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ABSTRACT

9

In recent era, mosquito-borne deadly diseases are accounting approximately about 17% of all the infectious diseases. Although Malaria is
the principal focus of the scientists, other deadly diseases like dengue and chikungunya are endemic in many developing countries. Though,
synthetic mosquito repellents are controlling the mosquito population but they possess a lot of disadvantages to pregnant women and
children. Thus, the focus has been shifted towards plant based repellents and plant derived essential oils which show efficacy with no side-
effects. Research is also going on focusing the development of an anti-parasite vaccine. To this end, though, there is no licensed vaccine at
present but a lot of progress is seen in this field recently. Another area of research has been focused on sterile insect techniques and
transgenic mosquitoes in order to suppress the whole disease spreading female vector population. The progress in the field of molecular
biology has facilitated greatly to disrupt and exploit the mosquito’s life cycle. This review highlights all the approaches investigated to control
mosquito-borne diseases with a fair discussion on challenges faced in this regard.

INTRODUCTION
In this highly socialized and globalized world, Mosquito borne diseases are one of the major causes of
KEY WORDS deaths every year. Mosquito-borne diseases account for about 17% of all the infectious diseases, causing
Mosquito-borne more than 1 million deaths annually [1, 2, 3]. According to a survey, it is estimated that about 2.5 billion
diseases, parasites, people in over 100 countries are at a risk of acquiring dengue fever alone. It is also found according to
Vec’glf:'e’gsfgsc”ous survey that malaria alone causes 600000 deaths globally every year and the saddest part is that most of

them are children [1, 2]. Other mosquito-borne diseases such as dengue, West Nile virus, Japanese
encephalitis etc. also cause deaths of many people every year globally. Although many of these mosquito-
borne diseases are preventable if there is awareness about protective measures.

In epidemiology, a vector is any agent (person, animal or microorganism) that carries and transmits an
infectious pathogen into another living organism. Mosquito-borne diseases spread through bites of
infected mosquito species (vector), which mainly includes Aedes, Culex and Anopheles. These Mosquito-
borne diseases are highly wide spread in few parts of the world whereas they are found in minimum
numbers in certain countries of the world. They are most prominent during a particular time of the year
while they are less prevalent in other times. Most vector-borne diseases exhibit a distinct seasonal pattern,
which clearly suggests that they are highly sensitive to weather. Rainfall, temperature, and other weather
variables also affect in many ways to both the vectors and the pathogens they transmit. Thus, the
probability of transmission may or may not be increased by higher temperatures [1, 2, 4]. There are
various factors which make a huge impact and bring a drastic change in the diverse spread of these vector
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people especially those who are living in the endemic areas to prevent themselves from mosquito-borne
diseases. As there has been a lot of focus on different methods to exploit the vector’s life cycle in
preventing the disease, many improvements have been achieved by the scientists, which has been
discussed in this study.

MOSQUITO LIFE CYCLE AND TRANSMISSION OF PARASITE

Despite the many differences that exist within the genus, the lifecycle of all mosquitoes is generally the
same. Eggs hatch in water, where they hatch and undergo the transition to larvae. There are four aquatic
larval stages. It is followed by an aquatic pupal stage before the adult arises. Adults feed on nectar and
other sugar sources. Within days of emergence, adult males form mating swarms into which females fly to
mate. The female must then take a blood meal before she is able to lay 50-200 eggs. Most adults can live
up to 2 weeks in the field [5].

In humans, the parasites enter and multiply first in the liver cells and then they invade RBC’s. In the blood,
broods of parasites grow inside the RBC’s and destroy them, releasing daughter parasites (merozoites)

*Corresponding Author that continue the cycle by invading other RBC's and form gametocytes. The blood stage parasites are
Email: those that cause the symptoms of malaria. When certain forms of blood stage parasites (gametocytes) are
nilanjan.das@accendere.co.in  picked up by a female mosquito during its blood meal, they start another different cycle of growth and
Tel.: +91-8220473185 multiplication inside mosquito. The male and female gametocytes form a zygote and then form an oocyst.

After 10-18 days, the parasites are found in the form of sporozoites in the mosquito's salivary glands.
When the female mosquito takes a blood meal on another human, the sporozoites are injected with the
mosquito's saliva into human and start another human infection when they parasitize the liver cells [5].
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Fig. 1: Transmission and life cycle of malarial parasite, Wikimedia commons [5, 6].

METHODS USED IN CONTROLLING MOSQUITO POPULATION

Several approaches towards mosquito borne diseases have been investigated worldwide which are mainly
classified into two types- genetic and non-genetic. While most of the non-genetic approaches are methods
used for controlling mosquito population before the technology overtook. These approaches are highly
effective in some areas and have been even employed now-a-days in many parts of the world. While
genetic approaches are able to prevent and cure mosquito-borne diseases by highly cost effective
interventions [3].

Non genetic approaches

Environmental control

Vector control strategies in this method involves suppressing the mosquito population through
environmental modifications and manipulations like draining of stagnant water from wetlands, removal of
mosquito’s potential breeding habitats, and installation of meshes in homes [7, 8]. This approach has
some success in controlling the mosquito population in Rome, Israel, India, Brazil, Egypt, and Zambia and
is still used and recommended as an alternative approach in a few areas [9-11]

Chemical control

Early mosquito management relied on the use of Paris green (copper aceto arsenite) and petroleum by-
products. It was discontinued because of their high toxicity and pollution of water sources [7, 12]. DEET
(N,N-Diethyl-meta-toluamide) is a synthetic mosquito repellent that has been effective against several
species of mosquitoes, however its repeated use disrupts natural biological systems. This pesticide has
been reported toxic and allergic reactions in infants, children and pregnant women. It has also been found
that mosquitoes gain resistance towards these synthetic repellents after a certain period of time [13-16].
Insecticide-treated bed nets alone have been regarded as an excellent tool to reduce malaria transmission
in highly endemic countries, especially by reducing child mortality and morbidity [17-19].

Biological control

The western mosquito fish Gambusia affinis is a species of freshwater fish, also known commonly as
mosquito fish. There is also an eastern mosquito fish G. holbrooki. The name "mosquito fish" was given
because the diet of this fish sometimes consists of large numbers of mosquito larvae, relative to body size.
Mosquito fishes have been introduced directly into ecosystems in many parts of the world as a bio control
to lower mosquito populations which in turn negatively affected many other species in each distinct
bioregion [20-23, 7].

Another type of biological approach in use against mosquitoes, is the use of entomo-pathogenic fungi. This
method involves spraying mosquito’s resting sites with suspension of fungal spores. Upon exposure, the
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fungi readily invades and multiplies inside the mosquito, killing it within 15 days, and thus reducing the
parasite’s transmission intensity [24, 25]. Laboratory and field studies have identified two different fungal
species, Beauveria bassiana and Metarhizium anisopliae, that are effective against A. Gambia. B.
thuringiensis israelensis and B. sphaericus are other two environmental friendly alternatives, given that
the toxins they produce are non-toxic to other species and do not persist for a long period of time in the
environment [7]. Hurdles for this approach mainly includes fungal spore viability, fungal specificity, and the
development of resistance in the mosquitoes [26, 27].

Essential oils and natural mosquito repellents

Essential oil obtained from plants play an important role as xenobiotics due to presence of mono and
sesqui-terpenes along with other volatile carbons [26]. In this method of controlling mosquitoes, certain
plants which were previously described to have mosquito repelling properties are selected and they are
subjected to hydro-distillation using a Clevenger type apparatus. Then the essential oils obtained are used
in arm cage studies, where the arm of human hand treated with the essential oil is kept into a cage full of
mosquitoes of a particular genus. The efficiency of the oil is tested by watching the number of mosquitoes
falling on the human hand at appropriate time intervals [15].

In certain experiments, leaves are dried and grounded using a mechanical blender. Then, they were
extracted using polar solvents like benzene or ethyl acetate, which were again tested for mosquito
repellence using arm cage studies or to check the larvicidal activity [14].

Genetic approaches

In order to develop new approaches, there is a need to grow a broader knowledge of vector biology which
can be done by sequencing the whole genome of the mosquito to know about the vector’s biological
processes that can be helpful to exploit and disrupt/eradicate these mosquito borne diseases.

Sterile insect technique (SIT)

The Sterile Insect Technique, also identified as the Sterile Insect Release Method, is a method for the
management of key insect pests like mosquitoes, flies. The Sterile Insect Technique is defined as "a
method of pest control using area-wide releases of sterile insects to reduce reproduction in a field
population of the same species". It is therefore a type of "birth control" in which wild female insects of the
pest population do not reproduce when they are inseminated by released, radiation-sterilized males. In this
type of autocidal control, sequential releases of the sterilized insects in adequate sterile to wild male over
flooding ratio's lead to a reduction in pest population numbers. Effective control using sterile insects is
achieved with area-wide integrated pest management (AW-IPM) programmes.

At present many genetic control methods are investigated for the control of mosquitoes, which include
release of wolbachia infected mosquitoes and other strategies [28]. Sterile insect technique (SIT) is also
another popular technique for vector control development. There are two types of approaches -
conventional and transgenic. SIT involves release of sterile males which can reduce population by creating
persistent infertility [29]. Conventional method includes creation of dominant lethal in gametes due to
irradiation which is generally induced by gamma rays. This method generally involves somatic damage that
impairs male mating competitiveness against wild males [30]. Transgenic approach involves insertion of
dna encoding for I-Ppol, a homing endonuclease extracted from physarum polycephalum. The expression
of I-Ppol eliminates holandric X chromosomes thus causing male bias progeny. Transgenic |-Ppol
mosquitoes carry a visible fluroscent dye (RFP) and marked fluorescent spermatozoa which facilitates
male competitiveness and survival [31]. Infertility was induced in I-Ppol male’s cage populations of stable-
age distribution mosquito populations. The experiments conducted in large cages particularly confirm the
suitability of the beta2-Ppo2 strain for consideration in sterile insect technique programs [32]. But life
history analysis of the beta2-Ppol and beta2-Ppo2 lines revealed retarded development of the transgenic
individuals and low adult eclosion in transgenic males [32].

Transgenic mosquitoes

The genetic transformation of mosquitoes to make them refractory to Plasmodium infections is regarded
as a potential strategy to control malaria transmission. Three key components are needed for a successful
mosquito transformation [33]. First, an efficient germ line transformation system has to exist. Secondly,
suitable promoters that will drive stage, tissue, and sex-specific expression of anti- Plasmodium genes
need to be selected [34]. Thirdly successful mosquito transformation in the selection of effector genes that
either impair parasite development or serve as parasiticidal agents with 100% efficiency and a low fitness
cost [35].

Means of driving a refractory construct through a vector is the most problematic one [36]. Transposable
elements such as the p elements are gaining attention at present as they are able to spread quickly
globally by replicating within a host genome and hence inherited in off-spring’s genome [37]. They are
successfully implemented in Drosophila but the same cannot be repeated in A. gambiae as its activity
decline substantially with increasing size and over time. MEDEA (maternal-effect dominant embryonic
arrest) elements are under development which are selfish genetic elements that spread rapidly by
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distorting its own off-spring’s ratio. MEDEA encodes a maternally expressed toxin and zygotically expressed
antidote. The toxin causes the death of the progeny [38]. Several refractory genes are to be found out to
improve the efficacy of refractoriness and reduce the probability that give resistance to anti-pathogen
genes will emerge in plasmodium population [38]. MEDEA elements should also be introduced into
mosquito populations and their ill-ailments should also be found out by conducting large cage trials [38].

Previous research in controlling malaria was done on plasmodium parasite and anopheles mosquitoes.
The drug and vaccines developed have failed to induce sufficient long lasting protective immunity. The
spray of pesticides also failed because the mosquitoes develop resistance to the pesticides. So currently
SIT (sterile insect technique) is gaining importance which involves release of large number of sterile
individuals to cause mosquito population suppression [39]. Germ line transformation of vectors has
become more common and this technology involves germ line insertion of transposons containing genes of
interest in the presence of transposase enzyme [39]. The ability to rear the mosquito population of a
particular species. The ability to induce sterility. Many mechanisms include chemo-sterilization,
cytoplasmic incompatibility but most commonly used mechanism is the exposure to gamma radiations,
which causes chromosomal breaks in the germ cells. A wide knowledge on population dynamics is also
required and viability as transgenic SIT mosquitoes. Irrelevant transposon combination also causes
transgene instability [39].

As we need to separate the 2 sexes prior to release, mechanical separation methods cause physical
damages and reduced competitiveness constantly [40]. Alternative methods include making genetic
sexing strains but it also has fithess problems, semi-sterility, and also absence of complete sterility [39].
Transgenic markers like EGFP, RFP are used to allow sex separation based on fluorescence. The sperms of
male were marked with EGFP+. Mechanical-opting sorting system is used to differentiate them
phenotypically. Many insect resistance genes are also used in males [41]. In case of females, many
dominant lethal genes are induced, which control the transcriptional process of certain genes, instead of
gene of interests are transcribed. Using transgenesis to create strains of Anopheles suitable for SIT could
potentially offer several advantages over current approaches, in that the basic design of transgenic
constructs designed for other insects should be rapidly transferable to mosquitoes, and induction of
sterility as a product of the transgenic modification could obviate the requirement for radiation and its
associated deleterious effects [39].

Transgenic strategies of controlling mosquitoes can be used in two ways. It is population suppression and
population replacement. However approaches aimed at population suppression is assumed to lose
transgenes after the releases are end due to environmental non-compatibility [42]. So here Skeeter buster
model is being used for suppressing adult female mosquitoes. A transgene encoding a toxic protein is
controlled by a promoter which turns on expression in female flight muscles. Females with dead flight
muscles cannot feed, mate, fly and they gradually die [43]. Construction of this FK strain proposes a
deployment method where eggs would be transported throughout a city. Local stakeholders would then be
responsible for hatching eggs in suitable habitats so that FK adults would emerge but only males would be
viable. These males would then mate with wild-type females, whose female progeny would not develop into
viable, virus-transmitting adult females [43]. A. aegypti is particularly amenable to this approach because
its eggs are desiccation resistant and can remain viable for several months, making them easy to
transport, distribute, and hatch simply by immersing in water [44]. Here they show that population
elimination might be an unrealistic objective in heterogeneous populations. They demonstrate that
substantial suppression can nonetheless be achieved if releases are deployed in a uniform spatial pattern
using strains combining multiple lethal elements, illustrating the importance of detailed spatial models for
guiding genetic mosquito control strategies [44].

Transgene introduction in mosquitoes for population suppression or inhibition of ookinete development is
also an attractive approach for the control of vector borne diseases. But the problem is that these trans-
genes are facing fitness problems gradually over time due to various factors [40]. So here a transgenic A.
stephensi that express a catalytically inactive phospholipase gene (mPLA2) under the control of a midgut
promoter is created. They created two transgenic lines of Anopheles stephensi, a natural vector of
Plasmodium falciparum, which constitutively secrete a catalytically inactive phospholipase A2 (mPLA2) into
the midgut lumen to interfere with Plasmodium ookinete invasion. Experiments show that both transgenic
lines expressing mPLA2 significantly impair the development of rodent malaria parasites, but only one line
impairs the development of human malaria parasites. In addition, when fed on malaria-infected blood,
mosquitoes from both these transgenic lines are more fecund than non-transgenic mosquitoes. Consistent
with these observations, cage experiments with mixed populations of transgenic and non-transgenic
mosquitoes, show that the percentage of transgenic mosquitoes increases when maintained on
Plasmodium-infected blood. Expression of an anti-Plasmodium effector gene gives transgenic mosquitoes
a fitness advantage when fed malaria-infected blood.

Vaccines

Inactivated sporozoite immunization studies in 1942 showed a hope of combining both cellular and
humoral immune responses against malaria of domestic fowl [45]. AImost at the same time, Freund was
developing a powerful adjuvant that showed decent efficacy in malaria studies [46]. However, today, there
is still no licenced vaccine against malaria or any other parasitic disease of humans and no deployed
subunit vaccine for any parasitic disease [47, 48]. Most of the vaccines that are available today belong to
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one of three categories-attenuated microbes, killed microbes or protein subunits. Attenuated viruses that
protect against a cross-reactive pathogen originate with Jenner's use of a related poxvirus to prevent
smallpox. After about a century, killed microbes were introduced and several such vaccines, e.g. polio
vaccine, have been used widely. More recently, conjugate vaccines against encapsulated bacterial
pathogens have been developed and have been hugely successful in reducing the incidence of some
diseases. However, protein based licensed subunit vaccines are very few and these are particulate.
Recombinant proteins that are not particulate have rarely become effective human vaccines.
Parasitologists trying to develop vaccines can hardly ever safely grow and manufacture whole parasites in
sufficient numbers to induce immunity, although recently this has been attempted for malaria [49].
Instead, a large number of antigens have been expressed, mainly as proteins and less often from vector
systems to try to generate protective immunity. Parasite vaccines generally face the challenge of
generating immunity with an immunogen that reflects only a tiny fraction (less than 1%) of the composition
of the organism, a challenge that has been met only rarely in vaccinology [50]. Encouragingly, in at least
one system, vaccination of pigs and cattle against Taenia, vaccination with a single antigen has prevented
cysticercosis causes by cestode parasites [51].

Although most residents develop natural immunity to malaria in endemic areas, this usually few years of
exposure and is imperfect. Natural immunity predominantly targets a wide variety of blood-stage antigens
and no antigen appears to be especially important in providing protection [52]. Vaccine candidates
selected for vaccines are malaria antigens as they are the targets of natural immunity and significant
genetic polymorphism, and a key blood-stage antigen, P. falciparum erythrocyte membrane protein-1
(PFEMP1), even shows temporal switching of variant expression. Plasmodium parasites express substantial
stage-specificity of antigen so candidate vaccines for one stage of the life cycle are unlikely to impact on
another stage.

RTS,S, a P. falciparum CS protein was showing great efficacy in sporozoite challenge studies in a novel
adjuvant [53]. This RTS,S candidate has led the way for many years, showing efficacy in progressively
younger subjects and in a variety of epidemiological settings culminating in an ongoing licensure trial [54].
Blood-stage vaccine candidates continue to struggle with adjuvant formulations and limited
immunogenicity [49].

However, some important questions remain about the efficacy and utility of this vaccine for malaria
control, not all of which will be answered by the current phase lll trial. These include the level of efficacy
against severe malaria, which could be higher than that against clinical malaria, the duration of protection
provided by the vaccine, which was limited with the AS02 formulation both in phase lla and phase Ilb
studies, and the cost-effectiveness and community acceptability of deploying a vaccine with limited
efficacy [55].

Whole parasite vaccines

A major effort has been made to develop a pre-erythrocytic vaccine comprising whole sporozoites as a
response to limited efficiency achieved by sub-unit vaccine candidates and RTS,S [49]. Defective schizonts
can be produced by irradiated sporozoites within the liver which invade them. This can express antigens
that induce a protective immune response but the main disadvantage of defective schizonts is that they
cannot rupture to release the merozoites that would normally invade RBCs and continue the infection.
Comparing with animal models, complete protection is readily obtainable through the activity of induced
CD8p T cells that clear infected human liver cells but this remains to be demonstrated. However,
significant efficacy has yet to be reported from these studies and it remains unclear whether a needle and
a syringe can substitute for a mosquito and its salivary gland fluids in generating adequate
immunogenicity and efficacy in human [56]. Even if high-level efficacy can be achieved using this
approach, the challenges of cost of manufacture and distribution of parasite vials in liquid nitrogen tanks
in developing countries suggest that efficacy of this approach will need to be considerable higher than that
of other malaria vaccines for it to be deployed widely [57].

Vectored vaccines

The other major approach to induce pre-erythrocytic immunity is to employ vectored vaccines, aiming
mainly to induce cellular immunity against the liver-stage of P. falciparum. Irradiated sporozoite induced
immunity in animal models is mainly due to CD8p T cells and appears to target multiple antigens [57].
Using chimpanzee adenoviruses (ChAds) encoding the Thrombospondin-related adhesion protein (TRAP)
pre-erythrocytic antigen to prime an immune response that is then boosted by another viral vector,
modified vaccinia virus Ankara (MVA) encodes the same TRAP insert [45]. This particular prime-boost
approach, first discovered in malaria, leads to much higher T cell responses than single vector
immunization, and extensive studies have shown its utility in pre-clinical models [58]. A related prime-
boost approach is being developed by the US Naval Medical Research Centre, but here the priming vector
is plasmid DNA, and a human adenovirus, Ad5, is used to boost the immune response [59].

Blood stage vaccines

In contrast to major progress in several areas of pre-erythrocytic vaccine development, results with blood-
stage vaccines have been more mixed and progress is generally slower [60]. A number of candidate
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vaccines have progressed to clinical testing but they have shown limited efficacy against clinical malaria.
MSP1 and AMA1 in particular are the antigens for vaccine candidates. Aimost all of these candidate
vaccines have been a protein given with an adjuvant designed to induce protective antibodies. Some
approaches have focused on inducing antibodies that impair parasite growth, as can be demonstrated in
the in vitro assays [5], whereas others have aimed to induce antibodies which achieve their effect in
collaboration with effector cells and which can be measured with greater difficulty, in a functional assay of
ADCI of parasite growth [61]. There have been three particular challenges for the development of blood-
stage vaccines. One is difficulty in expressing conformationally correct large antigens and scaling up the
methods needed to do this to the extent that would allow large-scale manufacture. A second challenge has
been the only modest antibody responses achieved even with a range of new adjuvants. The third difficulty
has been posed by the extensive polymorphism of many leading candidate blood-stage antigens [45].

Mosquito stage vaccines

The principle of this vaccine is that immunization with gametocyte or ookinete antigens could reduce or
ablate oocyst development in the mosquitoes [62]. Membrane feeding assays are getting standardized
that allow sera from vaccinated animals or humans to be evaluated for their ability to reduce or prevent
transmission. The in vivo use of transgenic parasites has supplemented to assess the efficacy of
antibodies induced by P. falciparum and P. vivax antigens in preventing transmission of rodent parasites
[63, 64]. These systems provide means of rapidly assessing the likely efficacy of sera from vaccines
participating in phase | trials of mosquito-stage vaccines, a major advantage of this approach to malaria
vaccine development. In view of the potential of this approach to the prevention of malaria, it is surprising
that it has been so little supported. The main hurdle has been the concern that deployment of such a
transmission- blocking vaccine would prove impractical. This type of mass vaccination has been
undertaken on occasion for other diseases but may prove logistically challenging.

Table 1: Comparison of different approaches to control mosquito borne diseases on the basis
of effectiveness [65-69]

Principal Approach

‘ Method ‘ Affordability ‘ Effectiveness
target type
. . Non- Substantially high but
Environmental control | Mosquitoes genetic Cheap slow
Biological qontrol Mosquitoes e Cheap Slow and less effective
(Fungi) genetic
Biological control . Non- .
(Fish) Mosquitoes genetic Cheap Less effective
Essential oils Mosquitoes Non-. Cheap CopsEEELl) SEshE o
genetic a short span
Chemical control Mosquitoes Non-. Cons@erably Highly 9ffectlve with
genetic high many disadvantages
Transgenic . . . .
mosquitoes and SIT Parasites Genetic High Research in progress
Vaccines Parasites Genetic High Research in progress

CONCLUSION

Although several approaches towards controlling these deadly mosquito borne diseases are being
investigated in recent times, but it is indeed necessary to look for other factors such as affordability and
availability for the common person. So a combination of all these approaches can control these mosquito
borne diseases unless these vectors gain resistance to them. A lot of research work is to be done in
developing anti-parasite vaccines and by reducing the harmful-vector populations effectively using
transgenic techniques which are major prospects of the post genomic era. As the eradication of harmful
vector populations using transgenic technologies might take a very long time in order to protect ourselves
we need to use many traditional non-genetic approaches like draining of stagnant water, use of
mosquitocidal nets and use of essential oil mixtures for our well-being. The main important step to be
initialized now is to develop a perfect model for combating these vector population which comprises
eradicating future vector population using transgenic technologies and protecting ourselves by developing
anti parasite vaccines and other non-genetic approaches.
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