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Abstract

Malaria, Dengue, Japanese encephalitis Chikungunya, lymphatic filariasis etc. are among the common
vector borne diseases distributed across the world. Mosquitoes are main cause of transmission of these
diseases. These diseases have such a huge impact on mortalities and economic burden that most of the
countries where these diseases are prevailing have National Vector control programs like insecticide
spray but methods like this only have a short-term effectiveness as on a long run they lead to the
development of resistance in the insects thus worsening the situation. We were waiting for
environmentally safe way to overcome this situation and to our rescue, came an obligate maternally
inherited endosymbiont of several insects, Wolbachia with the way to manipulate reproduction by
causing cytoplasmic incompatibility (Cl). Now the problem was of infecting vectors with this symbiont.
Here, in this review we will discuss various aspects of Wolbachia and its role in manipulating
reproduction and thus its role in mosquito’s population suppression strategies and limitations of using
Wolbachia. Particularly inspiring about this story is how ecologists and evolutionary biologists ended up
being the ones to figure out a way to eliminate viral infections.
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Introduction

Insect borne diseases like malaria, chikungunya, dengue etc. mainly those transmitted by
mosquito are a reason to worry as they are affecting more than half of the world population.
The measures like insecticide treated bed net are ineffective due to day biting habits of dengue
vectors In spite of several mosquito control measures are being used the transmission is
persisting and appearing every year. The cities have also reached to the tolerance level of
pollution (Delhi 600-700 ppm), the application of any type of insecticide in air in form of
fogging may prove fatal to the residing population as well as increase residual toxicity of the
cities. Therefore, there is a need to have innovative, sustainable & environmental friendly tool
for controlling the mosquito borne transmission of diseases.

One of such technology is species modification and replacement technology. Wolbachia an
endosymbiont offers us a great way to deal with the problem by its way of manipulating
reproduction by cytoplasmic incompatibility, life shortening strategy or by blocking viral
transmission. Two strains of Wolbachia pipientis, a maternally inherited bacterium known as
wAIbA and wAIbB are found to be present in the wild population of Ae. albopictus [* 2,
However, Aedes aegypti is uninfected with the bacterium in the wild. Recent work on
dissemination of dengue and chikungunya virus Bl by transferring over-replicating strain of
Wolbachia wMelPop from D. melanogaster to Ae. aegypti [ has shown the inhibitory effect.
Reduced susceptibility to dengue ! was found on transfer of the wAIbB strain from Ae.
albopictus into Ae. aegypti 1. Cytoplasmic incompatibility (Cl) is induced by both strains of
Wolbachia in Ae. aegypti, which leads to death of embryos shortly after fertilization of
uninfected female by infected male. Using this there is a frequency-dependent reproductive
advantage and Wolbachia can easily be spread in insect population as infected member can
mate equally well with infected or uninfected member "1, Thus, this mechanism offers us a
lucrative disease control method specifically of dengue by Ae. aegypti which is difficult to
control by other methods [,

~~
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There is a chronic upregulation of immune response basically
the Toll pathway in Ae. aegypti by wMelPop strain & 11
leading to dengue dissemination !> 131, Knock-down of TEP1
a major immune gene shows general role of pathogen
inhibition during immune up regulation. In transiently
infected Anopheles gambiae inhibitory effect of the presence
of wMelPop on Plasmodium berghei is rescued by TEP1 14,
Host background plays a major role in in dengue inhibition
phenotype as wAIbB transfection caused dengue inhibition in
Ae. aegypti I but not in original host i. e. Ae. albopictus
which is an efficient dengue vector the reason could be the
heightened immune response of Ae. albopictus to Wolbachia.
It is difficult to say whether any strain of Wolbachia could
produce inhibition of dengue in Ae. albopictus which has
evolved for high tolerance of Wolbachia over the period of
time. The strain of Wolbachia from Drosophila melanogaster
wMelPop can half the life of D. melanogaster 1 and Ae.
aegypti ™ but on trans infecting Ae. albopictus adverse result
of reduced egg hatching from intra strain mating was obtained
thus making this impossible for application for disease control
1161, Significant delay in accumulation of RNA viruses such as
Drosophila C virus in D. melanogaster was caused by wMel
(17191 wMel strain is phylogenetically close to wMelPop
variant % put it does not produce life shortening phenotype
(151, Thus, wMel was selected for experimental transfer into
Ae. albopictus to examine its effect in dengue inhibition and
Cl.

Background

As a mechanism to control insect population cytoplasmic
incompatibility induced by Wolbachia is gaining importance
due to its ability to manipulate reproduction in natural
population [ 10 Syccessful interspecific transfer of
Wolbachia from Drosophila melanogaster in mosquito
population has led to reduced life span and it also interferes
with pathogen replication this has intrigued several
researchers to focus on this method for controlling mosquito
borne diseases. Reduction of extrinsic incubation period of
Ae. aegypti was seen on introduction of Wolbachia.
Wolbachia interacts with wide range of viruses and parasites
in mosquitoes including dengue and chikungunya . Another
aspect of altering of immune system by Wolbachia brought
this endosymbiont into limelight as it upregulates the insect-
host immune system. Transient suppression of Plasmodium
falciparum development in Anopheles gambiae was also
observed on infection with Wolbachia M4, The most striking
benefit of Wolbachia caused cytoplasmic incompatibility is
that it is self-spreading and thus controlling the disease
efficiently (1. The eco-friendly nature of this approach is
tempting us for more research in this area. The rapid spread of
Ae. albopictus from south-east Asia to Africa, America and
southern Europe has made it rural/semi urban vector of
dengue virus across the tropics 1 calls for an immediate
relief. Surprisingly in the studies, there was 7 times more
Wolbachia in Uju. wMel strain in comparison to superinfected
(WAIbA and wAIbB) Ascoli strains 122, Egg hatch rates from
intra strain mating in early generation may be negatively
affected by increased density of Wolbachia. High levels of
Wolbachia may decrease over time after strain and host co-
adaptation.

Approaches for population suppression strategies using
Wolbachia

Two new approaches have been newly tested in field trials.
The first is based on the release of genetically mutated male
mosquitoes that bear a dominant fatal genetic code. This
approach has been demonstrated to be capable to quell
mosquito populations, but requires the unfaltering discharge
of a hefty sum of transgenic mosquitoes for proportionate
months 231, Nonetheless, in the absence of a gene-drive
system, queries endure about the sustainability of this
interference, as the migration of unmodified mosquitoes from
nearby are as successive local suppression of a mosquito
population requires discharges to persist endlessly, albeit at
lower levels than during initial suppression ?4. The second
approach comprises the discharge of mosquitoes transinfected
by the vertically spread intracellular bacterium Wolbachia.
Wolbachia has been shown to be capable to establish itself in
mosquito populations 1, and to suppress arbovirus
duplication in mosquitoes, and thus a potential promising
means for controlling dengue transmission in endemic settings
(26 Here, we converse the doubts and challenges that lie
ahead for the use of Wolbachia as a possible new form of
biocontrol for dengue.

Wolbachia-insect interaction

Wolbachia Transinfection: Wolbachia is an endosymbiotic
intracellular bacterium that is naturally existent in
approximately 60% of entire insect species - 281, comprising
several mosquitoes. Mosquito species recognized to be
naturally infected with Wolbachia include Culex pipiens [2°
and Aedes albopictus %, one of the vectors for dengue virus,
but not Ae. aegypti, the primary vector for this virus.
Wolbachia is communicated maternally and modifies the
reproductive phenotype of infected insects to give the bacteria
a reproductive advantage relative to uninfected insects. The
reproductive phenotype expressed depends on both the insect
species and Wolbachia strain, and can result in feminisation,
male killing, parthenogenesis or, most frequently, cytoplasmic
incompatibility 7, Cytoplasmic incompatibility (ClI), the
phenotype expressed by the Wolbachia strains developed for
Ae. aegypti transfection, renders eggs laid as the outcome of
an uninfected female and infected male cross unviable,
whereas Wolbachia-infected females lay viable Wolbachia-
encouraging eggs irrespective of the infection status of the
male 71, Nevertheless, depending on the Wolbachia strain,
infection can force supplementary fitness expenses on
infected insects, such as amplified adult mortality 4, reduced
fertility B4, prolonged egg and larval growth time 2, and
reduced endurance of desiccated eggs %l This leads to a
trade-off between the reproductive advantages conferred on
Wolbachia-infected mosquitoes (relative to wild type) by CI
and the fitness expenses of infection, resulting in a frequency-
dependent invasion threshold which must be exceeded to
guarantee fixation of Wolbachia in a wild population 22, This
threshold will also dependent on the degree of vertical
transmission among Wolbachia-infected mosquitoes B4 31,
Although not naturally present in Ae. aegypti, Wolbachia was
introduced into the species artificially via transinfection. This
was demonstrated for the first time in 2005 by Xi et al. [
when they isolated Wolbachia-containing cytoplasm from Ae.
albopictus eggs, which are naturally infected with both
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WAIbA and wAlIbB strains, and used microinjection to
transfer the bacteria into Ae. aegypti eggs, resulting in two
stable wAlbB-infected Ae. aegypti lines. Laboratory
experiments showed almost perfect maternal transmission and
Cl in these lines. The initial motivation for introducing
Wolbachia into Ae. aegypti mosquitoes was to prove that Cl
could be used as a drive mechanism to introduce transgenes
into an Ae. aegypti population, rather than make use of the
properties of Wolbachia itself by means of a dengue-
regulator. However, based on the observation that Drosophila
melanogaster fruit flies infected through the contagious
wMelPop strain have enlarged adult mortality 7, it was
hypothesised that the translation of these fitness expenses to
Ae. aegypti might shrink population concentration and the
mean lifespan of an infected mosquito (perhaps to below the
extrinsic incubation period of dengue virus), thus significantly
plummeting their potential to communicate the virus onwards
after an infectious blood meal [8l. In 2009, transinfection of
the wMelPop Wolbachia strain from  Drosophila
melanogaster to Ae. aegypti eggs was demonstrated by
McMeniman et al. B8 Trials showed a 19% drop in
productiveness and an over 50% surge in adult mortality due
to wMelPop infection in Ae. aegypti. However, while initial
cage attack experiments 3% showed that, with a high initial
release fraction, wMelPop-infected mosquitoes can invade
wild-type populations, the high fitness costs elevated concerns
about the viability of establishing wMelPop in the field. Thus,
in parallel to the work on wMelPop, an additional, less-
virulent Wolbachia strain, wMel 0 was also transinfected
from Drosophila to Ae. aegypti *, with experiments showing
nearly flawless CI and maternal transmission, but much lower
(non-significant) fecundity and mortality costs of only 10%
(vs 50% with wMelPop). Surprisingly, both wMel and
wMelPop infection was demonstrated to dramatically
decrease vector competence; wMelPop-infected mosquitoes,
fed with blood spiked with DENV2 virus, displayed no
evidence of dengue virus in their salivary glands after 14
days, compared with 81% of wild-type mosquitoes B, Virus
replication was also dramatically reduced in wMel-infected
Ae. aegypti, although not as entirely as for wMelPop, with
4.2% of mosquitoes showing DENV?2 virus in their saliva 14
days after blood-feeding °. However, further inspection
revealed that every pooled sample of saliva showing DENV2
virus after 14 days contained saliva from wMel-uninfected
mosquitoes, suggesting that flawed maternal transmission
might have contributed to these conclusion 2%, Joubert et al.
41 have recently exhibit that Wolbachia superinfection is
feasible by developing a line of Ae. aegypti influence with one
and the other wMel and wAlbB and showing that the
superinfection causes unidirectional Cl when crossed to each
single spread to parental line. No momentous differences in
fitness were recognized between the superinfected line and
either single infected parental line, implying that the
superinfection has the capacity to replace single constituent
Wolbachia stress already present in a mosquito population.
Furthermore, upon restriction with blood meals from viraemic
dengue patients, the superinfected line was noticed to also
reduce dengue virus replication, notably more smoothly than
the parental wMel line 1],

From lab to field: limitations of Wolbachia

From the laboratory to field releases cage research
demonstrated that both wMelPop- and wMel-affect
mosquitoes could infest wild-type populations and attain high
frequencies % 3%, However, for Wolbachia to be a feasible
dengue-control measure, it was vital to demonstrate that
aggression was possible in field conditions. Field releases
were also required to understand the real-world dynamics of
onslaught and to optimise release policy, especially in the
country like India, where firstly use of the insecticide has to
be banned for before release of these mosquitoes, as these are
also susceptible for insecticide and can ruin all the efforts of
this bio-control program. Initial studies in two small
communities near Cairns, Australia, in January 2011 [
engaged the release of almost 300 000 wMel-affect
mosquitoes in total over a period of 10 weeks. Counts of
wMel-influence and wild-type mosquitoes from traps
possessed 5 weeks after the end of releases designated that the
frequency of Wolbachia in the local Ae. aegypti population
had attain 90%. More analysis of the data 2 has also grant
researchers to examine the spatial patterns of Wolbachia
plenty during the releases, including the outcome of habitat
type and land cover on the ratio of Wolbachia-positive Ae.
aegypti mosquitoes, which could mentor the blueprint of
future releases. Follow-up studies marked that Wolbachia
infection is steady and constant, with no measurable drift in
maternal transmission or CIl, and with long-term average
infection frequencies over 94% [, Furthermore, they have
designated that Wolbachia infection continues to diminish
vector competence following formation in wild-type
populations *4, Field releases of wMelPop-affect Ae. aegypti
were operated near Cairns, Australia, and Tri Nguyen,
Vietnam . In Australia, 15 releases took place in the wet
season over a 4-month period outset in January 2012, with 6
increased releases carried out during the dry season in one
location. In Vietnam, instead of adults, pupae were discharged
over a period of 23 weeks opening in April 2013, following
an alive Ae. aegypti elimination campaign. In all locations, the
frequency of Wolbachia as calculated from trapping data
outstrip 90% by the end of the release period; however, by the
end of the observing period (approximately 40-60 weeks post-
initial release), the repetition had dropped to less than 20%,
auxiliary the hypothesis that the fitness value of wMelPop are
too strict to be self-sustaining in barbarian populations.
Following on from these releases, wMel-affect Ae. aegypti
have been acquit into, and successfully infect, all three
locations within a curtailed release window °. So far, all
field releases have concentrate on entomological endpoints to
create the sustainability of wMel in wild Ae. aegypti
populations. However, in order to exhibit its activity as a
dengue-control part, large-scale discharged are now planned
in Indonesia, Vietnam, Australia, Colombia and Brazil 6],
While, in this article, we target on the use of Wolbachia as a
population substitute strategy (i. e. permanently establishing
Wolbachia in the Ae. aegypti population), the phenotype
Wolbachia infection donate can also be abused as an
alternative to hereditary modification or radiation-based
castration for population-suppression strategies confiding on
the release of barren males. The Singaporean National
Environment Agency managed small-scale field releases of
Wolbachia-affected male mosquitoes, inception in Singapore
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in 2016, to test the separation, longevity and competitiveness
of Wolbachia-carrying mosquitoes related to male Ae. aegypti
in an urban setting. In addition, two US companies, Mosquito
Mateiv and Verily partnered to conduct a large-scale
population-suppression trial using this approach in Florida in
2017. In the similar way it is also being accepted for Ae.
albopictus suppression in Guangzhou, China. However, a dare
with using Wolbachia as a barren male technology is the need
for exceedingly accurate sex-sorting of insects prior to
release, since the inadvertent release of even a limited
proportion of Wolbachia-contaminated females poses the
hazard of turning a population-suppression planning into a
population-alternate one, that is, the formation of breeding
Wolbachia-affected females in the area where the wild-type
population has been restrained by the male releases.

Dynamics of invasion of Wolbachia

The successful formation and stretch of Wolbachia in any
given anchor population is reliant on the trade-off between the
fitness benefits and costs acquired by infection with the
bacteria. As first adorned by Caspari and Watson *7], using a
genetic model of discrete generation population, this trade-off
conclusions in bistable dynamics, where two stable serenity
exist-one where epidemic frequency is zero, and one where
there is a large proportion of epidemic individuals. To reach
the non-zero stability, infection frequency must outstrip a
critical threshold value, tenacious by the trade-off between the
related reduction in fertility of infected females and the
severity of Cl [+ 35 4749 Extensions of this model foreseen
that, if Wolbachia infection diminish the lifespan of tainted
hosts, a higher initial regularity of infected particulars may be
necessary for successful incursion %, In addition, if maternal
transmission is not proper, the speed of spread may be
reduced B and coexistence is more likely, as wholesome
individuals are regularly introduced into the host population
(34 351 Furthermore, when overlapping generations are
integrated into models, the vital threshold frequency is visible
to depend on the production rate and age-structure of the
population, in inclusion to the fitness outcome of Wolbachia
on the population ™. Stochastic response may also play a
significant role in the incursion dynamics, most notably when
population sizes are small 2 5% as introductory infection
frequencies below the (decisive) threshold frequency can
guide to successful Wolbachia establishment B2, and
contrarily, frequencies above the threshold do not necessarily
manage to establishment. Although, locally Wolbachia
infection may establish, this does not undoubtedly guarantee
dimensional spread, as spread above the local environment
relies on the starting infection frequency, the crucial threshold
frequency, the diffusion behaviour of the host population, and
features of the elemental environment 48 54581 |nitial scrutiny
by Turelli and Hoffmann showed that a vital frequency
threshold of less than 0.5 is necessary for spatial spread to
arise following local formation 8. Schreiber et al. showed a
similar outcome accounting for lifespan-shortening as well as
reproductive power-reducing effects [, Other analysis
exhibited that, as the critical threshold accesses 0.5, wave
speed slows impressively, suggesting that, in pragmatic terms,
a critical threshold value of 0.35 or less is necessary for
dimensional spread 7 1, The crucial threshold value, along
with the starting infection frequency and scattering behaviour

of the host population, resolves the size of the release area
necessary to begin spatial spread, with larger release areas
needed for higher threshold values ©°. Long-range diffusion,
as compared with local (Gaussian) diffusion, is foreseen to
reduce both the size of the release area required and the wave
speed 71, Environmental diversities, such as sharp changes in
population density or dwelling quality, may also slow or halt
invasion unless migration of affected individuals from
neighbouring areas is plentiful to allow the critical threshold
frequency to be outstripped at the local level [37: 58 €0, 61]
Models which examine the life cycle and demographics of
mosquito populations have provided further insight into the
passage of Wolbachia spread. Rather than mainly focusing on
frequency thresholds for infection spread, population
dynamics models rather consider how elements such as
density-reliant competition, seasonal changes in plenty, and
population size involve the spread of Wolbachia through
mosquito populations. The degree of density-dependent
competition amid the larval stage of population growth is
anticipated to have a considerable impact on the dynamics
noticed, with larger numbers of affected mosquitoes needing
to be discharged to initiate spatial spread in populations
subject to high levels of competition 6264, Last, seasonal
change in mosquito abundance is foreseen to affect
establishment, with releases executed early in the wet season
to concur with early stages of population progress more likely
to succeed %1, Successful formation in field settings will
therefore count on both the number of releases [°7: 6 81 and
the type of release [,

Effect of Wolbachia on transmission of dengue

Release of Wolbachia-carrying Ae. aegypti mosquitoes has
the capacity to decrease, and in some settings, exclude dengue
transmission via two mechanisms (a) by condensing mosquito
population density and/or lifespan (b) by reducing mosquito
capability to transmit dengue. Estimating the likely impact of
these two effects on dengue transportation in the field from
empirical data poses challenges. Early assessments of impacts
on vector proficiency % used blood artificially barbed with
virus and evaluated almost complete suppression of viral
duplicate in Ae. aegypti 671, Such levels of elimination
would be expected to attain suppression of transmission of
dengue in contexts where wMel is capable to be established in
the local Aedes population at end to 100% frequency, given
the rather low basic reproduction number (the ordinary
number of human infections originated by a typical human
contagion in an immunologically naive population), RO, of
dengue [®81. However, latest, more pragmatic experiments used
fresh blood from dengue patients and recognized somewhat
lower levels of viral suppression compared with the previous
work °1, The wMelPop strain was still observed to give
profound resistance to dengue infection (leading to >90%
obstruction of transmission), but wMel-infected (and wild-
type) mosquitoes demonstrated infection rates which relied on
the level of viremia in the blood meal [26]. Artificial infection
experiments have also exhibited the potential for wMel to
partly suppress replication of a range of other arboviruses, as
well as Chikungunya, Yellow Fever, and Zika 65671, When
suppression is limited, and dependent on viral titre in blood
meals, modelling is needed to anticipate the overall impact of
wMel disease on transmission 61, To estimate the likely
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impact of wMel infection on dengue, Ferguson et al. linked
data on viral dynamics within the human host with those in
the vector, with the aim of render the laboratory results into
measure of the potential impact of wMel on the RO of the
distinct dengue serotypes [?61. This analysis anticipated that
wMel infection would diminish RO by 66% for DENV1 and
75% for DENV2/3/4, and therefore contended that universal
release of Ae. aegypti infected with wMel could oust dengue
in low-to-moderate transmission settings (i. e. where R0<3-4),
even if infection with Wolbachia had no fitness costs on
mosquitoes. Limited mathematical modelling has been
initiated to date on the likely brunt of Wolbachia on arbovirus
transmission progress. In theoretically concentrated studies,
Hancock et al. %1 examined the effect of Wolbachia on
transmission of a malaria-like disease, while Hughes and
Britton %91 examined the potential impact of a Wolbachia
strain with splendid maternal transmission and Cl on the
transmission of a single-strain arbovirus. Both studies
inspected the incursion dynamics of Wolbachia and how the
phenotypic criterion of Wolbachia, which affect transmission
and criterion pathogen transmissibility, decisive the overall
impact of Wolbachia on disease transmission. Other analysis
has used simplified constituent models of dengue transmission
to study parallel issues 7, including the capacity impact of
Wolbachia on dengue epidemics in non-endemic settings ["41.

Discussion

RNA viral interdict is produced by wMel when transferred to
Ae. albopictus has already demonstrated in Drosophila 28],
wMel can be worn for dengue virus transmission in Ae.
albopictus. This prohibition is restricted to specific strain of
Wolbachia as other two strains that with which Ae. albopictus
is usually infected i. e. wAIbA and wAIbB have no inhibitory
reaction on virus.

The infected males from Wolbachia are released to mate with
the native population of Aedes first so that the population of
Aedes comes down due to non-production of viable offspring
due to cytoplasmic incompatibility this type of release is ethic
release as releasing males which has a non-biting mouth can’t
raise any ethical question on biting of the released
mosquitoes. However, after releasing the males there is a need
to release infected females also in the system where there is
need to control for Aedes population due to requirement of the
population that is incompatible for dengue virus growth.
There are some success stories of population replacement in
China, Australia but still the outcome indicator incidences of
dengue need to be verified.

Although Wolbachia is found in 65-70% insects naturally.
Wolbachia have associated with these insects in their germ
line many years back and retained it is impossible to say that
mosquitoes did not had it however, Wolbachia might have
detached from its germline during the course of evolution and
or Aedes have found the way to keep themselves free from
this endosymbiont due to many reasons. Now the techniques
are available to associate these dissociated combinations of
Wolbachia and mosquito which may provide a better solution
naturally to the deadly viruses like dengue, chikungunya and
zika.

Conclusion
Extensive use of insecticides are causing great harm to

ecosystem by bio magnification and are helpful in controlling
insect population only on short-term basis as on a long run it
leads to the evolution of insecticide resistant population more
difficult to be taken care of. This has led to thinking of the
development of alternate eco-friendly measures. Wolbachia
based control strategies offers a great opportunity in
controlling mosquito borne diseases firstly, by unidirectional
incompatibility leading to reduction of mosquito population
but this method requires periodic release of Wolbachia
infected male mosquito regularly. Other method which
include incorporating Wolbachia in mosquito by release of
infected female, this method won’t demand for repeated
introduction of mosquito as the Wolbachia infected female
will increase in number due to their greater fitness advantage.
This latter strategy offers to control either by infecting
mosquito with life shortening Wolbachia or with Wolbachia
that blocks viral transmission. Future experiments are needed
to examine if we can generate a stable wMel/wAIbA/wAIbB
triple infection. We can speculate according to previous work
133 that crossing type of this triple infection can produce
unidirectional incompatibility with the parental lines and thus
can spread wMel more efficiently through field population.
However, at the initial field trial stage, bidirectional
incompatible line would be preferable.

Future Challenges

Gigantic progress has been done in the last decade to carry us
to the current point, with Wolbachia located as one of the
most auspicious novel mediations to control dengue and other
arboviruses. However, several major threat remain answered.
Despite the large impact that modelling anticipate large-scale
Wolbachia releases will have on dengue transmission,
experimentally appraising effectiveness in the field is not
candid ["> 781, Dengue incidence is highly fickle over time and
over rather short spatial scales, constraining either a long
duration trial in a small number of area or a shorter trial in a
large number of sites [’> 74, Being an area-based mediation,
randomisation in an effectiveness trial needs to occur at the
site rather than the associate level, necessitating a cluster-
randomized design. Furthermore, even in high-transmission
settings, annual frequency of clinical dengue seldom exceeds
5% in any age group, requiring large companions of trial
participants to be enlisted to achieve ample trial power [,
Somewhat greater power (or smaller numbers of participants)
can be attained using seroconversion as the trial end-point, but
this constrains bleeding participants (usually young children)
at numerous time points over the trial. ‘infection’ also
presents a challenge if the Wolbachia release areas in a trial
are too small, participants local in those areas may be defined
to dengue when they travel outside those areas, or by wild-
type mosquitoes immigrate in. Similarly, if control areas are
situated close to mediation areas, participants resident in the
former may moderately benefit from the protection endowed
by the recent, particularly if Wolbachia spreads from the
intervention to the control areas over the course of a trial.
These challenges have directed to consideration of other more
novel study designs to calculate impact. One auspicious
approach is to modify the test-negative design used for
appraising influenza vaccine effectiveness 'l to a bunch-
randomised trial context. A sample of delirious patients with
dengue-like indications seeking healthcare are recruited
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across both arbitration and control areas, their residential
location is resolute, and they are virologically tested for
dengue. If Wolbachia diminishes dengue transmission, the
ratio of test-positive to test-negative patients is presumed to
be lower in intervention areas than in manage areas. A cluster-
randomized trial of wMel releases using a test-negative end-
point design is now ongoing across the city of Yogyakarta in
Indonesia, with results awaited in late 2019. A substitute
approach to analysing effectiveness, albeit giving a lower
criterion of evidence, is simply to release Wolbachia across a
large urban area and examine the impact upon dengue
incidence trends observed through routine supervision. Given
the imperfect particularity of clinical diagnosis of dengue,
augmented virological confirmation of imagined dengue cases
is desirable in such studies. While such observational
approaches cannot create antecedent, should the effect size be
as large as the modelling talked above predicts, a large
abbreviation in dengue case numbers should be expected. So
long as this reduction was constant, as more observation time
assembled, it would be increasingly difficult to characteristic
the noticed reduction to chance effects, especially if dengue
frequency outside the release area continued at similar levels
to previously. Such an approach is being embraced for the two
largest range releases of wMel currently underway-in
Medellin, Colombia, and in Rio de Janeiro, Brazil. By late
2019, plentiful data should have assembled in both cities to
make primary assessments of effectiveness. Hopefully
assuming that the studies currently underway exhibit that
wMel discharge leads to large falls in dengue frequency, there
are additional challenges elaborate in transforming Wolbachia
into a fully operationalized, standardised, economical vector-
control “product’ capable of large-scale deeply cost-effective
deployment. Facilities for the bulk production of mosquitoes
have become increasingly refined and resource-adequate over
the last few years, due to the expansion and testing of both
Wolbachia and hereditarily modified mosquitoes. However,
all Wolbachia field releases to date have been very gloomily
monitored via fine spatial scale networks of mosquito traps,
with release sizes and durations being adaptably tuned based
on the recognized spread of Wolbachia into the robust-type
population. Such high levels of equipment are less attainable
for routine large-scale functional deployment and would add
essentially to costs, but more analysis is needed to optimise
standardised release customs to maximise the chance of
successful formation while minimising the period of releases
and numbers of mosquitoes requiring to be released. As a
weapon, also it could be expected to potentially evolve its
phenotypic characteristics to over time "], perhaps leading to
deductions in the extent of transmission hindering. In
addition, current Wolbachia strains begun into Ae. aegypti
may not be maximize their fitness costs, level of hindering, or
sensitivity towards temperature [ It will therefore be
essential to maintain development of a conduit of new strains
capable of being successfully released into Ae. aegypti
populations where wMel has already been settled. The
promising results from experiments testing the degree of viral
repression achieved in Ae. aegypti superinfected with both
wMel and wAIbB 1 advise that the release of superinfected
mosquitoes might be an effective scenario to manage potential
deductions in the capacity of single Wolbachia strains to
block transmission. Nevertheless, although these challenges,

Wolbachia represents a highly creative and stimulating new
approach to vector control for arboviral infection, and the first
which offers the real prospect of vividly reducing the global
disease strain caused by those pathogens. Mathematical create
will continue to have an significant role to play in auxiliary to
overcome the challenges muddled in evaluating the efficiency
of Wolbachia and transforming it into a entirely
operationalized, cost-effective solution capable of being
globally planted.
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