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Abstract  

Malaria is a highly 

complex parasitic 

disease that is caused 

by four parasitic 

species of the genus 

Plasmodium and 

vectored by female 

anopheles mosquitoes. 

For decades, 

researchers have been 

exploring various 

methods to combat 
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INTRODUCTION  

Malaria is a highly 

complex disease 

caused mainly by 

four parasite species 

of the genus 

Plasmodium (P. 

vivax, P. malariae, P. 

ovale and P. 

falcifarum) and 

vectored by large 

number of 

Anopheline 

mosquitos species 

(Vanessa, 2010). In 

the tropics, the main 

malaria parasite is 

Plasmodium 

falcifarum, which is 

transmitted by 

Anopheles 

gambiasae species 

(Service, 2004). The 

disease is the most 

highly prevalent 

tropical disease with 

high morbidity and 

mortality and high 

economic and social 

impact (Adefioye, 

2007). 
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threat from mosquito 

borne disease. Various 

control and preventive 

measures like Indoor 

Residual Spray, 

larviciding and 

chemotherapy that 

target the parasites 

have been 

implemented in order 

to control malaria and 

other mosquito borne 

diseases, but the 

disease remains 

endemic in most 

countries of the tropics. 

In most cases, 

biological control using 

different biological 

agents specifically, 

Bacillus thuringiensis 

israeliensis (Bti) is 

recommended for the 

control of mosquito 

larvae at different 

breeding sites. The 

selection of Bti is based 

on the fact that, it is 

environmentally 

friendly, selective in 

action (safe to non-

target organism 

including humans), 

easily mass produce 

among other 

advantages. In Bti-

treated breeding site, 

during sporulation, Bti 

produces protein toxin 

crystals called 

Parasporal body that 

act as microbial 

insecticide, which 

dissolve in midgut of 

the larvae to release 

protoxin. Under the 

influence of protease, it 

produces delta-

endotoxin. The binding 

of endotoxin to specific 

receptors results in 

osmotic imbalance 

across the midgut 

epithelial membrane. 

This leads to severe 

damage and loss of ATP 

and finally death of the 

larvae. The fate of Bti 

after treatment largely 

depends on how it is 

formulated, but it is 

generally safe. 
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It is estimated that there are about 300-500 million new cases of malaria every year, 

with 1.5-2.7 million deaths worldwide particularly in Africa, where about 90% of the 

global cases are recorded and children under five years and pregnant women are 

most affected (Onyindo, et al., 2011). In Africa, the disease accounts for an estimated 

25% of all child hood mortality (Lengeler, 2009). It also causes many other deaths 

through synergy with other infection and huge economic loses and disabilities 

(Abebe, et al., 2008).The disease is a serious burden of developing nations including 

Nigeria, and the worst malaria situation occur in remote rural areas and among  

marginalized poor population (Anyaechie, 2011). Nigeria alone accounts for nearly 

25% of the total malaria burden within Africa (carter, 2010). In Nigeria, the disease 

is also responsible for about 60% of the outpatient visit to health facilities 30% of the 

childhood deaths (Roll Back Malaria, 2005).  

Mosquito- borne diseases including malaria have been major problems in almost all 

tropical and subtropical countries and currently there are no successful vaccines 

against such diseases. For decades, mankind has been exploring various methods to 

combat threat from mosquito- borne disease (Ram and Jiang, 2006). Various control 

measures like residual house spraying or Indoor Residual Spraying (I.R.S) that is 

directly targeted against malaria vectors, Chemotherapy that aimed at destroying the 

malaria parasite and Larviciding have been implemented in order to control malaria, 

but the disease remains endemic in most countries of the tropics. The emergence and 

spread of insecticide resistance in many species of mosquitoes, the concern with 

environmental pollution, coupled with the high cost of new chemical insecticide 

made it apparent that insect pest/vector control could no longer be safely dependent 

upon the utilization of chemicals (Cote, 2005).  

Control measures can be directed at either the immature stages (larvae) or the adult 

or both stages simultaneously (Services, 2004). Mosquito larval control may prove to 

be an effective tool for incorporating into integrated vector management (IVM) 

strategies for reducing  malaria transmission (Silas et al., 2007). The control of the 

immature populations is advantageous because the larvae are usually concentrated, 

relatively immobile and occupy minimal habitat area compared with adult (Susan et 

al., 2011). This (control of larval stages) is usually achieved through biological 

control by using appropriate biological control agents .This is because most of the 

available chemical larvicides create environmental problems as they are lethal to 

non- target species (Gbehou et al., 2010).  

The principal biological control agents that have been successfully employed against 

Anopheles are predators and bacterial pathogens, particularly Bacillus thuringiensis 
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israelensis (Bti) and Bacillus sphaericus (Bs) that have been proved to attack the 

larval stage of the mosquitoes (Kathleen, 2002). Bacillus thuringiensis is 

undoubtedly the most useful pathogen as it can be easily mass- produced and 

toxicologically safe to humans and wildlife and is more or less specific in killing 

mosquito larvae (Service, 2004). 

 

 

Methodology 

Reviewing Relevant Literature 

Relevant literatures that were directly or indirectly linked to the mode of action of 

Bacillus thuringiensis israeliensis were critically reviewed. Different search terms 

like Mosquito biology, Bacillus thuringiensis israeliensis, mode of action, biological 

control of mosquito larvae, Parasporal body, delta-endotoxin, biological control 

agents, malaria control programme, advantages of Bti, Fate of Bti, treatment of 

mosquito breeding sites were searched and collected from the databases of Pubmed, 

Web of Science, Web of Knowledge, Scopus and other relevant and reliable source of 

published articles. 

Full text of the searched literatures were read and evaluated for the mode of action 

of Bti and all those published articles that added value to the title were categorised 

according to the review component. 

 

RESULT AND DISCUSSION 

Malaria Vector (Female Anopheles Mosquito) and its Biology  

Mosquitoes are disease- causing vectors within almost all tropical and subtropical 

countries and are responsible for the transmission of pathogens causing some of the 

most life threatening and debilitating disease of man like malaria (Rhadhika, et al., 

2011). Mosquitoes transmit some other world’s worst life threatening viral disease 

like filariasis (Subbiah and Brig, 2004). Additionally, mosquitoes constitute a severe 

nuisance for man and domestic animals in rural, suburban and urban areas of the 

world (Mir, 1991).  

Female Anopheles mosquitoes are the principal malaria vector that transmit malaria 

parasite from infected individuals to non-infected populations when taking a blood 

meal for egg development, and they are associated with fresh water habitat 

(Raghavendra, et al., 2008). 

After mating and blood feeding, Anopheles lays about 50—200 small brown or 

blackish boat shaped eggs on water surface. The eggs are laid singly and float on the 

water surface. In tropical countries, the eggs hatch within 2-3 days (services, 2004). 
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Most anopheline mosquitoes prefer relatively large expanses of water that do not dry 

up (Arora and Arora, 2010). Therefore, both the larval and the pupal stages develop 

in the aquatic environment. As in all mosquitoes, there are four larval instars. 

Anopheles larvae are filter feeders and unless disturbed, they remain at the water 

surface, feeding on bacteria, yeast, Protozoans and other microorganisms and breath-

in air through their spiracles. In tropical countries the larval period frequently last 

only about 7 days, but in cooler climates, the larval period may be two—four weeks. 

The comma-shaped pupae are less mobile than the larvae; normally remain floating 

at the water surface with the aid of the pair of palmate hairs on the cephalothorax. 

The pupal period lasts for two—three days in tropical countries, after which the adult 

anopheles mosquitoes emerges.  

Most Anopheleses are crepuscular or nocturnal in their activities. Thus, blood feeding 

and oviposition normally occur in the evening, at night or in the early morning. 

Mostly, Anopheleses are endophagic that is they mainly bite indoors. Both before and 

after blood—feeding some anopheles species are endophilic that is they rest indoors. 

 

Biological Control of Malaria Vector 

Biological Control refers to the introduction or manipulation of living organisms in 

order to suppress vector populations. This method of control has expanded to   

involve all methods that use living organisms as a part of tactics, including host plant 

resistance, sterile insect release and genetic manipulation. Biological control is one 

of the aspects of Integrated Vector Management, which is a process for managing 

vector populations in such a way as to reduce or interrupt transmission of disease 

(World Health Organization, 2004). The rapid increase in mosquito resistance to 

various chemical insecticide and growing public concern over environmental 

pollution has resulted in the development of alternative for mosquito control, such 

as the use of biological agent, such as Bacillus thurigiensis israelensis (Bti) (Jose et 

al.,2005). For the past few decades, there is a growing realization for alternate 

biological control agents that are currently being used in the control of larval vector 

populations in different breeding habitat (Subbiah and Brig, 2006). The production 

of microorganisms mostly bacteria (Bti) for use as a biological control agent 

especially against disease causing insects is much simpler and cost less than the 

production of chemical insecticide which may result in insects` resistance and 

pollution to the environment (Jing and Franco, 2011). Biolarvicides, based on 

mosquitocidal toxins of certain strains of Bacillus thurigiensis israeliensis H-14 and 

bacillus sphaericus are highly effective against mosquito larvae at very low doses and 

safe to other non-target organisms (Mittal, 2003). These bacteria have some 
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important advantages over conventional insecticide in mosquito control operations, 

besides being safe to non-target organisms including human beings; it is innocuous 

to the environment (Subbiah and Abidha, 2010). 

Bacillus thuringiensis is commonly formulated as a powder that after mixing with 

water is sprayed on breeding places, but because there is no multiplication of the 

bacteria, there have to be repeated application as with most chemical larvicides. 

However, when formulated as a slow release granules or briquettes, insecticidal 

activity extends over many days, sometimes up to a month. When Bacillus 

thuringiensis is ingested, mortality is caused by an endotoxin acting as a stomach 

poison. Different formulations of Bacillus thuringiensis can be used to control larvae 

in various breeding sites. The type of formulations and dosages must be adjusted to 

the types of site encountered (Cote, et al.,2005).  

 

Bacillus thuringiensis 

Bacillus thuringiensis belongs to class bacilli, order bacillales, and family bacillaceae 

in the phylum firmicutes (Vandana, and Sanjay, 2007). An aerobic gram-positive, 

spore forming soil bacteria produces different kind of crystal inclusions during 

sporulation. These crystal inclusions are composed of one or more crystal (cry) and 

crytolytic (cyt) toxins, which are also called delta-endotoxins or insecticidal crystal 

proteins (Nishat and Mahbub, 2012). Bacillus thuringiensis subsp. israeliensis (Bti) 

is also a natural larval mosquito pathogen producing pore-forming toxins targeting 

the midgut of dipteral larvae (Guillaume, et al., 2012). 

Bacillus thuringiensis is a unique bacterium in that it shares a common place with a 

number of chemical compounds that are used commercially to control insect 

important to agriculture and public health. Although other bacteria including Bacillus 

papillae and Bacillus sphaericus are used as microbial insecticide, but their spectrum 

of insecticidal activity is quite limited compared to Bacillus thuringiensis (Ibrahim, 

et al., 2010). Importantly, Bacillus thuringiensis is safe for humans and is most widely 

used environmentally compatible bio pesticide worldwide (Subbiah and Archana, 

2012). 

MODE OF ACTION OF BACILLUS THURINGIENSIS VAR. ISRAELIENSIS ON MOSQUITO 

LARVA 

Bacillus thuringiensis is only weakly toxic to insects as a vegetative cell, but during 

sporulation, it produces an intracellular protein toxin crystal, the parasporal body 

(protoxin) that can act as a microbial insecticide. When ingested by the anopheles 

larva, the parasporal crystal dissolves in the alkaline gut juices of the mosquito larva 

to release protoxin. After this, it reacts with a protease enzyme to produce the active 
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toxin (delta-endotoxin). Six of the active toxin units integrate into the plasma 

membrane to form a hexagonal-shaped pore through the midgut cell (Joanne, et.al., 

2008). In Bti-treated mosquito larvae, the binding of endotoxins to specific receptors 

result in an osmotic imbalance across the midgut epithelial cell membrane, thereby 

causing severe damage to the gut wall and loss of ATP and finally leading to rapid 

death (Cote, et al., 2005). 

Generally, the Bti-treated larvae cease feeding after one hour, show reduced activity 

by two hours, extreme sluggishness by four hours and general paralysis by six hours 

after ingestion (Gbehou, et al., 2010). 

The following diagrams represent the mode of action of Bti on mosquito larva.  
 

 

 

                                                 Protoxin          protease        

      Parasporal crystal     alkaline midgut                            active toxin (delta-endotoxin)      Damaged gut  

    

Figure 1: Mode of action of Bacillus thuringiensis 

 

Fate of Bacillus thuringiensis israeliensis toxic activity in the environment 

Bacillus thuringiensis is a naturally occurring pathogen that readily breaks down in 

the environment. As a biological entity, it is subject to death and inactivation in the 

same fashion as all living things. Bti is degraded rapidly when exposed to U.V light. 

Formulations of Bti spores and crystals encapsulated in starch lost all spore viability 

and insecticidal activity within four days (Extension Toxicology Network, 1994). 

The spores, because of their ability to survive in harsh environment, may persist at 

gradually decreasing concentrations for weeks, but crystals will eventually degrade 

and their constituents will be recycled in the ecosystem.  However, depending on the 

types of environment, the fate and or behaviour of the toxic particles can be quite 

different. The toxicity of Bti is mainly and strongly correlated to the availability of the 

crystals. 

 In lentic environment (Standing Water) once the Bti formulations are applied to the 

surface of the water, the Bti crystals can be ingested by mosquitoes and also by other 

non-target insect, can sediment at various rates depending on how they are 

formulated or can interact with substances like vegetation or sediments (Cote, 2005). 

 

CONCLUSSION 

Bacillus thuringiensis var. israeliensis is considered as one of the most active 

biological control agents in controlling malaria vector. Under the influence of an 
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enzyme called Protease, the Bti destroys the gut wall of the larvae and loss of ATP, 

which lead to the eventual death of the mosquito larvae. 

 

RECOMMENDATIONS 

In controlling malaria vector, Biological control should be given utmost importance 

specifically, the use of Bacillus thuringiensis var. israeliensis as biological control 

agent. This is because it is environmentally safe, specific in action and there is no 

record of resistance by the larvae. It is also the easiest control measures as it can 

attack larger populations of larvae that are localized in certain habitats before 

developing certain structures or features like Wings, which help them in their success 

and give them good chance of escaping. 

In addition, Government and other non- Governmental organizations that are 

working toward eradicating malaria should sensitize individuals and public on the 

need for practicing and adopting this safe method of biological control.  

Finally, further research should conducted in vitro so as to compare the effectiveness 

of Bacillus thuringiensis var. israeliensis on different species of mosquitoes (Culex, 

Aedes etc) that serve as vectors for other parasitic diseases apart from malaria. 
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