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Abstract 
Over the last few decades, dengue fever epidemics have increased in frequency 
and intensity worldwide, making it a major global concern for public health. 
Its prevention, which is essentially vector-based control, is already being com-
promised by reports of resistance of the main vector Aedes aegypti to insecti-
cides. To tackle the rapid increase in insecticide resistance and outbreaks, the 
biological vector control is a promising approach. One of the strategies of this 
approach is the use of entomopathogenic fungi because of their great efficacy 
and their eco-friendly aspects. However, some aspects of their use, such as the 
low efficiency, the high cost of production and the sensitivity to various ad-
verse conditions, need to be addressed for their successful large-scale applica-
tion. Therefore, innovative technologies based on strains of transgenic fungi 
with improved biocontrol potentials by genetic engineering are actively pur-
sued. Although these modified mycoinsecticides are acclaimed for their better 
effectiveness against target insects, the main concern remains their potential 
adverse effects on the environment and human health. The present review is 
dedicated to giving an update on recent developments in transgenic ento-
mopathogenic fungi (TEF) for Aedes mosquito control. Future perspectives 
are also proposed to address the safety concerns related to the release of trans-
genic entomopathogenic fungi into the environment. 
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1. Introduction 

The global incidence of dengue has been steadily increasing over the past decades, 
resulting in public health problems and a heavy economic burden. The world’s 
population is therefore witnessing periodic epidemics in endemic areas and an 
emergence in previously unexposed areas [1]. The distribution of dengue fever 
across the globe is largely dependent on the distribution of susceptible vector spe-
cies, which varies with climate change [2]. In fact, relative humidity and temper-
ature are important factors that can influence the transmission of dengue. Global 
warming provides optimal conditions for the multiplication of dengue vectors, 
thus increasing the vector density [1] [3] [4]. Other important factors in the re-
surgence of dengue cases are social order, characterized by rapid urbanization, 
human travel and commercial exchanges across the world. These international 
movements would favour the importation of dengue vectors, notably Aedes ae-
gypti and Aedes albopictus, to areas where the latter were previously absent rais-
ing the need for vector control. Among the preventive measures for dengue vector 
control, environmental, mechanical, biological, chemical and genetic interven-
tions are available to eradicate Aedes mosquitoes or limit their reproductive ca-
pacity [5]. Depending on the effectiveness, ecological impact and sustainability 
some of these control methods seem to be promising. Whereas chemical interven-
tions are limited by the increasing development of resistance to insecticides, ge-
netic modifications of mosquitoes raise ecological concerns about the potential 
long-term health and environmental risks. As no single approach is likely to be 
sufficient and/or always affordable, there is an urgent need to develop new vector 
control strategies. This has led to great interest in the use of wild or genetically 
modified entomopathogenic microorganisms to control dengue transmission. Bi-
ological vector control for Aedes mosquitoes based on microorganisms offers tar-
geted, eco-friendly solutions to reduce mosquito populations. Techniques like the 
use of Wolbachia bacteria [6] and entomopathogenic fungi [7]-[9] limit mosquito 
reproduction, and disease transmission. This approach minimizes pesticide reli-
ance, reducing environmental impact and resistance development, while promot-
ing sustainable public health interventions. 

Fungi are probably the most common pathogens of mosquitoes in nature, and 
Metarhizium spp. has a variety of properties that are useful in vector control. They 
have a wide host spectrum, infecting various insect species, while developing en-
zymatic systems to invade them and escape the host’s immune response [7] [10]. 
Depending on their genomic composition and their ability to infect different hosts 
efficiently or not, a distinction is made between specialists and generalists. Me-
tarhizium strains called specialists (very narrow host range) have lower physio-
logical adaptability than generalists (wide host range) and need specific physical 
and chemical characteristics of the cuticle of their host to efficiently induce the 
fungal infection [11]. Natural strains of Metarhizium cannot be used as stand-
alone mosquito control agents due to their slow kill rate (typically one to two 
weeks to achieve more than 90% of mortality) and unreliability, the latter largely 
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due to their sensitivity to abiotic stress [10]. Consequently, unmodified Metarhi-
zium spp. do not meet WHO Pesticide Evaluation Scheme (WHOPES) require-
ments for a vector control product [12]. This is reflected in the low presence of 
Metarhizium products for vector control on the market. It seems then judicious 
to find a way to circumvent the limits of natural strains of Metarhizium in order 
to exploit their great potential in vector control. Fortunately, rapid advances in 
genomics have revolutionized our understanding of entomopathogenic fungi with 
the sequencing of many species of Metarhizium [10] [11]. Moreover, these recent 
advances have also facilitated the identification of genes involved in fungal path-
ogenicity and physiology as well as genes encoding biologically useful molecules 
with implications for the development of genetically modified fungi and the use 
of these fungi as novel mycoinsecticides for disease vector control [10] [13]. 

Here, we review the scientific evidence supporting the use of transgenic fungi 
to control the transmission of dengue fever and discuss the related risks, chal-
lenges and perspectives 

2. Rising Cases of Dengue Fever, a Current Challenge of  
Vector Control Strategies  

Dengue fever is a vector-borne viral disease and currently, one of the major arbo-
virosis in the world. It represents an emerging or re-emerging infectious disease 
depending on the region, as a consequence of demographic changes, rapid large-
scale urbanization, exponential changes in transportation and environmental 
change [2]. It is expanding rapidly and its geographic distribution worldwide 
overlaps with that of its main vector, Aedes aegypti. The actual number of dengue 
cases is underreported because the majority of cases are asymptomatic or mild 
and self-managed. However, the number of dengue cases reported to WHO has 
increased more than eightfold over the past two decades, from 505,430 cases in 
2000 to more than 2.4 million cases in 2010 and 4.2 million cases in 2019. The 
number of reported deaths from the disease between 2000 and 2015 increased 
from 960 to 4,032 [14]. More than 3.9 billion people, nearly half of the world’s 
population, are now at risk of contracting the disease. The condition is now en-
demic in approximately 129 countries in Africa, the Americas, the Eastern Medi-
terranean, Southeast Asia, and the Western Pacific [14]. To date, there is no spe-
cific treatment for dengue, however one dengue vaccine Dengvaxia® developed by 
Sanofi Pasteur has been licensed, and additional dengue vaccine candidates are in 
clinical development [15]. The main concern with this vaccine is the requirement 
of a primary infection before it can be safely administered.  

As the transmission of the dengue virus to humans is based on a bite of infected 
female mosquitoes, vector control has been the key strategy to limit or prevent 
transmission of dengue virus. Indeed, Aedes aegypti is the main vector of dengue, 
and occasionally Aedes albopictus, many vector control strategies have been de-
veloped based on the use of environmental management and/or chemical control. 
Environmental management consists of changing the environment to make it 
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unfavourable for mosquito development, while chemical control relies on the use 
of chemical insecticides to control mosquito populations. Chemical control, alt-
hough still used today, is increasingly threatened by the emergence of insecticide 
resistance [16]. Several studies conducted in West Africa have revealed the re-
sistance of Aedes aegypti to some classes of insecticides. Thus, cases of resistance 
of Aedes aegypti to pyrethroids [17] [18] and to carbamates [18] were reported in 
Burkina Faso. To tackle the rapid increase in insecticide resistance and outbreaks, 
the biological vector control is a promising approach. This approach involves the 
use of mosquito predators or pathogens. The use of larvivores fish such as Betta 
splendens, Trichogaster trichopterus and Poecilia reticulata is often mentioned as 
a biological approach to control Aedes aegypti larvae [19] [20]. Another environ-
mentally friendly alternative to chemical insecticides is the use of fungal ento-
mopathogens in biocontrol programs [21]-[23]. However the limitations with the 
use of entomopathogenic fungi were their low virulence and longer lethal time 
[24]-[26] during which the infected mosquitoes can continue transmit parasites 
or virus to humans and their inconsistent efficacy on field applications [27]. For-
tunately, the recent biotechnological advances allow to consider the improvement 
of the biocontrol potential of entomopathogenic fungi by genetic engineering. 

3. Potential of TEF to Control Aedes Mosquitoes 

Enhancing the efficacy of myco-insecticides by improving their virulence and tol-
erance to environmental stress is made possible with genetic engineering. The de-
termining factors of the cost-effectiveness and efficacy of mycoinsecticides during 
field applications are high virulence and fungal stress tolerance. 

3.1. Genetic Improvement of Fungal Virulence 

In the context of the control of Aedes mosquitoes, the improvement of the viru-
lence of entomopathogenic fungi by genetic engineering is based essentially on 
the expression of insect toxins, host enzymes or host-specific genes in the fungus 
[26] [28] (Table 1). 

 
Table 1. Recent developments of improved virulence fungi against Aedes mosquitoes. 

Genes Sources Modified Fungi Target Host References 

Genes from insects predators 

AaIT A. australis M. anisopliae Aed. aegypti [25] 

AaIT A. australis B. bassiana Aed. Albopictus [30] 

Genes from bacterium 

Cyt2Ba B. thuringiensis B. bassiana Aed. Aegypti, Aed. Albopictus [29] 

Genes from insects 

TMOF Aed. aegypti B. bassiana Aed. aegypti [31] 

aaemiR-8 Aed. aegypti 
  

B. bassiana Aed. aegypti [26] 

aaemiR-375 Aed. aegypti B. bassiana Aed. aegypti [26] 
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3.1.1. Transgenic Entomopathogenic Fungi Expressing Insecticidal  
Toxins 

Anti-insect toxins are powerful compounds secreted by insect predators such as 
scorpions or arachnids with purpose to paralyze or kill their prey. In the context 
of insect pest control, several neurotoxins have been identified and studied such 
as the scorpion sodium channel blocker AaIT1, or the cytolytic toxin Cyt2Ba of 
Bacillus thuringiensis [28] [29]. In 2007, through a pioneer study, Wang and St 
Leger have increase by nine fold-change the toxicity of Metarhizium anisopliae in 
Aedes aegypti with a strain of M. anisopliae encoding the neurotoxin AaIT of An-
droctonus australis [25]. The expression of this scorpion toxin in Metarhizium 
anisopliae also reduced the survival time of infected mosquitoes by 38% compared 
to the wild-type strain of M. anisopliae associated with a reduction of mosquitoes 
mobility and feeding [25]. Similarly, a group of researchers improved the patho-
genicity of Beauveria bassiana against Aedes albopictus by manipulating it to ex-
press the neurotoxin AaIT. They reported that the recombinant fungus had higher 
virulence and faster action than the wild-type strain against Aedes albopictus 
adults and larvae [30]. Few months later, following a study revealing that Cyt2Ba 
toxin of the bacterium Bacillus thuringiensis was toxic to mosquitoes of the genus 
Culex, Anopheles and Aedes, Deng and collaborators developed a transgenic 
strain of Beauveria bassiana against Aedes aegypti and Aedes albopictus. They in-
dicated that the transgenic fungus displayed increased virulence against larval and 
adult Aedes mosquitoes compared with the WT. Indeed, at the concentration of 
108 conidia/ml, the median lethal time (LT50) was decreased by 19% on Aedes 
aegypti adults and by 42% on larvae. For Aedes albopictus at the same concentra-
tion, the median lethal time was decreased by 23% on adults and by 33% on larvae. 
Likewise, the modified fungus infection has led fecundity reduction in the of Ae-
des mosquitoes [29]. Despite the proven potential of fungal strains expressing an 
insecticidal toxin, it raises questions about the occurrence of resistance to the 
toxin and thus a failure of the strategy as well as a host specificity compromission. 

3.1.2. Transgenic Entomopathogenic Fungi Expressing Host Enzyme 
It seems judicious to consider the development of a strain of entomopathogenic 
fungi with increased virulence in target mosquitoes associated with a low proba-
bility of resistance development. In this regard, Keyhani’s team speculated that a 
host hormone exogenously produced (by the modified fungi) would disrupt the 
endocrine or neurological balance of the insect making it more susceptible to fun-
gal infection [31]. For this purpose, they developed a strain of Beauveria bassiana 
expressing Aedes aegypti TMOF (Trypsin Modulating Oostatic Factor) [31]. They 
observed a reduction in the infecting dose of conidia (6 to 7 times less than the 
wild strain), a 25% reduction in the survival time of Aedes aegypti larvae and 
adults, as well as adverse consequences on mosquitoes fertility and fecundity [31]. 

3.1.3. Transgenic Entomopathogenic Fungi Exploiting Host Immune  
Mechanisms 

Recently, significant insights into the molecular mechanisms controlling host 
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selectivity by entomopathogenic fungi have been achieved and RNA interference 
(RNAi) has been considered for controlling insect pests. Cui et al. reported that 
host miRNAs with immunosuppressive activities can be exploited to increase fun-
gal virulence. Indeed, they engineered B. bassiana to express Aed. aegypti miR-
NAs, aaemiR-8 and aae-miR-375, that are negative regulators of the Toll immune 
signalling pathway, which both upregulated Cactus (the inhibitor of Toll pathway) 
but silenced Toll5B and Rel1A, respectively. Then the expression of the host miR-
NAs in B. bassiana induce cross-kingdom RNAi to suppress mosquito immunity 
by targeting multiple host genes, thereby dramatically increasing fungal virulence 
against Aedes aegypti. In addition, they noticed a fungal lethality increase to la-
boratory-reared insecticide-susceptible and wild-caught insecticide-resistant Aed. 
aegypti mosquito suggesting that pathogen-mediated RNAi (pmRNAi) approach 
provides an innovative strategy to enhance the efficacy of fungal insecticides and 
eliminate the threat of resistance development. 

3.2. Genetic Improvement of Fungal Tolerance to Environmental  
Stress 

Extremes temperature is an important adverse factor limiting the effectiveness of 
entomopathogenic fungi by reducing virulence and persistence in field applica-
tions. Tolerance of entomopathogenic fungi to heat stress can be enhance by the 
expressions of some genes. To our knowledge, there is no documented research 
on the improvement of stress tolerance of entomopathogenic fungi tried under 
field conditions in the context of Aedes mosquito control. However, against the 
silkworm Bombyx mori and the mealworm Tenebrio molitor a significant in-
crease in UV resistance and virulence was observed with B. bassiana genetically 
modified to overexpress a tyrosinase gene [32]. Heat shock proteins (HSPs) are 
involved in multiple stress responses in different organisms. Liao and collabora-
tors revealed that overexpressing of hsp25 in Metarhizium robertsii increased fun-
gal growth under heat stress and enhanced the tolerance of heat shock-treated 
conidia to osmotic stress [33]. More recently, overexpression of transcription fac-
tor MaSom1 gene, involved in cAMP/PKA pathway, improves some biocontrol 
traits of Metarhizium acridum such as tolerance to UV and heat shock as well as 
conidial yield [34]. 

In view of all above, genetic modification is an effective way to improve the 
efficacy of entomopathogenic fungi. Depending on the regulations in each coun-
try, the development of these genetically modified strains will enhance the cost-
effective application of mycoinsecticides for the control of disease vectors. 

4. Large-Scale Application of Transgenic Entomopathogenic  
Fungi 

The potential of using recombinant entomopathogenic fungi for insect control 
has been widely recognized. Numerous studies have been conducted at the labor-
atory to confirm the efficacy of modified entomopathogenic fungi against insect 
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pests. Thus, entomopathogenic fungi have been improved to control plant pests 
[25] [35]-[37], and against vectors with medical interest [25] [26] [38] [39]. How-
ever, to our knowledge, there are no commercial products based on TEFs to con-
trol insect pests or vectors on the market yet. The greatest progress has been made 
with the transgenic Metarhizium pingshaense expressing spider neurotoxin Hy-
brid which kill mosquitoes faster and at lower spore doses than wild-type strains 
[38]. Indeed, already successfully tested in semifield environment, this alternative 
in phase 2 of development begins its deployment phase according to the WHO 
framework for GM mosquitoes [40]. It is therefore possible to envisage the mar-
keting of products resulting from this alternative for an effective and safe fight 
against malaria vectors. However, to our knowledge, such progress has not yet 
been made in the fight against the main vector of arbovirosis of medical interest, 
Aedes aegypti. The development and deployment of transgenic fungi for dengue 
fever control will certainly follow the pathway for malaria control proposed par 
Lovett et al. [39] [40] (Figure 1). The experiments proposed in the Figure 1 are 
part of the larger goal to bring this fungal biotechnology out into the field. For the 
dengue control, experiments are in phase one, and each phase requires to plan 
ahead and carefully check if scientists are ready to move onto the next with go/no-
go criteria for efficacy, safety, regulators and stakeholders. The next step for using 
transgenic fungi for dengue control would be both the laboratory cages studies 
and physical confined field studies. 
 

 
Figure 1. Phases of development and deployment of new vector control strategies [40]. 

5. Other Biotechnological Advancements on EPFs  
Development for Aedes Control 

Recent biotechnological advances have expanded the field of research into alter-
natives for public health problems, particularly in vector control. In addition to 
the development of transgenic entomopathogenic fungi against vectors of the ge-
nus Aedes, many studies have reported the potential of applying genetic engineer-
ing to entomopathogenic fungi (EPF). Although still under development, these 

https://doi.org/10.4236/ae.2025.131002


E. M. Bilgo et al. 
 

 

DOI: 10.4236/ae.2025.131002 55 Advances in Entomology  
 

alternatives also seem promising. We find in the first line of these alternatives, the 
synthesis of nanoparticles based on entomopathogenic fungi. Thus, from Cochli-
obolus lunatus, hydrophilic silver nanoparticles were formed and showed signifi-
cant larvicidal activity against Aed. aegypti and Ano. stephensi [41]. Similarly, ef-
fective larvicidal and pupicidal effect of mycosynthesized silver nanoparticles 
(AgNPs) using an entomopathogenic fungi Trichoderma harzianum against de-
velopmental stages of the dengue vector Aedes aegypti was assessed [42]. In addi-
tion, Banu and Balasubramanian demonstrated the effectiveness of silver nano-
particles synthesized from Isaria fumosorosea and Beauveria bassiana against the 
larvae of Aedes aegypti [43] [44]. 

6. Challenges and Perspectives to Application of TEFs for  
Aedes Control 

As with other genetically modified organisms, safety concerns related to the re-
lease of recombinant organisms into the environment have been controversial. 
Although the scientific community agrees that transgenic entomopathogenic 
fungi have advantages such as improved virulence and stability under field condi-
tions, concerns related to this technology include the pathogenicity of the modi-
fied fungi to non-target organisms, gene flow to wild strains, the development of 
resistance in target insect pests, and unintended effects on the environment [28] 
[45] [46]. 

Overcoming these concerns would begin with identifying and exploiting insect-
specific strains of entomopathogenic fungi to reduce the possibility that the re-
combinant fungus could infect non-target or beneficial organisms such as bees. 
Another strategy to greatly reduce the likelihood of compromising fungal strain 
specificity is to develop fungal strains that express physiological regulators of the 
target insect instead of toxin [31] [47]. Similarly, expression of host miRNAs in 
fungal strain engineering would minimize the likelihood of resistance develop-
ment in the target insects [26]. In spite of the progress made in the development 
of transgenic entomopathogenic fungi, their marketing still requires extensive 
studies. As a first step, studies to assess the impact of recombinant mycoinsecti-
cides on non-target hosts and the risk of these biopesticides to environmental 
safety would be considered. It would also be wise to determine the effectiveness of 
recombinant transgenic fungi on insecticide-resistant mosquitoes in order to as-
sess their potential in the fight against insecticide resistance. Further studies are 
also needed to examine the impact of the modified fungi on the transmission of 
pathogens; it would be modified fungi in order to improve their virulence as well 
as to block/prevent the development of pathogens in mosquitoes in order to de-
velop safer and more effective biopesticides. Finally, scientists should engage in 
education and training programs to provide better information about the benefits 
and risks of recombinant technology. 

7. Conclusion 

The advent of transgenic entomopathogenic fungi is a boon for vector control. 
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Through genetic engineering, these new control technologies reinforce the arsenal 
of biological control strategies with the improvement of virulence and or tolerance 
to abiotic stresses of entomopathogenic fungi. They will help to overcome the lim-
itations of the large-scale use of entomopathogenic fungi in the control of disease-
carrying mosquitoes. In the context of the control of dengue vectors, several stud-
ies have been carried out to develop strains of entomopathogenic fungi with high 
control potential. These include fungi with improved virulence through the ex-
pression of transgenes from insect predators or bacteria with insecticidal proper-
ties. In addition, other approaches to increase the virulence of the fungi and pre-
vent the occurrence of resistance to the different transgenes were tested. These 
included the exogenous expression of host physiological regulators or the expres-
sion of RNAi peptides in the fungus in order to disrupt the endocrine system or 
suppress the immune defenses of the mosquito respectively, thus making it vul-
nerable to fungal infection. Furthermore, as with all genetically modified organ-
isms, the use of transgenic entomopathogenic fungi raises many concerns, includ-
ing environmental safety. To address this major concern and facilitate the adop-
tion of these new pest management tools, many investigations still need to be con-
ducted. Despite the controversy, the benefits of this new strategy are enormous, 
and as long as the benefit-risk ratio remains positive, biotechnological advances 
in the control of disease vectors have a bright future ahead of them. Meanwhile, 
promising techniques, such as those discussed in this manuscript, have already 
proven their effectiveness but remain laboratory studies and require more studies 
both in different settings and conditions closer to the field to be deployed in the 
vector-control agenda. 

Acknowledgements 

This work was supported by the ARISE Project (Grant Ref: ARISE-PP-FA-143 to 
Dr. Etienne BILGO) funded by the European Union and implemented by the Af-
rican Academy of Sciences in partnership with the African Union Commission 
and the European Commission. 

Conflicts of Interest 

The authors declare no conflicts of interest regarding the publication of this paper. 

References 
[1] Rocklöv, J. and Tozan, Y. (2019) Climate Change and the Rising Infectiousness of 

Dengue. Emerging Topics in Life Sciences, 3, 133-142.  
https://doi.org/10.1042/etls20180123 

[2] Dussart, P., Cesaire, R. and Sall, A. (2012) Dengue, Fièvre jaune et autres arboviroses. 
EMC—Maladies Infectieuses, 9, 1-24.  
https://doi.org/10.1016/s1166-8598(12)50186-9 

[3] Naish, S., Dale, P., Mackenzie, J.S., McBride, J., Mengersen, K. and Tong, S. (2014) 
Climate Change and Dengue: A Critical and Systematic Review of Quantitative 

https://doi.org/10.4236/ae.2025.131002
https://doi.org/10.1042/etls20180123
https://doi.org/10.1016/s1166-8598(12)50186-9


E. M. Bilgo et al. 
 

 

DOI: 10.4236/ae.2025.131002 57 Advances in Entomology  
 

Modelling Approaches. BMC Infectious Diseases, 14, Article No. 167.  
https://doi.org/10.1186/1471-2334-14-167 

[4] Carneiro, M.A.F., Alves, B.D.C.A., Gehrke, F.D.S., Domingues, J.N., Sá, N., Paixão, 
S., et al. (2017) Environmental Factors Can Influence Dengue Reported Cases. Revista 
da Associação Médica Brasileira, 63, 957-961.  
https://doi.org/10.1590/1806-9282.63.11.957 

[5] Baldacchino, F., Caputo, B., Chandre, F., Drago, A., della Torre, A., Montarsi, F., et 
al. (2015) Control Methods against Invasive Aedes Mosquitoes in Europe: A Review. 
Pest Management Science, 71, 1471-1485. https://doi.org/10.1002/ps.4044 

[6] Mancini, M.V., Murdochy, S.M., Bilgo, E., Ant, T.H., Gingell, D., Gnambani, E.J., et 
al. (2024) Wolbachia Strain wAlbB Shows Favourable Characteristics for Dengue 
Control Use in Aedes aegypti from Burkina Faso. Environmental Microbiology, 26, 
e16588. https://doi.org/10.1111/1462-2920.16588  

[7] Scholte, E., Knols, B.G.J., Samson, R.A. and Takken, W. (2004) Entomopathogenic 
Fungi for Mosquito Control: A Review. Journal of Insect Science, 4, 1-24.  
https://doi.org/10.1673/031.004.1901 

[8] Abbas, M.S.T. (2020) Interactions between Entomopathogenic Fungi and Entomoph-
agous Insects. Advances in Entomology, 8, 130-146.  
https://doi.org/10.4236/ae.2020.83010 

[9] de Carolina Sánchez-Pérez, L., Barranco-Florido, J.E., Rodríguez-Navarro, S., Cer-
vantes-Mayagoitia, J.F. and Ramos-López, M. (2014) Enzymes of Entomopathogenic 
Fungi, Advances and Insights. Advances in Enzyme Research, 2, 65-76. 

[10] Wang, C. and Wang, S. (2017) Insect Pathogenic Fungi: Genomics, Molecular Interac-
tions, and Genetic Improvements. Annual Review of Entomology, 62, 73-90.  
https://doi.org/10.1146/annurev-ento-031616-035509 

[11] St. Leger, R.J. and Wang, J.B. (2020) Metarhizium: Jack of All Trades, Master of 
Many. Open Biology, 10, Article ID: 200307. https://doi.org/10.1098/rsob.200307 

[12] WHO (2009) Guidelines for Efficacy Testing of Insecticides for Indoor and Outdoor 
Ground-Applied Space Spray Applications. Report No.: WHO/HTM/NTD/WHOPES/ 
GCDPP/2009.6.  
https://www.who.int/publications/i/item/who-htm-ntd-whopes-gcdpp-2009.6  

[13] Shen, D., Nyawira, K.T. and Xia, A. (2020) New Discoveries and Applications of Mos-
quito Fungal Pathogens. Current Opinion in Insect Science, 40, 111-116.  
https://doi.org/10.1016/j.cois.2020.05.003 

[14] WHO (2022) Dengue and Severe Dengue.  
https://www.who.int/news-room/fact-sheets/detail/dengue-and-severe-dengue  

[15] CDC (2019) Dengue Vaccination: What Everyone Should Know.  
https://www.cdc.gov/vaccines/vpd/dengue/public/index.html  

[16] Moyes, C.L., Vontas, J., Martins, A.J., Ng, L.C., Koou, S.Y., Dusfour, I., et al. (2017) 
Contemporary Status of Insecticide Resistance in the Major Aedes Vectors of Arbo-
viruses Infecting Humans. PLOS Neglected Tropical Diseases, 11, e0005625.  
https://doi.org/10.1371/journal.pntd.0005625 

[17] Badolo, A., Sombié, A., Pignatelli, P.M., Sanon, A., Yaméogo, F., Wangrawa, D.W., 
et al. (2019) Insecticide Resistance Levels and Mechanisms in Aedes Aegypti Popula-
tions in and around Ouagadougou, Burkina Faso. PLOS Neglected Tropical Diseases, 
13, e0007439. https://doi.org/10.1371/journal.pntd.0007439 

[18] Namountougou, M., Soma, D.D., Balboné, M., Kaboré, D.A., Kientega, M., Hien, A., 

https://doi.org/10.4236/ae.2025.131002
https://doi.org/10.1186/1471-2334-14-167
https://doi.org/10.1590/1806-9282.63.11.957
https://doi.org/10.1002/ps.4044
https://doi.org/10.1111/1462-2920.16588
https://doi.org/10.1673/031.004.1901
https://doi.org/10.4236/ae.2020.83010
https://doi.org/10.1146/annurev-ento-031616-035509
https://doi.org/10.1098/rsob.200307
https://www.who.int/publications/i/item/who-htm-ntd-whopes-gcdpp-2009.6
https://doi.org/10.1016/j.cois.2020.05.003
https://www.who.int/news-room/fact-sheets/detail/dengue-and-severe-dengue
https://www.cdc.gov/vaccines/vpd/dengue/public/index.html
https://doi.org/10.1371/journal.pntd.0005625
https://doi.org/10.1371/journal.pntd.0007439


E. M. Bilgo et al. 
 

 

DOI: 10.4236/ae.2025.131002 58 Advances in Entomology  
 

et al. (2020) Monitoring Insecticide Susceptibility in Aedes Aegypti Populations from 
the Two Biggest Cities, Ouagadougou and Bobo-Dioulasso, in Burkina Faso: Implica-
tion of Metabolic Resistance. Tropical Medicine and Infectious Disease, 5, Article No. 
84. https://doi.org/10.3390/tropicalmed5020084 

[19] Cavalcanti, L.P.d.G., Pontes, R.J.S., Regazzi, A.C.F., Paula Júnior, F.J.d., Frutuoso, 
R.L., Sousa, E.P., et al. (2007) Competência de peixes como predadores de larvas de 
Aedes aegypti, Em condições de laboratório. Revista de Saúde Pública, 41, 638-644.  
https://doi.org/10.1590/s0034-89102006005000041 

[20] Paiva, C.N., de Oliveira Lima, J.W., Camelo, S.S., de França Lima, C. and de Góes 
Cavalcanti, L.P. (2014) Survival of Larvivorous Fish Used for Biological Control of 
Aedes aegypti (Diptera: Culicidae) Combined with Different Larvicides. Tropical 
Medicine & International Health, 19, 1082-1086. https://doi.org/10.1111/tmi.12341 

[21] Lacey, L.A., Grzywacz, D., Shapiro-Ilan, D.I., Frutos, R., Brownbridge, M. and 
Goettel, M.S. (2015) Insect Pathogens as Biological Control Agents: Back to the Fu-
ture. Journal of Invertebrate Pathology, 132, 1-41.  
https://doi.org/10.1016/j.jip.2015.07.009 

[22] Alkhaibari, A.M., Carolino, A.T., Yavasoglu, S.I., Maffeis, T., Mattoso, T.C., Bull, J.C., 
et al. (2016) Metarhizium brunneum Blastospore Pathogenesis in Aedes Aegypti larvae: 
Attack on Several Fronts Accelerates Mortality. PLOS Pathogens, 12, e1005715.  
https://doi.org/10.1371/journal.ppat.1005715 

[23] Brunner-Mendoza, C., Reyes-Montes, M.d.R., Moonjely, S., Bidochka, M.J. and To-
riello, C. (2018) A Review on the Genus Metarhizium as an Entomopathogenic Micro-
bial Biocontrol Agent with Emphasis on Its Use and Utility in Mexico. Biocontrol 
Science and Technology, 29, 83-102. https://doi.org/10.1080/09583157.2018.1531111 

[24] Fang, W., Leng, B., Xiao, Y., Jin, K., Ma, J., Fan, Y., et al. (2005) Cloning of Beauveria 
bassiana Chitinase Gene Bbchit1 and Its Application to Improve Fungal Strain Viru-
lence. Applied and Environmental Microbiology, 71, 363-370.  
https://doi.org/10.1128/aem.71.1.363-370.2005 

[25] Wang, C. and St Leger, R.J. (2007) A Scorpion Neurotoxin Increases the Potency of a 
Fungal Insecticide. Nature Biotechnology, 25, 1455-1456.  
https://doi.org/10.1038/nbt1357 

[26] Cui, C., Wang, Y., Li, Y., Sun, P., Jiang, J., Zhou, H., et al. (2022) Expression of Mos-
quito miRNAs in Entomopathogenic Fungus Induces Pathogen-Mediated Host RNA 
Interference and Increases Fungal Efficacy. Cell Reports, 41, Article ID: 111527.  
https://doi.org/10.1016/j.celrep.2022.111527 

[27] Fang, W., Azimzadeh, P. and St. Leger, R.J. (2012) Strain Improvement of Fungal 
Insecticides for Controlling Insect Pests and Vector-Borne Diseases. Current Opin-
ion in Microbiology, 15, 232-238. https://doi.org/10.1016/j.mib.2011.12.012 

[28] Zhao, H., Lovett, B. and Fang, W. (2016) Genetically Engineering Entomopathogenic 
Fungi. Advances in Genetics, 94, 137-163.  
https://doi.org/10.1016/bs.adgen.2015.11.001 

[29] Deng, S., Zou, W., Li, D., Chen, J., Huang, Q., Zhou, L., et al. (2019) Expression of 
Bacillus thuringiensis Toxin Cyt2Ba in the Entomopathogenic Fungus Beauveria bas-
siana Increases Its Virulence towards Aedes Mosquitoes. PLOS Neglected Tropical 
Diseases, 13, e0007590. https://doi.org/10.1371/journal.pntd.0007590 

[30] Deng, S., Cai, Q., Deng, M., Huang, Q. and Peng, H. (2017) Scorpion Neurotoxin 
AaIT-Expressing Beauveria bassiana Enhances the Virulence against Aedes albopictus 
Mosquitoes. AMB Express, 7, Article No. 121.  
https://doi.org/10.1186/s13568-017-0422-1 

https://doi.org/10.4236/ae.2025.131002
https://doi.org/10.3390/tropicalmed5020084
https://doi.org/10.1590/s0034-89102006005000041
https://doi.org/10.1111/tmi.12341
https://doi.org/10.1016/j.jip.2015.07.009
https://doi.org/10.1371/journal.ppat.1005715
https://doi.org/10.1080/09583157.2018.1531111
https://doi.org/10.1128/aem.71.1.363-370.2005
https://doi.org/10.1038/nbt1357
https://doi.org/10.1016/j.celrep.2022.111527
https://doi.org/10.1016/j.mib.2011.12.012
https://doi.org/10.1016/bs.adgen.2015.11.001
https://doi.org/10.1371/journal.pntd.0007590
https://doi.org/10.1186/s13568-017-0422-1


E. M. Bilgo et al. 
 

 

DOI: 10.4236/ae.2025.131002 59 Advances in Entomology  
 

[31] Fan, Y., Borovsky, D., Hawkings, C., Ortiz-Urquiza, A. and Keyhani, N.O. (2012) Ex-
ploiting Host Molecules to Augment Mycoinsecticide Virulence. Nature Biotechnology, 
30, 35-37. https://doi.org/10.1038/nbt.2080 

[32] Shang, Y., Duan, Z., Huang, W., Gao, Q. and Wang, C. (2012) Improving UV Re-
sistance and Virulence of Beauveria bassiana by Genetic Engineering with an Exoge-
nous Tyrosinase Gene. Journal of Invertebrate Pathology, 109, 105-109.  
https://doi.org/10.1016/j.jip.2011.10.004 

[33] Liao, X., Lu, H., Fang, W. and St. Leger, R.J. (2013) Overexpression of a Metarhizium 
robertsii HSP25 Gene Increases Thermotolerance and Survival in Soil. Applied Mi-
crobiology and Biotechnology, 98, 777-783.  
https://doi.org/10.1007/s00253-013-5360-5 

[34] Du, Y., Xia, Y. and Jin, K. (2022) Enhancing the Biocontrol Potential of the Ento-
mopathogenic Fungus in Multiple Respects via the Overexpression of a Transcription 
Factor Gene MaSom1. Journal of Fungi, 8, Article No. 105.  
https://doi.org/10.3390/jof8020105 

[35] Pava-Ripoll, M., Posada, F.J., Momen, B., Wang, C. and St Leger, R. (2008) Increased 
Pathogenicity against Coffee Berry Borer, Hypothenemus hampei (Coleoptera: Cur-
culionidae) by Metarhizium anisopliae Expressing the Scorpion Toxin (AaIT) Gene. 
Journal of Invertebrate Pathology, 99, 220-226.  
https://doi.org/10.1016/j.jip.2008.05.004 

[36] Hu, J. and Xia, Y. (2018) Increased Virulence in the Locust-Specific Fungal Pathogen 
Metarhizium acridum Expressing dsRNAs Targeting the Host F1F0-ATPase Subunit 
Genes. Pest Management Science, 75, 180-186. https://doi.org/10.1002/ps.5085 

[37] Wen, Z., Tian, H., Xia, Y. and Jin, K. (2021) O-Mannosyltransferase MaPmt2 Contrib-
utes to Stress Tolerance, Cell Wall Integrity and Virulence in Metarhizium acridum. 
Journal of Invertebrate Pathology, 184, Article ID: 107649.  
https://doi.org/10.1016/j.jip.2021.107649 

[38] Bilgo, E., Lovett, B., Bayili, K., Millogo, A.S., Saré, I., Dabiré, R.K., et al. (2018) Trans-
genic Metarhizium pingshaense Synergistically Ameliorates Pyrethroid-Resistance in 
Wild-Caught, Malaria-Vector Mosquitoes. PLOS ONE, 13, e0203529.  
https://doi.org/10.1371/journal.pone.0203529 

[39] Lovett, B., Bilgo, E., Millogo, S.A., Ouattarra, A.K., Sare, I., Gnambani, E.J., et al. (2019) 
Transgenic Metarhizium Rapidly Kills Mosquitoes in a Malaria-Endemic Region of 
Burkina Faso. Science, 364, 894-897. https://doi.org/10.1126/science.aaw8737 

[40] Lovett, B., Bilgo, E., Diabate, A. and St. Leger, R. (2019) A Review of Progress toward 
Field Application of Transgenic Mosquitocidal Entomopathogenic Fungi. Pest Man-
agement Science, 75, 2316-2324. https://doi.org/10.1002/ps.5385 

[41] Singh, G. and Prakash, S. (2014) New Prospective on Fungal Pathogens for Mosquitoes 
and Vectors Control Technology. Journal of Mosquito Research, 4, 36-52.  
https://doi.org/10.5376/jmr.2014.04.0007 

[42] Sundaravadivelan, C. and Padmanabhan, M.N. (2013) Effect of Mycosynthesized Sil-
ver Nanoparticles from Filtrate of Trichoderma harzianum against Larvae and Pupa 
of Dengue Vector Aedes aegypti L. Environmental Science and Pollution Research, 
21, 4624-4633. https://doi.org/10.1007/s11356-013-2358-6 

[43] Banu, A.N. and Balasubramanian, C. (2014) Myco-Synthesis of Silver Nanoparticles 
Using Beauveria bassiana against Dengue Vector, Aedes aegypti (Diptera: Culicidae). 
Parasitology Research, 113, 2869-2877. https://doi.org/10.1007/s00436-014-3948-z 

[44] Banu, A.N. and Balasubramanian, C. (2014) Optimization and Synthesis of Silver Na-
noparticles Using Isaria fumosorosea against Human Vector Mosquitoes. Parasitology 

https://doi.org/10.4236/ae.2025.131002
https://doi.org/10.1038/nbt.2080
https://doi.org/10.1016/j.jip.2011.10.004
https://doi.org/10.1007/s00253-013-5360-5
https://doi.org/10.3390/jof8020105
https://doi.org/10.1016/j.jip.2008.05.004
https://doi.org/10.1002/ps.5085
https://doi.org/10.1016/j.jip.2021.107649
https://doi.org/10.1371/journal.pone.0203529
https://doi.org/10.1126/science.aaw8737
https://doi.org/10.1002/ps.5385
https://doi.org/10.5376/jmr.2014.04.0007
https://doi.org/10.1007/s11356-013-2358-6
https://doi.org/10.1007/s00436-014-3948-z


E. M. Bilgo et al. 
 

 

DOI: 10.4236/ae.2025.131002 60 Advances in Entomology  
 

Research, 113, 3843-3851. https://doi.org/10.1007/s00436-014-4052-0 

[45] Karabörklü, S., Azizoglu, U. and Azizoglu, Z.B. (2017) Recombinant Entomopatho-
genic Agents: A Review of Biotechnological Approaches to Pest Insect Control. 
World Journal of Microbiology and Biotechnology, 34, Article No. 14.  
https://doi.org/10.1007/s11274-017-2397-0 

[46] Lovett, B. and St. Leger, R.J. (2017) Genetically Engineering Better Fungal Biopesticides. 
Pest Management Science, 74, 781-789. https://doi.org/10.1002/ps.4734 

[47] Kamareddine, L., Fan, Y., Osta, M.A. and Keyhani, N.O. (2013) Expression of Trypsin 
Modulating Oostatic Factor (TMOF) in an Entomopathogenic Fungus Increases Its 
Virulence towards Anopheles gambiae and Reduces Fecundity in the Target Mosquito. 
Parasites & Vectors, 6, Article No. 22. https://doi.org/10.1186/1756-3305-6-22 

 
 
 
 
 
 
 

https://doi.org/10.4236/ae.2025.131002
https://doi.org/10.1007/s00436-014-4052-0
https://doi.org/10.1007/s11274-017-2397-0
https://doi.org/10.1002/ps.4734
https://doi.org/10.1186/1756-3305-6-22

	Using Transgenic Entomopathogenic Fungi to Prevent Dengue Fever: Current Status, Challenges and Perspectives
	Abstract
	Keywords
	1. Introduction
	2. Rising Cases of Dengue Fever, a Current Challenge of Vector Control Strategies 
	3. Potential of TEF to Control Aedes Mosquitoes
	3.1. Genetic Improvement of Fungal Virulence
	3.1.1. Transgenic Entomopathogenic Fungi Expressing Insecticidal Toxins
	3.1.2. Transgenic Entomopathogenic Fungi Expressing Host Enzyme
	3.1.3. Transgenic Entomopathogenic Fungi Exploiting Host Immune Mechanisms

	3.2. Genetic Improvement of Fungal Tolerance to Environmental Stress

	4. Large-Scale Application of Transgenic Entomopathogenic Fungi
	5. Other Biotechnological Advancements on EPFs Development for Aedes Control
	6. Challenges and Perspectives to Application of TEFs for Aedes Control
	7. Conclusion
	Acknowledgements
	Conflicts of Interest
	References

