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Resumo              

Objetivo:  esta revisão narrativa avalia a eficácia das intervenções contra a malária na África Subsaariana em conformidade com a Estratégia Técnica Global para a Malária da Organização Mundial da Saúde (OMS) para o período de 2016 a 2030. Métodos: foram realizadas pesquisas bibliográficas utilizando 
relatórios de malária da OMS publicados entre os anos de 2015 a 2023, juntamente com artigos publicados em bases de dados como Springer, Hindawi, PubMed, Google Scholar, BioMed e Elsevier. Resultados: essa revisão destaca que intervenções como modificação de habitat e melhorias em habitações são eficazes, especialmente ao lidar com fatores humanos no ciclo reprodutivo dos mosquitos. No entanto, persistem desafios na preparação para epidemias, nos métodos de diagnóstico e na pesquisa sobre a malária, todos cruciais para uma gestão eficaz. Sistemas de saúde fracos, financiamento limitado e capacidades insuficientes de vigilância continuam a comprometer as estratégias de controle da malária na África Subsaariana. Enfatiza-se a importância da pesquisa e da inovação, especialmente dos cientistas nas regiões afetadas pela malária, como essenciais para alcançar a eliminação da malária. Esforços coordenados, juntamente com investimentos substanciais em ciência básica e pesquisa de implementação, também são essenciais. Apesar desses obstáculos, o recente sucesso na eliminação da malária na China ilustra a viabilidade do controle por meio de iniciativas bem coordenadas. Conclusão: alcançar progresso sustentável no controle da malária na África Subsaariana exige uma abordagem abrangente, colaborativa e adaptativa. Esta revisão destaca a importância de estratégias multifacetadas e inovadoras para atingir as metas da Estratégia Técnica Global da OMS.
Palavras-Chave: estratégias de controle da malária; estratégia técnica global; África Subsaariana; melhorias em habitações; preparação para epidemias.

Abstract            

Objective: This narrative review assesses the effectiveness of malaria interventions in Sub-Saharan Africa in alignment with the World Health Organization's (WHO) Global Technical Strategy for Malaria 2016–2030. Methods: Literature searches utilized WHO malaria reports from 2015 to 2023, along with published articles from databases including Springer, Hindawi, PubMed, Google Scholar, BioMed, and Elsevier. Results: The review highlights that interventions such as habitat modification and house improvements are effective, particularly in addressing human-related factors in mosquito breeding. 
However, challenges persist in epidemic preparedness, diagnostic methods, and malaria research, all of which are crucial for effective management. Weak healthcare systems, limited funding, and insufficient surveillance capabilities further undermine malaria control strategies in Sub-Saharan Africa. The 
importance of research and innovation especially from scientists within malaria-affected regions is emphasized as vital to achieving malaria elimination. Coordinated efforts, alongside substantial investments in basic science and implementation research, are also essential. Despite these obstacles, recent success in malaria elimination in China illustrates the feasibility of control and eradication through well-coordinated initiatives. Conclusion: modifying 
houses is one of the simplest and most eco-friendly strategies to control indoor malaria transmission. However, achieving sustainable progress in malaria 
control across Sub-Saharan Africa demands a comprehensive, collaborative, and adaptive approach. This review highlights the need for diverse and innovative strategies to meet the goals set forth by the WHO Global Technical Strategy.
Keywords: malaria control strategies; global technical strategy; Sub-Saharan Africa; house modifications; epidemic preparedness.

BACKGROUND

Adherence to malaria control strategies is paramount in 

mi琀椀ga琀椀ng the risks, morbidity, and mortality associated with 
malaria. The global technical strategy for malaria 2016–2030 
serves as a comprehensive framework, guiding countries to 
accelerate progress towards reducing malaria incidences and 
mortality rates by at least 90% by 20301. Although the targets 

remain consistent, strategies for tackling the disease have 
evolved in response to the changing malaria landscape in certain 

regions2 . In Sub-Saharan Africa (SSA), malaria prevalence has 
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steadily declined due to intensive interven琀椀ons like indoor 
residual spraying (IRS), Long-las琀椀ng Insec琀椀cidal Nets (LLINs), 
malaria rapid diagnos琀椀c tests (mRDTs), and the judicious use of 
an琀椀-malarial drugs3,4.

The implementa琀椀on of IRS has notably reduced the popula琀椀on 
of the malaria vectors Anopheles gambiae s.s5. Furthermore, 
the combina琀椀on of IRS + LLIN has proven e昀昀ec琀椀ve in diminishing 
the densi琀椀es and human bi琀椀ng rates of An. Arabiensis6,7. Despite 
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these successes, malaria vectors have developed resistance 
to insec琀椀cides8 and expanded into areas previously devoid of 
these arthropods9, necessita琀椀ng diversi昀椀ed strategies tailored 
to assorted malaria landscapes.

In the highlands of western Kenya, An. gambiae s.s and An. 

funestus were tradi琀椀onally dominant vector species10. However, 
recent shi昀琀s in vector popula琀椀on composi琀椀on, par琀椀cularly the 
decline in An. gambiae s.s popula琀椀ons have led to a surge in the 
popula琀椀on of An. arabiensis to approximately 33% 11,12. These 

changes in species composi琀椀on and popula琀椀on coincide with 
behavioral shi昀琀s, including species-speci昀椀c circadian rhythms of 
feeding13. Species once known for nocturnal and indoor feeding 
now exhibit indoor and outdoor feeding pa琀琀erns during the 
night and late evening, e昀昀ec琀椀vely transmi琀�ng malaria14.

The coloniza琀椀on and adapta琀椀on of malaria vectors in SSA areas 
previously deemed unfavorable for their survival have intensi昀椀ed 
due to the rapid growth of the human popula琀椀on15. Changes in 

land cover pa琀琀erns resul琀椀ng from agricultural ac琀椀vi琀椀es have 
created favorable habitats for malaria vectors16–18.

While insec琀椀cide resistance and changes in land-use pa琀琀erns 
pose challenges to malaria vector control, insec琀椀cide-
treated nets (ITNs) and IRS remain central to indoor malaria 
control. However, the e昀케cacy of indoor interven琀椀ons may 
be compromised if the focus on malaria control through 
insec琀椀cides primarily targets households. According to the 
World Health Organiza琀椀on's report19, malaria causes illness in 
approximately 200 million people and results in nearly half a 
million deaths each year. Over 90% of these fatali琀椀es occur in 
Sub-Saharan Africa, with children under 昀椀ve years old being the 
most vulnerable. Since young children are typically indoors at 
night when most malaria transmissions happen, this age group 
is dispropor琀椀onately a昀昀ected. Therefore, op琀椀mizing vector 
control tools to target indoor and outdoor-bi琀椀ng mosquitoes 
at the adult or immature stages is essen琀椀al to complement 
ITNs and IRS. This review provides a narra琀椀ve account of the 
use of strategies in the ongoing e昀昀orts to combat malaria in 
SSA, speci昀椀cally house modi昀椀ca琀椀on and malaria epidemic 
preparedness.

The aspira琀椀on of the World Health Organiza琀椀on (WHO) and the 
global malaria community is to envision a world completely free 
from the scourge of malaria1. To materialize this vision, the World 
Health Organiza琀椀on formulated the Global Technical Strategy 
for Malaria 2016-2030. This strategy is designed to aid na琀椀ons 
in mi琀椀ga琀椀ng the human su昀昀ering in昀氀icted by the deadliest 
mosquito-borne disease worldwide. The strategy's objec琀椀ves, 
markers of progress, and benchmarks are de昀椀ned as follows: (i) 
To globally reduce malaria mortality rates by a minimum of 40% 
in 2020 compared to the 昀椀gures in 2015, followed by reaching 
75% by 2025 and eventually achieving at least a 90% reduc琀椀on 
by 2030; (ii) To globally lower malaria case incidence by at least 
40% in 2020 in contrast to the sta琀椀s琀椀cs of 2015, followed by a 
75% reduc琀椀on by 2025, and ul琀椀mately achieving a minimum of 
90% reduc琀椀on by 2030; (iii) To eliminate malaria transmission 

in countries where the disease was prevalent in 2015, aiming 
for at least ten (10) countries by 2020, expanding to a minimum 
of 20 countries by 2025, and targe琀椀ng a presence in at least 
35 countries by 2030; (iv) To safeguard against the resurgence 
of malaria in all malaria-free countries by implemen琀椀ng robust 
preven琀椀ve measures.

These objec琀椀ves collec琀椀vely represent the commitment of 
the global community to create a future free from the grip of 
malaria. The strategy's me琀椀culously outlined goals and targets 
serve as guideposts in the ongoing 昀椀ght against this relentless 
disease.

To expedite the journey towards elimina琀椀on, a strategic 
framework has been developed to empower vulnerable 
communi琀椀es, amplifying the e昀昀ec琀椀veness of exis琀椀ng life-
saving measures and approaches. This strategy is anchored in 
three founda琀椀onal pillars, bolstered by two complementary 
elements, collec琀椀vely direc琀椀ng worldwide endeavors toward 
the ul琀椀mate goal of malaria elimina琀椀on. These pillars are:

i) Ensuring Universal Access that focuses on achieving widespread 
malaria preven琀椀on, diagnosis, and treatment availability. It is 
paramount to make these essen琀椀al tools and interven琀椀ons 
accessible to all who need them. It is a cornerstone in the 
ba琀琀le against malaria; ii) Accelera琀椀ng Elimina琀椀on E昀昀orts, which 
revolves around intensifying ini琀椀a琀椀ves that hasten progress 
towards elimina琀椀on and the achievement of malaria-free status. 
It necessitates unrelen琀椀ng dedica琀椀on to proac琀椀ve strategies 
that curtail the spread of the disease and push boundaries in the 
pursuit of a malaria-free world; iii) Transforming Surveillance, 
which seeks to elevate malaria surveillance to the status of a 
core interven琀椀on. By strengthening surveillance systems and 
their e昀케ciency, early detec琀椀on and prompt response become 
possible, cri琀椀cally aiding the overall endeavor to eliminate 
malaria.

Ensuring universal access to malaria preven琀椀on involves 
strategic approaches, two of which are crucial for e昀昀ec琀椀ve 
control: house modi昀椀ca琀椀ons and epidemic preparedness. This 
paper documents innova琀椀ve strategies in malaria vector control 
in sub-Saharan Africa, aligning with the global technical strategy 
for malaria 2016–2030.

House modi昀椀ca琀椀ons: a long-term solu琀椀on

Implemen琀椀ng house modi昀椀ca琀椀on strategies holds signi昀椀cant 
poten琀椀al in malaria control, especially in endemic regions. These 
strategies create physical barriers, such as window screens and 
door sweeps, reducing mosquito-human contact and disease 
transmission14. This approach o昀昀ers a long-term solu琀椀on, 
providing ongoing protec琀椀on with minimal maintenance. House 
modi昀椀ca琀椀ons empower communi琀椀es, involving them directly in 
malaria control e昀昀orts and complemen琀椀ng other interven琀椀ons 
like bed nets and indoor spraying.

Despite the poten琀椀al impact, challenges related to cost, 
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maintenance, cultural acceptance, and equity must be 
addressed for successful implementa琀椀on. When integrated 
comprehensively with other interven琀椀ons, house modi昀椀ca琀椀ons 
become a vital tool in the 昀椀ght against malaria.

Epidemic preparedness: a proac琀椀ve approach

As of 2023, the World Health Organiza琀椀on (WHO) launched 
an ini琀椀a琀椀ve targe琀椀ng Anopheles stephensi. Malaria cases and 
fatali琀椀es remain concentrated in the WHO African Region, 
predominantly a昀昀ec琀椀ng young children (under 5). Disease 
pandemics such as COVID-19 exacerbate the challenges faced 
in malaria control.

Epidemic preparedness is crucial for an琀椀cipa琀椀ng, planning, and 
responding to poten琀椀al outbreaks. This proac琀椀ve approach 
involves:

i. Surveillance and Early Warning: u琀椀lizing robust 
surveillance systems to detect unusual increases in 
malaria cases, triggering rapid responses.
ii. Risk Assessment: evalua琀椀ng factors contribu琀椀ng to 
outbreaks, including popula琀椀on movement, climate 
changes, and vector behavior.
iii. Mobilizing Resources: alloca琀椀ng resources in advance 
to regions prone to outbreaks, ensuring swi昀琀 response 
measures.

iv. Rapid Response Plans: developing detailed plans 
covering case management, vector control, community 
engagement, and communica琀椀on strategies.
v. Community Engagement: involving local communi琀椀es 
in outbreak response, fostering awareness and 
coopera琀椀on.
vi. Vector Control: employing interven琀椀ons like indoor 
spraying and bed net distribu琀椀on to rapidly reduce 
mosquito popula琀椀ons.
vii. Case Management and Healthcare Strengthening: 
training healthcare workers and reinforcing health 
systems for e昀케cient response during outbreaks.
viii. Data Analysis and Learning: conduc琀椀ng post-outbreak 
analysis to re昀椀ne future preparedness plans.

In essence, epidemic preparedness is a holis琀椀c, proac琀椀ve 
approach that enhances overall malaria control e昀昀orts, 
preven琀椀ng epidemics from escala琀椀ng. This strategy 
acknowledges the mul琀椀-faceted nature of malaria control 
and emphasizes proac琀椀ve measures that signi昀椀cantly impact 
transmission rates. By focusing on house modi昀椀ca琀椀ons and 
epidemic preparedness, the global community moves closer 
to a malaria-free future. This paper contributes to this goal by 
documen琀椀ng strategic innova琀椀ons in malaria vector control in 
sub-Saharan Africa, aligning with the global technical strategy 
for malaria 2016–2030.

MATERIALS AND METHODS

This review draws on peer-reviewed studies, malaria 
epidemiology reports, and WHO publica琀椀ons. A comprehensive 

literature search was conducted using databases such as Google 
Scholar, PubMed, Elsevier, and other health-related journal 
sites. The inclusion criteria targeted ar琀椀cles repor琀椀ng data from 
Sub-Saharan Africa on vector control interven琀椀ons, insec琀椀cide 
resistance, and knowledge of malaria and its vectors between 
2015 to 2023. 

RESULTS

Out of 121 papers ini琀椀ally retrieved, only 23 met the criteria 
for inclusion in the study. Generally, malaria control in sub-
Saharan Africa is mul琀椀faceted, focusing on habitat modi昀椀ca琀椀on, 
housing improvements, epidemic preparedness, diagnos琀椀cs, 
and research. Environmental management (EM) addresses 
mosquito breeding through ac琀椀ons like draining stagnant 
water and marshes, reducing approximately 40% of breeding 
sites and malaria cases. Species sanita琀椀on, such as installing 
screens on doors and windows, targets mosquitoes at larval and 
adult stages. House modi昀椀ca琀椀ons further reduce malaria risk, 
with ini琀椀a琀椀ves such as screening windows, closing eaves, and 
installing insec琀椀cide-treated eave tubes, which lower mosquito 
popula琀椀ons and Plasmodium prevalence.

The World Health Organiza琀椀on (WHO) recommends untreated 
screening in high-transmission areas, with well-constructed 
homes poten琀椀ally reducing malaria by 9–14%. Community-
led house modi昀椀ca琀椀ons show promise, yet face economic 
and socio-cultural barriers, necessita琀椀ng collabora琀椀ve e昀昀orts 
for accessibility in low-income regions. Cost-e昀昀ec琀椀veness is 
a considera琀椀on, as community-based improvements o昀昀er a 
viable long-term solu琀椀on.

E昀昀ec琀椀ve epidemic preparedness is essen琀椀al, par琀椀cularly in the 
face of disrup琀椀ons from the COVID-19 pandemic and climate-
induced challenges. Surveillance systems aid in early detec琀椀on, 
resource mobiliza琀椀on, and community educa琀椀on. Rapid 
diagnos琀椀c tests (RDTs) are cri琀椀cal in resource-limited se琀�ngs, 
complemented by research ini琀椀a琀椀ves suppor琀椀ng vaccine 
and diagnos琀椀c advancements. Malaria control e昀昀orts must 
overcome funding and infrastructure challenges, reinforced by 
campaigns like the African Union’s "Zero Malaria Starts with 
Me."

Research remains vital to achieving the WHO Global Technical 
Strategy goals by 2030. Regional ini琀椀a琀椀ves and training programs 
drive local scien琀椀昀椀c capacity and innova琀椀on, essen琀椀al to 
counter evolving malaria parasites. A comprehensive approach, 
involving poli琀椀cal, community, and health sector collabora琀椀on, 
is needed to progress toward a malaria-free future in sub-
Saharan Africa.

Habitat modi昀椀ca琀椀on

Addressing human-induced factors contribu琀椀ng to mosquito 
breeding is crucial in malaria preven琀椀on. It includes elimina琀椀ng 
preventable breeding sites, stagnant waters, and se琀琀lements 
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in swampy/marshy areas. Approximately 40% of Anopheles 
mosquito breeding sites (and malaria cases) could be mi琀椀gated 
through environmental management (EM) e昀昀orts20. Ini琀椀a琀椀ves 
such as installing screens on doors and windows, coupled with 
engineering projects to eliminate breeding sites (e.g., draining 
marshes), cons琀椀tute species sanita琀椀on. These e昀昀orts target 
both larval stages and adult mosquitoes20 .

House modi昀椀ca琀椀ons

House modi昀椀ca琀椀ons emerge as a promising strategy against 
malaria22. The Global Strategy for Malaria Control 2016-
2030 highlights house modi昀椀ca琀椀on as a key component of 
malaria vector control programs. Improved housing posi琀椀vely 
impacts living environments and the quality of housing stock23. 

Communi琀椀es in malaria-endemic areas accept interven琀椀ons 
such as screening windows, ceilings/eaves, and doors, along 
with placing eave tubes and ribbons to control malaria. 
These interven琀椀ons fall into three categories: (a) design and 
material speci昀椀ca琀椀ons for primary household construc琀椀on, 
(b) modi昀椀ca琀椀ons to exis琀椀ng structures, and (c) incorpora琀椀ng 
insec琀椀cide delivery systems. Notable modi昀椀ca琀椀ons include 
screening windows, doors, ceilings, eave closure, roof 
modi昀椀ca琀椀on, and eave tube installa琀椀ons24. Evidence supports 
their e昀케cacy, showing reduced mosquito popula琀椀ons, lower 
malaria incidence, and decreased Plasmodium prevalence in 
modi昀椀ed houses25,26. Thus, the World Health Organisa琀椀on27 

recommends untreated screening for malaria preven琀椀on in 
areas with ongoing transmission.

Well-constructed and mosquito-proof houses can reduce 
malaria risk by 9% to 14%, with reports of a 37% reduc琀椀on 
in mosquito popula琀椀ons in modi昀椀ed houses25. Addi琀椀onally, 
modi昀椀ed houses are associated with a lower prevalence of 
Plasmodium parasites and reduced anemia. Challenges in 
implemen琀椀ng modi昀椀ca琀椀ons include the in昀氀uence of local 
context on par琀椀cipant experience, with limited discussions on 
the socio-cultural aspects of urban and rural se琀�ngs22. Despite 
economic challenges, community-led house improvement 
interven琀椀ons show promise, contribu琀椀ng to reduced malaria 
burden and high acceptability28. The cost-e昀昀ec琀椀veness of these 
interven琀椀ons needs considera琀椀on, with community-led house 
improvement cos琀椀ng $27.04, o昀昀ering a poten琀椀al alterna琀椀ve 
for long-term malaria preven琀椀on29. Collabora琀椀ve e昀昀orts are 
necessary to overcome barriers and make housing modi昀椀ca琀椀ons 
accessible to low-income households in endemic se琀�ngs.

Malaria epidemic preparedness

Malaria epidemics o昀琀en follow abnormal weather condi琀椀ons 
and other factors like drug resistance and popula琀椀on movement. 
E昀昀ec琀椀ve surveillance systems are essen琀椀al for early detec琀椀on, 
risk assessment, resource mobiliza琀椀on, rapid response planning, 
community engagement, vector control, case management, 
healthcare strengthening, and data analysis and learning1. The 

COVID-19 pandemic disrupted rou琀椀ne health services, resul琀椀ng 
in increased malaria cases and deaths, emphasizing the need 

for resilient health systems.

Challenges to epidemic preparedness include setbacks from 
previous outbreaks like the Ebola virus and the increased risk 
of infec琀椀ons, including malaria, due to 昀氀oods30,31. Despite 
signi昀椀cant progress, seasonal outbreaks persist in sub-Saharan 
Africa. Health promo琀椀on messages, consistent use of protec琀椀ve 
measures, and community educa琀椀on are crucial for sustained 
e昀昀orts in epidemic preparedness32.

Diagnos琀椀c approaches and research ini琀椀a琀椀ves

E昀케cient and 琀椀mely diagnosis is essen琀椀al for e昀昀ec琀椀ve malaria 
management. Among the available diagnos琀椀c methods, rapid 
diagnos琀椀c tests (RDTs) are par琀椀cularly recommended for 
se琀�ngs with limited resources, o昀昀ering a cost-e昀昀ec琀椀ve and 
user-friendly solu琀椀on. Capacity-building ini琀椀a琀椀ves like the 
European & Developing Countries Clinical Trials Partnership 
(EDCTP) support research in vaccines, drugs, and diagnos琀椀cs, 
promo琀椀ng collabora琀椀on and innova琀椀on in malaria control 
e昀昀orts33.

Challenges and strategies for malaria control in sub-Saharan 
Africa

Despite signi昀椀cant progress, malaria control in sub-Saharan 
Africa faces challenges such as weak health systems, insu昀케cient 
funding, and inadequate surveillance. Achieving the WHO Global 
Technical Strategy goals by 2030 requires a stra琀椀昀椀ed approach, 
recognizing varia琀椀ons within countries and regions. The zero-
malaria agenda, supported by campaigns like the AU's "zero 
malaria starts with me," holds promise but requires enforced 
changes and collabora琀椀on across sectors for success34–36.

Research and innova琀椀on

The achievement of malaria elimina琀椀on goals necessitates 
robust research and innova琀椀on, par琀椀cularly driven by 
scien琀椀sts directly impacted by the disease in their daily 
lives35,37. Collabora琀椀ve e昀昀orts, idea sharing, and the training 
of young scien琀椀sts have been facilitated through ini琀椀a琀椀ves 
like the Malaria Capacity Development Consor琀椀um (MCDC), 
Mul琀椀lateral Ini琀椀a琀椀ve on Malaria (MIM), African Malaria 
Network Trust (AMANET), West Africa Network for Clinical Trials 
for An琀椀-malarial Drugs (WANECAM), African Media and Malaria 
Research Network (AMMREN), West Africa Malaria Ini琀椀a琀椀ve 
(WAMI), Malaria Research and Training Center (MRTC), and 
An琀椀-malarial Drug Resistance Network (ADRN). However, 
Sub-Saharan Africa (SSA) s琀椀ll requires substan琀椀al investment 
in basic science, implementa琀椀on research, and innova琀椀on to 
develop new tools and strategies to combat the con琀椀nuously 
evolving parasites38. 

An examina琀椀on of health systems, campaign strategies, and 
reluctance to embrace the zero-malaria agenda reveals that, 
with less than a decade to achieve a 90% reduc琀椀on in malaria in 
endemic zones, rapid a琀琀ainment of zero malaria targets in SSA 
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may face challenges. However, it remains possible if necessary 
changes are enforced. The African Union's "Zero Malaria Starts 
with Me Campaign" represents a posi琀椀ve step, capable of 
mobilizing all sectors cri琀椀cal to ending malaria, from poli琀椀cal 
leaders to community members most a昀昀ected by the disease. 
Malaria can be minimized, if not eradicated, through concerted 
e昀昀orts from poli琀椀cal leaders, the private sector, and community 
members. Addi琀椀onally, health educa琀椀on interven琀椀ons play a 
moderate yet valuable role in improving malaria knowledge and 
the usage of insec琀椀cide-treated nets (ITNs), contribu琀椀ng to the 
global malaria strategy36.

Path to malaria control in sub-Saharan Africa

The recent elimina琀椀on of malaria in China highlights the 
possibility of achieving malaria control and elimina琀椀on through 
coordinated e昀昀orts and scien琀椀昀椀cally prudent means. Sub-
Saharan African countries must strengthen health systems, 
address drug and insec琀椀cide resistance, and intensify regional 
e昀昀orts to move closer to a malaria-free future39. Rethinking 
control strategies and embracing holis琀椀c, systemic approaches 
involving communi琀椀es are impera琀椀ve to achieve the ambi琀椀ous 
goals set by the WHO Global Technical Strategy40.

DISCUSSION

The review of malaria control strategies presents a 
comprehensive understanding of mul琀椀faceted approaches 
to combat malaria, emphasizing habitat modi昀椀ca琀椀on, house 
improvements, epidemic preparedness, diagnos琀椀c techniques, 
and the role of research and innova琀椀on. The discussion unfolds 
as follows:

Habitat Modi昀椀ca琀椀on: addressing human-induced factors 
in mosquito breeding is pivotal for malaria preven琀椀on. 
Environmental Management (EM) e昀昀orts could mi琀椀gate 40% 
of Anopheles mosquito breeding sites. Ini琀椀a琀椀ves like installing 
screens and engineering projects target both larval and adult 
mosquitoes. House modi昀椀ca琀椀ons, including improved housing 
and screening, prove promising against malaria vectors. Well-
constructed houses reduce malaria risk by 9-14%, with notable 
reduc琀椀ons in mosquito popula琀椀ons.

House modi昀椀ca琀椀ons: house modi昀椀ca琀椀ons emerge as a key 
strategy, posi琀椀vely a昀昀ec琀椀ng living environments. Screening 
windows, doors, and eave tubes show e昀케cacy, reducing 
mosquito popula琀椀ons and malaria incidence. Despite economic 
challenges, community-led house improvement ini琀椀a琀椀ves 
show promise in reducing malaria, par琀椀cularly bene昀椀琀椀ng the 
most vulnerable group, children under 昀椀ve. Cost-e昀昀ec琀椀veness 
and collabora琀椀ve e昀昀orts are essen琀椀al for accessibility in low-
income endemic se琀�ngs.

Malaria epidemic preparedness: e昀昀ec琀椀ve surveillance systems 
are crucial for early detec琀椀on, risk assessment, and rapid 
response to malaria epidemics. Challenges include setbacks 
from outbreaks such as the Ebola virus and COVID-19  and 
increased infec琀椀on risks due to factors like 昀氀oods. Health 

promo琀椀on and consistent protec琀椀ve measures are emphasized 
for sustained epidemic preparedness.

Diagnos琀椀c approaches and research ini琀椀a琀椀ves: rapid and 
e昀昀ec琀椀ve diagnosis is crucial for malaria management. Rapid 
diagnos琀椀c tests (RDTs) are recommended for resource-limited 
se琀�ngs, providing cost-e昀昀ec琀椀ve solu琀椀ons. Capacity-building 
ini琀椀a琀椀ves, such as the European & Developing Countries Clinical 
Trials Partnership (EDCTP), support research on vaccines, drugs, 
and diagnos琀椀cs.

Challenges and strategies for malaria control in sub-Saharan 
Africa: challenges include weak health systems, insu昀케cient 
funding, and inadequate surveillance. Achieving WHO Global 
Technical Strategy goals requires a stra琀椀昀椀ed approach, 
recognizing varia琀椀ons within countries and regions. The zero-
malaria agenda, supported by campaigns like the AU's "Zero 
Malaria Starts with Me," holds promise but requires enforced 
changes and collabora琀椀on across sectors.

Research and innova琀椀on: robust research and innova琀椀on, 
driven by scien琀椀sts directly impacted by malaria, are impera琀椀ve 
for elimina琀椀on. Collabora琀椀ve e昀昀orts, training, and ini琀椀a琀椀ves 
like the Malaria Capacity Development Consor琀椀um (MCDC) 
are cri琀椀cal. Substan琀椀al investment in basic science and 
implementa琀椀on research is needed to combat con琀椀nuously 
evolving parasites.

Path to malaria control in sub-Saharan Africa: the recent 

elimina琀椀on of malaria in China underscores the possibility 
of achieving control and elimina琀椀on through coordinated 
e昀昀orts. Strengthening health systems, addressing drug and 
insec琀椀cide resistance, and embracing holis琀椀c approaches 
involving communi琀椀es are crucial. Rethinking control strategies 
is impera琀椀ve to achieve ambi琀椀ous goals set by the WHO Global 
Technical Strategy.

CONCLUSION

In conclusion, the review of malaria control strategies 
highlights a mul琀椀faceted approach to combat malaria, 
encompassing habitat modi昀椀ca琀椀on, house improvements, 
epidemic preparedness, diagnos琀椀c techniques, and the pivotal 
role of research and innova琀椀on. The synthesized discussion 
underscores key 昀椀ndings and implica琀椀ons across these domains.

Habitat modi昀椀ca琀椀on and house improvements: addressing 

human-induced factors in mosquito breeding emerges as 
a pivotal strategy for malaria preven琀椀on. Environmental 
Management (EM) e昀昀orts, such as installing screens and 
engineering projects, show promise in mi琀椀ga琀椀ng Anopheles 
mosquito breeding sites. House modi昀椀ca琀椀ons, including 
improved housing and screening, exhibit e昀케cacy in reducing 
mosquito popula琀椀ons, with well-constructed houses 
demonstra琀椀ng a risk reduc琀椀on of 9-14%.

Malaria epidemic preparedness: e昀昀ec琀椀ve surveillance systems 
are deemed crucial for early detec琀椀on, risk assessment, and 
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rapid response to malaria epidemics. The challenges posed 

by outbreaks like Ebola and COVID-19 underscore the need 
for resilient health systems. Health promo琀椀on and consistent 
protec琀椀ve measures are emphasized to ensure sustained 
epidemic preparedness.

Diagnos琀椀c approaches and research ini琀椀a琀椀ves: rapid 

and e昀昀ec琀椀ve diagnosis remains a cornerstone in malaria 
management. Rapid diagnos琀椀c tests (RDTs), par琀椀cularly 
in resource-limited se琀�ngs, o昀昀er cost-e昀昀ec琀椀ve solu琀椀ons. 
Capacity-building ini琀椀a琀椀ves, such as the European & Developing 
Countries Clinical Trials Partnership (EDCTP), play a vital role in 
suppor琀椀ng research on vaccines, drugs, and diagnos琀椀cs.

Challenges and strategies for malaria control in sub-Saharan 
Africa: despite signi昀椀cant progress, challenges persist, including 
weak health systems, insu昀케cient funding, and inadequate 
surveillance. Achieving WHO Global Technical Strategy goals 
necessitates a stra琀椀昀椀ed approach, recognizing varia琀椀ons within 
countries and regions. The zero-malaria agenda, supported by 
campaigns like the AU's "Zero Malaria Starts with Me," holds 
promise but demands enforced changes and collabora琀椀on 
across sectors.

Research and innova琀椀on: robust research and innova琀椀on, 
par琀椀cularly driven by scien琀椀sts directly impacted by malaria, are 
iden琀椀昀椀ed as impera琀椀ve for elimina琀椀on. Collabora琀椀ve e昀昀orts, 
training programs, and ini琀椀a琀椀ves like the Malaria Capacity 
Development Consor琀椀um (MCDC) are crucial components. 
Substan琀椀al investment in basic science and implementa琀椀on 
research is deemed necessary to combat the con琀椀nuously 
evolving parasites.

Path to malaria control in sub-Saharan Africa: the recent success 

in elimina琀椀ng malaria in China serves as a beacon, highligh琀椀ng 
the poten琀椀al for control and elimina琀椀on through coordinated 
e昀昀orts. Strengthening health systems, addressing drug and 
insec琀椀cide resistance, and embracing holis琀椀c community-
centric approaches are iden琀椀昀椀ed as crucial steps. In essence, 
the path to malaria control in Sub-Saharan Africa demands a 
comprehensive, collabora琀椀ve, and adap琀椀ve approach that 
integrates scien琀椀昀椀c advancements, community engagement, 
and strategic policy interven琀椀ons to achieve sustained progress 
in the 昀椀ght against malaria. Thus, rethinking control strategies 
and approaches is impera琀椀ve to align with the determined 
goals set by the WHO Global Technical Strategy.

REFERENCES

1. World Health Organiza琀椀on. Global Technical Strategy for Malaria 2016-2030. 
Geneve: Who; 2015.

2.World Health Organiza琀椀on. An琀椀microbial Resistance. Geneve: Who; 2021.

3. Wanjala CL, Waitumbi J, Zhou G, Githeko AK. Iden琀椀昀椀ca琀椀on of malaria 
transmission and epidemic hotspots in the western Kenya highlands: Its 
applica琀椀on to malaria epidemic predic琀椀on. Parasit Vectors. 2011 May; 4(1): 81. 
doi:10.1186/1756-3305-4-81.

4. Kangoye DT, Noor A, Midega J, et al. Malaria hotspots de昀椀ned by clinical 
malaria, asymptoma琀椀c carriage, PCR and vector numbers in a low transmission 
area on the Kenyan Coast. Malar J. 2016; 15(1). doi:10.1186/s12936-016-1260-
3.

5. Wagman JM, Varela K, Zulliger R, et al. Reduced exposure to malaria vectors 
following indoor residual spraying of pirimiphos-methyl in a high-burden 
district of rural Mozambique with high ownership of long-las琀椀ng insec琀椀cidal 
nets: entomological surveillance results from a cluster-randomized trial. Malar 
J. 2021; 20(1): 54. doi:10.1186/s12936-021-03583-8.

6. Kenea O, Balkew M, Tekie H, Deressa W, Loha E, Lindtjorn B, et al. Impact 
of combining indoor residual spraying and long-las琀椀ng insec琀椀cidal nets on 
Anopheles arabiensis in Ethiopia: Results from a cluster randomized controlled 
trial. Malar J. 2019; 18(1): 182. doi:10.1186/s12936-019-2811-1.

7. Nkya TE, Fillinger U, Sangoro OP, Marubu R, Chanda E, Mutero CM. Six decades 
of malaria vector control in southern Africa: a review of the entomological 
evidence-base. Malar J. 2022 Oct; 21(1). doi:10.1186/s12936-022-04292-6.

8. Kweka EJ, Mazigo HD, Lyaruu LJ, Mausa EA, Venter N, Mahande AM. 
Anopheline Mosquito Species Composi琀椀on, Kdr Muta琀椀on Frequency, and 
Parasite Infec琀椀vity Status in Northern Tanzania. J Med Entomol. 2020 May; 
57(3): 933-938. doi:10.1093/jme/tjz245.

9. Chen H, Githeko AK, Zhou G, Githure JI, Yan G. New records of Anopheles 
arabiensis breeding on the Mount Kenya highlands indicate indigenous malaria 
transmission. Malar J. 2006; 5: 17. doi: 10.1186/1475-2875-5-17.

10. Minakawa N, Munga S, A琀椀eli F, Mushinzimana E, Zhou G, Githeko AK, et al. 
Spa琀椀al distribu琀椀on of anopheline larval habitats in Western Kenyan highlands: 
e昀昀ects of land cover types and topography. Am J Trop Med Hyg. 2005; 73(1): 
157-165.

11. Wamae PM, Githeko AK, Menya DM, Takken W. Shading by Napier grass 
reduces malaria vector larvae in natural habitats in Western Kenya highlands. 
Ecohealth. 2010 Jul; 7(4): 485-497. doi:10.1007/s10393-010-0321-2

12. Kweka EJ, Owino EA, Mwang’onde BJ, Mahande AM, Nyindo M, Mosha F. The 
role of cow urine in the oviposi琀椀on site preference of culicine and Anopheles 
mosquitoes. Parasit Vectors. 2011 Sep; 4(1). doi:10.1186/1756-3305-4-184.

13. Mwanangi JM. Mbogo CM, Orindi BO, Muturi E, Midega JT, Nzovu J, et al. 
Shi昀琀s in malaria vector species composi琀椀on and transmission dynamics along 
the Kenyan coast over the past 20 years. Malar J. 2013 Jan. doi: 10.1186/1475-
2875-12-13.  

14. Russell TL, Govella NJ, Azizi S, Drakeley CJ, Kachur SP, Killeen GF. Increased 
propor琀椀ons of outdoor feeding among residual malaria vector popula琀椀ons 
following increased use of insec琀椀cide-treated nets in rural Tanzania. Malar J. 
2011 Apr; 10: 80. doi:10.1186/1475-2875-10-80.

15. Brandt M, Kjeld R,  Josep P, Feng T, Guy S, Aleixandre V, et al. Human 
popula琀椀on growth o昀昀sets climate-driven increase in woody vegeta琀椀on in sub-
Saharan Africa. Nat Ecol Evol. 2017 Mar; 1: 1-6.

16. Munga S, Yakob L, Mushinzimana E, Zhou G, Ouna T, Minakawa N, et al. Land 
use and land cover changes and spa琀椀otemporal dynamics of anopheline larval 
habitats during a four-year period in a highland community of Africa. Am J Trop 
Med Hyg. 2009 Dec; 81(6): 1079-1084. doi:10.4269/ajtmh.2009.09-0156

17. A琀椀eli HE, Zhou G, Lee MC, Kweka EJ, Afrane Y, Mwanzo I, et al. Topography 
as a modi昀椀er of breeding habitats and concurrent vulnerability to malaria 
risk in the western Kenya highlands. Parasit Vectors. 2011 Dec; 4(1): 241. 
doi:10.1186/1756-3305-4-241

18. Wanjala CL, Kweka EJ. Impact of highland topography changes on exposure 
to malaria vectors and immunity in Western Kenya. Front Public Health. 2016 



 J. Health Biol Sci. 2024; 12(1):1-7           

7  Transforma琀椀ve strategies for malaria resilience in Sub-Saharan Africa

How to cite this article/ Como citar este artigo:Mwang’onde BJ. Beyond Nets and Sprays: Transformative Strategies for Malaria Resilience in Sub-Saharan Africa. J Health Biol Sci. 2024; 12(1):1-7.

Oct; 4: 227. doi:10.3389/FPUBH.2016.00227.

19. World Health Organiza琀椀on. World Malaria Report 2020 20 Years of Global 
Progress and Challenges. Geneve: WHO; 2020.

20. Agyemang-Badu SY, Awuah E, Oduro-Kwarteng S, Dzamesi JYW, Dom NC, 
Kanno GG. Environmental Management and Sanita琀椀on as a Malaria Vector 
Control Strategy: A Qualita琀椀ve Cross-Sec琀椀onal Study Among Stakeholders, 
Sunyani Municipality, Ghana. Environ Health Insights. 2023 Jan; 17: 
11786302221146890. doi:10.1177/11786302221146890.

21. Martello E, Yogeswaran G, Reithinger R, Leonardi-Bee J. Mosquito 
aqua琀椀c habitat modi昀椀ca琀椀on and manipula琀椀on interven琀椀ons to control 
malaria. Cochrane Database of Syst Rev. 2022 Nov; 2022(11): CD008923. 
doi:10.1002/14651858.CD008923.pub3.

22. Kayendeke M, Nabirye C, Nayiga S, et al. House modi昀椀ca琀椀ons as a malaria 
control tool: how does local context shape par琀椀cipants’ experience and 
interpreta琀椀on in Uganda? Malar J. 2023 Aug; 22(1).: 244. doi:10.1186/s12936-
023-04669-1.

23. Carter R, Karunaweera ND. The role of improved housing and living 
environments in malaria control and elimina琀椀on. Malar J. 2020 Oct; 19(1). 
doi:10.1186/s12936-020-03450-y.

24. Furnival-Adams J, Olanga EA, Napier M, Garner P. House modi昀椀ca琀椀ons 
for preven琀椀ng malaria. Cochrane Database Sysc Rev. 2020 Oct; 2020(10): 
CD013398. doi:10.1002/14651858.CD013398.pub2.

25. Fox T, Furnival-Adams J, Chaplin M, Napier M, Olanga EA. House modi昀椀ca琀椀ons 
for preven琀椀ng malaria. Cochrane Database of Systema琀椀c Reviews. Oct; 2020(9): 
CD013398. doi:10.1002/14651858.CD013398.pub4.

26. Bofu RM, Santos EM, Msugupakulya BJ, et al. The needs and opportuni琀椀es 
for housing improvement for malaria control in southern Tanzania. Malar J. 
2023 Feb; 22(1): 69. doi:10.1186/s12936-023-04499-1.

27. World Health Organiza琀椀on. WHO guidelines on management of taenia 
solium neurocys琀椀cercosis. Geneve: WHO; 2021.

28. Tizifa TA, Gowelo S, Kabaghe AN,  McCann R, Malenga T, Nkhata RM, et al. 
Community-based house improvement for malaria control in southern Malawi: 
Stakeholder percep琀椀ons, experiences, and acceptability. PLOS Global Public 
Health. 2022 Jul; 2(7): e0000627. doi:10.1371/journal.pgph.0000627.

29. Phiri MD, McCann RS, Kabaghe AN, van den Berg H, Malenga T, Gowelo S, et 
al. Cost of community-led larval source management and house improvement 
for malaria control: a cost analysis within a cluster-randomized trial in a rural 

district in Malawi. Malar J. 2021 Jun; 20(1): 268. doi:10.1186/s12936-021-
03800-4.

30. Mennechet FJ, Dzomo GRT. Coping with COVID-19 in Sub-Saharan Africa: 
What Might the Future Hold? Virol Sin. 2020 Sep; 35(6): 875-884. doi:10.1007/
s12250-020-00279-2.

31. Suhr F, Steinert JI. Epidemiology of 昀氀oods in sub-Saharan Africa: a 
systema琀椀c review of health outcomes. BMC Public Health. 2022 Feb; 22(1): 268. 
doi:10.1186/s12889-022-12584-4.

32. Mundagowa PT, Chimberengwa PT. Malaria outbreak inves琀椀ga琀椀on in a rural 
area south of Zimbabwe: A case-control study. Malar J. 2020 Jun; 19(1): 197. 
doi:10.1186/s12936-020-03270-0.

33. Nyirenda T, Bockarie M, Machingaidze S, Nderu M, Singh M, Fakier N, 
et al. Strengthening capacity for clinical research in sub-Saharan Africa: 
partnerships and networks. Int J Infect Dis. 2021 Sep; 110: 54-61. doi:10.1016/j.
ijid.2021.06.061.

34. The Economist Intelligence. The Path to Malaria Elimina琀椀on in Sub-Saharan 
Africa The Path to Malaria Elimina琀椀on in Sub-Saharan Africa SUPPORTED BY: 2 
The Path to Malaria Elimina琀椀on in Sub-Saharan Africa; 2020.
35. Sarpong E, Acheampong DO, Fordjour GNR, et al. Zero malaria: a mirage or 
reality for popula琀椀ons of sub-Saharan Africa in health transi琀椀on. Malar J. 2022 
Nov; 21(1): 314. doi:10.1186/s12936-022-04340-1.

36. Onyinyechi OM, Mohd Nazan AIN, Ismail S. E昀昀ec琀椀veness of health educa琀椀on 
interven琀椀ons to improve malaria knowledge and insec琀椀cide-treated nets usage 
among popula琀椀ons of sub-Saharan Africa: systema琀椀c review and meta-analysis. 
Front Public Health. 2023 Aug; 11: 1217052. doi:10.3389/fpubh.2023.1217052.

37. Orok AB, Ajibaye O, Aina OO, Iboma G, Adagyo Oboshi S, Iwalokun B. Malaria 
interven琀椀ons and control programes in Sub-Saharan Africa: A narra琀椀ve review. 
Cogent Med. 2021; 8(1): 1-11. doi:10.1080/2331205x.2021.1940639.

38. Mwenesi H, Mbogo C, Casamitjana N, et al. Rethinking human resources and 
capacity building needs for malaria control and elimina琀椀on in Africa. PLOS Glob 
Public Health. 2022 May; 2(5): e0000210. doi:10.1371/journal.pgph.0000210.

39. Badmos AO, Alaran AJ, Adebisi YA, Bouaddi O, Onibon Z, Dada A, et al. What 
sub-Saharan African countries can learn from malaria elimina琀椀on in China. Trop 
Med Health. 2021 Oct; 49(1): 86. doi:10.1186/s41182-021-00379-z

40. Okumu F, Gyapong M, Casamitjana N, Castro MC, Itoe MA, Okonofua F, et al. 
What Africa can do to accelerate and sustain progress against malaria. PLOS Glob 
Public Health. 2022 Jun; 2(6): e0000262. doi:10.1371/journal.pgph.0000262.


