it reduces the strategy to a lower priority than 
other interventions, meaning that there is potential for 
both countries and donors to consider it a lower prior-
ity where funds are limiting. One of the major donors, 
the Global Fund, can support LSM, as they can support 
interventions that are recommended in the WHO guide-
lines for malaria. This includes both interventions with 
a “strong recommendation for” and those with a “con-
ditional recommendation for”. LSM falls into the “con-
ditional” category—as do several other things that the 
Global Fund support (e.g. pyrethroid-piperonyl butox-
ide [PBO] nets). Countries make grant applications for 
funding and, following a review process that consid-
ers what countries wish to prioritize, the position of the 
funder and outcomes from a Technical Review Panel and 
Grant Approval Committee, support is provided. Cur-
rently, however, budget is rarely offered for LSM at the 
end of this process. Despite the conditional recommen-
dation, national malaria programmes are already using 
or advocating for LSM independently. Beyond the core 

guidelines, LSM is also recommended by WHO and 
other agencies as a key strategy for controlling the spread 
of the invasive Anopheles stephensi that share the breed-
ing habitat with Aedes aegypti in major water containers, 
which is increasingly spreading in Africa, especially in 
urban areas [9, 30].

Tanzania is a notable example of how malaria-endemic 
countries can mobilize local resources to support LSM. 
The government formed the End Malaria Council dur-
ing World Malaria Day in 2023 (https:// www. afro. who. 
int/ count ries/ united- repub lic- of- tanza nia/ news/ tanza 
nia- forms- end- malar ia- counc il- malar ia- day- 2023), 
which will be used to mobilize funds to support the 
implementation of LSM and other interventions requir-
ing additional funding. The government is also allocat-
ing funds to support local administrative councils in 
procuring bio-larvicide, which is locally manufactured 
by the government-supported plant, Tanzania Biotech 
Product Ltd. Additionally, the councils are encouraged 
by the President’s Office, Regional Administration, and 
Local Government (PO-RALG) to allocate funds to sup-
port the implementation of bio-larviciding. The plan by 
the Tanzania National Malaria Control Program (NMCP) 
to involve the Vector Control Technical Working Group 
members in supporting the planning and proper imple-
mentation of LSM is crucial for monitoring and maxi-
mizing the impact of LSM, while also providing an 
opportunity to conduct operational research.

There are notable cases where the effectiveness, feasi-
bility and scalability of LSM as a key intervention have 
been demonstrated. For example, in the Khartoum 
malaria-free initiative between 1995 and 2004, substan-
tial progress in malaria control was achieved through the 
weekly application of temephos larvicide and environ-
mental management [31]. This success in an endemic, 
low-income setting is further supported by substantial 
evidence from India [see [32], and references therein]. 
Ultimately, WHO guidelines that are broadly supportive 
of habitat modification efforts would encourage the use 
of the various LSM opportunities that exist and help to 
increase funding.

The case for expanding the application of LSM 
in Africa
Interventions recommended for mass deployment (e.g. 
ITNs and IRS), even when deployed at optimal cover-
age, leave significant gaps in protection at the individual 
and community levels [13, 33–36]. We argue that a mul-
tifaceted approach that integrates LSM alongside other 
vector control strategies—as has been done historically 
(see Supplementary File 1)—can significantly reduce vec-
tor populations and offset key biological threats such 
as insecticide resistance and outdoor biting. Further, 

https://www.afro.who.int/countries/united-republic-of-tanzania/news/tanzania-forms-end-malaria-council-malaria-day-2023
https://www.afro.who.int/countries/united-republic-of-tanzania/news/tanzania-forms-end-malaria-council-malaria-day-2023
https://www.afro.who.int/countries/united-republic-of-tanzania/news/tanzania-forms-end-malaria-council-malaria-day-2023
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environmental modification critically prevents re-estab-
lishment of vector populations, thus advancing malaria 
control and elimination across geographic and socio-eco-
nomic landscapes.

Evidence of epidemiological impact
The public health impacts of LSM have been regularly 
reviewed [32, 37–40], and the evidence from both his-
torical and recent LSM applications can be considered 
by countries to inform deployment of the strategy in con-
text-specific settings while learning in the process. Our 
narrative review of countries that previously eliminated 
malaria reveals that nearly all of them used some form 
of LSM (out of 85 countries reporting on any efforts, 73 
note LSM), often involving habitat manipulation or mod-
ification (Fig. 1 and Supplementary File 1). Almost every 
country in Europe, the Middle East, USA and China used 
drainage and habitat modification. While more chal-
lenging in the tropics, these approaches were achieved 
in several countries. Notably, Cape Verde—which was 

recently declared malaria-free by WHO (in 2024)—used 
temephos larvicide, larvivorous fish and environmental 
management in addition to IRS and case detection [41, 
42]. Indeed, LSM, when meticulously and intensively exe-
cuted at large scale, usually in combination with effective 
case management and enacted as an integrated mosquito 
management (IMM) exercise, has proven potent in miti-
gating, and occasionally contributing to the local elimina-
tion of, key vector populations [43].

The most notable campaigns documented to have 
entirely suppressed malaria vectors occurred across 
54,000   km2 of the northeast coast of Brazil [44], in a 
1000-km stretch of the Nile Valley in Egypt [45], around 
a Zambian copper mine [46], in the USA, Palestine and 
Israel, and the Italian elimination of malaria [47]. In both 
Brazil and Egypt, the impacts were primarily due to verti-
cally directed “military-style” larval control efforts aimed 
at removing all live specimens in relatively short time 
frames, with the primary objective being vector exter-
mination rather than disease control. The Brazil example 

Fig. 1 A summary of a narrative review of the countries that have achieved WHO‑recognized elimination of malaria transmission locally (see 
Supplementary File 1). The proportion of countries that have used a noted approach during their path toward elimination is shown and the stage 
of the parasite noted



Page 7 of 19Okumu et al. Parasites & Vectors           (2025) 18:45  

was particularly unique as it not only involved the use of 
simple paper maps and larvicides (Paris Green) but was 
also completed at a time of war with likely consequential 
supply chain interruptions. In Zambia, extensive envi-
ronmental modification was combined with sustained 
larviciding, treatment, net use, house screening, and 
eventually DDT spraying [43, 46, 48, 49]. This reduced 
malaria incidence by over 95% in approximately 10 years, 
with an 88% reduction in deaths [49]. Kitron and Spiel-
man [47] report that the “modification or elimination 
of aquatic habitats for mosquito breeding” proved deci-
sive in the USA, Palestine, Israel and Italy. In Dar es 
Salaam, habitat manipulation was at least as effective 
as ITNs, and LSM combined with ITNs was synergistic 
and more effective than ITNs alone [50]. This is particu-
larly important because CRTs have indicated that even 
with high coverage, the best intervention on the mar-
ket—pyrethroid-pyrrole ITNs—was not enough to drive 
down malaria and sustain control in Benin [51] or Tanza-
nia [52]. In rural Kenya, LSM significantly enhanced the 
protective effect of ITNs by reducing vector populations 
[53, 54]. In the Khartoum malaria-free initiative, without 
IRS or ITNs, malaria was reduced from 24% to less than 
1% using different LSM interventions including chemical 
larviciding, environmental management (mainly inter-
mittent irrigation in small farms surrounding the city) 
and strong coordination with related sectors and com-
munity participation including the engagement of school 
pupils [55]. Elsewhere, in Nigeria, malaria incidence was 
reduced by nearly 80% in 1 year following habitat drain-
age [56]. Recent evidence from rural Northern Côte 
d’Ivoire showed a 40–50% reduction in malaria incidence 
with Bacillus thuringiensis israelensis (Bti) larviciding, an 
impact that is comparable to dual-active-ingredient ITNs 
[29]. This suggests that concerted efforts could provide 
at least an equivalent impact to that measured for next-
generation ITNs in recent CRTs [51, 52, 57, 58].

Impacts on multiple vectors and nuisance biters
The Global Vector Control Response Framework [59] 
advocates for targeting multiple mosquito species simul-
taneously through the use of LSM and other vector con-
trol approaches. However, the segregation of institutional 
efforts focused on controlling specific mosquito-borne 
diseases, such as malaria or dengue, often prevents the 
full potential of LSM from being realized or measured. 
While the malaria burden in Africa is well documented 
[13], other mosquito-borne diseases, particularly those 
borne by Aedes mosquitoes, remain poorly understood 
and poorly addressed [60]. Moreover, climate change is 
expected to exacerbate the prevalence of these Aedes-
borne diseases, making integrated vector control increas-
ingly important, especially in urban settings [61, 62]. This 

includes areas impacted by the invasive An. stephensi, 
where LSM can address both malaria vectors and arbo-
virus vectors [63], particularly given that species often 
share the same larval habitat [64].

Lessons can be learned from mosquito control prac-
tices outside sub-Saharan Africa, where IMM is critical 
to addressing public health needs including nuisance 
biting, and also animal- and crop-protection needs. For 
example, the US Centers for Disease Control and Pre-
vention (CDC) advises mosquito-abatement districts to 
implement IMM, which includes controlling mosquitoes 
as larvae, removing breeding habitats, using structural 
barriers (such as screening windows) and controlling 
adult mosquito populations through aerial spraying [65]. 
Similar actions reduce disease transmission and nuisance 
biters in Australia [66], Europe [67] and Canada [68]. 
Although many of these programmes are not directly 
targeted at malaria, they offer valuable lessons in public 
health administration and logistical deployments that 
can support African mosquito control programmes. 
Such integration not only cuts costs but also leverages 
expertise from different departments to comprehensively 
address the challenge, thus fulfilling the WHO defini-
tion of integrated vector management (IVM): “a rational 
decision-making process to optimize the use of available 
resources for this strategic intervention” [69].

Management of insecticide resistance and residual malaria 
transmission
Since the 1950s, malaria control strategies have pre-
dominantly focused on reducing the daily survival rate of 
adult mosquitoes, which is generally considered the most 
critical parameter to target in order to effectively curb 
malaria transmission [70]. However, behavioural adap-
tations, such as outdoor or early biting [18], and physi-
ological changes such as insecticide resistance [14] can 
significantly reduce the protective efficacy of ITNs and 
IRS. Although novel commodities like dual-active-ingre-
dient treated nets attempt to counter these evolving chal-
lenges by effectively targeting pyrethroid-resistant adult 
vectors, they are insufficient and do not completely miti-
gate evolving insecticide resistance [51, 52]. In contrast, 
well-implemented LSM can effectively suppress vector 
populations at their source, regardless of species com-
position, behavioural variations or insecticide resistance. 
Resistance management efforts aim to reduce reliance 
on a single mechanism of action—which can be done 
given the range of larvicides already developed—and 
there is evidence that where resistant phenotypes exist, 
fitness costs may include extended larval development 
time, offering potential complementarity from LSM [71]. 
Even without reducing the survival probabilities of adult 
mosquitoes or directly impacting sporozoite infection 
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prevalence, significant declines in overall vector popula-
tions would lead to a reduction in human biting rates and 
directly impact vectorial capacity [72], which has recently 
been (re)considered a more useful metric for planning, 
monitoring and evaluating vector control [73].

To illustrate this, we compared outputs from two math-
ematical modelling frameworks, malariasimulation [74] 
(Fig. 2A and B) and EMOD [epidemiological modelling] 
(EMOD v2.20, 2024) (Fig. 2C and D). In both transmis-
sion models, we assumed seasonal malaria in a generic 
setting and an effective entomological inoculation rate 
(EIR) of 90 infectious bites per person per year in the 
absence of interventions. Intervention scenarios were 
simulated for 3 years, with ITN distributions occurring 
every 3 years per WHO recommendations [75] and ITN 
use simulated to reach 70% immediately after the mass 
campaign before waning over 4 years. The way that inter-
ventions are implemented differs between the models. 
Simulations using EMOD, an agent-based mechanis-
tic model of malaria transmission with vector life cycle 

[76] and within-host parasite and immune dynamics 
[77], assume ITN killing starts at a maximum 70%, and 
loss in efficacy due to insecticide resistance is modelled 
by varying this value. Irrespective of resistance, loss in 
killing efficacy over time due to washing and general 
decay of insecticide is simulated using an exponential 
decay rate of 2 years. ITN blocking starts at 90%, with an 
exponential decay rate of 2 years to model the physical 
integrity of nets for all scenarios [16]. In malariasimula-
tion, the maximum mortality impact due to ITNs reaches 
32.7%, with repellence at 64% for mosquitoes attempting 
to feed while a person is in bed. The mean duration of 
impact is 3.8 years, waning exponentially, and insecticide 
resistance reduces both the potency and duration of this 
impact. These parameters are derived from systematic 
reviews of experimental hut data and validated by simu-
lating CRTs on ITNs [78–80] and updated by Churcher 
et al. [81].

For larvicides, the EMOD model (EMOD v2.20, 2024) 
assumes a biolarvicide (containing Bti and Bacillus 

Fig. 2 Percentage reduction in clinical cases compared to a baseline scenario with no interventions (A, malariasimulation; and C, EMOD) 
for different outdoor biting proportions, and (B, malariasimulation; and D, EMOD) at different levels of resistance to mosquito insecticide‑treated 
nets (ITNs). Dotted lines indicate a scenario where only bednets are distributed, while solid lines indicate a combination of bednets and larvicide 
(or LSM, malariasimulation) being distributed. The black solid line shows a scenario with only larvicides with fortnightly application and waning 
effects (EMOD) or a form of LSM (malariasimulation) that sustains source reductions of 25%. Error envelopes (shaded areas) around the mean 
(lines) are represented by one standard deviation across 20 stochastic seeds per parameter set (EMOD), and stochasticity across 20 random seeds 
for a population of 20,000 people (malariasimulation)
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sphaericus [Bs]) that starts with a killing efficacy of 85%, 
remaining stable for 5  days and then decreasing with 
an exponential decay rate of 1 (Msugupakulya et  al. 
Unpublished data). In all simulations, larvicides were 
distributed at 60% coverage of productive habitats, with 
repeated sprays every 14 days over 4 months. Larviciding 
was assumed to be carried out in the second year after 
ITN distribution to account for reduced usage of nets a 
year after distribution as well as asynchronous distribu-
tion of nets leading to lower overall efficacy in a popu-
lation. In malariasimulation, LSM is implemented to 
reduce adult densities by 25% and sustain this suppres-
sion regardless of the LSM strategy used (i.e. this could 
be the impact from application of a larvicide, or drainage 
or other method of source reduction). No loss of impact 
is simulated.

In both models, in the scenario with varying outdoor 
biting (Fig. 2A and C), simulations were run without loss 
in ITN killing efficacy due to insecticide resistance. In 
the scenarios with varying resistance intensity, outdoor 
biting was held at 20% (Fig.  2B and D).  The number of 
clinical cases was calculated across a year starting from 1 
year after the start of larviciding (i.e. results represent the 
overall reduction in clinical cases during the second year 
of an ITN campaign), and all simulations are compared 
to a baseline case without any vector control interven-
tions. Model parameters and summary outputs are pro-
vided in Supplementary File 2.

While the models have slightly different scales of 
impact according to their specific functional associations 
determining malaria transmission, and make explicit 
assumptions on ITN and LSM impacts that would need 
to be empirically confirmed [see [80] for ITN impact 
validations for malariasimulation], they show similar 
expectations on ITN-only impacts, and that LSM can 
be agnostic to the level of insecticide resistance in local 
mosquitoes or residual transmission, including mosqui-
toes biting outside the effective times of indoor interven-
tions. If LSM is not itself applying an insecticide, this may 
hold true for all forms of insecticide resistance against 
different insecticides and classes. Even though LSM does 
not directly reduce the survival of adult mosquitoes, 
it intrinsically decreases the population of mosquitoes 
entering the transmission system, consequently reduc-
ing the number of bites per person. Therefore, when 
used alongside current adult-targeting interventions like 
ITNs and IRS, LSM can potentially enhance malaria con-
trol efforts, even in areas with significant levels of resist-
ance. An overarching challenge now is determining how 
to measure the impacts of LSM efforts and designing 
metrics that allow for sharing advice across variable set-
tings. Clearly, LSM can address mosquito populations 
with mechanisms completely different from those used 

to control adult mosquitoes. Moreover, LSM offers an 
opportunity for integrated vector control, enabling vec-
tor control campaigns to remain effective regardless of 
resistance patterns.

Working with community members to ensure 
equity, acceptability and overall effectiveness
We recognize that LSM will not be universally appro-
priate [82]. One metric that could be useful is the ratio 
of human population density to the surface water area 
requiring treatment. LSM might prove highly effective 
in peri-urban areas where there is a high human-to-
surface water ratio, but less so in rural settings where 
this ratio is low. Nonetheless, we emphasize that LSM 
has the potential to offer equitable protection against 
malaria in various settings, potentially more regions 
than previously suggested by WHO recommendations, 
which mainly focus on urban or arid environments [2]. 
Its added value is particularly evident in areas where vec-
tor species are infective but where conditions make ITN 
use uncomfortable or unfeasible; where people engage in 
outdoor activities overnight, in the evenings, and early 
mornings; where certain demographic subsets are con-
sistently unprotected [83]; or where the costs of cur-
rent mosquito control commodities are untenable. The 
equitable protection afforded by LSM for all commu-
nity members reduces the social hierarchical challenges 
associated with other interventions, such as ITNs, where 
some household members might be preferentially pro-
tected [84–86], or in settings without mass distribution, 
where the poorest households are disproportionately less 
served. Additionally, LSM provides direct opportunities 
for community involvement by promoting job creation, 
citizen science, and local community participation and 
engagement. If residents can become engaged in source 
reduction efforts, LSM could further represent a more 
sustainable strategy for countries to reduce reliance on 
foreign funding, especially where the companies involved 
can provide high-quality products meeting essential reg-
ulatory approval requirements.

The approach to engaging households and commu-
nities matters, especially for interventions that require 
entry into people’s homes [87–89]. In a recent review 
that included social and behavioural considerations for 
LSM interventions, key themes included the importance 
of timely and regular engagement with communities and 
civil society, and community involvement in implemen-
tation. Cultivating trust, including through employment 
of community members, can increase acceptance and 
effectiveness of LSM interventions [90] (Hunter et  al. 
in preparation). Hiring locally is key, but is not suffi-
cient for some LSM interventions. While local employ-
ment can form a core aspect of broader community and 
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stakeholder engagement, it will be context-dependent 
and distinct across settings.

An LSM programme might engage hundreds of people, 
both male and female, in various aspects of LSM imple-
mentation, thereby enhancing community acceptance 
and ownership. In an integrated management structure, 
teams could be employed to perform LSM during the 
non-IRS season, particularly in drier periods, and then 
transition to perform IRS or implement other interven-
tions like spatial repellents or health education during 
the wetter seasons when the ratio of people to water bod-
ies makes LSM less practical. This approach of re-skilling 
staff for various seasonal tasks was effectively demon-
strated in the Magude Project in Maputo, Mozambique 
[91]. Ideally, this would create demand from the com-
munity to maintain the support of elected officials and 
potentially catalyse countries to put in place a central-
ized top-down structure to drive elimination. Endemic 
countries in the elimination phase should be supported 
in planning and implementing LSM at national and 
sub-national levels, with strong sub-national oversight 
and leadership where LSM could provide the final push 
towards elimination. For instance, the highly success-
ful Dar es Salaam Urban Malaria Control program, a 
partnership between local government agencies and 
research and academic institutions, relied on hundreds 
of community-owned resource persons (CORPs) to sup-
port LSM [92]. This approach created a lasting work-
force central to the continuation of the programme, 
and the CORPs themselves viewed their roles as profes-
sional, akin to employment rather than voluntary work 
[92]. The creators of this programme eventually recom-
mended improving employment conditions, involving 
local health committees in staff recruitment and enhanc-
ing communication and community engagement skills to 
achieve effective community participation, particularly 
for accessing fenced and gated compounds in the city. 
They also suggested a simpler, more direct, community-
based surveillance system managed by fewer, better-paid 
personnel to improve performance and data quality [92]. 
In low-income settings where percentage unemployment 
is commonly in the double digits and the population is 
rapidly growing, such LSM programmes can constitute 
significant local employment opportunities with multiple 
positive externalities.

To maximize impact, significant efforts should there-
fore be made to actively engage local populations, not 
only to obtain their consent and acceptance, but also to 
involve them in mapping, characterizing and prioritizing 
aquatic habitats [93], as well as in implementing, manag-
ing and evaluating selected LSM strategies. Additionally, 
while advancements in technology may improve habi-
tat mapping and treatment, these technologies should 

complement, rather than replace, the involvement of the 
local workforce.

It is equally important to consider how communities 
depend on the same water bodies that harbour mosqui-
toes and to educate and involve them in decision-mak-
ing regarding which LSM approaches to adopt. A recent 
study in Tanzania documented how community mem-
bers use these habitats as a source of water for important 
daily activities such as cooking, drinking, washing uten-
sils, washing clothes, bathing, crop farming, livestock 
rearing, brickmaking and fishing [94]. In this setting, the 
authors observed community readiness to implement 
LSM, favouring larviciding and habitat manipulation, 
which unlike habitat removal would preserve the water 
sources, though there were concerns about the safety of 
larvicides for animal and human health and their envi-
ronmental impact. Other excellent examples of partner-
ships that exist between agriculture and malaria control 
efforts include the idea of farmer field schools to train 
staff to identify anopheline larvae alongside crop pest lar-
vae to bolster surveillance [95]. These preferences might 
differ in other settings, but overall, the observations 
underscore the need for LSM strategies to consider both 
mosquito control and community needs, integrating edu-
cational efforts and culturally sensitive approaches.

To the degree possible, the engagement may also be 
extended to other relevant sectors to access experience 
or optimize resource use. For example, depending on 
the strategy adopted, LSM could preserve ecosystems 
by reducing the need for widespread use of insecticides, 
thereby reducing environmental impacts. Teams could 
also coordinate with agriculture to ensure more judicious 
use of pesticides, training subsistence farmers alongside 
communities on resistance [96]. The widespread use of 
chemical-based products for vector control began before 
the importance of environmentally protective practices 
was fully recognized. While Bacillus-based formulations 
for bio-larviciding are generally considered ecologically 
safe, concerns have been raised about their ecological 
impact [97]. LSM strategies like habitat mitigation and 
the use of larvivorous predators can provide sustainable 
mosquito control alternatives that produce less waste 
than commodity-based interventions (e.g. polyethylene 
or polypropylene waste from discarded nets). However, 
potential negative environmental impacts must be care-
fully assessed before introducing these approaches, given 
that some predatory fish, notably Gambusia affinis, can 
become invasive [98]. Additionally, cleaning up plastic 
waste, especially discarded tires that create breeding sites 
[99], and promoting responsible recycling are crucial 
for effective habitat removal [9, 100]. Such environmen-
tal sanitation has an added advantage, as it can improve 
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control of Aedes vectors in places where risks exist but 
concerns focus on malaria transmission [101].

Lastly, education can be a powerful component of dis-
ease control operations and has played a pivotal role in 
the control of vector-borne diseases [102] including den-
gue [103], and has been widely adopted for malaria con-
trol by encouraging the use of ITNs [104–108] or through 
the use of outreach training and supportive supervi-
sion to improve the quality of service provision [109]. A 
recent review found that greater knowledge of larviciding 
increased support for its application [110, 111] (Hunter 
et  al. in preparation). Expanding state education cur-
ricula to include vector control concepts, such as source 
reduction, will require tailored efforts that build on local 
knowledge and provide practical guidance to encourage 
sustained community actions for reducing larval habi-
tat. While comprehensive knowledge can lay a valuable 
foundation for engagement and help to increase accept-
ance, it is not sufficient. It is also critical to understand 
and address context-specific barriers to participation and 
ensure that what is being asked of people is feasible in 
terms of the time, skills and resources required [112].

Adopting technological advancements to improve 
feasibility and scalability of LSM
Most historical evidence supporting LSM is obser-
vational, similar to the extensive successes of IRS in 
the pre-ITNs era. These early successes in LSM were 
achieved before many of the technological advance-
ments and commodities we have at our disposal today, 
such as drones, remote sensing, mobile applications and 

advanced geospatial analysis techniques (Fig.  3). There 
are further developments in equipment to deliver larvi-
cides, some of which are liquid or granular mist blow-
ers that can reach “cryptic” larval habitats (e.g. [113]). 
These developments are already showing the extended 
reach of LSM. For example, drones were used to map 
then deliver Bti larviciding to irrigated rice paddies in 
semi-urban Kigali, Rwanda, driving declines in larval and 
adult mosquito densities and community malaria burden 
[114]. These technological advancements could improve 
the planning of LSM and also ensure cost-efficient exe-
cution of the field operations [115], enabling success 
beyond what was already possible decades ago. However, 
the ultimate impact might vary by, among other factors, 
the nature of the technology, the eco-epidemiological 
settings and the technical know-how of the operators; 
thus, the cost-efficiency and impact of implementation 
urgently needs to be empirically tested [116].

The current WHO recommendations on LSM empha-
size the importance of habitats being “few, fixed, and 
findable” [2]. We believe that the last item, “findable”, is 
the most critical factor, and that these guidelines could 
be simplified to habitats being simply findable, allowing 
them to be treated, modified or removed. Historical suc-
cesses such as those in Brazil and Egypt [44] were made 
possible by substantial financial backing and a large local 
workforce. Today, advancements in artificial intelligence 
(AI), modelling, drones, smartphones and satellites pre-
sent new opportunities to expand the number of habi-
tats that are treatable. High-resolution aerial imagery 
from drones, multimodal data from satellite sensors and 

Fig. 3 Aerial view of an extensive mosquito breeding site in Maboga, Zanzibar, captured from a low‑cost drone
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advanced image analysis techniques (including machine 
learning techniques), combined with ground-truthing 
data, can provide precise, accurate and timely informa-
tion on the location of potential larval habitat. This facili-
tates the efficient scaling up of aquatic habitat mapping 
activities, which is a crucial precursor to deploying larvi-
ciding operatives.

Additionally, satellite imagery and hydrological terrain 
analysis can help target LSM activities [117]. Although 
these may not pinpoint individual larval habitat sites, 
they provide vital information to direct drone or field-
based mapping efforts, potentially reducing financial 
costs for surveying and delivering LSM [115]. Hydrologi-
cal mapping is particularly valuable for enhancing LSM 
strategies for malaria vector control in rural Africa. Key 
predictors of dry-season aquatic habitats, such as riv-
ers and river channels, are essential for understanding 
the dispersal patterns and seeding of major vector spe-
cies like Anopheles funestus, which dominate malaria 
transmission across most of the east and southern Africa 
region [118]. Field studies have shown that malaria trans-
mission mediated by An. funestus can extend to the dry 
season, and therefore dry season control may be particu-
larly effective in settings where this species dominates, 
especially if refugia are effectively targeted [119, 120]. In 
these settings, monitoring surface water dynamics over 
time helps classify water bodies as transient, ephemeral, 
seasonal or permanent, refining habitat targeting for vec-
tor control and maximizing resource allocation efficiency 
[117, 121]. In these contexts, using longer-lasting (and 
potentially more costly) larvicide formulations might be 
justified for permanent water bodies, whereas for tran-
sient and ephemeral ones, a less expensive, shorter-acting 
larvicide would suffice.

Apart from improving the capacity to find and target 
habitats through image analysis and other methods, these 
technologies could support researcher efforts to quan-
tify and explicitly attribute impact to the LSM methods 
tested, potentially meeting WHO’s rigorous assessment 
criteria and allowing for broader recommendations. 
Mobile-based approaches can also be used for planning 
and monitoring the deployment, coverage and success of 
LSM activities [116], vastly improving the feasibility and 
effectiveness of LSM. Overall, technological advance-
ments now make it easier to map, characterize and treat 
aquatic habitats. Emphasis should be placed on ensur-
ing that any technology adoption is done to comple-
ment, rather than replace, the involvement of the local 
workforce.

Besides drones, mobile technologies, satellite imagery 
and the like, there have also been significant improve-
ments in formulations of larvicides. To date, WHO has 
prequalified an extensive list of larvicide products [122], 

including some novel options with long-lasting activ-
ity. There is now a tablet form of a product isolated from 
the bacterium Saccharopolyspora spinosa that is report-
edly active against container-breeding mosquitoes for up 
to 16 weeks depending on the dose [122, 123]. Another 
longer-lasting option for targeting container-breeding 
mosquitoes is 2%-pyriproxyfen  Matrix Release (2MR) 
formulation that uses pyriproxyfen with active impacts 
reported for up to 6  months [122, 124]. The Bti strain 
AM65-52 WG also provides 8  weeks of residual effects 
when directly applied to containers [125, 126]. Adopting 
these formulations can greatly improve cost-effectiveness 
and logistical efficiency of larviciding operations, though 
if seasons are short then shorter-lasting and cheaper lar-
vicides could be equivalently effective.

Affordability, financing and sustainability of LSM
Current WHO guidelines, which broadly recommend 
larviciding only in urban and arid settings, are in part 
underpinned by the assumption that LSM strategies 
would not be cost-effective in other settings. However, 
larviciding has been shown to be broadly cost-effective 
across settings [127], and in some settings, the cost-
effectiveness estimates were comparable to ITNs or 
IRS despite the need to continually treat larval habitat 
[128]. This approach has also been shown to significantly 
reduce malaria incidence, sometimes at levels equiva-
lent to ITNs [50]. Although the cost of larvicides is not a 
major factor in economic evaluations compared to ITNs 
and IRS, addressing supply chain challenges and the 
small market for larvicides that limits both local manu-
facturing and scaled application (as market competition 
would drive down costs) is essential for improving the 
availability and affordability of quality larvicides. Along-
side efforts to bolster local manufacturing, it is necessary 
to monitor and evaluate the quality of products. Address-
ing these issues through partnerships with in-country 
businesses and regulators and volume guarantees could 
improve supply and reduce costs. However, cost-effec-
tiveness parameters are broadly context-specific and can 
be improved depending on specific strategies used. While 
further field data are needed, larviciding costs per person 
protected compare favourably with ITN campaigns [129], 
and may be even lower than IRS in semi-urban areas 
[128, 130]. Moreover, using longer-lasting formulations 
may further bring down the cost of operations by sig-
nificantly reducing the treatment frequencies, larvicide 
quantities and workforce requirements.

Unfortunately, LSM has not received the kind of infra-
structural investments that ITNs and IRS have enjoyed, 
which has hindered its broader adoption and has 
restricted opportunities for improving and evaluating 
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cost-effectiveness. For both ITN and IRS, sustained 
investment has been made in developing efficient, adap-
tive and effective supply chains with well-defined dis-
tribution channels to the last mile. This, combined with 
straightforward outcome and impact evaluation metrics 
(such as coverage, number of structures sprayed, num-
ber of people protected and reduced disease burden), 
has resulted in more favourable perceptions among key 
stakeholders, including donors, policymakers and end-
users. Private-sector companies do contribute to mos-
quito control, but quantifying the scale of impact from 
such efforts is a particular challenge [131, 132].

Besides larviciding, to our knowledge, there are no 
empirical epidemiological data or cost analysis for non-
commodity LSM approaches, such as habitat mitigation, 
modification and the use of predatory species to reduce 
aquatic-stage mosquito numbers, which are still largely 
considered complex to implement and evaluate. Despite 
theoretical benefits shown in mathematical models ([27, 
28], and see Fig.  2), a largely positive Cochrane review 
[39], and the frequent observational support for envi-
ronmental sanitation (Fig.  1, details provided in Sup-
plementary File 1), transparent and effective evaluation 
strategies are still lacking. Moreover, the effectiveness 
of source reduction varies by setting, potentially elimi-
nating mosquitoes in low-burden areas but requiring 
more effort in high-burden areas (and this is the case for 
impacts from any vector control). Environmental sanita-
tion through ecologically sensitive habitat modifications 
or removal requires significant upfront capital invest-
ment but can lead to permanent and sustainable ben-
efits that last generations, making this approach more 
cost-effective over longer time periods. Yet it has to be 
recognized that any such action must be considerate of 
ecological harm [133]. Costs are geographically specific 
and access-dependent, explaining the challenges in uni-
versally recommending LSM without considering local 
socio-ecological factors and disease transmission deter-
minants. We therefore recommend developing methods 
to assess longer-term cost-effectiveness of other LSM 
strategies like source reduction, which can permanently 
reduce breeding spaces and thus suppress mosquitoes 
without the need for regular replenishment of commodi-
ties, so that authorities can better understand whether 
the necessary upfront capital would maintain benefits 
and become continually more cost-effective as malaria 
cases would be averted over many years.

Lastly, to ensure sustainability, funding for LSM should 
be multifaceted, supported by both government agen-
cies and private-sector contributions, with appropri-
ate levels of integration into broader local programmes 
such as public health, environmental management and 
civil infrastructure. Examples of such shared funding 

models might include local governments financing the 
workforce, large equipment and products (e.g. larvicides) 
while private charities fund technological enhancements 
and auxiliary costs such as annual staff training and 
quality assurance. To begin with, national programmes 
should be encouraged to include requests for LSM fund-
ing within their grant applications to the Global Fund 
and other relevant donors, provided they can demon-
strate impact and justification. Additionally, as part of 
the multi-sectoral approach, expertise should be drawn 
from relevant agencies including those responsible for 
environment, agriculture, sanitation and health. Biparti-
san financial support and knowledge should be leveraged 
from each such stakeholder given the collective benefits 
for society. For example, the health ministry should focus 
on quality assurance and surveillance, while other sec-
tors such as environment and civil works should conduct 
much of the LSM activities due to their relevant exper-
tise. Lastly, in-country manufacturers of larvicides or 
LSM equipment, provided appropriate quality assurance 
and control is in place to ensure high quality, should be 
supported, for example by facilitating essential product 
evaluations and certifications and developing collabora-
tive registration procedures between WHO prequalifica-
tion and national regulatory authorities.

Critical next steps in policy formulation 
for cross‑sector integration, workforce 
development, and research and development
Where the national parent policy (and see [59]) already 
recommends LSM, in-country authorities should invest 
in diligent implementation and evaluation of the strat-
egy and evidence to inform further expansions where 
appropriate. Broadly, there are already easily accessible 
workforces in most areas where mosquitoes are a health 
hazard. For instance, youth unemployment in sub-Saha-
ran Africa is high, and employment of these young peo-
ple to establish integrated habitat management could 
provide opportunities to absorb this large labour force 
productively and could alleviate both public health 
and economic challenges. Using local and remuner-
ated labour for deployment of larvicides or other LSM 
activities not only fosters community engagement and 
ownership but also enhances the local knowledge base, 
as already demonstrated in Zanzibar [115]. Vector con-
trol technicians and environmental health officers can 
play a crucial role beyond larvicide deployment, requir-
ing skills in sampling, ground-truthing remote sensing 
data and selecting LSM interventions and application 
methods [134]. It should be expected that these roles 
will necessitate significant training and appropriate 
compensation.
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LSM should be recognized as a multi-sectoral 
strategy involving significant government participa-
tion, appropriate legal frameworks and collabora-
tion across various sectors to leverage the expertise 
and resources necessary for its success. For example, 
expertise from civil and environmental engineering 
may be desirable for permanent habitat removal but 
is usually beyond the typical scope of health min-
istries. Funding may also often lie outside typical 
health ministry budgets, necessitating additional sup-
port from other sectors like environment, education, 
housing or civil works. Additionally, effective LSM 
impact demands stringent public health administra-
tion, cross-sector engagement, and large-scale mobi-
lization, as demonstrated in countries like Palestine, 
Israel, the USA and Italy [47, 135]. Supportive legal 
framework and governance structures are therefore 
essential for enforcing mosquito control laws, inte-
grating new technologies and fostering community 
participation.

Critically, there is need to develop a consensus on 
the evaluation process for impact of LSM. This might 
include how to monitor, evaluate and interpret the 
efforts required for successful LSM programmes—
and should include both entomological and public 
health outcomes but also ecological outcomes such as 
suppression of insects that act as vectors or nuisance 
biters. Results of these evaluations should be made 
more widely available to inform expanded adoption 
of LSM. Box 2 outlines a priority research agenda that 
might be considered to support the scale-up of LSM 
in Africa. Priority research areas should include strat-
egies for assessing the effectiveness of different forms 
of LSM, developing environmentally safe larvicide 
formulations with longer residual efficacy, integrating 
LSM with other vector control strategies and improv-
ing habitat management with advanced technologies 
like satellite imagery and drones. Additionally, invest-
ment is needed in cost-effective larvicidal application 
methods, optimizing community engagement and 
securing sustainable financing (Box 2).

Box  2 A priority research agenda to elevate LSM as a key 
strategy for vector control

1. Identify the applicability and efficacy of different LSM strategies—
such as larviciding, habitat manipulation, habitat removal, and biologi‑
cal control—in African settings, particularly given the limited evidence 
beyond larviciding. Under what conditions are different approaches 
most effective and feasible?

2. Evidence challenges and opportunities that exist for integrating 
LSM with other vector control strategies, such as ITNs, IRS, and housing 
and urban development

3. Determine how technological advances, including satellite imagery 
and drones, citizen science, GIS and mobile technology—application 
equipment for area‑wide treatment of cryptic larval habitats—can be 
leveraged to improve the identification and management of larval 
habitats across diverse geographical landscapes

4. Identify the most scalable and cost‑effective methods for application 
of larvicides in rural and urban areas

5. Optimize community engagement within LSM initiatives to enhance 
local ownership and the overall effectiveness of malaria control efforts. 
Identify key behaviours to be carried out by individuals, households, 
and communities (and factors that influence those behaviors)

6. Develop strategies to ensure sustainable financing and support 
for LSM from local governments and private sectors

7. Quantify the impact of LSM on reducing vector populations in rural 
African settings and consequences for epidemiological outcomes

8. Assess environmental hazards of LSM, particularly regarding chemical 
use, and mitigate to minimize negative impact

9. Integrate datasets (e.g. hydrological, topographic and entomological 
data) to improve the precision of habitat identification and manage‑
ment, and identify necessary additional data sources

10. Establish best practices for tailored LSM treatment schedules 
that align with local ecological conditions and maximize effectiveness

11. Explore effective implementation of LSM for sustained impact 
in the context of climate change, protection of biodiversity, new 
infrastructure development and increasingly unpredictable weather 
patterns

Conclusions
The stagnation of progress in the control of malaria and 
other vector-borne diseases necessitates the re-evalua-
tion and scaling up of LSM as a key component of inte-
grated vector control strategies, particularly in Africa. 
LSM has proven historical success, and recent techno-
logical advancements improve its feasibility in future 
efforts. An update of LSM guidelines is needed to cap-
ture the existing high-quality operational evidence and 
to recognize the advantages provided through advanced 
technologies and our growing understanding of disease 
vector bionomics. Key stakeholders should prioritize the 
development of a consensus framework for LSM evalu-
ation, and engage across multiple sectors and ministe-
rial departments. In doing so, communities can benefit 
fully from the comprehensive expertise and capacity of 
regions. Enhanced community engagement through local 
workforces can deliver equitable, effective and sustained 
implementation of LSM with potentially transformative 
results for vector-borne disease control and society.
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