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1. Introduction

   More than half of the world population live under the risk 
of insect-borne diseases, predominantly those transmitted 
by mosquitoes. The mosquitoes are vectors of a broad 
range of harmful viral and parasitic diseases affecting both 
humans and animals. Mosquitoes are the causative agents 
of diseases such as malaria, lymphatic filariasis, dengue, 
chikungunya and West Nile fever. Estimations made by the 
World Health Organization show that 247 million people 

in tropical and subtropical regions of the world become ill 
and about one million people died because of mosquito-
borne diseases[1]. So far insecticide-based control programs 
targeting mosquitoes have been the most successful method 
of controlling the disease, but it is often expensive and also 
the effectiveness of such program has been greatly reduced 
because of the development of insecticide resistance 
in mosquitoes. This has prompted the need to use more 
expensive alternative compounds. The massive unjudicial 
use of chemical insecticides has led to environmental 
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Mosquitoes act as vectors for a wide range of viral and parasitic infectious diseases such as 
malaria, dengue, Chickungunya, lymphatic filariasis, Japanese encephalitis and West Nile 
virus in humans as well as in animals. Although a wide range of insecticides are used to control 
mosquitoes, it has only resulted in development of resistance to such insecticides. The evolution 
of insecticide resistance and lack of vaccines for many mosquito-borne diseases have made 
these arthropods highly harmful vectors. Recently, a novel approach to control mosquitoes by  
transinfection of life shortening maternally transmitted endo-symbiont Wolbachia wMelPop 
strain from fruitfly Drosophila into mosquito population has been developed by researchers. The 
wMelPop strain up-regulated the immune gene expression in mosquitoes thereby reducing the 
dengue and Chickungunya viral replication in Aedes aegypti, and also it significantly reduced 
the Plasmodium level in Anopheles gambiae. Here, we discuss the strategy of using Wolbachia in 
control of vector-borne diseases of mosquitoes.   
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Comments
The Wolbachia-based technology 
will assess a novel control strategy 
for mosquito control by using Fruit 
fly virulent Wolbachia. It will also 
deliver new tools for the accurate 
a s s e s s m e n t  o f  t h e  i m p a c t  o n 
population age structure in mosquitoes 
based on Wolbachia interventions. To 
summarize, it is opined that Wolbachia 
provides a biological method to 
manipulate mosquito population, 
reduce disease transmission and 
health burden in humans.  
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degradation and biomagnification in ecosystems[2]. 
   Wolbachia is an intracellular maternally inherited 
endosymbiotic bacteria found in arthropods. It manipulates 
its host reproduction in many ways, all of which favour 
infected females in nature. Wolbachia was first discovered 
in the reproductive tissues of mosquitoes Culex pipens by 
Hertig and Wolbach in 1924 and the species was later named 
Wolbachia pipientis[3,4]. Wolbachia infections are widespread 
within insect species[5-8]. One of the reproductive 
manipulation induced by Wolbachia is cytoplasmic 
incompatability, which has received considerable attention 
in biological control of insect vectors and diseases. 
cytoplasmic incompatability results in the generation of 
unviable offspring when an uninfected female mates with a 
Wolbachia-infected male[9]. 
   Wolbachia is responsible for inducing a number of 
reproductive modifications that enables its spread and 
maintenance in natural populations. Wolbachia-induced 
cytoplasmic incompatability has received considerable 
attention as a mechanism to control insect vectors and 
diseases[10,11]. Recently, there has been a substantial 
increase in Wolbachia research related to the interactions 
of Wolbachia with its hosts and its impact on parasite 
transmission. Fruit fly Drosophila melanogaster (D. 
melanogaster) Wolbachia strains can invade and sustain 
themselves in mosquito populations, reduce adult lifespan, 
affect mosquito reproduction and interfere with pathogen 
replication. Such endosymbiotic bacterial strains have 
been introduced in Aedes aegypti (Ae. aegypti) mosquito 
populations to reduce their life span, thereby reducing the 
extrinsic incubation period. The other prospect of exploiting 
Wolbachia is using its ability to interfere with viruses and 
parasites. Wolbachia is known to interact with a wider range 
of pathogens in transfected mosquitoes including dengue 
and chikungunya viruses[12]. A recent study showed that 
Plasmodium falciparum development in Anopheles gambiae 
(An. gambiae) is suppressed transiently as a result of 
Wolbachia infection. This reproductive parasite is known to 
indirectly support and up-regulate the insect-host immune 
system and suppress the pathogen[13]. A major advantage 
of Wolbachia-based control approach for mosquitoes is 
that cytoplasmic incompatability acts as a self-spreading 
mechanism for Wolbachia to rapidly invade populations 
from the release of relatively small numbers of individuals. 
Wolbachia provides a biological method to manipulate 
mosquito populations and reduce disease transmission[14]. 
Findings have prompted researchers to aid in the control 
of mosquito-transmitted diseases. It has the benefit of 
being more environment-friendly than insecticide-based 
approaches[15,16].

2. Wolbachia inhibits dengue and chikungunya virus 
replication in mosquitoes 

   Evidence from several recent studies indicates that a 

strain of life-shortening Wolbachia has been detected in 
the fruit fly Drosophila. This virulent Wolbachia strain 
wMelpop is responsible for the shortening of life span 
in D. melanogaster[17]. In Drosophila, the wMelPop and 
another closely related Wolbachia strains have the ability 
of protecting against RNA virus infection by delaying 
the mortality of flies infected with a range of pathogenic 
viruses[18,19]. The Wolbachia wMelpop infection in D. 
melanogaster induces antiviral response to the Drosophila 
C virus in their hosts, cricket paralysis, Nora and Flock 
House viruses[20]. These observations in Drosophila has 
made researchers to introduce this bacterial strain into 
the dengue virus mosquito vector Ae. aegypti artificially. 
The introduction of walbB strain reduces the proliferation 
of dengue virus when compared with uninfected mosquito 
population. The Wolbachia strain not only reduced the 
virus replication but also reduced the adult life span. The 
life-shortening Wolbachia exerts its effect by altering 
the extrinsic incubation period of dengue virus, thereby 
inhibiting its transmission to new host. Meanwhile life-
shortening Wolbachia may offer a new technology to control 
the chikungunya virus as well. These results may offer a 
potential new method to control vector-borne diseases like 
dengue and chikungunya virus from Ae. aegypti[21].     

3. Wolbachia and host immune gene up-regulation

   Researchers recently found that the presence of wMelPop 
in mosquitoes up-regulated the host immune gene 
expression, resulting in inhibition of pathogen replication 
or multiplication. The up-regulated six immune genes 
observed in wMelPop infected An. gambiae are LRIM1, TEP1, 
CEC1, DEF1, CTL4 and CLIPB3 as shown by genome analysis[21]. 
When Wolbachia strain wMelPop was transinfected into An. 
gambiae, up-regulation of immune genes LRIM1 and TEP1 
has been found, inhibiting the Plasmodium development by 
interfering in the opsonization pathway[22,23]. Fascinatingly, 
similar results have been seen in the avian malarial parasites 
Plasmodium gallinaceum and Plasmodium berghei[24]. The 
infection of wMelPop strain in mosquito Ae. aegypti induces 
up-regulation of several immune effector molecules, namely, 
thio-ester containing proteins, C-type lectins, defensin, 
diptericin, GNBPB1, SPZ1A, cactus and cecropin[25]. The up-
regulation of immune effector molecules in Wolbachia-
infected mosquitoes may be responsible for the resistance 
to pathogen virus proliferation[26]. Natural Wolbachia strains 
infected in Culex quinquefasciatus mosquitoes have shown 
resistance to West Nile virus[27]. This evidence is more 
prominent when compared to Wolbachia strains infected 
mosquitoes. 

4. Wolbachia and malaria parasite (Plasmodium) 
inhibition 

   Malaria is one of the deadliest infectious disease caused 
by protozoan parasite Plasmodium transmitted by vector 
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Anopheles mosquitoes. There are estimated 500 million cases 
of malaria annually and 1 to 3 million deaths primarily 
associated with Plasmodium[28]. When life shortening 
Wolbachia strain wMelPop transinfects into An. gambiae, 
several immune genes are activated, resulting in inhibition 
of Plasmodium parasite development[29]. Several recent 
studies in Drosophila has shown that the immune genes 
involved in inhibition of Plasmodium are LRIM1 and TEP1, 
and they are likely to inhibit the human malarial parasite 
Plasmodium, if stable infection is transmitted vertically to 
Anopheles[30]. The evidence for pathogen suppression was 
reported in Ae. aegypti, with induced resistance to bacterial 
pathogen Pseudomonas aeruginosa, by reducing the number 
of Plasmodium gallinaceum oocysts by triggering the co-
expression of two antimicrobial peptides cecropin A and 
defensin A, and completely blocking transmission of this 
avian malaria parasite to native chickens[31]. The density and 
tissue distribution of Wolbachia infections in mosquitoes is 
an important factor in inhibiting Plasmodium[32]. 

5. Conclusion

   The Wolbachia-based technology will assess a novel 
strategy for mosquito control by using virulent Wolbachia. 
It will also deliver new tools for the accurate assessment of 
the impact on population age structure in mosquitoes based 
on Wolbachia interventions. To summarize, it is opined 
that Wolbachia provides a biological method to manipulate 
mosquito population and reduce disease transmission and 
health burden in humans.  
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Comments 

Background
   The mosquitoes are vectors of a broad range of harmful 
viral and parasitic diseases affecting both humans and 
animals. Mosquitoes are the causative agents of diseases 
such as malaria, lymphatic filariasis, dengue, chikungunya 
and West Nile fever. The use of insecticides targeting 
mosquitoes has been the most successful method, but 
contentious use of insecticides has led to development 

of insecticide resistance in mosquitoes. In recent years, 
potential application of Wolbachia endosymbiont to 
control of mosquito borne diseases has emerged as a more 
environmental friendly, cost effective biocontrol tool against 
mosquitoes.
  
Research frontiers
   Fruit fly D. melanogaster Wolbachia strains can invade 
and sustain themselves in mosquito populations, reduce 
adult lifespan, affect mosquito reproduction and interfere 
with pathogen replication. Such endosymbiotic bacterial 
strains have been introduced in Ae. aegypti mosquito 
populations to reduce their life span, thereby reducing the 
extrinsic incubation period. The other prospect of exploiting 
Wolbachia is using its ability to interfere with viruses and 
parasites. Wolbachia is known to interact with a wider 
range of pathogens in transfected mosquitoes including 
dengue and chikungunya viruses. A recent study showed 
that Plasmodium falciparum development in An. gambiae 
is suppressed transiently as a result of Wolbachia infection. 
This reproductive parasite is known to indirectly support and 
up-regulate the insect-host immune system and suppress 
the pathogen.

Related reports
   Wolbachia is an intracellular maternally inherited 
endosymbiotic bacteria found in arthropods. It manipulates 
its host reproduction in many ways, all of which favour 
infected females in nature. Wolbachia was first discovered 
in the reproductive tissues of mosquitoes Culex pipens by 
Hertig and Wolbach in 1924 and the species was later named 
Wolbachia pipientis. Wolbachia infections are widespread 
within insect species . One of the reproductive manipulation 
induced by Wolbachia is cytoplasmic incompatability, which 
has received considerable attention in biological control of 
insect vectors and diseases (Brelsfoard and Dobson 2011).

Innovations & breakthroughs
   The transinfection of life shortening Wolbachia from fruit 
fly, invades mosquitoes by reducing the adult life span and 
triggering immune responses, thereby inhibiting pathogen 
replication. 
  
Applications
   This review paper has given more emphasis on the use of 
Wolbachia endosymbiont, which is benefit of being more 
environmental friendly, cost effective than insecticide based 
approaches in biocontrol of mosquito borne disease.  

Peer review
   The Wolbachia-based technology will assess a novel 
control strategy for mosquito control by using fruit fly 
virulent Wolbachia. It will also deliver new tools for the 
accurate assessment of the impact on population age 
structure in mosquitoes based on Wolbachia interventions. 
To summarize, it is opined that Wolbachia provides a 
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biological method to manipulate mosquito population and 
reduce disease transmission and health burden in humans.  
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