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ABSTRACT

Introduction: Malaria remains a key public health encounter in countries with
resource limitations, where efforts to control the disease often focus on vector control
strategies like insecticide-treated nets (ITNs) and indoor residual spraying (IRS), but
its global burden remains high. Integrated malaria prevention, combining multiple
interventions, has shown promise in reducing malaria incidence, though challenges
such as high costs and insecticide resistance limit its widespread implementation in
these countries. We assessed the effectiveness of malaria control interventions among
individuals aged five years and above in resource-limited countries. Methods: We used
a wide-range search strategy to identify studies from reputable databases, including
PubMed, Google Scholar, Cochrane Library, African Journal Online, and Science
Direct, using keywords related to the effectiveness of malaria control interventions.
The inclusion criteria focused on peer-reviewed articles published between January
2018 and September 2024, excluding systematic reviews. The selection process was
guided by PRISMA 2020 guidelines, with multiple reviewers independently extracting
data on the effectiveness of malaria control interventions. The findings were
synthesised quantitatively and qualitatively. The study’s quality was assessed using the
GRADE framework and critically appraised using Bradford Hill’s criteria. Results:
Fifteen studies met the inclusion criteria, encompassing diverse geographical regions
and study designs, including cross-sectional, before-and-after and RCT. The study
found that individual interventions, such as IRS and ITNs, had varying effectiveness,
with IRS using non-pyrethroid insecticides being highly effective. Larviciding had a
small negative effect, and Intermittent Preventive Treatment was moderately effective
in pregnant women. Conclusion: The evidence is limited by high heterogeneity in
studies, focusing mainly on Sub-Saharan Africa. Integrated malaria control strategies,
including ITNs and IRS, are effective in resource-limited settings. Prioritizing
combined interventions and non-pyrethroid IRS is crucial. However, challenges such
as insecticide resistance and the need for sustained interventions remain. Future
research should focus on long-term effectiveness, including the use of natural products,
larviciding and other supplementary strategies for vector control. Continuous research
on climate impacts, new technologies, and emerging threats is key to achieving
effective and sustainable malaria control.
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Introduction

Malaria remains a noteworthy public health burden,
particularly in resource-limited countries, where it
contributes to high morbidity and mortality rates. In
2023, there were an estimated 263 million malaria
cases globally, with 200 million of these attributable
to the WHO African Region and 180 million of these
to Sub-Saharan Africa. The total number of global
cases stood at 120 million in people five years and
older, 90 million in the WHO African Region and 80
million in Sub-Saharan Africa [1].

Efforts to combat malaria in resource-limited
countries have primarily focused on vector control
strategies, involving the use of ITNs and IRS. These
interventions have been widely implemented and
have shown effectiveness in reducing malaria
transmission [2]. However, the malaria global
burden in current years has not reduced significantly,
highlighting urgent need for more comprehensive
approaches [2]. Integrated malaria prevention,
which involves the use of multiple interventions
simultaneously, has been proposed as a more
effective strategy[3]. This approach includes not
only ITNs and IRS but also other measures such as
larval source management, limitation of mosquito
entry via quality housing and wuse of topical
repellents[4]. Studies have shown that combining
multiple interventions can significantly reduce
malaria incidence and prevalence compared to
single-method approaches [4].

Despite the potential benefits, the implementation of
integrated malaria prevention strategies faces several
challenges, including high costs, labor intensity, and
potential side effects of insecticide-based
methods[5]. Moreover, there is limited evidence
synthesizing the effectiveness of these combined
interventions in resource-limited settings[5].

Several factors influence the effectiveness of malaria
control in resource-limited countries. Socio-
economic status plays a critical role, as poverty limits
access to preventive measures like ITNs and
treatments, making it harder to control malaria.
Health system capacity is another key factor, as weak
health systems may lack the resources and
infrastructure needed to implement and sustain
effective malaria control programs. Environmental
conditions, such as proximity to water bodies and
climatic factors, can also significantly impact

mosquito breeding and malaria transmission,
complicating efforts to reduce the disease’s spread.
Additionally, insecticide resistance poses a serious
challenge, as mosquitoes develop resistance to
insecticides applied in ITNs and IRS, lowering the
success of these interventions[6]. Community
engagement is equally important, as successful
malaria control programs often depend on the active
participation of local populations in adopting
preventive measures and seeking treatment [7].
Without sufficient community involvement, even
the most well-designed malaria control strategies
may fail to achieve their intended impact.

Resource-limited countries employ a variety of
malaria control interventions, including ITNs, IRS,
larval source management (LSM), artemisinin-based
combination therapies (ACTs), intermittent
preventive treatment (IPT), rapid diagnostic tests
(RDTs), seasonal malaria chemoprevention (SMC),
health education and community engagement.
These interventions aim to prevent mosquito bites,
reduce mosquito populations, ensure early diagnosis
and treatment, and raise awareness about malaria
prevention practices [8].

Several reviews and studies have been conducted on
malaria control interventions. These reviews
typically focus on the success of various
interventions, the epidemiology of malaria, and the
socio-economic  factors influencing malaria
transmission and control. These studies examined
the effectiveness of various malaria interventions,
including bednet usage, indoor residual spraying,
and health system improvements [8][9]. From these
reviews there was little focus on intervention that
benefits persons Syears and above.

We assessed the effectiveness of malaria control
interventions among individuals aged five years and
above in resource-limited countries. This review
stands out from previous ones[10], [11]. It has a
wider range of malaria control interventions that
specifically targeted persons aged five years and
above. It discusses the integration of various control
measures, including larviciding, which is often
underrepresented in other reviews.
Methodologically, it adopts a more comprehensive
approach, utilizing an extensive literature search,
refined inclusion criteria, and used Bradford Hill’s
criteria for critical appraisal. Lastly, it incorporated
more recent studies and data from January 2018 to
September 2024, offering an updated and current



perspective on effectiveness of malaria control
interventions.

This review 1is expected to make significant
contributions to both knowledge and practice in the
malaria control intervention’s effectiveness and
practically inform policymakers with evidence-based
recommendations, aid in the formulation of effective
malaria control policies. It provides valuable insights
for health workers and community organizations on
scaling up malaria control interventions.

Methods

Study Design

This systematic review evaluated various malaria
control interventions targeting persons aged five
years and above across different resource-limited
countries. The review identified and explored the
effectiveness of malaria control interventions,
including insecticide-treated nets (ITNs), long-
lasting insecticidal nets (LLINSs), indoor residual
spraying (IRS), chemoprevention, antimalarial
drugs, and more in different settings.

Information Sources

To gather relevant studies, a wide range search was
done using several reputable databases and online
platforms, including PubMed, Google Scholar,
Cochrane Library, African Journal Online, Science
Direct and Web of Science. These databases were
selected based on their extensive coverage of health-
related literature and their relevance to malaria
control research.

Search Strategy

The search involved a broad set of keywords and
terms to identify studies related to malaria control
interventions. Key search terms included malaria
prevention, treatment, management, eradication,
and elimination.

Challenges of specific interventions such as ITNs,
long-lasting insecticidal nets (LLINs), IRS,
chemoprevention, artemisinin-based combination

therapies (ACTs), seasonal malaria
chemoprevention (SMC), IPT, vaccination,
larviciding, environmental management, and

community case management were searched.

The search terms were linked with Boolean
operators such as “AND” and “OR” to improve the
search results. The review also specified age groups
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(e.g., individuals aged 5 years and above, children
over 5 years, adolescents, adults, and the elderly) and
geographic regions, focusing on low- and middle-
income countries (LMIC), predominantly sub-
Saharan Africa.

Eligibility criteria

Inclusion Criteria: Studies focusing on any malaria
control interventions targeting persons five years and
above, studies conducted in resource-limited
countries, peer-reviewed articles, studies published
between January 2018 and September 2024 and
articles available in English were included.

Exclusion Criteria: Papers that had only abstracts
were excluded.

Study Selection Process

The selection process followed the PRISMA
guidelines, starting with the identification of studies
through database searches, followed by screening
titles and abstracts. Articles were then checked for
eligibility based on the inclusion and exclusion
criteria. The review process was iterative, ensuring
that all relevant studies were included while
duplicates and irrelevant articles were excluded.

Data Items

The selected studies were reviewed independently by
multiple reviewers, and discrepancies were resolved
through discussion and consensus. Data extraction
focused on key elements, such as the study area,
study design, malaria intervention type, outcomes
(malaria incidence, prevalence, mortality rates,
morbidity rates, cost-effectiveness). The data were
organized by region and study design to identify
trends and patterns.

Data Synthesis

The review synthesized findings qualitatively,
summarizing key results from the studies across
different geographical regions and study designs. In
addition, meta-analysis was conducted; we
collectively analyzed the diversity of study design
and outcomes (Odd ratio, incidence,
prevalence) while taking into account heterogeneity
given the wide variety of methodology and
population. . The study systematically selected 15
studies for synthesis through a three-step process:
dual-reviewer screening, independent full-text
review, data extraction, and tabulation. All studies
were analyzed by theme and region, with 6 studies
grouped by intervention type for meta-analysis.



Narrative synthesis was used for all studies, and a
random-effects meta-analysis was conducted for a
subset of six studies. Results were displayed using
PRISMA flowcharts and forest plots.

Ethical Considerations

This review involved secondary data analysis of
publicly available studies and did not require ethical
approval. However, ethical standards were adhered
to by only including studies published in peer-
reviewed journals.

Quality Assessment

The quality of the studies included was assessed
using the Grading of Recommendations,
Assessment, Development, and Evaluations

(GRADE) framework (Table 1)

Results

Current status of knowledge

The review included a total of 15 studies out of 224
studies screened. Of these studies, three were from
Ghana, three from Tanzania, two from Nigeria and
one each from Botswana, Mali, Democratic
Republic of Congo (DRC), Ethiopia, Kenya, across
Sub-Saharan Africa, and Myanmar

In Ghana, recent research highlighted the
significance of integrated malaria prevention
measures, noting that malaria prevalence was
dramatically decreased by having access to IRS and
ITNs, with the integrated use of both treatments
proving especially successful [12]. Household access
to ITNs contributed to a 7.1% point reduction in
malaria prevalence, IRS contributed to a 6.8% point
reduction, while ITNs and IRS combination led to a
27.1% point decrease. Meanwhile, IRS significantly
decreased malaria cases in Northern, Upper East
and West regions of Ghana with 39-58% fewer cases
in IRS districts [13]. Nevertheless, its removal
caused an increase in incidence, emphasizing the
need for ongoing interventions. Furthermore,
despite implementation issues, Mass Test, Treat, and
Track (MTTT) programs were perceived to
effectively reduce Pakro sub-district malaria
incidence [14]. These results highlight the necessity
of ongoing and coordinated efforts to control malaria
in Ghana to have a long-lasting effect.

In Nigeria, recent studies have highlighted
innovative approaches to malaria prevention. The
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use of LLINs significantly increased the acceptance
of IPT among pregnant women in Ibadan, their use
was related with acceptance of IPTsp (p<0.05)
suggesting that LLINs can enhance the effectiveness
of IPT programs[15]. Meanwhile, neem seed oil
cream demonstrated that it is an effective natural
repellent against Anopheles gambiae mosquitoes, with
higher concentrations providing longer protection
[16]. That is the 10.0% w/w (weight/weight)
concentration of neem seed oil cream provided the
longest duration of protection and outperformed the
commercial Deet repellent. These findings
underscore the potential of integrating LLINs with
IPT programs and utilizing natural repellents like
neem seed oil to improve malaria prevention
strategies in Nigeria.

In Tanzania, recent research demonstrated
that Dioscorea sansibarensisleaf extract possesses
significant larvicidal potency, suggesting its potential
as a natural vector control agent.The LC50 values
for Cx. quinquefasciatus was between 60.915 to
152.944 ppm and An. gambiae s.s., 80.700 to
169.659 ppm indicating a high larvicidal potency of
the extract [17]. In another study, it was found out
that combining window screening with larviciding in
urban Dar es Salaam significantly reduced both
malaria prevalence and mosquito densities by 50%,
showcasing the effectiveness of integrated
approaches [18]. Additionally, a study reported high
community acceptance (80.3%) of biolarviciding in
Southern Tanzania, driven by perceptions of its
effectiveness despite limited knowledge [19]. These
studies underscore the importance of using natural
products, integrated interventions and community
engagement in enhancing malaria control efforts in
Tanzania.

A cross-sectional study conducted in DRC,
demonstrated that there was no substantial
difference in malaria transmission rates after ITNs
distribution. The mosquitoes were resistant to
pyrethroids and DDT but inclined to the carbamate
insecticide bendiocarb. Resistance to pyrethroids
was at least partially due to metabolic resistance
mechanisms, as the addition of a synergist increased
mosquito mortality. The frequency of the kdr West
resistance mutation increased from 92% to 99% after
the ITN distribution [20].

In Botswana’s Okavango Delta, adaptive strategies
(combining health information/education meetings



(69%), modifying house buildings (49.4%), and
timing activities/limiting movement (43%) by
households  significantly  improved  malaria
control[21]. This underscores the importance of
flexible approaches in combating the disease.

In Ethiopia, indoor residual spraying and
insecticide-treated mosquito nets interventions
successfully reduced mean malaria cases after the
implementation of strategic interventions in most
regions. Malaria cases across different regions varied
significantly from a 9.19% reduction to a 69.19%
reduction when compared to what would have been
expected without the intervention. Mean malaria-
related death in all regions decline rate was 37.93%,
minimum region and 90.43%
maximum showcasing the effectiveness of these
measures [22].

In Kenya, combining social media campaigns with
other control measures such LLIN and IRS further
enhance malaria control efforts [23]. Meanwhile, the
study in Mali’s Ségou region, observed rapid
reductions in malaria incidence following IRS where
IRS districts had a projected 286,745 fewer overall
cases of malaria and suspension of IRS in one district
led to a 70% rise in malaria incidence [24]. The
studies in Kenya, and Mali collectively highlight the
diverse and context-specific strategies that can be
employed to combat malaria across different
regions.

A Sub-Saharan Africa study emphasized the
effectiveness of longer-lasting ITNs through
theoretical modeling, which also highlighted the
necessity for adaptive strategies such as regular and
early replacement of ITNs, increased ITN Coverage,
education on proper ITN use and care, targeting
temperature-sensitive  parameters to address
temperature variations that can trigger malaria
outbreaks [25]. Meanwhile, a study done in Eastern
Myanmar, found that improved data transmission
and reporting were crucial in reducing malaria
incidence by providing the critical information
needed to make informed, rapid decisions about
where to deploy limited resources for maximum
impact, underscoring the importance of effective
data management in disease control efforts [26].
These findings illustrate the critical role of both
innovative tools and robust data systems in
enhancing malaria control across diverse regions.

The meta-analysis pooled data from 6 studies of
malaria control interventions on insecticide-treated
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nets (ITNs), indoor residual spraying (IRS),
intermittent preventive treatment (IPT), larviciding,
and combinations of these. The pooled generalized
effect size (d™=1.27, 95% CI: [0.58, 1.96]) shows a
moderate to large magnitude of effect on overall
malaria prevalence or incidence by these
interventions (Cohen’s conventions suggest d=0.2 is
small, d=0.5 is medium, and d=0.8 is large). This
finding is statistically significant (p<. 001),
indicating the general effectiveness of these
strategies in preventing malaria.

Moderate effects are seen due to indoor residual
spraying (IRS) (d=1.52). It appears that IRS with
non-pyrethroid (d=2.21) is more effective than ITN
only, indicating that this method could be
considered by many in certain contexts where there
are challenges surrounding pyrethroid resistance.
Larviciding (d=—0.40) has a small but negative
effect, which may be explained by implementation
challenges, limited scope, or contextual factors that
reduce its effectiveness.

ITNs + IRS (large effect size d =4.11), highlighting
the added benefit of integrating a portfolio of
strategies to derive greater impact. This implies the
necessity of using combination strategies to
maximize malaria prevention strategies.

Although IPT use in pregnant mothers shows
moderate effectiveness (d=1.19) [46]; yet supports
targeted malaria prevention for high-risk
populations. This finding further underscores the
importance of prioritizing IPT in maternal health
programs.

The analysis indicates  significant  study
heterogeneity = (12=98.08%), which may Dbe
influenced by differences in the type of intervention,
countries, populations or measurement approaches.
Such variability highlights both the complexity of
malaria control and the necessity for context-specific
approaches.

Discussion

Using Bradford Hill’'s nine criteria, all reviewed
studies on the effectiveness of malaria interventions
were critically appraised to find out how the findings
align with each criterion.

Strength of association



The strength of association between various malaria
control interventions and their effectiveness varied
significantly across different studies. In Ghana, a
study demonstrated a substantial reduction in
malaria prevalence by 27.1 percentage points when
combining ITN and IRS [27]. This indicated a strong
association with the effectiveness of these
interventions. Similarly, a 39-58% reduction in
malaria cases due to IRS reported in Ghana reflected
a strong association with reduced malaria
incidence[13]. In Mali, a rapid reduction in malaria
incidence following IRS implementation and an
increase after its suspension was observed[24] which
underscored the strong association with IRS
effectiveness.

On the other hand, studies showing a moderate
association included the one in Sub-Saharan Africa,
which highlighted the effectiveness of longer-lasting
ITNs and the effect of temperature changes on
malaria control [25]. This study emphasized the
importance of adaptive strategies. A study in
Tanzania also found a moderate association, noting
reductions in malaria prevalence and mosquito
densities due to integrated approaches like window
screening and larviciding [18].

Conversely, the DRC study found a weak
association, as there was no significant reduction in
malaria transmission despite ITN distribution [20].
This weak association was primarily attributed to
high insecticide resistance and highlights the
challenges faced in certain regions. These varied
degrees of association underscored the intricacies of
malaria control and the need for tailored strategies to
address specific local challenges.

Consistency

Two studies in Ghana provides consistent evidence
that vector control interventions, such as ITNs and
IRS, were effective in reducing malaria prevalence
studies [12], [13]. Both studies highlighted the
significant impact of these interventions, reinforcing
their reliability and effectiveness in malaria control.
Similarly, a study in Tanzania found consistent
results across various settings and demonstrated that
integrated approaches, including window screening
and larviciding, effectively reduced malaria
prevalence [18]. These consistent findings across
different regions and methodologies underscored the
robustness of these interventions in combating
malaria.
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In contrast, the study in the DRC presents
inconsistent findings compared to other studies [20].
The lack of significant reduction in malaria
transmission despite I'TN distribution is primarily
attributed to high levels of insecticide resistance.
This inconsistency highlighted the challenges posed
by resistance issues, which can undermine the
effectiveness of otherwise proven interventions.

Specificity

The study in Ghana provides clear evidence of the
specific effects of IRS on malaria reduction [24]. The
significant decrease in malaria cases directly
attributed to IRS implementation underscored the
targeted impact of this intervention. This specificity
is crucial as it highlights the direct correlation
between the intervention and the observed health
outcomes, reinforcing the effectiveness of IRS in
malaria control.

Similarly, the Tanzania study demonstrates the
specific larvicidal effects of Dioscorea sansibarensis on
malaria vectors[17]. This study emphasized the
targeted impact of this natural larvicide, which
specifically affects the mosquito larvae responsible
for malaria transmission. The specificity of this effect
is important as it provided a focused approach to
reducing the vector population, thereby contributing
to malaria control efforts.

In contrast, the study in Botswana illustrates the less
specific effects of adaptive strategies on malaria
control [21]. While these strategies had positive
impacts, they were not exclusively aimed at malaria
prevention. This lack of specificity meant that the
observed benefits could be attributed to a range of
factors, not solely to malaria control interventions.
The broader scope of these adaptive strategies, while
beneficial, made it challenging to pinpoint their
direct impact on malaria prevention. There is
therefore the need for focused strategies to effectively
combat malaria.

Temporality

In the study conducted in Mali, clear temporality is
evident. The rapid decline in malaria cases after the
implementation of IRS and the subsequent increase
after its withdrawal provide a strong temporal
association [24]. This pattern suggests the
intervention had a direct impact on reducing malaria
cases, and its removal led to a resurgence,



highlighting the importance of continuous
intervention to maintain low incidence rates.
Similarly, research in Sub-Saharan Africa
showcased clear temporality through the impact of
ITNs and temperature variations over time [25]. The
study demonstrated how the introduction of more
durable ITNs led to a sustained decline in malaria
transmission.  Additionally, the analysis of
temperature variations over time and their
correlation with malaria incidence further supported
the temporal relationship, an indication that both
interventions and environmental factors played
significant roles in malaria control.

On the other hand, the study in the DRC presented
less clear temporality. Despite the distribution of
ITNs, there was a lack of a significant impact on
malaria incidence [20]. This ambiguity in
temporality may be attributed to issues such as
insecticide resistance, which can undermine the
effectiveness of ITNs. These studies underscored the
need for continuous monitoring and adaptation of
malaria control strategies to ensure their sustained
effectiveness.

Biological gradient, or dose-response

In the study conducted in Nigeria, clear evidence of
a dose-response relationship was observed with the
use of neem seed oil cream[16]. The study found that
higher concentrations of the cream provided longer
protection against malaria-carrying mosquitoes.
This gradient indicates that the effectiveness of the
neem seed oil cream is directly proportional to its
concentration, thereby supported the concept of a
biological gradient. The higher the dose of the active
ingredient, the greater the protective effect, which is
a strong indicator of the intervention’s efficacy.

Similarly, the Ghanaian study demonstrated a dose-
response relationship through the combined use of
ITNs and IRS [12]. The study showed that the
combination of these two interventions led to a
greater reduction in malaria prevalence compared to
the use of either intervention alone.

Conversely, the study in the DRC presents less
evidence of a biological gradient. Despite the high
coverage of ITNs, the impact on malaria incidence
was minimal[20]. This lack of a clear dose-response
relationship can be attributed to high levels of
insecticide resistance among the mosquito
population. Resistance undermines the effectiveness
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of ITNs, meaning that even with widespread use, the
expected reduction in malaria cases was not
observed.

Plausibility
In the study conducted in Tanzania, the larvicidal
potency of Dioscorea sansibarensisis considered

biologically plausible. This plant targeted malaria
vectors directly by affecting the larvae of mosquitoes,
which are the primary carriers of the malaria parasite
[17]. The mechanism was straightforward since by
reducing the mosquito population at the larval stage,
the overall transmission of malaria decreased. This
direct targeting of vectors provided a clear and
logical pathway for how the intervention can
effectively reduce malaria incidence, making the
mechanism highly plausible.

Similarly, in Tanzania, a study explored integrated
control measures such as window screening and
larviciding. These measures aligned well with
biological mechanisms aimed at reducing mosquito
populations and, consequently, malaria
transmission. The biological plausibility of these
integrated measures is supported by their alignment
with known mechanisms of vector control.

On the other hand, the study in the DRC presents
less plausible mechanisms [20]. The high levels of
insecticide resistance among mosquito populations
made the effectiveness of ITNs less plausible as a sole
intervention strategy. When mosquitoes develop
resistance to the insecticides used in ITNs, the
expected reduction in malaria transmission is not
achieved. This resistance undermines the biological
mechanism that ITNs rely on, which is to kill or
repel mosquitoes upon contact. As a result, the
intervention’s effectiveness was compromised,
making the mechanism less plausible in the context
of high resistance.

Coherence

The studies in Ghana provided coherent findings
that align with the established understanding that
combining vector control interventions leads to
significant reductions in malaria. Both studies
demonstrated that the use of multiple interventions,
such as ITNs and IRS, resulted in a greater decrease
in malaria prevalence compared to using a single
method [12], [13]. This coherence with existing
knowledge supports the idea that a multi-faceted
approach is more effective in controlling malaria, as



it addresses different aspects of mosquito behavior
and lifecycle, thereby reducing the overall
transmission of the disease.

Similarly, in Tanzania it was found that the
integration of various control measures, such as
window screening and larviciding, is coherent with
the broader understanding of multi-faceted
approaches to malaria control [18]. The study’s
findings aligned with the theory that combining
different  strategies can provide a more
comprehensive and effective means of reducing
mosquito populations and malaria transmission.
This coherence reinforces the importance of
integrated vector management, which is widely
recognized as a best practice in malaria control.

On the other hand, the study in the DRC presents
less coherent findings [20]. Despite the distribution
of ITNs, there was no significant reduction in
malaria transmission. This outcome is less coherent
with the general expectations of ITN effectiveness,
which typically showed a decrease in malaria cases
following widespread ITN use.

Experiments

In the context of mosquito control, several studies
have provided supportive experimental evidence for
the effectiveness of natural agents. For instance, the
laboratory-based  experiments  conducted in
Tanzania demonstrated the larvicidal properties of
Dioscorea sansibarensis. This study highlighted the
potential of this plant as a natural alternative to
chemical larvicides, which are often associated with
environmental and health concerns.

Similarly, a study in Nigeria provided experimental
evidence supporting the use of neem seed oil as a
mosquito repellent [16]. Their findings indicated that
neem seed oil can effectively repel mosquitoes,
offering a natural and potentially safer alternative to
synthetic repellents. This is particularly significant in
regions where mosquito-borne diseases are
prevalent, and there is a need for accessible and
affordable mosquito control methods.

The supportive experimental evidence from [17] and
[16]underscored the potential of natural agents in
mosquito control. These studies provide a
foundation for further research and development of
environmentally friendly and sustainable mosquito
control methods. The effectiveness of Dioscorea
sansibarensis as a larvicidal agent and neem seed oil
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as a mosquito repellent could lead to the
development of new products that are both effective
and safe for human use.

In contrast, the limited experimental evidence from
[20] highlighted the need for more comprehensive
and robust experimental designs. Addressing
resistance mechanisms is crucial for the long-term
success of ITNs and other mosquito control
strategies. Future research should focus on
understanding and mitigating resistance to ensure
the continued effectiveness of these interventions.

Analogy

In the context of malaria control, several studies
demonstrated analogous findings, reinforcing the
combined effectiveness of ITNs and IRS. Studies in
Ghana found that the combined use of ITNs and IRS
significantly reduced malaria incidence [17], [16].
These findings were consistent with other studies
that have shown the synergistic effects of using
multiple interventions to combat malaria.

Similarly, a study in Tanzania highlighted the
effectiveness of integrated approaches in malaria
control [18]. Their findings aligned with similar
studies from other regions, demonstrating that
combining various strategies, such as ITNs, IRS, and
environmental management, can lead to substantial
reductions in malaria transmission. This integrated
approach is crucial in areas with high malaria
transmission, as it addresses multiple aspects of the
mosquito life cycle and habitat.

Community engagement enhances malaria control
by building trust, embedding strategies, and
empowering communities through education and
participation, building resilient systems and
addressing implementation hurdles in Tanzania,
Nigeria, and Botswana.

Data is crucial for drug-resistant malaria control,
enabling surveillance, intervention evaluation, and
predictive modeling. It guides actions against
emerging threats in DRC, Mali, and Myanmar,
facilitating timely responses, targeted resource
allocation, and adaptation to  changing
environmental and epidemiological conditions.

We recognize the narrow scope of the review may
hinder the generalizability of findings to other
LMICs. Future research should also expand the



geographical scope to areas such as South Asia,
Latin America and the Caribbean for enhanced
robustness and applicability. In addition, improving
the quality of future research in this area is key.

The key findings from the meta-analysis suggested
that both ITNs (d=0.54) and IRS (d=1.52) produce
moderate-to-large effects, confirming their role as
independent tools for malaria prevention. In
particular, IRS using non-pyrethroid (d=2.21) is
highly efficacious; it thus represents a promising tool
for those settings that are currently struggling with
pyrethroid resistance.

Although Larviciding (d=—0.40) had a limited
effect, this may be due to challenges in
implementation and coverage, which warrant
further research to optimize its effectiveness. Future
research is needed to evaluate multi-intervention
vector control strategies that include larviciding,
particularly in combination with LLINs and/or IRS,
due to current evidence gaps in their effectiveness for
malaria control.

The dual impact of combining ITNs with IRS
(d=4.11) is affording it some of the largest margins
of effect sizes confirming the benefit of multimodal
strategies to maximize delivery. This favors the
implementation of combined strategies in areas
endemic for malaria where these resources are
available.

Pregnant women have moderate effectiveness of
IPT use (d=1.19), suggesting its role in protection of
high-risk population. This highlights the need to
integrate IPT into maternal health programmes to
protect pregnant women and their foetuses.

The heterogeneity in studies suggests a need for
context-specific approaches, prioritizing non-
pyrethroid IRS and combined interventions for
malaria control due to their greater effectiveness.
ITNs and IRS are cost-effective, synergistic
interventions that could significantly reduce malaria
burden. IPT is crucial for pregnant women, but
larviciding’s limited effects necessitate more effective
strategies.

This demonstrates the relative priority for non-
pyrethroid IRS and combined interventions such as
ITNs plus IRS and emphasizes strengthening
targeted approaches such as IPT for populations at
high risk.

Conclusion
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This systematic review highlighted the significant
impact of integrated malaria prevention strategies in
resource-limited settings, particularly in sub-Saharan
Africa. Key interventions such as ITNs, IRS, and
larviciding have been shown to significantly reduce
malaria prevalence and incidence across various
countries. The combined use of ITNs and IRS was
demonstrated to have yielded remarkable reductions
in malaria cases. Additionally, innovative
approaches such as the use of natural repellents,
community-based adaptive strategies, and improved
data management systems further enhance the
effectiveness of malaria control efforts. Despite
challenges in implementation and sustainability,
continuous and coordinated efforts remain essential
for long-term success.

This review emphasises the need for local adaptation
of malaria interventions, highlighting the
importance of community engagement, operational
capacity, and environmental factors, and the need
for innovative strategies.

‘What is already known about the topic

e Integrated malaria prevention measures, like
the combination of ITNs and IRS, are
demonstrably more effective than isolated
interventions, especially in sub-Saharan
Africa.

e Community involvement and ongoing
initiatives are vital for the efficacy and
longevity of these treatments, as
disengagement may result in a recurrence of
malaria.

e Additionally, context-specific techniques
and proficient data management are
imperative for tackling local issues and
tracking advancements. Insecticide
resistance is a considerable challenge,
requiring the formulation of alternative or
supplementary strategies to sustain the
efficacy of malaria control initiatives.

‘What this study adds

e This study provided substantial quantitative
evidence for the synergistic application of
ITNs and IRS, while underscoring the
efficacy of innovative natural products such
as neem seed oil and Dioscorea sansibarensis as
viable alternatives or supplements to
conventional interventions.



e It underscored the significance of adaptable
techniques such as regular and early
replacement of ITNs, increased ITN
Coverage, education on proper ITN use and
care, targeting temperature-sensitive
parameters.

e Community acceptability, and enhanced
data systems in improving malaria control,
along  with  explicit  dose-response
relationships that validate the efficacy of
interventions such as neem seed oil and
integrated ITN-IRS methods.

e The study emphasized the necessity for
context-specific tactics, ongoing monitoring
to tackle resistance challenges, and the
incorporation of contemporary technology,
including social media campaigns, to
enhance public engagement and knowledge
in malaria control initiatives.
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Table 1: Quality ratings for study type and key outcomes using GRADE

prospective data)

. Number Initial Final
Study Design of Studies Quality Upgrades/Downgrades Quality Reference
Cross-sectional Downgrz.ided for risk of l;nas (dgg to [20], 271,
3 Low observational nature), imprecision Low
study . [15]
(small sample sizes)
Laboratory-based .
experimental 1 High No downgradg (precise,  well- High [17]
conducted experimental study)
study
Mathematical Downgraded  for  indirectness
1 Moderate (models may not fully reflect real- |Low [23]
model study .
world complexity)
. Upgraded for consistency and
l\t/ﬁzed-method 1 Low directness (results align with other Moderate [19]
stucy intervention studies)
Downgraded for imprecision and
Qualitative study 1 Low indirectness (limited Low [14]
generalizability, small sample)
Before-and-after 1 Moderate Downgrafied for bias and potential Low [22]
study confounding (no control group)
Retrospective 1 Moderate Downgraded for bias (obse.rvatlonal Low [21]
cohort study nature, potential confounding)
Retrospective Downgraded for imprecision (small
observational 2 Moderate sample sizes, retrospective nature |Low [24], [13]
study introduces bias)
Retrospective Downgraded for risk of bias
study P 2 Moderate (potential confounding, lack of |Low [18], [26]




Number

Initial

Final

(RCT)

methodological rigor)

Study Design of Studies Quality Upgrades/Downgrades Quality Reference
: Downgraded for indirectness and

Theoretical . . .

. 1 Moderate imprecision (model assumptions, Low [25]
modeling study .

small case study applications)

Randomized No downgrade (randomization and
controlled  trial 1 High blinding ensured high High [16]
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Table 2: Pooled Effect Size and Heterogeneity Statistics

Parameter Estimate 95% Confidence Interval |p-value
Effect Size (d7) 1.27 [0.58, 1.96] <.001
Heterogeneity Statistics

— Q (Residual Heterogeneity) 105.97 df=8 <.001
— 12 (Between-Study Variance) 1.06

— 1 (Standard Deviation) 1.03

-1 (%) 98.08

-H? 52.17




Identification

Screening

i

Records identified from:
Databases (n = 5):
PubMed (n = 30)

Google Scholar (n = 56)
Cochrane Library (n = 1)
African Journals Online (AJOL) (n = 90)
ScienceDirect (n = 53)
Registers (n = 0)

Records removed before screening:
Duplicate records (n =0)
Records marked as ineligible by automation
tools (n = 0)
Records removed for other reasons (n = 0)

Records screened
(n=224)

Records excluded
(n=209)

'

Reports sought for retrieval
(n = 224)

Reports not retrieved
(n=0)

l

Reports assessed for eligibility
(n= 224)

Reports excluded:
OM studies more than 10 years (n = 204)
Systematic reviews (n = 5)

New studies included in review
{n = 15)

Reports of new included studies
(n=0)

Figure 1: PRISMA flow diagram for identification, screening and inclusion of studies
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[ ]

ITNs only _ 0.54 [0.34, 0.74]
IRS only . 0.53[0.33, 0.73]
ITNs + IRS N 1.20[0.80, 1.60]
IRS b 1.52[1.10, 1.94]
IPT use = B 1.19[0.80, 1.58]
IRS-Pyrethroid - 0.45[0.25, 0.65]
IRS-Non-pyrethroid N 2.21[1.60, 2.82]
Larviciding 1 0.40 [0.20, 0.60]
IRS + ITNs : e 4.11[3.00, 5.22]
RE Model ’ 1.27 [0.58, 1.96]

I | I I |
1 2 3 & S

Observed Outcome

1
6

Figure 2: Forest Plot: Effect Sizes of Malaria Control Interventions (Random-Effects Model)
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