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a b s t r a c t

Dengue fever has re-emerged as amajor public health challenge. Of late, several promising

attempts have been made to control the disease with limited success. An innovative

method of biological control of dengue is the use of the bacterium Wolbachia. Selected

strains of Wolbachia have been introduced into Aedes aegypti to prevent transmission of

dengue viruses by the vector. Wolbachia prevents dengue transmission by either directly

blocking the virus or by decreasing the lifespan of the vector. The mechanism by which it

causes these effects is not clearly understood. The main concern of this technique is the

emergence of a new dengue virus serotype which may evade the protection offered by

Wolbachia. The technique is environment friendly and holds promise for control of other

vector borne diseases.

# 2015 Published by Elsevier B.V. on behalf of Director General, Armed Forces Medical

Services.
Introduction
Dengue fever has re-emerged as a major public health
challenge worldwide; with 2.5 billion people at risk of
infection, more than 100 million cases and 25,000 deaths
being reported annually.1 As there is no licensed vaccine or
specific treatment against dengue, preventive measures are
the best strategy, which consist mainly of environmental
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management, chemical control, and personal protective
measures. However, such measures have met with limited
success due to poor/improper implementation.

Besides, as the Aedes mosquito is a day biter, individual
protection using bednets is easier to preach than bringing into
practice, thus accentuating the need for alternate options in
dengue control.

Recently, there have been several promising new attempts
to control dengue. However, the much awaited vaccine trial in
eral, Armed Forces Medical Services.
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Thailand did not meet the expectations; providing only 30%
overall effectiveness, though it did provide higher coverage for
three of the four dengue virus serotypes.2

Biological methods have been used recently with some
success. An innovative promisingmethod of biological control
of dengue is the use of the bacterium Wolbachia.

The novel technique
Thenew technique is based on the premise that the symbiotic
bacterium Wolbachia easily infects a wide range of inverte-
brate hosts including crabs, mites, insects and filarial
nematodes. The infection is so common that almost 75% of
all arthropod species are infected. Meta-analysis of earlier
studies based on a variety of sampling techniques has
revealed that out of 3500 mosquito species, 85 have been
screened for Wolbachia. Of these 85 species, 31.4% have been
found to be infected.3Wolbachiadoesnot infectAedes aegypti in
the native form, though the bacterium infects other species of
mosquitoes such as Culex pipiens and Aedes albopictus
naturally.

In this technique, selected strains of Wolbachia pipientis
have been introduced intoA. aegypti to prevent transmission of
dengue viruses by the vector. These strains were initially
detected in a laboratory population of the common fruitfly,
Drosophila melanogaster; wherein it protected the vector from
certain RNA viruses.4 Since the dengue virus also has an RNA
genome, the possibility of using Wolbachia for protection of
Aedesmosquitoes from infectionwith dengue viruses has been
explored. The infection is passed vertically from the female
mosquito to the offspring transovarially. Wolbachia thus
introduced are capable of spreading rapidly in wild A. aegypti
populations.

Why Wolbachia?
As a symbiont, Wolbachia has several useful effects; thereby
making it an ideal candidate for dengue control. The bacterium
increases the vigour of the female Aedes mosquito thereby
enabling the infection to spread to virtual fixation. This is the
reason why Wolbachia is often referred to as the selfish
bacterium. Besides, as Wolbachia infects a wide variety of
hosts, one strain of the bacterium isolated from a particular
species may be introduced into another species. In addition,
Wolbachia produces a range of effects that can be exploited for
disease control.

Mechanism of action
Meta-analysis of studies conducted earlier4–6 have shown
that Wolbachia negates the capability of the vector to
transmit disease through biological action by either directly
blocking transmission of the virus or by decreasing the life
span of the vector; thereby nipping the viral infection
prematurely. As Wolbachia cannot be cultured in vitro, the
mechanism by which it causes these effects is poorly
understood.
A. albopictus inherits Wolbachia infection maternally. In
male A. albopictus mosquitoes naturally infected with Wolba-
chia, the bacterium modifies the sperm, thereby resulting in
failure of karyogamy after fertilisation, leading to death of the
embryo. If the Wolbachia infected male and infected female
mate together, Wolbachia retrieves this modification, result-
ing in normal growth and development of the embryo. Hence,
mating between Wolbachia infected males and uninfected
femaleswill be incompatible and the eggswouldnot be able to
hatch.However, reciprocalmating is compatible, asWolbachia
infected female Aedes mosquitoes can mate successfully
with both Wolbachia infected and uninfected males, with the
result that all the offspring will have Wolbachia. This
mechanism of unidirectional cytoplasmic incompatibility7

provides a disproportionate mating advantage to Wolbachia
infected females vis-A -vis the uninfected females, thereby
promoting maternally inherited Wolbachia infection into
virgin host populations.

When A. aegypti mosquitoes infected with the wMel strain
of Wolbachia were fed with dengue virus contaminated blood
alongwith non-infectedmosquitoes, and the degree of dengue
infection was analysed after a period of two weeks by
quantifying the amount of dengue viral nucleic acid in both
groups of mosquitoes. It was observed that the dengue viral
nucleic acid in wMel – infected mosquitoes was 1500 fold less
than in the Wolbachia – uninfected mosquitoes; thereby
affording protection to thewMel – infectedmosquitoes against
subsequent infection by dengue virus.8

Similarly, the mosquito saliva was also analysed for the
amount of dengue infection. It was found that dengue was
present in only 4.2% of saliva samples taken from the wMel –
infected mosquitoes vis-A -vis 80.2% of saliva samples taken
from non-infected mosquitoes.8

The modality through which wMel stops the virus from
replicating is not very clear. However, there is substantive
evidencewhich suggests that theWolbachia competeswith the
dengue virus for the limited sub-cellular fatty acid resources
required for viral replication.9

The blocking achieved by Wolbachia is not absolute.
Wolbachia naturally infects A. albopictus, which is a vector for
arboviruses including dengue and chikungunya virus. Studies
of virus dynamics in A. albopictus have shown a decline in
Wolbachia density as the viral life cycle enters the transmission
stage,10 suggesting the reversal of interference caused by
Wolbachia with the passage of time.

Protection afforded by Wolbachia against the dengue virus
depends on the magnitude of Wolbachia infection in the
mosquito. For example, thewAlbB strain ofWolbachia does not
provide any protection to A. albopictus against dengue.
However, when A. aegypti is infected with the same wAlbB
strain, it prevents dengue viral infection in A. aegypti. The
reason for the same is wAlbB is capable of surviving in greater
numbers in A. aegypti, than in A. albopictus. This points to the
fact that Wolbachia infection must reach a minimum critical
level before dengue infection can be prevented.

ThewMelPop-CLA strain ofWolbachia shortens the life of the
A. aegypti mosquitoes. By infecting female mosquitoes with
the Wolbachia strain wMelPop-CLA their lifespan could be
reduced to half, thereby eliminating the infected mosquitoes
before the virus could reach maturity.
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Life-shortening effects of wMelpop-CLA were investigated
by keeping wMelpop infected and uninfected pupae in a small
plastic cups containing 170 ml water inside a plastic container
with mesh sides. The longevity of the infected mosquitoes
thus hatched from the pupae was then compared with the
uninfected controls. It was observed that the controls died
much slower than their infected counterparts; the average
decrease in longevity in the infected group being 43–50%.11

This life-shortening effect wMelPop-CLA is not affected by
environmental factors such as low nutrition levels and high
densities.

The life shortening approach has the disadvantage that as
it also reduces the rate of reproduction ofmosquitoes by half, it
limits their ability to pass on the bacterium. In contrast,
mosquitoes infected with the virus blocking wMel strain had
lifespans, reproductive rates and offspring viability similar to
that of uninfected controls.

Issues and concerns
Dengue viruses, being RNA viruses, have high mutation
frequencies with mutation rates being more than 100 times
greater than the mutation rates of DNA genomes. The
accumulation of mutations coupled with the possibility of
intramolecular recombination due to simultaneous infections
with different dengue virus serotypes, could lead to the
emergence of a novel dengue virus serotype12 which may
rapidly circumvent the protection offered by Wolbachia. A
precedence has been set by Drosophila which acts as a vector
for the sigma-virus, against which Wolbachia offers no
protection.

Another concern is that the introduction of Wolbachia in A.
aegyptimay possibly lead to increased virulence of the dengue
virus. Besides, as each strain of Wolbachia has a unique effect
on the vector, it is difficult to predict how itwillmanipulate the
native mosquito once it is released.

Wolbachia infectionmust reach a critical, minimum level in
order to guard against dengue infection. TheWolbachia density
needs to be maintained so that the same is not overcome by
evolution of the dengue virus. As different strains ofWolbachia
have varying ability to block the dengue virus, strains which
have an effective and durable blocking effect on the dengue
virus need to be identified.

Wolbachia is introduced into new hosts by microinjection;
which in itself is a daunting technical task and requires expert
supervision. Notwithstanding, microinjection being a physical
delivery procedure, has more reliability and efficiency as
compared to other manipulation techniques like endocytosis,
electroporation, the use viral vectors or gene guns. Maternal
microinjection is always preferred as the eggs are incubated
inside the female until oviposition which may increase the
survival rate. Improvised embryonic microinjection protocols
such as dechorionation of eggs13 during microinjection have
been developed recently with higher survivability rates.
Another positive note for the use of Wolbachia by microinjec-
tion is that of the three major vector mosquitoes, the embryos
of the dengue vector Aedes can be microinjected more easily,
followed by Culex embryos. Anopheles embryos are not easily
amenable to microinjection, and have the least survival rates.
Latest progress
Field trials have been conducted in Australia, wherein
Wolbachia infectedA. aegyptimosquitoeswere released across
two locations over a period of ten weeks. One month after the
release, more than 90% the native A. aegypti mosquitoes were
found to be carrying Wolbachia, thereby corroborating the fact
that Wolbachia could be transmitted easily in the wild.14

Similar tests are being conducted in the dengue endemic
hotbeds of Indonesia, Vietnam and Brazil; the final goal being
the release of Wolbachia – infected Aedes mosquitoes in areas
with a high incidence of dengue.

Conclusion
The technique is environment friendly and has the potential for wide
area application at low cost. Being a biologicalmethod of vector
control, it requires only an initial one-time effort, following
which the symbiont remains in place with the vector
mosquito. Wolbachia may be used in combination with the
existing control approaches and could also augment the
dengue vaccine once it is developed hopefully.

As Wolbachia also blocks other arboviruses such as yellow
fever and chikungunya virus, it holds promise for control of
these vector borne diseases in the near future.

The community has to be taken into confidence through
active participation as the release of Wolbachia infected
mosquitoes in newer habitats may lead to serious human
concerns.
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