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Mosquito-borne diseases are spread by the bite of infected female mosquitoes. The main mosquito-borne diseases
include malaria, Chikungunya, Zika, Dengue, West Nile, yellow fever, Rift Valley fever, Lymphatic filariasis, and
tick-borne encephalitis. Various chemical, biological, and mechanical methods are used to control mosquito-borne

diseases hence reducing their burden.

mosquito control strategies nets

| 1. Chemical Control Strategies

The chemical methods commonly used for controlling mosquito-borne diseases include long-lasting insecticide-
treated nets (LLINS), indoor residual spraying (IRS), peridomestic space spraying, and the use of mosquito

repellents among others. These approaches that target the adult stages of the vectors are summarized below.

1.1 Long-Lasting Insecticide-Treated Nets

Long-lasting insecticide-treated nets (LLINS) are factory-made using a fabric treated with an insecticide, usually
pyrethroids. Based on unique new fabric technologies and drawbacks associated with the conventional insecticide-
treated nets (ITNs), LLINs were invented to withstand repeated washings of up to twenty times under use in field
conditions (LI, These LLINs provide physical barriers against host-seeking mosquitoes, and in addition repel or kill
the mosquitoes after coming in contact with the chemicals coated on the net fabric [&. In this way, LLINs offer
protection from and control of mosquito-borne diseases both at individual and community levels for a longer
duration. Long-lasting insecticide-treated nets are regarded as one of the most effective mosquito control
interventions, particularly for preventing malaria 2. The fact that LLINs do not require retreatment results in lower
use of insecticides and consequently a lower emission of the latter into the environment BB, The choice of
molecules for LLINs relies on whether or not they are effective against the target organism, and proper application

may increase their efficacy 2.,

In sub-Saharan Africa, where more than 427 million insecticide-treated nets were distributed between 2012 and
2014, morbidity and mortality due to malaria have significantly decreased (by almost 50%) M. Long-lasting
insecticide-treated nets have also helped to reduce malaria during the past 15 years in pregnant women and
children globally HIEIBITEIR |n g study that was conducted in the southeast of Iran by Soleimani-Ahmadi et al. [,

the prevalence of malaria in groups of LLIN users was dramatically reduced (up to 97%) when compared to groups
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of LLIN non-users. However, the success of LLINs in averting mosquito-borne diseases depends on several
climatic parameters 29, Access to LLINs also plays a significant role in determining their success 111121 Moreover,
the effectiveness of LLINs is being hampered by the development of insecticide resistance to the pyrethroids used
for their treatment [. Hence, there is a need to revamp this vector control tool if mosquito-borne diseases are to be

scaled down.

1.2. Indoor Residual Spraying

Indoor residual spraying (IRS) involves spraying insecticides inside houses on surfaces that serve as resting
places for mosquitoes 13, Ae. aegypti, which primarily rests indoors and feeds on humans, is usually the most
affected endophilic species as it is more likely to be reached by IRS than by space sprays 22l Indoor residual
spraying has some drawbacks and flaws, such as the requirement for specialized training, which takes time.

Furthermore, it does not stop people from being bitten by mosquitoes 241,

Indoor residual spraying used alone or in combination with larval control can significantly reduce the population of
mosquitoes and the disease prevalence 13181 The United States President’s Malaria Initiative (PMI) supported the
World Health Organization’s 2006 affirmation of IRS’s significance for reducing malaria transmission in 2012 in the
Mediterranean region 2. Consequently, malaria appears to have dwindled as a result of IRS-based malaria
eradication programs (8. In light of insecticide resistance development to pyrethroids among mosquitoes,
alternative formulations, such as bendiocarb, are currently being used in the IRS to prevent vectors from

developing insecticide resistance 191201,

1.3. Peridomestic Space Spraying

Peridomestic space spraying is the pulverization of insecticides (e.g., dichlorodiphenyltrichloroethane (DDT))
around the home. Through dispersing tiny droplets of insecticides into the air, this method targets only adult
mosquitoes and has no direct effect on immature stages (egg, larvae, or pupae) 8. Peridomestic space spraying
is mostly employed in emergency situations to reduce the enormous adult mosquito population 29, One of the
most commonly used approaches in peridomestic spraying is the ultralow volume spray which uses a machine that
is hand-held or mounted on a vehicle 29, Depending on the proportion of the active component in the formulation,
the insecticide concentration usually ranges from 2% (pyrethroids) to 95% (organophosphates). The concentration
of these active ingredients depends on their toxicity to the target species 8. Pyrethrin aerial spraying has a
substantial influence on the non-target organisms but not on the water quality (21, Since Dengue and Chikungunya
viruses can spread to a small extent by trans-ovarian transmission, mosquitoes that emerge after treatment may
still be vectors. Therefore, it is important for the breeding ground of Dengue and Chikungunya vectors to receive

subsequent treatments, which should be administered at intervals [18]

1.4. Mosquito Repellents

Mosquitoes are primarily drawn to people by the lactic acid and carbon dioxide in their sweat, which their antennae

can detect (22, Mosquito repellents are substances that do not kill mosquitoes but deter them from biting people
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(22 The most commonly used repellents obliterate the human aroma, making them efficient insect repellents 18,

Among the synthetic insect repellents, DEET (N, N-diethyl-m-toluamide or N,N-diethyl-3-methylbenzamide)- and
IR3535 (3-(N-Butyl-N-acetyl)-aminopropionic acid)-treated clothing works well as a long-lasting insect-repellent (23],
However, the use of synthetic repellents has generated a lot of criticism since it makes mosquitoes resistant to
insecticides, harms organisms that are not the intended targets, and poses a threat to the ecosystem 23, Hence,
the use of mosquito repellents from natural sources such as plants, fungi, or bacteria is preferable to the use of
chemical repellents for the effective control of mosquitoes and to assure human and environmental safety where
endemic mosquito resistance and environmental considerations limit their use 22, Moreover, nanoparticles have
been used as a mosquito repellent when impregnated into cotton fabrics and have shown high efficacy against

mosquitoes. This gives them the potential to be used as environmentally friendly mosquito control methods 24!,

| 2. Biological Control

Each year, promising new environmentally friendly methods are developed to gradually replace the most
dangerous and hazardous methods that are used for mosquito control. Some of the encouraging outcomes include
the application of biological control programs, such as genetic alteration, biological agents, predatory fish, bacteria,

protozoa, nematodes, and fungi, as elaborated below.

2.1. Genetic Modification

Based on mass rearing, radiation-mediated sterility, and the release of many male insects into a defined target
region to compete for mates with wild males, the sterile insect technique (SIT) is a species-specific and
environmentally safe strategy for controlling insect populations. The population tends to drop when wild females
mate with the released sterile males 2311281 However, in some instances, problems associated with mosquito egg

production and mass rearing have resulted in the failure of this mosquito control method [,

2.2. Fungi

In recent years, interest in mosquito-killing fungi has revived, mainly due to continuous and increasing levels of
insecticide resistance and increasing global risk of mosquito-borne diseases [28l. Indeed, when applied on
mosquito resting surfaces, many fungi can infect and kill mosquitoes at the larval and/or adult stages [22. Among
them, one can cite those from the genera Lagenidium, Coelomomyces, Entomophthora, Culicinomyces, Beauveria,
and Metarhizium. Notably, Beauveria bassiana is one of the most effective against adult Ae. albopictus and Cx.
pipiens mosquitoes 9. Unfortunately, none of these aforementioned fungi have been specifically developed as

larvicidal agents against significant vector species 211132],

2.3. Fish

Fish as predators to control mosquito aquatic stages can be introduced into all probable mosquito breeding sites

(331 Although some failures have been documented in the literature, the employment of native larvivorous fishes is
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recommended B4, A small number of species are utilized, principally Gambusia affinnis and Poecilia reticulata 231,
Other water predators, especially during rainy seasons, may contribute to the decrease in mosquito populations 2
(361 |t has also been investigated if naturally occurring, non-biting Toxorhynchites species, which display predatory
behavior throughout their larval stages, could be used as biological pesticide substitutes (the fourth instar larva is
the most predaceous) B4, Their development for use as biological agents has made significant strides, and they
were remarkably effective against a variety of mosquito species, including Ae. aegypti, Ae. albopictus, and Cx.

quinquefasciatus 738l

2.4. Protozoans

Protozoans are single-celled organisms that are found in almost any habitat 2. The majority of species are free-
living, but all higher animals are infected with one or more protozoa species 2. Among them, one can cite
Chilodonella uncinata that is a pathogenic parasite with a number of advantageous traits #9. Indeed, in mosquito
larvae, this protozoan results in low to extremely high (25—-100%) mortality. When cultivated in vitro, it has a strong
reproductive potential, high pathogenicity, and resistance to desiccation. Trans-ovarian transmission allows

Chilodonella uncinata to spread in the environment through its mosquito host 18],

2.5. Bacterial Agents

There are several bacteria and metabolites from bacterial isolates with mosquitocidal properties 2. However, the
use of bacteria as sources of agents for microbial control of mosquitoes received little attention prior to the
discovery of Bacillus thuringiensis subsp. israelensis (Bti) and Bacillus sphaericus (Bs) as effective mosquitocidal
agents 2l Indeed, studies have shown that Bti and Bs alone or in combination are highly efficient and safe for

controlling mosquitoes, and they are thought to be safe for non-target organisms co-existing with mosquito larvae
[43]

Bacillus thuringiensis produces three types of larvicidal proteins during their vegetative phase: Cry (exert
intoxication via toxin activation, receptor binding, and pore formation in a suitable larval gut environment), Cyt
(cytolytic toxicity) when sporulating (parasporal crystals), and Vip proteins 8. Some of these proteins, which are
toxic to a variety of insect orders and nematodes, are known to cause cancer in humans if mishandled 3,
Compared to Cry toxins, Cyt toxins are less hazardous to mosquito larvae &, Bacillus thuringiensis species, such
as Bti, B. thuringiensis var. krustaki, B. thuringiensis var. jegathesan (Btjeg), B. thuringiensis var. kenyae, and B.
thuringiensis var. entomocidus cause very high mortality to larval instars of all mosquitoes 4. Other Bacillus-like
organisms including Clostridium bifermentans (serovar malaysia), B. circulans, and B. laterosporus exhibit the

highest toxicity against dipterans 18],

2.6. Insect Growth Regulators

Insect growth regulators (IGRs) are chemicals that mimic or compete with hormones, preventing the development
of insects 43!, Among them, methoprene and pyriproxyfen, two juvenile hormone agonists, are becoming more and

more popular. Other mosquito growth regulators include novaluron and diflubenzuron 2. Insect growth regulators
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are a useful method for reducing mosquito populations because they are selective and have minimal environmental
toxicity 28l Insect growth regulators work well against mosquito larvae and may prevent adult mosquitoes from
emerging 847 A recent study has shown that mosquitoes and other pests have become resistant to routinely

used IGRs such as methoprene and pyriproxyfen which highlights the need to create new control tools 28],

2.7. Wolbachia spp.

Wolbachia spp. are unicellular Gram-negative bacteria that are present in up to 40% of insects and other
arthropods. These bacteria invade the testes or ovaries of the host and alter their reproductive potential 2.
Mosquito symbiont-associated bacteria may be harmful to their host, impairing reproduction and decreasing the
vector's competence [BYBL  Additionally, Wolbachia spp. phenotypically cause male killing, cytoplasmic
incompatibility, and pathogenicity in mosquitoes B2, For instance, when a Wolbachia-infected male mates with an
uninfected female, cytoplasmic incompatibility causes inviable offspring to be produced. This approach was utilized
to successfully eradicate Cx. quinquefasciatus in Myanmar in the 1960s, and it is now used to target the Ae.
albopictus strain with triple Wolbachia infections 181531, The development of Wolbachia-superinfected lines with
stable infection could increase their role in lowering vector competence in Ae. aegypti by blocking the replication of

the Dengue virus and preventing the potential emergence of resistance to the bacteria 241551,

According to several studies, Wolbachia spp. prevent the spread of Zika, Dengue, Chikungunya, and yellow fever
viruses as well as of Plasmodium parasites in An. stephensi and An. gambiae B8. A Wolbachia-based vector
control approach is an urgently needed to complement the biological control programs that are already fairly

established, such as the use of Bti.

2.8. Asaia spp.

Asaia is a genus of Gram-negative, aerobic, rod-shaped bacteria from the Acetobacteraceae family that lives in
tropical plants. These bacteria can colonize the midgut and male reproductive system of the mosquitoes and
spread internally via the hemolymph BZB8IEI Research has shown that Asaia spp. may stimulate the mosquito’s
immune system, preventing the growth of malaria parasites BJ69 The genetic modification of Asaia spp. could

enable them to colonize new hosts and propagate across wild populations 2269,

On the other hand, the interruption of the malaria parasite transmission cycle within the vector to stop parasite
development before the mosquito becomes infectious is a good way to render vectors ineffective 61,
Paratransgenesis is the easiest method for doing this, which entails creating bacterial strains that can dwell in the
midguts of diverse mosquito species and spread quickly across wild mosquito populations 2. They can then be
disseminated in the mosquito population through co-feeding, sexual mating as well as paternal, maternal, and
horizontal transmission B8 A good example is the engineered transgenic Asaia spp. that can produce an
antiplasmodial effect that makes the mosquito resistant to Plasmodium berghei, making it a good candidate for the
control of mosquitoes and mosquito-borne diseases 63, This approach has been used in some Anopheles species

with promising results in terms of reduced pathogen transmission 641,
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2.9. Spinosyns

Spinosyns are compounds produced from the fermentation of two species of bacteria genus Saccharopolyspora,
family Pseudonocardiaceae. Saccharopolyspora spinosa, a naturally occurring soil bacterium, is fermented to
produce the biopesticide spinosad that contains the insecticides A (C4;HgsNOjo) and D (C4oHg,NO;o) [631,
Spinosad is classified as a group 5 pesticide by the Insecticide Resistance Action Committee (IRAC) and belongs

to a novel class of polyketide-macrolide insecticides that act as nicotinic acetylcholine receptor (hAAChR) allosteric
modulators [181[65](66]

In an early stage of insecticide screening, it was discovered that spinosad was active against a variety of pests in
the Lepidoptera, Diptera, Thysanoptera, Coleoptera, Orthoptera, and Hymenoptera orders 1883 Among the
mosquitoes, the spinosad pesticide has been shown to be effective in reducing larval development in Ae. aegypti,

Ae. albopictus, An. gambiae, An. pseudopunctipennis, An. albimanus, Cx. Pipiens, and Cx. quinquefasicatus 3
[67),

2.10. Bacterial-Based Feeding Deterrents and Repellents

Bacterial-based feeding deterrents and repellents are chemical substances that are derived from bacteria not to Kill
mosquitoes but to deter them from biting people [22. A combination of chemicals derived from Xenorhabdus
budapestensis (entomopathogenic-associated bacterium) is shown to deter mosquito species thought to be the
most significant disease vectors influencing public health [€8l. |t has also been shown to be highly effective against
mosquitoes, comparable to or better than DEET (N, N-diethyl-m-toluamide) or picaridin [22. These bacteria

deterrents and repellents can be coated on clothes or be made into creams and sprays 18],

| 3. Mechanical Control

Mechanical control methods involve the use of traps, sometimes with chemical attractants that are normally given
off by mosquito hosts BIIX9 Such chemical attractants usually include carbon dioxide, ammonia, lactic acid, or
octenol to attract adult female mosquitoes. Eave tubes and attractive sugar baits are some of the common

examples of mechanical control methods 52,

3.1. Eave Tubes

The eave tube method comes from the mosquitoes’ native behavioral ecology in sub-Saharan Africa, where they
spread malaria 9. These mosquitoes enter houses through the spaces between the roof and the walls (the eaves)
7, As a result, closing off the eaves of houses (along with additional window screening) provides a physical barrier
that protects residents from malaria 2. Mosquitoes that enter an eave tube encounter the insecticide-treated
netting inside. Eave tubes effectively convert a house into a “lure and Kill” device, killing mosquitoes while also
acting as a physical barrier to house access X9, When coverage is high enough, this effect may reduce mosquito

populations or change population age structures, both of which would benefit communities 9.
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3.2. Attractive Sugar Baits

Attractive sugar baits are used to kill both female and male mosquitoes by taking advantage of their sugar-feeding
behavior (181, The mosquitoes are attracted to sugar baits treated with an insecticidal ingredient 31, In laboratory
and field tests, attractive sugar baits were found to be effective against Culicine mosquitoes (Aedes species) and
sand flies 14, When used for indoor or outdoor mosquito control, insecticide-treated sugar baits can lower

mosquito populations by directly killing mosquitoes that feed on them 2!,

Baits are one of the most common solutions, and their combination with other techniques, such as genetic ones,
will maximize their efficiency. This is because developing mosquito-specific attractants prevents their effects on

non-target species.

| 4. Insecticide Resistance among Mosquitoes

With the increased agricultural practices even in urban areas, the amounts of pesticides being applied to the
environment have greatly increased. This has possibly favored the development of multiple resistance mechanisms
among insect pests and vectors 78],

Due to selective pressure from insecticides, various mosquito species have also alarmingly developed resistance
to the various mosquitocides that are currently available for their control Z87l This has made mosquito-
transmitted infections difficult to control, leading to a great public health and economic burden, especially in tropical
African and Asian countries 879, The insecticide resistance of mosquitoes is mediated by various mechanisms
89 These include mutations in the insecticide’s target site or active metabolites, enzymatic modification of
insecticides to produce non-toxic metabolites, and behavioral changes or cuticle thickening. Pyrethroids and DDT
have the same target site. The para voltage-gated sodium channel and knockdown resistance (kdr) mutations in
this channel can result in DDT and pyrethroid cross-resistance 811,

The insensitive acetylcholinesterase (ace-1) mediates organophosphate and carbamate resistance, resulting in a
single nucleotide mutation [BYBl Metabolic detoxification is typically mediated by gene duplication or
transcriptional upregulation of endogenous detoxification enzymes. These include carboxylesterase amplification,
primarily through gene duplication, which results in resistance to organophosphates and carbamates. Resistance
to pyrethroids and DDT is caused by increased transcription of cytochrome P450-dependent monooxygenases.
Additionally, resistance to organophosphates, DDT, and pyrethroids can be caused by the upregulation of
glutathione S-transferases (GSTs), which is usually caused by increased transcription rates. There have been
numerous reports of insecticide-resistant mosquito species in Africa and Asia, which has resulted in an increase in
mosquito-borne infections [EA82][831[84]

References

https://encyclopedia.pub/entry/42108 7/14



Control Strategies for Mosquito-Borne Diseases | Encyclopedia.pub

10.

11.

12.

. Tungu, P.K.; Michael, E.; Sudi, W.; Kisinza, W.W.; Rowland, M. Efficacy of interceptor® G2, a

long-lasting insecticide mixture net treated with chlorfenapyr and alpha-cypermethrin against
Anopheles funestus: Experimental hut trials in north-eastern Tanzania. Malar. J. 2021, 20, 180.

. Pryce, J.; Richardson, M.; Lengeler, C. Insecticide-treated nets for preventing malaria. Cochrane

Database Syst. Rev. 2018, 11, 11.

. Okumu, F.; Moore, S. Combining indoor residual spraying and insecticide-treated nets for malaria

control in Africa: A review of possible outcomes and an outline of suggestions for the future. Malar.
J. 2011, 10, 208.

. Yang, G.; Kim, D. A Meta-regression analysis of the effectiveness of mosquito nets for malaria

control: The value of Long-Lasting Insecticide Nets. Int. J. Environ. Res. Public Health 2018, 15,
546.

. Arroz, J.A.H.; Candrinho, B.; Mendis, C.; Varela, P.; Pinto, J.; Martins, R.O. Effectiveness of a new

long-Lasting insecticidal nets delivery model in two rural districts of Mozambique: A before—after
study. Malar. J. 2018, 17, 66.

. Hounkonnou, C.; Djenontin, A.; Egbinola, S.; Houngbegnon, P.; Bouraima, A. Impact of the use

and efficacy of long-lasting insecticidal net on malaria infection during the first trimester of
pregnancy—A pre-conceptional cohort study in southern. BMC Public Health 2018, 18, 683.

. Trape, J.; Tall, A.; Diagne, N.; Ndiath, O.; Ly, A.B.; Faye, J.; Dieye-Ba, F.; Roucher, C.; Bouganali,

C.; Badiane, C.; et al. Malaria morbidity and pyrethroid resistance after the introduction of
insecticide-treated bednets and artemisinin-based combination therapies: A longitudinal study.
Lancet Infect Dis. 2011, 11, 925-932.

. Sougoufara, S.; Thiaw, O.; Harry, M.; Bouganali, C. The impact of periodic distribution campaigns

of long-lasting insecticidal-treated bed nets on malaria vector dynamics and human exposure in
Dielmo, Senegal. Am. J. Trop. Med. Hyg. 2018, 98, 1343-1352.

. Soleimani-Ahmadi, M.; Vatandoost, H.; Shaeghi, M.; Raeisi, A.; Abedi, F.; Eshraghian, M.R. Field

evaluation of permethrin long-lasting insecticide treated nets (Olyset ®) for malaria control in an
endemic area, Southeast of Iran. Acta Trop. 2012, 123, 146—-153.

Wilke, A.B.B.; Medeiros-Sousa, A.R.; Ceretti-Junior, W.; Marrelli, M.T. Mosquito populations
dynamics associated with climate variations. Acta Trop. 2017, 166, 343—350.

Rowland, M.; Webster, J.; Saleh, P.; Chandramohan, D.; Freeman, T.; Pearcy, B.; Durrani, N.;
Rab, A.; Mohammed, N. Prevention of malaria in Afghanistan through social marketing of
insecticide-treated nets: Evaluation of coverage and effectiveness by cross-sectional surveys and
passive surveillance. Trop. Med. Int. Health 2002, 7, 813-822.

Girond, F.; Madec, Y.; Kesteman, T.; Randrianarivelojosia, M.; Randremanana, R.;
Randriamampionona, L.; Randrianasolo, L.; Ratsitorahina, M.; Herbreteau, V.; Hedje, J.; et al.

https://encyclopedia.pub/entry/42108 8/14



Control Strategies for Mosquito-Borne Diseases | Encyclopedia.pub

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Evaluating effectiveness of mass and continuous long-lasting insecticidal net distributions over
time in Madagascar: A sentinel surveillance based epidemiological study. EClinicalMedicine 2018,
1, 62-69.

Manrique-Saide, P.; Dean, N.E.; Halloran, M.E.; Longini, I.M.; Collins, M.H.; Waller, L.A.; Gomez-
Dantes, H.; Lenhart, A.; Hladish, T.J.; Che-Mendoza, A.; et al. The TIRS trial: Protocol for a cluster
randomized controlled trial assessing the efficacy of preventive targeted indoor residual spraying
to reduce Aedes-borne viral ilinesses in Merida, Mexico. Trials 2020, 21, 839.

Hladish, T.J.; Pearson, C.A.B.; Patricia Rojas, D.; Gomez-Dantes, H.; Halloran, M.E.; Vazquez-
Prokopec, G.M.; Longini, I.M. Forecasting the effectiveness of indoor residual spraying for
reducing dengue burden. PLoS Negl. Trop. Dis. 2018, 12, e0006570.

Nathan, M.B.; Gigliol, M.E.C. Eradication of Aedes aegypti on Cayman Brac and little Cayman,
West Indies, with Abate (Temephos) in 1970-197I. Bull. Pan. Am. Health Organ. 1982, 16, 28-39.

Dunbar, M.W.; Correa-Morales, F.; Dzul-Manzanilla, F.; Medina-Barreiro, A.; Bibiano-Marin, W.;
Morales-Rios, E.; Vadillo-Sanchez, J.; Loppez-Monroy, B.; Ritchie, S.A.; Lenhart, A.; et al.
Efficacy of novel indoor residual spraying methods targeting pyrethroid-resistant Aedes aegypti
within experimental houses. PLoS Negl. Trop. Dis. 2019, 13, e0007203.

Wubishet, M.K.; Berhe, G.; Adissu, A.; Tafa, M.S. Effectiveness of long-lasting insecticidal nets in
prevention of malaria among individuals visiting health centres in Ziway-Dugda District, Ethiopia:
Matched case—control study. Malar. J. 2021, 20, 301.

Dahmana, H.; Mediannikov, O. Mosquito-borne diseases emergence/resurgence and how to
effectively control it biologically. Pathogens 2020, 9, 310.

Oxborough, R.M.; Kitau, J.; Jones, R.; Feston, E.; Matowo, J.; Mosha, FW.; Rowland, M.W. Long-
lasting control of Anopheles arabiensis by a single spray application of micro-encapsulated
pirimiphos-methy! (Actellic® 300 CS). Malar. J. 2014, 13, 37.

Esu, E.; Lenhart, A.; Smith, L.; Horstick, O. Effectiveness of peridomestic space spraying with
insecticide on dengue transmission; Systematic review. Trop. Med. Int. Health 2010, 15, 619-631.

Boyce, W.M.; Lawler, S.P.; Schultz, J.M.; McCauley, S.J.; Kimsey, L.S.; Niemela, M.K.; Nielsen,
C.F.; Reisen, W.K. Nontarget effects of the mosquito adulticide pyrethrin applied aerially during a
West Nile virus outbreak in an urban California environment. J. Am. Mosq. Control Assoc. 2007,
23, 335-339.

Shukla, D.; Wijayapala, S.; Vankar, P.S. Effective mosquito repellent from plant based formulation.
Int. J. Mosq. Res. 2018, 5, 19-24.

Naseem, S.; Malik, M.F.; Munir, T. Mosquito management: A review. J. Entomol. Zool. Stud. 2016,
4, 73-79.

https://encyclopedia.pub/entry/42108 9/14



Control Strategies for Mosquito-Borne Diseases | Encyclopedia.pub

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

Balaji, A.P.B.; Ashu, A.; Manigandan, S.; Sastry, T.P.; Mukherjee, A.; Chandrasekaran, N.
Polymeric nanoencapsulation of insect repellent: Evaluation of its bioefficacy on Culex
guinquefasciatus mosquito population and effective impregnation onto cotton fabrics for insect
repellent clothing polymeric nanoencapsulation of insect repellent. J. King Saud Univ.—Sci. 2017,
29, 517-527.

Okoro, O.J.; Nnamonu, E.I.; Ezewudo, B.l.; Okoye, I.C. Application of genetically modified
mosquitoes (Anopheles Species) in the control of malaria transmission. Asian J. Biotechnol.
Genet Eng. 2018, 1, 1-16.

Wilke, A.B.B.; Marrelli, M.T. Genetic control of mosquitoes: Population suppression strategies.
Rev. Inst. Med. Trop. 2012, 54, 287-292.

Yamada, H.; Kraupa, C.; Lienhard, C.; Parker, A.G.; Maiga, H.; de Oliveira Carvalho, D.; Zheng,
M.; Wallner, T.; Bouyer, J. Mosquito mass rearing: Who's eating the eggs? Parasite 2019, 26, 75.

Scholte, E.J.; Knols, B.G.J.; Samson, R.A.; Takken, W. Entomopathogenic fungi for mosquito
control: Areview. J. Insect Sci. 2004, 4, 19.

Silva, L.E.l.; Paula, A.R.; Ribeiro, A.; Butt, T.M.; Silva, C.P.; Samuels, R.l. A new method of
deploying entomopathogenic fungi to control adult Aedes aegypti mosquitoes. J. Appl. Entomol.
2018, 142, 59-66.

Lee, J.Y.; Woo, R.M.; Choi, C.J.; Shin, T.Y.; Gwak, W.S.; Woo, S.D. Beauveria bassiana for the
simultaneous control of Aedes albopictus and Culex pipiens mosquito adults shows high conidia
persistence and productivity. AMB Express. 2019, 9, 206.

Lovett, B.; Bilgo, E.; Diabateb, A.; Leger, R.S. A review of progress toward field application of
transgenic mosquitocidal entomopathogenic fungi. Pest Manag. Sci. 2019, 75, 2316-2324.

Noskov, Y.A.; Polenogova, O.V.; Yaroslavtseva, O.N.; Belevich, O.E.; Yurchenko, Y.A.; Chertkova,
E.A.; Kryukova, N.A.; Kryukov, V.; Glupov, V.V. Combined effect of the entomopathogenic fungus
Metarhizium robertsii and avermectins on the survival and immune response of Aedes aegypti
larvae. PeerJ 2019, 7, e7931.

Louca, V.; Lucas, M.C.; Green, C.; Majambere, S.; Fillinger, U.; Lindsay, S.W. Role of fish as
predators of mosquito larvae on the floodplain of the Gambia River. J. Med. Entomol. 2009, 46,
546-556.

Brahman, L.K.; Chandra, R. Biological Control of Culex quinquefasciatus Say (Diptera: Culicidae)
Larvae. J. Biol. Control 2016, 30, 25-28.

Sareein, N.; Phalaraksh, C.; Rahong, P.; Techakijvej, C.; Seok, S.; Bae, Y.J. Relationships
between predatory aquatic insects and mosquito larvae in residential areas in northern Thailand.
J. Vector Ecol. 2019, 44, 223-232.

https://encyclopedia.pub/entry/42108 10/14



Control Strategies for Mosquito-Borne Diseases | Encyclopedia.pub

36

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

. Fruh, L.; Kampen, H.; Schaub, G.A.; Werner, D. Predation on the invasive mosquito Aedes
japonicus (Diptera: Culicidae) by native copepod species in Germany. J. Vector Ecol. 2019, 44,
241-247.

Digma, J.R.; Sumalde, A.C.; Salibay, C.C. (Diptera: Culicidae) on three mosquito vectors of
arboviruses in the Philippines. Biol. Control 2019, 137, 1040009.

Schiller, A.; Allen, M.; Coffey, J.; Fike, A.; Carballo, F. Updated methods for the production of
Toxorhynchites rutilus septentrionalis (Diptera, Culicidae) for use as biocontrol agent against
container breeding pest mosquitoes in Harris County, Texas. J. Insect Sci. 2019, 19, 8.

Baré, J.; Sabbe, K.; Van Wichelen, J.; Van Gremberghe, |.; D’Hondt, S.; Houf, K. Diversity and
habitat specificity of free-living protozoa in commercial poultry houses. Appl. Environ. Microbiol.
2009, 75, 1417-1426.

Das, B.P. Chilodonella uncinata—A protozoa pathogenic to mosquito larvae. Curr. Sci. 2001, 2,
483-489.

Dhanasekaran, D.; Thangaraj, R. Microbial secondary metabolites are an alternative approach
against insect vector to prevent zoonotic diseases. Asian Pac. J. Trop. Dis. 2014, 4, 253-261.

Valtierra-De-Luis, D.; Villanueva, M.; Berry, C.; Caballero, P. Potential for Bacillus thuringiensis
and other bacterial toxins as biological control agents to combat Dipteran Pests of medical and
agronomic importance. Toxins 2020, 12, 773.

Derua, Y.A.; Kahindi, S.C.; Mosha, FW.; Kweka, E.J.; Atieli, H.E.; Wang, X.; Zhou, G.; Lee, M.;
Githeko, A.K.; Yan, G. Microbial larvicides for mosquito control: Impact of long-lasting formulations
of Bacillus thuringiensis var. israelensis and Bacillus sphaericus on non-target organisms in
western Kenya highlands. Ecol. Evol. 2018, 8, 7563—-7573.

Saliha, B.; Wafa, H.; Laid, O.M. Effect of Bacillus thuringiensis var krustaki on the mortality and
development of Culex pipiens (Diptera; Cullicidae). Int. J. Mosq. Res. 2017, 4, 20-23.

Pener, M.P.; Dhadialla, T.S. An Overview of insect growth disruptors; Applied Aspects. Adv. Insect
Phys. 2012, 43, 161-162.

Orlova, M.V.; Smirnova, T.A.; Ganushkina, L.A.; Yacubovich, V.Y.; Azizbekyan, R.R. Insecticidal
activity of Bacillus laterosporus. Appl. Environ. Microbiol. 1998, 64, 2723-2725.

Ansari, A.M.A.; Razdan, R.K.; Sreehari, U. Laboratory and field evaluation of Hilmilin against
mosquitoes. J. Am. Mosq. Control Assoc. 2005, 21, 432-436.

Dennehy, T.J.; Degain, B.A.; Harpold, V.S.; Zaborac, M.; Morin, S.; Fabrick, J.A.; Nichols, R.L.;
Brown, J.K.; Byrne, F.J.; Li, X. Extraordinary resistance to insecticides reveals exotic Q biotype of
Bemisia tabaci in the New World. J. Econ. Entomol. 2010, 103, 2174-2186.

https://encyclopedia.pub/entry/42108 11/14



Control Strategies for Mosquito-Borne Diseases | Encyclopedia.pub

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

Manoj, R.R.S.; Latrofa, M.S.; Epis, S.; Otranto, D. Wolbachia: Endosymbiont of onchocercid
nematodes and their vectors. Parasit Vectors 2021, 14, 245.

Hadji, E.; Niang, A.; Bassene, H.; Fenollar, F.; Mediannikov, O. Biological control of mosquito-
borne diseases: The potential of Wolbachia-based interventions in an IVM framework. J. Trop.
Med. 2018, 2018, 1470459.

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, e38544.

Ogunbiyi, T.S.; Eromon, P.; Oluniyi, P.; Ayoade, F.; Oloche, O.; Oguzie, J.U.; Folarin, O.; Haappi,
C.; Komolafe, I. First report of Wolbachia from field populations of Culex mosquitoes in South-
Western Nigeria. Afr. Zool. 2019, 54, 181-185.

Zhang, D.; Zheng, X.; Xi, Z.; Bourtzis, K.; Gilles, J.R.L. Combining the sterile insect technique with
the incompatible insect technique: I-impact of Wolbachia infection on the fitness of triple- and
double-infected strains of Aedes albopictus. PLoS ONE 2015, 10, e0121126.

Benelli, G.; Jeffries, C.L.; Walker, T. Biological control of mosquito vectors: Past, present, and
future. Insects 2016, 7, 52.

Joubert, D.A.; Walker, T.; Carrington, L.B.; De Bruyne, J.T.; Kien, D.H.; Hoang, N.L.T.; Chau, N.V,;
lturbe-Ormaetxe, I.; Simmons, C.P.; O’Neill, S.L. Establishment of a Wolbachia superinfection in
Aedes aegypti mosquitoes as a potential approach for future resistance management. PLoS
Pathog. 2016, 12, e1005434.

Dutra, C.; Rocha, M.; Dias, F.; Mansur, S.B.; Caragata, E.P.; Moreira, L. Wolbachia blocks
currently circulating Zika Virus isolates in Brazilian Aedes aegypti mosquitoes. Cell Host Microbe
2016, 19, 771-774.

Favia, G.; Ricci, I.; Marzorati, M.; Negri, I.; Alma, A.; Sacchi, L.; Bandi, C.; Daffonchio, D. Bacteria
of the Genus Asaia: A potential paratransgenic weapon against malaria. Adv. Exp. Med. Biol.
2008, 627, 49-59.

Favia, G.; Ricci, |.; Damiani, C.; Raddadi, N.; Crotti, E.; Marzorati, M.; Rizzi, A.; Urso, R.; Brusetti,
L.; Borin, S.; et al. Bacteria of the genus Asaia stably associate with Anopheles stephensi, an
Asian malarial mosquito vector. Proc. Natl. Acad. Sci. USA 2007, 104, 9047—-9905.

Cappelli, A.; Damiani, C.; Mancini, M.V.; Valzano, M.; Ramirez, J.L.; Favia, G. Asaia activates
immune genes in mosquito eliciting an Anti-Plasmodium response: Implications in malaria control.
Front. Genet. 2019, 10, 8361.

Mitraka, E.; Stathopoulos, S.; Siden-Kiamos, I.; Christophides, G.K.; Louis, C. Asaia accelerates
larval development of Anopheles gambiae. Pathog. Glob. Health 2013, 107, 305-311.

https://encyclopedia.pub/entry/42108 12/14



Control Strategies for Mosquito-Borne Diseases | Encyclopedia.pub

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

Bongio, N.J.; Lampe, D.J. Inhibition of Plasmodium berghei development in mosquitoes by
effector proteins secreted from Asaia sp. Bacteria using a novel native secretion signal. PLoS
ONE 2015, 10, e0143541.

Wang, S.; Jacobs-Lorena, M. Genetic approaches to interfere with malaria transmission by vector
mosquitoes. Trends Biotechnol. 2013, 31, 185-193.

Shane, J.L.; Grogan, C.L.; Cwalina, C.; Lampe, D.J. Blood meal-induced inhibition of vector-borne
disease by transgenic microbiota. Nat. Commun. 2018, 9, 4127.

Rami, A.; Raz, A.; Zakeri, S.; Dinparast, N. Isolation and identification of Asaia sp. in Anopheles
spp. mosquitoes collected from Iranian malaria settings: Steps toward applying paratransgenic
tools against malaria. Parasit Vectors 2018, 11, 367.

Hertlein, M.B.; Mavrotas, C.; Jousseaume, C.; Lysandrou, M.; Thompson, G.D.; Jany, W.; Ritchie,
S.A. Areview of spinosad as a natural product for larval mosquito control. J. Am. Mosq. Control
Assoc. 2010, 26, 67-87.

Mertz, F.P.R.; Yao, R.C. Saccharopolyspora spinosa sp. nov. isolated from soil collected in a
sugar mill rum still. Int. J. Syst. Bacteriol. 1990, 40, 34-39.

Marina, C.F.; Bond, J.G.; Muioz, J.; Valle, J.; Chirino, N.; Williams, T. Spinosad: A biorational
mosquito larvicide for use in car tires in southern Mexico. Parasit Vectors 2012, 5, 95.

Van Roey, K.; Sokny, M.; Denis, L.; Van den Broeck, N.; Heng, S.; Siv, S.; Sluydts, V.; Sochantha,
T.; Coosemans, M.; Durnez, L. Field evaluation of picaridin repellents reveals differences in
repellent sensitivity between Southeast Asian vectors of malaria and arboviruses. PLoS Negl.
Trop. Dis. 2014, 8, e3326.

Dormont, L.; Mulatier, M.; Carrasco, D.; Cohuet, A. Mosquito Attractants. J. Chem. Ecol. 2021, 47,
351-393.

Sternberg, E.D.; Ng’Habi, K.R.; Lyimo, I.N.; Kessy, S.T.; Farenhorst, M.; Thomas, M.B.; Knols,
B.G.; Mnyone, L.L. Eave tubes for malaria control in Africa: Initial development and semi-field
evaluations in Tanzania. Malar. J. 2016, 15, 447.

Wanzirah, H.; Tusting, L.S.; Arinaitwe, E.; Katureebe, A.; Maxwell, K.; Rek, J.; Bottomley, C.;
Staedke, S.G.; Kamya, M.; Dorsey, G.; et al. Mind the gap: House structure and the risk of
malaria in Uganda. PLoS ONE 2015, 10, e0117396.

Lwetoijera, D.W.; Kiware, S.S.; Mageni, Z.D.; Dongus, S.; Harris, C.; Devine, G.J.; Majambere, S.
A need for better housing to further reduce indoor malaria transmission in areas with high bed net
coverage. Parasit Vectors 2013, 6, 57.

Tenywa, F.C.; Nelson, H.; Kambagha, A.; Ashura, A.; Bakari, I.; Mruah, D.; Simba, A.; Bedford, A.
Attractive toxic sugar baits for controlling mosquitoes: A qualitative study in Bagamoyo, Tanzania.

https://encyclopedia.pub/entry/42108 13/14



Control Strategies for Mosquito-Borne Diseases | Encyclopedia.pub

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

Malar. J. 2018, 17, 22.

Muller, G.C.; Beier, J.C.; Traore, S.F.; Toure, M.B.; Traore, M.M.; Bah, S.; Doumbia, S.; Schlein, Y.
Field experiments of Anopheles gambiae attraction to local fruits/seedpods and flowering plants in
Mali to optimize strategies for malaria vector control in Africa using attractive toxic sugar bait
methods. Malar. J. 2010, 9, 262.

Allan, S.A. Susceptibility of adult mosquitoes to insecticides in aqueous sucrose baits. J. Vector
Ecol. 2011, 36, 59-67.

Davidson, G. Studies on insecticide resistance in Anopheline mosquitos. Bull. World Health
Organ. 1958, 18, 579-621.

Tantely, M.L.; Tortosa, P.; Alout, H.; Berticat, C.; Berthomieu, A.; Rutee, A.; Dehecq, J.S.;
Makoundou, P.; Labbé, P.; Pasteur, N.; et al. Insecticide resistance in Culex pipiens and Aedes
albopictus mosquitoes from La Réunion Island. Insect Biochem. Mol. Biol. 2010, 40, 317-324.

Sumarnrote, A.; Overgaard, H.J.; Marasri, N.; Fustec, B.; Thanispong, K.; Chareonviriyaphap, T.;
Corbel, V. Status of insecticide resistance in Anopheles mosquitoes in Ubon Ratchathani
province, Northeastern Thailand. Malar. J. 2017, 16, 299.

Yadouléton, A.; Badirou, K.; Agbanrin, R.; Jost, H.; Attolou, R.; Srinivasan, R.; Padonou, G.;
Akogbéto, M. Insecticide resistance status in Culex quinquefasciatus in Benin. Parasites Vectors
2015, 8, 4-9.

Corbel, V.; N'Guessan, R.; Brengues, C.; Chandre, F.; Djogbenou, L.; Martin, T.; Akogbéto, M.;
Hougard, J.M.; Rowland, M. Multiple insecticide resistance mechanisms in Anopheles gambiae
and Culex quinquefasciatus from Benin, West Africa. Acta Trop. 2007, 101, 207-216.

Norris, L.C.; Norris, D.E. Insecticide resistance in Culex quinquefasciatus mosquitoes after the
introduction of insecticide-treated bed nets in Macha, Zambia. J. Vector Ecol. 2011, 36, 411-420.

Owuor, K.O.; Machani, M.G.; Mukabana, W.R.; Munga, S.O.; Yan, G.; Ochomo, E.; Afrane, Y.A.
Insecticide resistance status of indoor and outdoor resting malaria vectors in a highland and
lowland site in Western Kenya. PLoS ONE 2021, 16, e0240771.

Mahyoub, J.A.; Aziz, A.T.; Panneerselvam, C.; Murugan, K.; Roni, M.; Trivedi, S.; Nicoletti, M.;
Hawas, U.V.; Shaher, F.M.; Bamakhrama, M.A.; et al. Seagrasses as Sources of Mosquito Nano-
larvicides? Toxicity and uptake of Halodule uninervis-biofabricated silver nanoparticles in Dengue
and Zika Virus vector Aedes aegypti. J. Clust. Sci. 2017, 28, 565-580.

Maurya, P.; Sharma, P.; Mohan, L.; Verma, M.M.; Srivastava, C.N. Larvicidal efficacy of Ocimum
basilicum extracts and its synergistic effect with neonicotinoid in the management of Anopheles
stephensi. Asian Pac. J. Trop. Dis. 2012, 2, 110-116.

Retrieved from https://encyclopedia.pub/entry/history/show/94998

https://encyclopedia.pub/entry/42108 14/14



