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Abstract 

Over 40% of the world's population is under danger from mosquito transmitted diseases, which are a growing global 
health challenge. Since 2000, malaria control has made significant progress, but of late it has slowed down. Aedes-borne 
arbovirus risk is also rising quickly due to the remarkable expansion of the dengue and chikungunya viruses, yellow 
fever outbreaks, and the Zika virus pandemic. To counteract this issues people used many vector control measures. 
Synthetic pesticides play a significant role in mosquito larval and adult control strategies, although their deployment is 
hampered by the development of resistance. As an alternative, various biological measures are being used including 
bacterial bio pesticides. They are extremely effective at controlling larvae due to their lack of resistance development 
and environmental friendliness. In this present review various biological control measures used for mosquito control 
are discussed. 

Keywords: Mosquito borne diseases; Vector control; Chemical insecticides; Resistance; Biopesticides; Sterile insect 
technology 

1. Introduction

Mosquito has major public health importance as it is vectoring various diseases to mankind. Mosquito borne diseases 
are spreading rapidly and are responsible for the morbidity and mortality worldwide with a disproportionate effect on 
children and adolescents [1, 2, 3]. Malaria, filariasis, dengue, chikungunya, Japanese encephalitis (JE), Zika virus fever 
are the important diseases transmitted by mosquitoes causing millions of fatalities throughout the world every year 
[4,5,6]. 

Malaria causes global disease burden and the causative agent is the protozoal parasite of plasmodium species. Malaria 
is transmitted mainly by Anopheles mosquitoes. The most recent WHO report estimate that there would be 241 million 
new cases and 627 000 deaths worldwide from malaria in 2020 

Dengue fever is an important arboviral infection which is transmitted by Aedes mosquitoes majorly Aedes aegypti, but 
also Aedes albopictus, which are widespread in tropical and subtropical areas. [7]. In India, dengue fever is the second-
most dangerous disease spread by mosquitoes. Mostly all cases of dengue fever occur in urban, rural, and semi-urban 
regions. There is no specific treatment for dengue & severe dengue. According to the most recent WHO report, the 
dengue virus has infected 390 million people worldwide, with 96 million new cases.  
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The primary cause of viral encephalitis in Asia is the Japanese encephalitis virus (flavivirus). Culex mosquitoes are 
responsible for spreading the Japanese encephalitis virus from one animal to another. Over 68000 cases of Japanese 
encephalitis occur annually, with 13600 to 20400 deaths. Children are particularly affected by Japanese encephalitis. 
After childhood infection, most adults in endemic regions develop natural immunity, but anyone of any age might be 
infected [8]. 

Aedes mosquitoes are transmitting other important viral disease called Chikungunya. The causative organism for this 
disease is Chikungunya virus (CHIKV) [9]. By 2019, Asia and America were the regions most affected by Chikungunya 
in the past years. India experienced 62,000 instances, while Pakistan reported 8,387 cases of a chronic outbreak [4]. 
Lymphatic filariasis is an important mosquito borne disease, commonly known as elephantiasis. Brugia malayi, Brugia 
timori, and Wuchereria bancrofti are major the nematode parasites responsible for filariasis. It is spread by a variety of 
mosquito species, including the Culex mosquito, which is more frequently found in urban and semi-urban areas, the 
Anopheles mosquito, which is mostly found in rural areas, and the Aedes mosquito, which is mostly found in endemic 
Pacific islands [10,11]. The disease affects 1.5 million persons in India, including 1.2 million filariasis sufferers and 2 
million carriers of microfilaria [12]. 

Aedes mosquitoes are primary vectors of the Zika virus (ZIKV), a flaviviridae-related arbovirus [13]. On July 8, 2021, a 
resident of Kerala state, south-west India was found to have the Zika virus (ZIKV) infection. This is the first incidence 
of Zika virus illness in Kerala. Belsar, a village in the Purandar Taluka administrative division of the Pune district, was 
the site of Maharashtra's first laboratory-confirmed Zika infection where 3600 persons were affected [10]. 

Vector control strategies are the primary methods for lowering the public health burden of the vast majority of diseases 
spread by mosquitoes. These strategies which focused on environmental management before the pesticides were 
synthesized, concentrating on eliminating mosquito breeding sites and improving homes with screens to stop 
mosquitoes from entering through doors and windows [14]. A subset of the Concept of Integrated Vector Control, the 
EMVs (Environmental Management for Vector Control) were devised by the World Health Organization (WHO) in 1982. 
Environmental management operations for vector control include the planning, organizing, carrying out, and 
monitoring of measures to alter environmental elements or their interactions with people in order to avoid or limit 
vector propagation and vector-pathogen contact [15, 16]. The first residual pesticide, DDT, was added to the vector 
control toolkit after the Second World War [14]. For both indoor and outdoor use, chemical pesticides like dieldrin, 
pyrethrin, and other substances were developed. Insecticides were later incorporated to bed nets [14]. Because of their 
high costs, emergence of resistance in many target populations, and the perception of hazards to the environment and 
public health, the use of synthetic chemical insecticides for vector control is on the wane. Chemical insecticides will still 
play a significant role in vector control programmes, but the issues they have raised and the scarcity in development of 
new varieties have long sparked interest in alternative control strategies. Considering these scenario of vector control, 
biological control measures were found to be the best alternative. 

2. Biological control measures 

Biological pest control is becoming more popular nowadays as a promising strategy for reducing mosquito vector 
populations. Numerous mosquito-killing biocontrol methods were examined for effectiveness, environmental impact, 
and safety to non-targets organisms. Researchers have looked into the possibilities of bacteria, nematodes, viruses, 
fungi, protozoa, fish, and invertebrate predators as vector control agents [16]. 

The target population is sought to be lowered to "acceptable" level through biological control without endangering the 
ecology. Biological control methods for mosquitoes should balance human mosquito protection with biodiversity 
preservation while minimizing toxicological and Eco toxicological effects. When predators like dragonflies were 
introduced in the late 1800s, it was the first time that the use of beneficial animals for mosquito control was 
acknowledged [17]. However, there could be a number of problems brought on by mass reproduction and the effective 
introduction of predators like hydra, flatworms, predatory insects, or crabs. Biological control of insect agents has 
previously succeeded in replacing chemical insecticides. 

3. Use of biological mosquito control agents 

3.1.1. Insects 

For a long time, people have recognized the value of dragonflies (Odonata) as mosquito predators. Mosquitoes are 
consumed by both nymphs and adults [18, 19]. Dragonfly nymphs are only found in permanent bodies of water because 
they take so long to mature. In feeding studies, anisopteran nymphs were demonstrated to be voracious feeders.  
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Nymphs were once thought to eat up to 100 mosquito larvae every day [18]. Coenagrion puella is an example of a 
zygopteran nymph that is a less successful predator (eating 10 third-instar larvae each day on average). 

Mosquitoes are consumed by the majority of water bugs (Hydrocorisa and Amphicorisa). Mosquito breeding grounds 
commonly contain Sigara striata, Corixa punctate, and Cymatia coleoptrat. Because of their primarily omnivorous 
feeding habits, their importance as mosquito predators is fairly negligible [19]. Naucoridae, Nepidae, Notonectidae, 
Pleidae, Gerridae and Hydrometridae are the major examples of mosquito predatory hymenopterans [18,20,21, 
22,23,24,25]. 

Numerous water beetles are good aquatic predators due to their abundance and voracity. These predators’ capacity is 
increased by the fact that they may survive and breed in high numbers in a range of mosquito breeding environments. 
Among the water beetles, dytiscids are the most important predators. Their tiny larvae, on the other hand, can swallow 
more than 100 Aedes vexans fourth instar larvae per day. Hydrophilus caraboides, Colymbetes fuscus, Guignotus pusillus 
are the major examples [18,26].  

Numerous articles have emphasized how important caddisfly larvae are as mosquito predators [27, 28]. They are 
important semi-permanent water body mosquito predators in marshy forests. The 2-3 cm long larvae of Limnephilus 
and Phryganea species have been seen on numerous occasions catching snow-melt mosquito larvae. Common mosquito 
larval predators include the carnivorous Culicidae and Chaoboridae families. In North America, Toxorhynchites species 
have long been researched as possible mosquito pests [29, 30, 31]. Instead of feeding on blood, the female mosquitoes 
consume nectors. These mosquitoes are mainly found in warm temperature.  These naturally rabid and cannibalistic 
mosquito larvae prefer to lay their eggs in water-filled containers and prefer to devour other mosquito larvae as food. 
As a result, they are successful in preventing mosquitoes from creating nests inside of containers. Aedes albopictus and 
Aedes aegypti, which primarily breed in artificial containers, were eradicated using Toxorhynchites species [32, 33, 34]. 
The Dolichopodidae, Empididae, Ceratopogonidae, and Muscidae (Genus: Lispe) are dipterans that can prey on adult 
mosquitoes [35, 36, 37]. 

In French, Polynesia, Queensland, and Australia, the copepod crustacean species like macrocyclops and mesocyclops 
has been used as biological control of Aedes mosquitoes [38, 39]. They primarily eat first instar larvae. These discoveries 
have prompted the development of straightforward techniques for maintaining and widely dispersing copepod species 
before release. 

3.1.2. Nematodes 

The nematodes of Steinernematidae and Mermithidae families are the important insect parasites [41]. 
Steinernematidae are potent parasitic predators on terrestrial insects, particularly their larvae that grow in the soil. It 
is still controversial whether nematodes like as Steinernema species or Heterorhabditis species should be used to control 
Diptera, especially Musca domestica. It was discovered that mosquito larvae can only be successfully infected in the 
laboratory. The biological control of mosquitoes is more dependent on aquatic mermithid parasites. In several parts of 
the world, mermithid nematode species have been researched as biological control agents [42, 43]. Romanomermis 
culicivorax is a biological control agent, contagious between 20 °C and 32°C and a pH range of 5.4 to 7.9. hence 
temperature and pH are crucial factors to take into account [44]. 

3.1.3. Larvivorous Fish 

Larvivorous fish, which eat mosquito larvae, are the main focus of the biological control of mosquitoes using vertebrate 
creatures [45]. The most well-known aquatic mosquito predators are Gambusia affinis, Poecilia reticulate. For the 
purpose of controlling mosquitoes, they have been introduced in more than 60 nations [46]. The most extensively used 
mosquito-controlling organism is Gambusia affinis [47]. Hackett released a study on Gambusia affinis' efficiency in 
preventing malaria in Europe as early as 1937. Gambusia affinis had greatly aided Turkey and Iran for decrease in 
malaria cases [48, 49]. The World Health Organization no longer recommends the indiscriminate use of Gambusia affinis 
for mosquito control because of its aggressive behavior toward a variety of aquatic species and its questionable 
contribution to the management of mosquito-borne diseases [50]. Because they can consume aquatic plants, fish are 
occasionally introduced as well. As predators, they can reduce mosquito numbers, but as consumers of aquatic 
vegetation, they can also do so by reducing the habitats where mosquito larvae can grow. Tilapia zilli, Orechromis 
mossambia, and Orechromis hornor, three subtropical cichlids, the common carp, Cyprinus carpio, the grass carp, 
Ctenopharygodon idella, Alpocheilus panchax, and Cynolebias bellotii are additional species that are employed to control 
mosquito populations. [51, 52]. Oreochromis mossambicus (Tilapia) is a mouth brooder found in Mozambique. Cichlids 
is fish that belong to the Cichlidae family and are found in East Africa. They are commonly grown in paddy fields to 
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prevent mosquito larvae and are also utilized as a source of food. This freshwater fish can also be found in brackish 
water and it reproduces best at a temperature of 20 ºC [53]. 

3.1.4. Protozoans 

Microsporidia are obligate parasites without mitochondria since it can quickly bind to host cells and utilize them as a 
source of energy [54]. Microsporidia include Nosema, Amblyospora, Thelohania, Vavraia, and Parathelohania. [55, 56, 
57, 58]. The parasite's virulence is determined by the quality of the host [59]. Nosema algerae are infecting Culex 
quinquefasciatus, Stegomyia aegypti, Anopheles stephensi, and Armigeres subalbbatus. 

3.1.5. Entomopathogenic Fungi 

The fungus Coelomyces was the first entomopathogenic fungus to be utilized in the control of Anopheles gambiae larvae 
[60]. When consumed by mosquito larvae, this entomopathogenic fungus changes the larvae's physiology, reducing 
mosquito blood-feeding capacity, such as Beauveria bassiana in Stegomyia aegypti [61]. Other fungus species, such as 
Lagenidium giganteum, are also utilized as biocontrol agents in California to control the vectors of West Nile virus and 
Western Equine Encephalitis [62]. Couch initially described Lagenidium giganteum in 1935, when it was paired with a 
copepod and proved effective in suppressing Anopheles and Culex in North America [63]. It was later discovered to be 
effective in controlling dengue and filariasis vectors in cement tanks [64, 65]. The fungal species Leptolegnia caudate 
was efficient in suppressing the Anopheline population [66]. Mosquito larvae were found to be particularly susceptible 
to fungus infection in Stegomyia aegypti and Culex pipiens, but not in Anopheles gambiae. Also, other essential fungi used 
in the control of vectors are Metazhizium anisopliae and Metarhizium brunneum. These fungi are highly effective against 
various insects and exist in the soil and natural environment. The fungi infect mosquito larvae either by producing 
conidia or blastospores [67]. Since multiple distinct toxins produced during fungal infection are fatal to mosquitoes, and 
entomopathogenic fungi are largely targeted at adult mosquitoes, the selection pressure for resistance is immediate 
killing of insects [68]. Therefore, it is anticipated that fungal resistance will develop considerably more slowly than 
pesticide resistance [69]. Further investigation is required to ascertain the infectiousness, persistence, and viability of 
fungal spores in mosquito habitat populations because there is so little literature describing how fungus affects 
mosquito populations in 2010 [69]. To enable widespread application of fungus spores to wild mosquito populations, 
the best techniques must be found [70]. 

3.1.6. Bacteria 

The discovery of the gram-positive, endospore-forming soil bacterium Bacillus thuringiensis spp. israelensis (Bti) in 
Israel's Negev desert marked the start of a new chapter in the fight against mosquitoes [71]. The development of the 
powerful Bacillus sphaericus strain also having the significant role in the mosquito control [72, 73]. Bacillus cereus [74] 
Bacillus alvei, Bacillus brevis, Bacillus amyloliquefaciens, Bacillus circulans, Bacillus subtilis, Brevibacill leterosporous, 
Pseudomonas fluorescens, Pseudomonas aeruginosa and Clostridium bifermentans, are other bacteria used to control 
mosquito vectors [75]. 

Bacillus thuringiensis subsp. israelensis (Bti) and Bacillus sphaericus (Bs) 

Bti is a spore-producing, gram-positive rod-shaped entomopathogenic bacteria. They are widely dispersed throughout 
the natural environment, including in water, soil, plant leaves, stored grains, bug corpses, and desert bird excrement, 
among other things [76]. The parasporal inclusion and crystals formed after bacterial sporulation have mosquitocidal 
properties. The inclusions' Cry 4B (135 kDa), Cry 4A (125 kDa), Cry 11A (68 kDa), and CytlAa (28 kDa) proteins all 
create the toxins that have the mosquitocidal effect. They are assembling into an almost crystal-like shape. Along with 
the toxic proteins already discussed, Cryl0A and Cyt2Ba are also accountable for the ability to kill mosquitoes. 

Bacillus sphaericus produces two-component toxins Bin B (51 kDa) and Bin A (42 kDa), which are responsible for their 
toxic effects on mosquitoes. They bind to epithelial cells of the gastrointestinal tract of mosquito larvae and specific 
midgut receptors on the gastrointestinal tract. The first Bs strain to be identified to be hazardous to larvae was in 1965. 
Since then, more than 300 strains have been found and isolated globally.Bs has been used to control the common house 
mosquitoes Culex quinquefasciatus, Culex pipiens and Anopheles larvae. Advantages of this mosquitocidal strain include 
high specificity, environmental safety, strong potency, and long-lasting activity. There are currently a number of 
possible B. sphaericus 2362-based biopesticides available. The US and Europe both sell VectoLex and Spherimos. B. 
Biocide-S, a biopesticide based on S. 1593, is also sold in India. Similarly, the People's Republic of China has access to B. 
sphaericus-C3-41[77]. 
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3.1.7. Resistance to Bacillus sphaericus and Bti 

It was previously thought that the use of Bacillus sphaericus-derived microbial insecticides did not confer resistance to 
mosquitoes. Nonetheless, 30 years of previous studies have shown that the Bacillus sphaericus binary toxin is also 
complex in this resistance issue. The Culex quinquefasciatus larvae have been found to be resistant to the toxin known 
as Bin (B. sphaericus), according to laboratory and field study [78]. Cross-resistance is also inevitable in some strains. 
For instance, Culex pipiens larvae raised in laboratories have already developed a resistance to Bacillus sphaericus. 
Laboratory strains revealed that the genetic resistance against the majority of latent strains of Bacillus sphaericus was 
cross-resistant to other strains of related categories of toxin-producing organisms [79]. As a result, the use of this 
particular Bs strain in previously planned vector control programmes is no longer possible due to resistance to B Bacillus 
Bacillus sphaericus Bin toxin. Researchers have performed studies on the resistance to the binary toxin produced by 
Bacillus sphaericus. This includes receptor alterations that alter their affinity for toxins [79]. Mosquitoes resistant to Bti 
have already been documented by several authors [80]. Resistance Bti is a secondary burst that deals more damage. P. 
interpunctella was the site of the initial discovery of Bt resistance in 2000. Aedes aegypti, Culex quinquefasciatus, Ostrinia 
nubilalis, Pectonophora gossypiella, and other insect species have developed resistance to Bt toxins [81]. Therefore, it is 
imperative to find new, more potent alternatives to existing target-specific alternatives. 

3.2. Releasing of Mosquitoes  

3.2.1. Wolbachia Endosymbiotic Bacteria 

An endosymbiotic bacterium called Wolbachia is spontaneously infecting many insect species [82]. After infection, it 
causes cytoplasmic incompatibility, a reproductive phenotype in mosquitoes (CI). Wolbachia infection causes non-
viable offspring when uninfected females mate with infected male, however, infection causes viable offspring when 
infected females mate with both infected and uninfected males, allowing this maternally transmitted bacteria to 
penetrate host populations. Wolbachia naturally infecting some of the major mosquito vectors like Culex 
quinquefasciatus, Aedes albopictus, No natural infection in Aedes aegypti. Now that it has been transferred from its 
natural host species to Aedes aegypti, the bacterial endosymbiont Wolbachia can stop the transmission of the Zika 
viruses and dengue. Wolbachia-infected Aedes aegypti has been discovered in numerous field studies, and it is expected 
that it will spread from the release sites and settle in the target population [83]. The long-term success of this method 
will depend on how long the Wolbachia strain can continue to prevent virus transmission. Population replacement 
methods using Wolbachia rely on mosquito field releases similarly to genetic modification. The Wolbachia infection will 
likely disappear after releases stop if release programmes are too small to ensure that threshold prevalence is reached 
[84]. 

3.2.2. Sterile Insect Technique 

A target species is mass-reared, sterilized (typically using radiation or chemosterilants), and then reintroduced into a 
wild population in the sterile insect method (SIT). If releases are sustained for long enough generations, a target 
population may be repressed or even eradicated due to the following induction of sterility in the natural population, 
which lowers its reproductive capacity [85]. SIT works best and is most cost-efficient when the sterile release 
populations are all male. The mechanical sorting techniques utilized in conventional mosquito sexing techniques rely 
on the size distinctions between female and male pupae. But modern genetic techniques that make use of sex-linked 
markers could be able to improve the precision and effectiveness of high throughput sex-sorting [14].  

4. Conclusion 

As mosquitoes are transmitting various diseases like Malaria, Dengue, Chikungunya, Zika virus fever etc. mosquito 
control has major public health importance. From the past decades people controlled mosquitoes by environment 
management. Later on after the invention of synthetic insecticides people used it for vector control. Its continuous usage 
led to the development of resistance in vectors, besides being harmful for environment and other non-target organisms. 
In this scenario biological control measures were found to be more effective vector control tool. The release of natural 
predators of mosquitoes like insects, larvivorous fishes, nematodes, crustaceans are found to be effective. Among them 
biological control using microbes like fungus and bacteria are also effective. Bacillus thuringiensis israelensis and Bacillus 
sphaericus are most important mosquitocidal bacteria used widely. The toxic crystals they produce at the time of 
sporulation has the mosquitocidal activity. Some studies have reported that mosquito is developing some resistance 
against these mosquitocidal bacteria. In these conditions, novel bacterial isolates have been effectively obtained 
recently, and it is advised that future researchers may find even more effective techniques for vector control 
programmes. The releasing of mosquitoes with genetic modification with Wolbachia are also a promising mosquito 
control strategy. One of the most promising novel approaches has been the use of Wolbachia endosymbiotic bacteria, 
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which has been targeted at reducing DENV transmission. Large-scale experiments are required to evaluate whether 
Wolbachia-based techniques may be a successful form of mosquito biocontrol program. Effective mosquito population 
suppression may need a combination of synergistic tactics, including SIT, RIDL, and Wolbachia-induced IIT. 

If vector control is properly applied, the majority of vector-borne diseases can be avoided completely. The various 
approaches that are becoming accessible, which are discussed in this theme issue, will give more alternatives for 
preventing mosquito-borne diseases and might improve on already effective approaches. 

 Compliance with ethical standards 

Acknowledgments 

The first author acknowledges her PhD guide (Dr. S. Poopathi, Scientist-G). The first author acknowledges the CSIR-UGC 
for providing the Fellowship.  The authors acknowledge the Director, ICMR-Vector Control Research Centre, and 
Pondicherry for providing the facilities.  

Disclosure of conflict of interest 

The authors agree no conflict of interest. 

References 

[1] Reiter P. Climate change and mosquito-borne disease, Environ. Health Perspect.2001, 141-61. 

[2] White NJ.  Antimalarial drug resistance, J. Clin. Investig.2004, 113(8), 1084-92. 

[3] Milner JR. and Danny A. The systemic pathology of cerebral malaria in African children, Front. Cell. Infect. 
Microbiol, 2014, 4, 104. 

[4] World Health Organization, News-room/fact-sheets/detail/chikungunya [Internet], 2020 
https://www.who.int/news-room/fact-sheets/detail/chikungunya. 

[5] Gopalan SJ Das A. Household economic impact of an emerging disease in terms of catastrophic out-of-pocket 
health care expenditure and loss of productivity: investigation of an outbreak of chikungunya in Orissa, India, J 
Vector Borne Dis.2009, 46, 57–64. 

[6] Dhiman RC, Pahwa S, Dhillon GPS and Dash AP. Climate change and threat of vector-borne diseases in India: are 
we prepared. Parasitol. Res. 2010, 106(4), 763–773. 

[7] World Health Organization.news-room/fact-sheets/detail/dengue-and-severe-dengue [Internet], 2022, 
https://www.who.int/news-room/fact-sheets/detail/dengue-and-severe-dengue,  

[8] World Health Organization. Vector Borne Diseases news-room/fact-sheets/detail/japanese-encephalitis 
[Internet], 2019https://www.who.int/news-room/fact-sheets/detail/japanese-encephalitis, 

[9] Jupp PG. Chikungunya Virus Disease. In Monath TP, ed. The Arboviruses: Epidemiology and Ecology, 1st ed., CRS 
Press, 1988. 

[10] World Health Organization. news-room/fact-sheets/detail/lymphatic-filariasis[Internet] 2021. 
https://www.who.int/news-room/fact-sheets/detail/lymphatic-filariasis#:~ 

[11] Murugan K, Benelli G, Ayyappan S, Dinesh D, Panneerselvam C, Nicoletti M, Jiang-Shiou Hwang, Mahesh Kumar P, 
Subramaniam J, Suresh U. Toxicity of seaweed-synthesized silver nanoparticles against the filariasis vector Culex 
quinquefasciatus and its impact on predation efficiency of the cyclopoid crustacean Mesocyclops longisetus, 
Parasitol Res. 2015,114, 2243–2253 

[12] Patil S V, Borase H P, Patil C D, Salunke BK. Biosynthesis of silver nanoparticles using latex from few euphorbian 
plants and their antimicrobial potential, Appl. Biochem. Biotechnol.2012, 167(4), 776-790. 

[13] Foy B D, Kobylinski, K C, Foy JLC, Blitvich B J, Travassos da Rosa A, Haddow AD, Tesh RB. Probable Non–Vector-
borne Transmission of Zika Virus, Colorado, USA. Emerg Infect Dis. 2011, 17(5), 880–882. 

[14] Wilson AL, Courtenay O, Kelly-Hope LA, Scott TW, Takken W, Torr SJ, Lindsay SW. The importance of vector 
control for the control and elimination of vector-borne diseases. PLOS Negl. Trop.Dis. 2020, 14, 1–31. 

https://pubmed.ncbi.nlm.nih.gov/?term=White+NJ&cauthor_id=15085184
https://pubmed.ncbi.nlm.nih.gov/?term=Milner%20DA%5BAuthor%5D
https://www.who.int/news-room/fact-sheets/detail/chikungunya
https://www.who.int/news-room/fact-sheets/detail/dengue-and-severe-dengue
https://www.who.int/news-room/fact-sheets/detail/japanese-encephalitis
https://www.who.int/news-room/fact-sheets/detail/japanese-encephalitis
https://www.who.int/news-room/fact-sheets/detail/japanese-encephalitis
https://www.who.int/news-room/fact-sheets/detail/lymphatic-filariasis#:~
https://link.springer.com/article/10.1007/s00436-015-4417-z#auth-Suganya-Ayyappan
https://link.springer.com/article/10.1007/s00436-015-4417-z#auth-Devakumar-Dinesh
https://link.springer.com/article/10.1007/s00436-015-4417-z#auth-Chellasamy-Panneerselvam
https://link.springer.com/article/10.1007/s00436-015-4417-z#auth-Marcello-Nicoletti
https://link.springer.com/article/10.1007/s00436-015-4417-z#auth-Jiang_Shiou-Hwang
https://link.springer.com/article/10.1007/s00436-015-4417-z#auth-Palanisamy_Mahesh-Kumar
https://link.springer.com/article/10.1007/s00436-015-4417-z#auth-Jayapal-Subramaniam
https://link.springer.com/article/10.1007/s00436-015-4417-z#auth-Udaiyan-Suresh
https://link.springer.com/journal/436


World Journal of Advanced Research and Reviews, 2022, 16(01), 302–310 

308 

[15] Bond J G, Rojas J C, Arredondo-Jime´nez J. I, Quiroz- Martinez H, Valle, J, WilliamsT. Population control of the 
malaria vector Anopheles pseudopunctipennis by habitat manipulation. Proc.R. Soc.Lond. 2004, 271, 2161-2169. 

[16] Davidson EW, Becker N. Microbial control of vectors. In Beaty BJ, Marquardt WC (eds). The Biology of Disease 
Vectors. University Press of Colorado, USA, 1996, 549–563. 

[17] Lambrone RH. Dragon flies vs mosquitoes, first edition.New York, D. Appleton and company, 1890. 

[18] Kogel F. Die Prädatoren der Stechmückenlarven imÖkosystem der Rheinauen. Ph. D. thesis, University of 
Heidelberg, 1984. 

[19] Washino RK. Progress in biological control of mosquitoes- invertebrate and vertebrate predators. Proc.pap. 
annu.conf. Cal., 1969, 37:16–19. 

[20] Hinman EH. Predators of the Culicidae (Mosquitoes). I. The predators of larvae and pupae, exclusive of fish. Am.J 
Trop Med Hyg, 1934 37(9):129–134. 

[21] Legner EF. Biological control of Diptera of medical and veterinary importance. JVector Ecol, 1995, 20(1), 59–120. 

[22] Hazelrigg J E. Laboratory colonization and sexing of Notonecta unifasciata (Guerin) reared on Culex peus Speiser. 
Proc Calif. Mosq Control Assoc. 1975, 43,142–144. 

[23] Hazelrigg JE. Laboratory rate of predation of separate and mixed sexes of adult Notonecta unifasciata (Guerin) 
on fourth-instar larvae of Culex peus (Speiser). Proc Calif Mosq Control Assoc, 1976. 44, 57–59 

[24] Murdoch WW, Bence JR, Chesson JA. Effects of the general predator, Notonecta (Hemiptera) upon a fresh water 
community. J. Anim Ecol, 1984, 53, 791–808. 

[25] Pruthi HS. Some insects and other enemies of mosquito larvae. Indian J. Med. Res., 1928,16, 153–157 

[26] Nelson FRS. Predation on mosquito larvae by beetle larvae, Hydrophilus triangularis and Dytiscus marginalis. 
Mosq. News, 1977, 37, 628–630. 

[27] James HG. Some pradators of Aedes stimulans (Walk) and Aedes trichurus (Dyar) (Diptera: Culicidae) in 
woodland pools. Can.J.Zool, 39, 533–540. 

[28] Service MW. Study of the natural predators of Aedes cantans (Meigen) using the precipitin test, J. Med. Entomol, 
1973, 10, 503–510. 

[29] Gerberg EJ, Visser WM. (1978). Preliminary field trial for the biological control of Aedes aegypti by means of 
Toxorhynchites brevipalpis, a predatory mosquito larva, Mosq. News.1978, 38, 197–200. 

[30] Trpis M. Survivorship and age specific fertility of Toxorhynchites brevipalpis females (Diptera: Culicidae), J. Med. 
Entomol.1981,18, 481–486. 

[31] Lane CJ. Toxorhynchites auranticauda sp. n, a new Indonesian mosquito,Med.  Vet.Entomol. 1992, 6(3):301-5. 

[32] Miyagi I, Toma T, Mogi M. Biological control of container-breedin mosquitoes, Aedes albopictus and Culex 
quinquefasciatus, in a Japanese island by release of Toxorhynchites splendens adults, Med. Vet. Entomol. 1992, 
6, 290–300. 

[33] Tikasingh ES. Effects of Toxorhynchites moctezuma larval predation on Aedes aegypti populations: experimental 
evaluation. Med. Vet. Entomol.1992, 6, 266–271. 

[34] Riviere F, Sechan Y, Kay BH. The evaluation of predators for mosquito control in French Polynesia, In: Proc 4th 
Symposium Arbovirus Research in Australia QIMR, Brisbane, 1987, 150–154. 

[35] Lamborn WA. Some further notes on the tsetse flies of Nyasaland, Bull. Ent. Res. 1920, 11(2): 101–104 

[36] Peterson BV. Notes on some natural enemies of Utah black flies (Diptera: Simuliidae), The Can. Entomol. 1960, 
92, 266–274. 

[37] Laing JE, Welch HE. A dolichopodid predacious on larvae of Culex restuans, Proc. Entomol. Soc. Ont. 1963, 93:89–
90. 

[38] Lardeux F, Riviere Y, Sgchan, Kayl BH. Release of Mesocyclops aspericornis (Copepoda) for Control of Larval 
Aedes polynesiensis (Diptera: Culicidae) in Land Crab Burrows on an Atoll of French Polynesia, J. Med. Entomol. 
1992, 29(4): 571-576. 

[39] Kay BH, Cabral CP, Sleigh AC, Brown MD, Ribeiro ZM, Vasconcelos AW. Laboratory evaluation of Brazilian 
Mesocyclops (Copepoda: Cyclopidae) for mosquito control, J. Med. Entomol.1992, 29:599–602 



World Journal of Advanced Research and Reviews, 2022, 16(01), 302–310 

309 

[40] Suarez MF, Marten GG, Clark GG. A simple method for cultivating freshwater copepods used in biological control 
of Aedes aegypti.J. Am. Mosq. Control. Assoc. 1992, 8, 409-412. 

[41] Weiser J. Biological Control of Vectors. John Wiley and Sons Ltd., West Sussex, 1991. 

[42] Vladimirova VV, Pridantseva EA, Gafurov AK, Muratova ME. Testing the mermithids Romanomermis iyengari and 
R. culicivorax for the control of blood-sucking mosquitoes in Tadznik SSR, Med Parazitol (Mosk). 1990, 3, 42–45 

[43] Platzer EG. Mermithid nematodes. J. Am. Mosq. Control. Assoc. 2007, 23, 58–64. 

[44] Petersen JJ. Nematodes as biological control agents. In: Baker JR, Muller R (eds). Adv. in Parasitol, Academic Press, 
London. 1985, 307–344 

[45] Griffin LF, Knight JM. A review of the role of fish as biological control agents of disease vector mosquitoes in 
mangrove forests: Reducing human health risks while reducing environmental risk, Wetl. Ecol. and Manag. 2012, 
20, 243–252. 

[46] Chandra G, Bhattacharjee I, Chatterjee SN, Ghosh A. Mosquito control by larvivorous fish, Indian J. Med. Res. 2008, 
127, 13–27.  

[47] Walton WE. Larvivorous fish including Gambusia, J. Am. Mosq. Control. Assoc. 2007, 23, 184–220. 

[48] Tabibzadeh I, Behbehani C, Nakhai R. Use of Gambusia fish in the malaria eradication programme of Iran, 1970, 
Bulletin WHO. 43, 623–626. 

[49] Inci R, Yildirim M, Bagei N, Inci S. Biological control of mosquito larvae by mosquito-fish (Gambusia affinis) in the 
Batman-Siirt Arva, Turkiye. Parazitol Derg. 1992, 16, 60–66. 

[50] Service MW. Biological control of mosquitoes-has it a future. Mosq. News.1983, 43:113–120. 

[51] Takken W. The role of olfaction in host-seeking of mosquitoes: a review, Insect. Sci. Appl. 1991, 12, 287–295. 

[52] Asimeng EJ, Mutiga MJ. Field evaluation of Tilapia zilli (Gervais) as a biological control agent for mosquito control, 
Biol. Control. 1992, 2, 317–320. 

[53] Kamatchi PAC, Arivoli S, Maheswaran R. Study of mosquito control using larvivorous fish Danio rerio Hamilton 
and Oreochromis mossambicus Peters. J. Coast. Life Med , 2016, 4(1), 8-9. 

[54] Agnew P, Becnel JJ, Ebert D, Michalakis Y. Symbiosis of Microsporidia and Insects, Insect Symbiosis. 2003, 145. 

[55] Elliot SL, Blanford S, Thomas MB. Host–pathogen interactions in a varying environment: temperature, 
behavioural fever and fitness, Proc. Royal Soc.B. 2002, 269 (1500), 1599-1607. 

[56] Krist AC, Jokela J, Wiehn J, Lively CM. Effects of host condition on susceptibility to infection, parasite 
developmental rate, and parasite transmission in a snail–trematode interaction. J. Evol. Biol. 2004, 17(1), 33-40. 

[57] Brown MJ, Schmid‐Hempel R, Schmid‐Hempel P. (Strong context‐dependent virulence in a host–parasite system: 
reconciling genetic evidence with theory, J. Anim. Ecol. 2003, 72(6), 994-1002. 

[58] Agnew P, Koella J. Life history interactions with environmental conditions in a host–parasite relationship and the 
parasite's mode of transmission, Evol. Ecol .1999, 13, 67-91. 

[59] Bize P, Jeanneret C, Klopfenstein A, Roulin, A. What makes a host profitable? Parasites balance host nutritive 
resources against immunity. Am. Nat. 2008, 171(1), 107-118. 

[60] Muspratt J. Destruction of the larvae of Anopheles gambiae Giles by a Coelomomyces fungus, Bull. WHO. 1963, 
29(1): 81. 

[61] Darbro J M, Johnson PH, Thomas M B, Ritchie S A, Kay B H, Ryan P A. Effects of Beauveria bassiana on survival, 
blood-feeding success, and fecundity of Aedes aegypti in laboratory and semi-field conditions. Am. J. Trop. Med. 
Hyg.2012, 86 (4): 656. 

[62] Kerwin JL, Washino RK. Field evaluation of Lagenidium giganteum and description of a natural epizootic 
involving a new isolate of the fungus. J Med Ent.1988, 25:452–460 

[63] Federici BA. The future of microbial insecticides as vector control agents, J. Am. Mosq Control Assoc. -Mosquito 
News. 1995, 11(2): 260-268. 

[64] Rueda LM, Patel K J, Axtell RC, Stinner RE. Temperature-dependent development and survival rates of Culex 
quinquefasciatus and Aedes aegypti (Diptera: Culicidae), J. Med. Entomol.1990, 27(5): 892-898. 



World Journal of Advanced Research and Reviews, 2022, 16(01), 302–310 

310 

[65] Bravo JR, Guzman MG, Kouri GP. Why dengue haemorrhagic fever in Cuba? I. Individual risk factors for dengue 
haemorrhagic fever/dengue shock syndrome (DHF/DSS),Trans. R. Soc. Trop. Med. Hyg. 1987, 81(5): 816-820. 

[66] Bisht GS, Joshi C, Khulbe RD. Watermolds: Potential biological control agents of malaria vector Anopheles 
culicifacies. Curr. Sci. 1996 ,393-395. 

[67] Riba G, Keita A, Soares Jr GG, Ferron P. Comparative studies of Metarhizium anisopliae and Tolypocladium 
cylindrosporum as pathogens of mosquito larvae. J. Am Mosq Contr. Assoc. 1986, 2(4): 469-473 

[68] Scholte EJ, Takken W, Knols BG. Infection of adult Aedes aegypti and Ae. albopictus mosquitoes with the 
entomopathogenic fungus Metarhizium anisopliae, Acta Trop. 2007, 102, 151–158.  

[69] Mnyone LL, Kirby MJ, Lwetoijera DW, Mpingwa MW, Simfukwe ET, Knols BG, Takken, W, Russell T L. Tools for 
delivering entomopathogenic fungi to malaria mosquitoes: Effects of delivery surfaces on fungal efficacy and 
persistence. Malar. J.2010, 9-246. 

[70] Darbro JM, Thomas MB. Spore persistence and likelihood of aero allergenicity of entomopathogenic fungi used 
for mosquito control. Am. J. Top. Med, Hyg. 2009, 80, 992–997. 

[71] Goldberg LH, Margalit J A. bacterial spore demonstrating rapid larvicidal activity against Anopheles sergenti, 
Uranotaenia unguiculata, Culex univittatus, Aedes aegypti and Culex pipiens. Mosq. News. 1977, 37, 355–358. 

[72] Singer S. Insecticidal activity of recent bacterial isolates and their toxins against mosquito larvae, Nature.London. 
1973, 244,110–111. 

[73] Weiser JA. mosquito-virulent Bacillus sphaericus in adult Simulium damnosum from Northern Nigeria, Zentralbl. 
Mikrobiol. 1984, 139, 57–60. 

[74] Poopathi S, Mani C, Thirugnanasambantham K., Praba V L, Ahangar N A., Balagangadharan K. Identification and 
characterization of a novel marine Bacillus cereus for mosquito control. Parasitol.Res, 2013, 113(1), 323–332. 

[75] Lalithambika B, Vani C. Pseudomonas aeruginosa KUN2, extracellular toxins-A potential source for the control of 
dengue vector J. Vector. Borne. Dis. 2016, 53 (2):105-111. 

[76] Poopathi S, Thirugnanasambantham K, Mani C, Ragul K, Sundarapandian SM. Isolation of mosquitocidal bacteria 
(Bacillus thuringiensis, B. sphaericus and B. cereus) from excreta of arid birds, Indian J. Exp. Biol.2014,52, 739-
747 

[77] Charles JF, Nielsen-LeRoux C, Delécluse A. Bacillus sphaericus toxins: molecular biology and mode of action, Annu 
Rev Entomol. 1996, 41: 451–472 

[78] Poopathi S, Mani T, Dharmapuri B, Kabilan L. Cross-resistance to Bacillus sphaericus strains in Culex 
quinquefasciatus resistant to B. sphaericus, Southeast Asian J. Trop. Med. Public Healt.1999,30, 477-481. 

[79] Nielsen‐Leroux C, Charles JF. (Binding of Bacillus sphaericus binary toxin to a specific receptor on midgut brush‐

border membranes from mosquito larvae, Eur. J. Biochem. 1992, 210(2), 585-590. 

[80] Chattopadhyay A, Bhatnagar NB, Bhatnagar R. Bacterial insecticidal toxins. Crit. Rev. Microbiol. 2004, 30, 33–54. 

[81] Wirth MC, Georghiou GP, Federici BA. CytA enables CryIV endotoxins of Bacillus thuringiensis to overcome high 
levels of CryIV resistance in the mosquito, Culex quinquefasciatus, Proc. Natl. Acad. Sci. U.S.A. 1997, 94(20), 
10536–10540  

[82] Zug R, Hammerstein P. Still a host of hosts for Wolbachia: Analysis of recent data suggests that 40% of terrestrial 
arthropod species are infected. PLoS ONE, 2012, 7(6) 0038544. 

[83] Nazni WA. Establishment of Wolbachia strain wAlbB in Malaysian populations of Aedes. Curr. Biol.2 019, 29(24): 
4241-4248.e5. 

[84] Jiggins FM. The spread of Wolbachia through mosquito populations, PLoS Biology. 2017, 15, e2002780.  

[85] Dyck VA, Hendrichs J. Robinson AS. Sterile insect technique, Dordrecht, The Netherlands: Springer. 2005,603-
604. 

https://www.researchgate.net/scientific-contributions/B-Lalithambika-2127647250
https://www.researchgate.net/scientific-contributions/C-Vani-2090349942

