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Abstract 

Mosquito-borne diseases remain a significant public health concern in Nigeria, with malaria 

alone contributing to high morbidity and mortality rates. Traditional vector control methods, 

which are primarily reliant on chemical insecticides, are encountering increasing challenges due 

to insecticide resistance, climate change, and non-target toxicity. This review critically examines 

the potential of insect growth regulators (IGRs), including both synthetic types and those derived 

from plants such as Neem (Azadirachta indica), as sustainable alternatives for mosquito control 

in Nigeria. IGRs disrupt the development of insects, including mosquitoes, by interfering with 

their hormonal processes, offering high species specificity and low toxicity to mammals, thereby 

presenting a promising eco-friendly approach to mosquito control. Laboratory and field studies 

illustrate the effectiveness of IGRs, particularly in targeting larval stages across diverse 

breeding habitats. However, challenges such as the high cost of IGRs, limited community 

awareness, and inadequate policy support from relevant bodies have impeded widespread 

adoption.  This review highlights the mosquito burden in Nigeria, evaluates the limitations of 

conventional insecticides, and emphasises the need for updated regulatory frameworks, 

increased government investment, and public health education to facilitate the use of insect 

growth regulators (IGRs). It also examines the advantages and disadvantages of IGRs in 

national malaria control programmes. The paper further underscores the relevance of IGRs in 

the Nigerian context and discusses prospects for their broader application in sustainable vector 

control. 
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1.0 Introduction 

Mosquitoes (Diptera: Culicidae) are primary vectors of numerous life-threatening diseases, 

including malaria, dengue, and lymphatic filariasis (Benelli, 2015). Other diseases transmitted by 

mosquitoes, including chikungunya, yellow fever, and leishmaniasis, cause long-lasting 

suffering, lasting morbidity, disability, and societal stigmatization (WHO, 2024). At least one 

child under five dies of malaria in Africa every 75 seconds (UNICEF, 2024). Nigeria accounts 

for approximately 27% of the world’s malaria cases, making it the country with the most 

significant malaria burden (WHO, 2022). Approximately 80% of all malaria deaths are recorded 

in children under the age of five in the region (WHO, 2023). Children under five years of age are 
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most susceptible to malaria due to their developing immune system and inability to produce 

sufficient antibodies to combat Plasmodium parasites (Chilot et al., 2023; Ibeji et al., 2022).  

While recent advances have introduced malaria vaccines such as RTS, S/AS01 (Mosquirix), their 

use in Nigeria remains limited due to challenges including logistics, finance, and awareness 

barriers (Ibrahim et al., 2021; Chiziba et al., 2024). Consequently, vector control remains the 

cornerstone of malaria control strategies. Conventional approaches to mosquito control that 

utilise synthetic insecticides have achieved significant success. However, they are increasingly 

compromised by the rapid emergence of insecticide resistance, which has been recorded in many 

mosquito species. Furthermore, lasting harmful effects on non-target animals and other biotic 

components in the ecosystem have also been initiated (Al-Ghamdi, 2009; Alkenani, 2017; El-

Heneidy and Shoeb, 2018).  

In response to these challenges, sustainable, eco-friendly alternatives are gaining prominence. 

Insect growth regulators are compounds that interfere with mosquito development by disrupting 

their hormonal processes, thereby affecting development and reproduction, and represent a 

significant step in integrated pest management (IPM). The IGRs cyromazine, difubenzuron, and 

trifumuron are currently the most effective larvicides for controlling mainly dipteran pests, 

including mosquitoes (Lau et al., 2015; Bellinato et al., 2016; Reissert-Oppermann et al., 2019; 

Abbas and Hafez, 2021). Additionally, botanically derived agents, such as Neem (Azadirachta 

indica), which contains azadirachtin, exhibit IGR activity and are widely available in Nigeria and 

other parts of Africa. 

IGRs are characterized by their high species specificity, low mammalian toxicity and minimal 

hazard threat to the natural enemies of the target, making them good candidates for integrated 

pest management (IPM) and sustainable vector control (Lahm et al., 2007; Liu et al., 2017; 

Santos et al., 2020). The use of selective larvicides and insect growth regulators (IGRs) in the 

breeding habitats of mosquitoes may be the most suitable strategy for controlling mosquitoes at 

their breeding sites (Batra et al., 2005; Nino, 2009). However, the adoption of IGRs in Nigeria 

faces several challenges, including high procurement costs compared to synthetic insecticides, 

limited community awareness, and gaps in policy and regulatory frameworks (Ekefan and Edge, 

2013; Oruonye and Okrikata, 2010).  

This review provides a comprehensive overview of the mosquito burden in Nigeria, as well as 

the advantages and disadvantages of insect growth regulators (IGRs) in integrated mosquito 

control strategies. Special attention is given to the Nigerian context, including climate and 

epidemiological factors, policy challenges and prospects for a broader application of IGRs in 

promising mosquito control strategies. 
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Figure 1: Major mosquito-borne diseases. 

Source: Bharadwaj et al., 2025 

 

2.0 Methodology 

2.1 Literature Search Strategy 

A structured literature review was conducted using databases such as PubMed, ScienceDirect, 

Scopus, and Google Scholar to retrieve peer-reviewed articles from January 2000 to June 2025. 

Search terms included: “Insect Growth Regulators” AND “Malaria control in Nigeria”, “Bio-

pesticides”, AND “Vector Control”, among others. The inclusion criteria focused on studies 

addressing insecticide resistance (IGRs) in mosquito control, particularly in sub-Saharan Africa, 

as well as Nigerian policy documents post-2020, including the 2023 National Biosafety 

Management Agency guidelines. Exclusion criteria eliminated non-English articles and those 

unrelated to public health.  

 

3.0 Results 

The literature review identified relevant studies and technical reports addressing various aspects 

of mosquito control through insect growth regulators (IGRs), with some specifically referencing 

applications or implications for Nigeria and sub-Saharan Africa. The findings are presented in 

thematic sub-sections below. 

 

3.1 Classification and Mechanism of Action of IGRs 

IGRs were classified into three main categories based on their mode of action: 

• Juvenile hormone analogues (JHAs): Examples include methoprene and pyriproxyfen. 

These mimic juvenile hormones and disrupt metamorphosis by maintaining larval stage 

hormone levels, leading to incomplete pupation and mortality. 

• Ecdysteroid Agonists (EAs): Compounds such as tebufenozide and halofenozide induce 

premature, incomplete and lethal molting. 

• Chitin synthesis inhibitors (CSIs): Agents like diflubenzuron and novaluron prevent 

exoskeleton formation during molting. 
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These compounds were reported to act specifically on insect developmental processes, with 

minimal toxicity to mammals and non-target organisms. 

 

3.2 Efficacy of IGRs in Laboratory and Field Settings 

In Nigeria-specific studies, neem-based bio-pesticides containing azadirachtin were found to 

disrupt larval development and oviposition in mosquitoes significantly. Pyriproxyfen and 

methoprene demonstrate high larvicidal efficacy at low doses in field trials (Lau et al., 2015) 

 

3.3 Environmental and Health Safety Profile 

Across multiple studies, IGRs were consistently found to have low environmental persistence, 

low mammalian toxicity, and minimal impact on non-target organisms. Unlike conventional 

insecticides, IGRs did not bioaccumulate in aquatic environments or cause acute poisoning in 

fish, birds, or amphibians. However, isolated reports indicated potential sub-lethal effects on 

pollinators and aquatic arthropods, particularly with repeated applications or poorly timed 

interventions (Liu et al., 2017). 

 

3.4 Challenges in IGR Deployment in Nigeria 

The cost of producing IGRs, as well as community awareness and participation in their use, is 

crucial for their effective incorporation in Nigeria. The cost associated with IGR applications 

may, in some cases, exceed the costs of neurotoxic insecticides, creating a sticking point in their 

adoption. Ekefan and Edge note that the lack of governmental interest and clear policies on 

biopesticide development, regulation, and implementation in Nigeria has hampered progress 

(Ekefan and Edge, 2013). 

Furthermore, this has hampered investments in knowledge development, marketability, and 

accessibility to biopesticides in Nigeria. Additionally, the lack of government support and 

advocacy for biopesticides has deterred farmers in Nigeria from adopting biopesticides (Oruonye 

and Okrikata, 2010). Hence, pest management technologies and strategies have been abysmally 

low. While the fate of specific organisms will depend on the concentration and method of 

exposure as well as the insect species and life stage, the lethal and sublethal effects of IGR on 

non-target organisms should be considered when integrating IGR into new chemical control 

regiments. 

 

3.5 Policy and Programmatic Gaps 

Despite Nigeria’s inclusion of IGRs in national malaria control guidelines, implementation at the 

state and local levels remains patchy. A lack of structured training, monitoring, and inter-agency 

coordination limits integration into Integrated Vector Management (IVM) programs.  Most 

reviewed national documents lacked specific budgetary provisions or procurement guidelines for 

IGRs, further stalling operational deployment. 

 

4.0 Discussion 

Mosquito-borne diseases, particularly malaria, continue to pose significant public health 

challenges in Nigeria despite ongoing control efforts. This review highlights the increasing need 

for sustainable alternatives to chemical insecticides, as conventional approaches are facing 

diminishing effectiveness due to widespread insecticide resistance, ecological disruption, and 

human health risks (Meier et al., 2022; WHO, 2023). 
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4.1 Advantages of Insect Growth Regulators in Vector Control 

Juvenile Hormone Analogs (JHAs) and Ecdysteroid Analogs (EAs) induce premature molting, so 

insects stop feeding rapidly as they undergo the initial processes of molting (Retnakaran et al., 

1985; Martinez et al., 2021). Compounds like methoprene, pyriproxyfen, and diflubenzuron have 

demonstrated high larvicidal efficacy in both laboratory and field studies, often at low 

concentrations (Mbare et al., 2014; Hustedt et al., 2017). The lack of cross-resistance between 

different IGRs and conventional insecticides enables the incorporation of IGRs with 

conventional insecticides to limit the proliferation of resistant genotypes (Cutler and Dupree, 

2007). Compared to neurotoxic insecticides, IGRs offer several distinct advantages which 

include: 

• Species-specificity, minimizing harm to pollinators and aquatic vertebrates (Bellini et al., 

2014) 

• Low environmental persistence and mammalian toxicity, making them suitable for 

sensitive ecosystems (Liu et al., 2017) 

• Limited cross-resistance with conventional insecticides due to their unique modes of 

action (Ishaaya et al., 2005) 

These characteristics make IGRs valuable for use in densely populated and climate vulnerable 

areas, including Nigeria. 

 

4.2 Relevance of Nigeria Climate and Malaria Burden 

Climate change is playing an increasing role in reshaping malaria transmission in Nigeria. Rising 

temperatures, changing precipitation patterns, and high humidity have expanded the range and 

seasonal activity of malaria vectors (Villena et al., 2024; Ibrahim et al., 2021).  

These shifts challenge the effectiveness of traditional control tools and necessitate adaptive, 

ecologically sound alternatives, such as IGRs. IGRs target immature mosquito stages and are 

well-suited for pre-emptive vector suppression, complementing reactive measures such as 

insecticide-treated nets and indoor residual spraying (IRAC, 2022). 

Moreover, larviciding with IGRs is especially effective in stagnant and polluted water bodies, 

which are common in urban slum areas often underserved by other interventions (Lau et al., 

2015; Mondal and Mondal, 2012). 

 

4.3 Limitations to IGR Adoption in Nigeria 

One of the limitations of IGRs is the potential impact on non-target aquatic and terrestrial 

arthropods. This remains a concern, as arthropods provide vital ecosystem services (e.g., 

biological control, decomposition) across both terrestrial and marine systems. The cost of 

producing IGRs, as well as community awareness and participation in their use, is crucial for 

their effective incorporation in Nigeria.  

The cost associated with IGR applications may, in some cases, exceed the costs of neurotoxic 

insecticides, creating a barrier to their adoption. High procurement costs and import dependency 

for synthetic IGRs, such as pyriproxyfen and methoprene (De-Silva and Mendes, 2007), have 

deterred their use in Nigeria.  

Ekefan and Edge note that the lack of governmental interest and clear policies on biopesticide 

development, regulation, and implementation in Nigeria has hampered progress (Ekefan and 

Edge, 2013). Furthermore, this has hampered investments in knowledge development, 

marketability, and accessibility to biopesticides in Nigeria. Additionally, the lack of government 

support and advocacy for biopesticides has deterred farmers in Nigeria from adopting 
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biopesticides (Oruonye and Okrikata, 2010). Hence, pest management technologies and 

strategies have been abysmally low.  

While the fate of specific organisms will depend on the concentration and method of exposure as 

well as the insect species and life stage, the lethal and sub-lethal effects of IGR on non-target 

organisms should be considered when integrating IGR into new chemical control regiments. 

 

4.4     Integrating IGRs into National Malaria Control Strategies 

IGRs can complement Nigeria's malaria control initiative if adequately integrated into vector 

management frameworks. Priority actions include: 

• Supporting local production and field validation of both synthetic and botanical IGRs 

(Ma et al., 2024) 

• Developing training modules and certification programs for IGR use among health 

workers and sanitation officers (Cloyd, 2003) 

• Enhancing cross-sector collaboration among environmental, health, and agricultural 

stakeholders 

• Promoting IGR adoption through community engagement, policy reforms, and inclusion 

in National Malaria Elimination Programme (NMEP) operational guidelines 

Significantly, combining IGRs with the RTS, S/AS01 malaria vaccine and other innovations 

could enhance control outcomes. While vaccination rollout in Nigeria has been limited, IGR-

based larval control can reduce vector density and transmission potential, creating a more 

supportive environment for vaccine impact (WHO, 2023; UNICEF, 2024). 

 

5.0 Conclusion  

Mosquito-borne diseases, particularly malaria, remain a formidable public health challenge in 

Nigeria, exacerbated by climate change, rapid urbanisation, and increasing resistance to 

conventional insecticides. Insect Growth Regulators (IGRs) present a viable, eco-friendly 

alternative to conventional insecticides in Nigeria's fight against mosquito-borne diseases. The 

novel modes of action of IGRs make them less prone to cross-resistance. In contrast, low 

mammalian toxicity, specificity, bio-degradability, safety profile, and compatibility with 

integrated strategies make them critical in modern mosquito management. However, their 

success depends on supportive policies, community engagement, and ongoing research. Research 

into cost-effective formulations, local production, and impact assessment under Nigerian 

ecological conditions is essential for long-term success.  

Numerous challenges, including a lack of awareness, confidence, and acceptability hinder bio-

pesticide development in developing countries. Other factors include a lack of data-driven 

standards and monitoring of field performance, which hampers marketability, product quality, 

and shelf life. Furthermore, the lack of regulatory framework and health and ecological risk 

assessment from policymakers and public health officials has all conspired to disadvantage IGRs 

and bio-pesticides in comparison with chemical pesticides. However, these challenges also 

present numerous opportunities for IGR development in Nigeria. 

Lastly, Integrating IGRs with other control tools, including larval source management, 

environmental sanitation, and emerging malaria vaccines, can significantly strengthen Nigeria’s 

response to mosquito-borne diseases. As Nigeria moves toward its malaria elimination goals, 

investment in the development, standardisation, and deployment of IGRs will be crucial for 

reducing disease transmission and achieving long-term public health resilience. 
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6.0 Recommendations 

Based on the findings of this review, the following recommendations are proposed to enhance 

the adoption and effectiveness of Insect Growth Regulators (IGRs) in mosquito control efforts 

across Nigeria: 

• Integrate IGRs into National Vector Control Policies 

IGRs are primarily used in larval source management (LSM). They are applied to water bodies 

where mosquitoes breed, targeting larvae before they emerge as adults. Evidence abounds that 

botanical pesticides, e.g. Neem and Insect Growth Regulators, are generally safe and effective 

(Okrikata and Auaso, 2008). The Federal Ministry of Health and the National Malaria 

Elimination Programme (NMEP) should formally incorporate IGRs into national guidelines for 

malaria vector control and allocate budgetary provisions for their procurement and use. 

• Raising Public Awareness About the Potential Risks of Pesticides 

The detrimental impact of pesticide use is especially alarming in Nigeria due to the inadequate 

regulatory framework for pesticide management, which has resulted in the influx of unregistered 

and banned pesticides in the country. Launch community education campaigns to promote 

understanding of IGRs and their role in larval control. Engaging local leaders and health workers 

will enhance the acceptance and sustainability of interventions. 

• Promote Local Production of Botanical IGRs 

To overcome the problems of synthetic chemical hazards, the use of plant origin products is 

considered the best control measure, which has become popular due to their degradability, least 

persistence and least toxicity to non-target organisms, economical and easy availability 

(Rosemary et al., 2018). Support research institutions and agro-industrial sectors in developing 

standardized, affordable Neem-based IGR formulations to reduce dependency on imported 

products and stimulate the local economy. 

• Expand Field Trials Across Ecological Zones 

One of the significant challenges facing pesticide management in Nigeria is the lack of adequate 

laboratory testing (Okorie and Humphrey, 2016). This requires a robust laboratory testing 

framework that can detect the presence of banned or restricted chemicals in pesticide products. 

Conduct region-specific operational research and pilot studies to evaluate the effectiveness, 

residual activity, and environmental safety of IGRs in diverse Nigerian habitats, including urban, 

rural, and semi-arid settings. 

• Train Vector Control Officers and Environmental Health Personnel 

Establish nationwide training and certification programs on the correct application of IGRs, 

monitoring protocols, and integration into Integrated Vector Management (IVM) strategies. 

• Encourage Multi-sectoral Collaboration 

Foster coordination between public health, agriculture, environmental, and academic sectors to 

support a unified approach to mosquito control, regulation of biopesticides, and policy advocacy. 

• Monitor for Resistance and Environmental Impact of IGRs 

Although IGRs have proven to have low toxicity to non-target organisms, it is of paramount 

importance to implement regular monitoring of mosquito populations for emerging resistance to 

IGRs and to assess any ecological impacts on non-target aquatic species, thereby guiding 

responsible use. 
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