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Abstract

Aedes mosquitoes are vectors for various disease-causing organisms,
including Dengue, Chikungunya, Yellow Fever, Zika virus, and other
arboviruses. Mosquitoes, including Aedes, inhabit a rich gut microbial
community. These gut symbiotic bacteria affect mosquito physiology in
different ways. Viral infection regulation strategies depend on controlling
vectors through different means, such as chemically, Environmentally, and
Biologically. Several recent studies show the use of gut microbial
communities to prevent mosquito-borne diseases by controlling the vector.
The midgut microbiota differs according to various parameters, including
mosquito sex, life stage, and surrounding environmental conditions. This
review describes the interaction between the 4edes mosquito, its gut bacteria,
and the Dengue virus, highlighting recent advances in research.
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INTRODUCTION

Mosquitoes are pathologically the largest insect pests, not only in the rate of health problems they create but
also in quantity (Service, 1989). Due to their infectivity, they become a major threat to human health
(Boutayeb, 2006). They transmit various parasites and viruses that cause diseases, including dengue,
Chikungunya, malaria, encephalitis, Zika virus, yellow fever virus, Japanese Encephalitis, and Filariasis.

The origin of the word dengue belongs to the Swahili language term ‘Bone Breaking Fever’.

The first suspected case of dengue, transmitted by flying insects known as “water poison,” was recorded
from the Chin or Jin dynasty (265- 420 AD) (Gubler,1998). Benjamin Rush, in 1779, first identified and
named the disease dengue fever (Halstead, 2008). Later, it spread to tropical and subtropical areas in the
early 20th century, and dengue fever also began to spread in the US. In the 1990s, the highest number of
dengue cases was recorded, in comparison to other mosquito-transmitted pathogens. Dengue hemorrhagic
fever (DHF) or dengue shock syndrome (DSS), was first reported in the Philippines in 1954 and then in
Southeast Asia (Halstead SB, 1987).

All insects including mosquitoes, harbor different endosymbiotic gut bacteria. These gut bacteria play an
important role in affecting the physiology of mosquitoes, including Aedes.
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AEDES MOSQUITO

Aedes mosquitoes transmit different arboviruses from an infected person to a healthy individual, such as
dengue virus, yellow fever virus, chikungunya virus, and Zika virus, making them therapeutically more
important. Ae.albopictus can transmit approximately 22 different arboviruses (Shroyer, 1986). Different
factors have been noticed as the culprits in the proliferation of these arboviral diseases, such as less
awareness, cross-border travel, population increase, fast urbanization, etc. (Adams et al, 2009). Previously,
most dengue cases were noticed in cities, but nowadays, villages have been seen at an increased pace (Ukey
et al.,, 2010). A comparative study reported that Ae. albopictus was distributed approximately equally in
villages and cities, whereas Ae. aegypti was more prevalent in urban parts than in rural areas (Vijayakumar et
al., 2014). This mosquito in tropical and subtropical areas shows endemic behavior and prefers to live near
human houses (Carrington et al., 2014). The life cycle of the Aedes mosquito is completed in 4 stages, viz.
eggs, larva, pupa, and adult. They prefer to breed inside or near human households in small water vessels
such as water coolers, buckets, water tubs, flower pots, tires, discarded glasses and cups, plant holes, water
vessels for domestic animals and birds, coconut covers, etc (Hawley, 1988).

Different environmental factors can be used to have an idea about the distribution pattern of Aedes
mosquitoes, such as humidity, temperature, and precipitation (Medley, 2010). Brady and coworkers (2013)
reported longer life survival of Ae.albopictus compared to Ae.aegypti. Aedes can withstand a wider range of
temperature conditions, which makes it well-suited for different climatic conditions (CDC, 2016). Atieli et
al. (2023) investigated the distribution pattern of mosquitoes depending on the wind in Kenya, East Africa.
They noticed that at high altitudes, Culex was dominating, followed by Aedes and Anopheles among all
windborne migrated mosquitoes.

Ae. albopictus is native to Asia and from here reached Indian and western Pacific ocean countries (Smith,
1956). In the 1980s Ae.albopictus reached Brazil, U.S.and European countries (Carvalho et al., 2014).
Presently both Ae. albopictus and Ae. aegypti are distributed in Asia and America (Lambrechts et al., 2011).
In the last 4 decades, Ae.albopictus had reached every continent excluding Antarctica (Caminade et al.,
2012). During the slave trade, 4de.aegypti reached from African countries to New World countries and later
on to tropical and sub-tropical parts of the world (Brown et al., 2014). Giunti et al. (2023) reviewed the
distribution, disease transmission capacity, biological aspects, and invasiveness, of Ae. atropalus and Ae.
triseriatus in Europian countries. Ae. aegypti was also reported as a major transmitter of arboviral infections
in a study of the breeding and metamorphosis of larvae from Benin, a sovereign state in West Africa (Aikpon
et. al,2019). This work also emphasizes the requirements of establishing the right Aedes mosquito
surveillance program. There should be full awareness of mosquito-transmitted diseases.

Three species of Aedes mosquito have been studied in Tirunelveli, Tamil Nadu, named Ae. aegypti, Ae.
albopictus, and Ae. vittatus (Bhat and Krishnamoorthy, 2014). All three species of Aedes, for example, Ae.
aegypti, Ae. vitatus, and Ae. aegypti were also reported in a study of their breeding habitats from the
Ramnathpuram district of Tamil Nadu (Selvan and Jebanesan,2016). Ae. aegypti and Ae. albopictus in the
Central and North East parts of India were also studied (Kalra et. al.,1997).

DENGUE VIRUS

Dengue virus is a single-stranded RNA virus belonging to the Flavivirus genus of the Flaviviridae family.
Four different but closely related serotypes of this virus, DENV1, DENV2, DENV3, and DENV4, have been
reported to cause dengue in humans. More than 100 tropical and subtropical countries have been noted
showing endemism, causing risk for more than 50% of the world's population (Gubler, 2012). Jones et al.
(2024) studied travel-related and locally infected Dengue virus-3 (DENV-3) distribution in America. They
suggested that many cases are related to patients' travel to dengue-endemic countries. Ae. aegypti and
Ae.albopictus both transmit the dengue virus to humans at the time of blood-sucking and cause dengue
disease. This clinically shows Dengue fever (DF) and Dengue shock syndrome (DSS). It has visible
symptoms such as fever, myalgia, and arthralgia, but is sometimes confused with another febrile disease.
Different complications have been noticed with the progression of dengue disease, such as problems in
respiration, thrombocytopenia leading to plasma leakage and internal bleeding, fluid collection, inactivity, or
failure of internal organs. Dengue hemorrhagic fever leads to approximately 5 percent of deaths in patients
(Beatty et. al., 2011). In the 21st century, dengue as a vector-borne illness is spreading rapidly (Gubler, 2012;
Swaminathan & Khanna, 2009).

Frasca et al. (2024) reviewed different aspects of the culex and Aedes-transmitted dengue and West Nile
virus, respectively, including their epidemiological, Entomological, virological, and pathogenic status in
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Europe, focusing especially on Italy. They noticed a significant increase in locally acquired dengue
infections in Italy in 2023.

All four dengue virus serotypes and different species of Aedes mosquitoes are present in India, infecting
people. Occasional dengue outbreaks in India prove that this illness is a big health problem due to the
country's dense population. The understanding that dengue can reach outside the borders of tropical countries
has raised knowledge throughout the world to develop efforts to search for solutions to the problem of public
health caused by this illness (Swaminathan and Khanna, 2009). Different factors such as social and economic
change, climate change, virus evolution, no successful treatment of the virus, and no anti-dengue vaccine
available, are some examples helping to increase dengue (Guzman et.al., 2010).

Aedes mosquitoes infect a healthy person with dengue virus during blood sucking and causes dengue fever
(DF), dengue hemorrhagic fever (DHF), and dengue shock syndrome (DSS). The symptoms include myalgia,
arthralgia, pyrexia, body rashes, pain in the eyes, vomiting, and swelling of lymph glands. Symptoms in
severe conditions of dengue are regular vomiting, high breathing rate, severe pain in the abdomen, weakness,
skin turns pale, feeling thirsty, blood from the mouth, nose, stool, and vomit. Raihan et al. (2025) reviewed
the latest advancements in the use of bio-detection molecules in electrochemical biosensor systems to
diagnose mosquito-transmitted diseases. They described Genosensor, Immunosenor, and Apatasensor
approaches for disease diagnosis as point-of-care biosensors.

Currently, dengue fever is the most common disease in tropical and subtropical countries, leading to more
suffering and deaths than any other arboviral disease. Dengue fever has spread rapidly in cities and
surrounding areas in recent decades (WHO, 2016). More than 96 million people got infected with dengue all
over the world, 70% of which alone were reported from Asia in 2010. Whereas approximately 34% of total
infections were recorded in India alone (Chakravarti et al., 2012). Approximately 390 million dengue cases
are reported worldwide annually (Bhatt et al., 2013), and in 128 countries, approximately 3900 million are
under direct threat (WHO, 2016).

The highest number of cases causing medical conditions and deaths, most prevalently in children, have been
reported from the countries of Southeast Asia. Dengue cases reported to WHO from 1 January to 30 April
2024 are 7.6 million globally, a 15-fold increase of 505430 in the year 2000 (WHO, 2024). The highest
number of dengue cases has been reported from Brazil, 6296795, followed by Argentina, 420867, and
Paraguay, 257667 (WHO, 2024).

AEDES GUT BACTERIA

Natural microbial communities inhabit the gut of mosquitoes. Mosquitoes harbor diverse gut bacteria, but
one or two taxa are more prevalent. The midgut bacteria in different mosquitoes are highly variable, but a
small fraction is common and overlapping. This dissimilar and diverse gut microbiome affects the vectorial
capacity of the mosquitoes (Osei-Poku et al., 2012). Culex, Anopheles, and Aedes mosquitoes preferably lay
eggs in bacteria-rich aquatic breeding habitats (Lindh et al., 2008). Mosquitos can feed on natural bacteria
during larval breeding in water habitats or adults from flower nectar. It is already known that larvae acquire
mid-gut bacteria from their aquatic breeding sites, which are established in adults (Smith et al., 1998). Adult
mosquitoes can also feed the bacteria from their habitat during eclosion in water and further transmit it
horizontally (Lindh et al.,2008). Still, simultaneously, some are acquired from the surrounding environment,
which enhances the rate of immune system activation against plasmodium, dengue virus, and chikungunya
virus (Dong et al., 2006). Rodpai et al. (2023) studied the gut microbiota of Ae. albopictus and Ae. aegypti
larvae and adults in Thailand. They revealed a notable change in transstadially transmitted gut bacteria from
larvae to adults. High bacterial diversity was noticed in Ae. aegypti compared to Ae. albopictus. Gut bacteria
were found dominant as Wolbachia in Ae. albopictus male, Blautia in Ae. aegypti, and Serratia in larvae of
Ae. albopictus.

Different gram-negative bacteria have been detected in the Anopheles gut of the family Acetobacteraceae,
Enterobacteriaceae, etc (Gendrin Christophides, 2013). Wild-caught mosquitoes have rich bacterial diversity
in comparison to laboratory cultures (Rani et al., 2009).

A vector's pathogen transmission capacity can be reduced by modulating the immune system at the genetic
level (Beaty, 2000). Presently, gut bacteria are used to control the transmission of pathogens by mosquitoes
as a biocontrol strategy. The biocontrol mechanism regulates the mosquito gut's pathogen replication,
decreasing the infection rate (Ghosh et al., 2009). Still, there is a research gap in understanding the
mechanism of the use of biocontrol strategies in vector regulation (Ferguson et al., 2010).

The correct knowledge of the tri-valent relationship between mosquito-parasite (virus, protozoans) and gut
bacteria will make easy and effective application of vector regulation methodologies (Abdul-Ghani et al.,
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2012). Understanding gut bacterial communities and their impact on the host is still required. Midgut
bacterial communities prevent disease transmission in different ways.

Gut bacteria reduce the multiplication rate of malaria parasites in Anopheles albimanus, which decreases the
infection rate (Gonzalez-Ceron, 2003). Bacteria of the Enterobacteriaceae family induce reactive oxygen
species (ROS) and stop the proliferation of malaria parasites inside Anopheles gambiae (Cirimotich et al.,
2011b). The gut bacterial communities also show larvicidal activity.

AEDES AND MID-GUT BACTERIA INTERACTION

Insect-gut microbial interactions can be beneficial or destructive. A beneficial or symbiotic association is a
close link between the insect host and its gut microorganisms. These two species' associations can be
mutualistic, parasitic, or commensal (Moya et al., 2008). The best example of mutualism is between termites
and Triconympha (a protozoan) (Bayen et al., 2021). Gut microbial communities live as pathogens or are
associated in mutualism with Aedes (Dillon and Dillon, 2004). Insect guts have been intensely studied due to
the uniqueness of their physiological and microbiological features, which enable them to feed on diverse
food sources (Serrato-Salas and Gendrin, 2023; Schmidt and Engel, 2021; Martinson and Strand, 2021).

The bark beetle, Scolytus spp., and its gut microbial community show commensalism, as the beetle provides
food and space to live to the microbes, in contrast microbial community has a neutral effect (Stephen et al.,
1993). The relationship between two species in which one gets benefit and the one loses is known as
parasitism (Dillon and Dillon, 2004).

Previous exploration of the physiological role played by the microbial community in 4e. aegypti depends on
the application of an aseptic environment and dietary supplements enriched with different nutritional
substances and vitamins (Lang et al., 1972). Lectin group proteins bind to microorganisms and alter the
immune response, leading to differences in the gut bacterial establishment in Culex pipiens pallens and Ae.
aegypti (Pang et al., 2016). Coon et al. (2014) reviewed and investigated the relationship between gut
microbial richness and pathogenicity in Aedes. They demonstrated that differences in gut bacterial diversity
affect the vectorial capability of mosquitoes. The correct knowledge of gut bacteria will help in the
regulation of mosquito-transmitted pathogens. Bleach and ethanol are used for the sterilization of the outer
covering of eggs in recent times in comparison to radiation in older days (Coon et al., 2014, 2016). The
larvae showing gnotobiosis are cultured using inoculation of bacterial colony in a glass container having
laboratory grade distilled water, aseptic or contamination-free required food, and Ist instar stage larvae
(Coon et al.,2014,2016). Different antibiotics are used to regulate Ae. aegypti gut microbiota. Still, a
remarkable insecticide resistance has also been detected in some bacteria that negatively impacts the growth
and development of earlier-stage larvae (Coon et al., 2016).

Rich gut bacterial diversity enhances the fitness of mosquitoes (Simpson et al., 2015). Martinson and Strand
(2021) studied that mosquito development depends on its gut microbiota and diet. The gut microbial
community plays an important role in boosting the nutritional and defensive mechanisms of the insect host
(Serrato-Salas and Gendrin, 2023). Harrison et al. (2023) revealed that the gut bacteria of Ae. aegypti
increase the life span, egg production, and pathogen transmission capacity. They noticed that in the absence
of gut microbiota, the rate of egg production, metabolism, and vector competence are reduced. Mondal et al.
(2023) reviewed the important role of gut bacteria in different insects, including their symbiotic relationship
and the development of insecticide resistance.

Mosquito Larvicidal Activity of Midgut Bacteria

Bacillus sphaericus and Bacillus thuringiensis serovar israelensis (Bti) bacteria show larvicidal activity and
are popularly used as biocontrol agents against Anopheles, Culex, and Aedes. These bacteria release protein
molecules that reduce larval populations by toxic effects on their midgut. These proteins have toxic power
and once they enter the larva, they bind to the midgut's cell lining, causing death by damaging the cells with
a cytopathic effect. Bacillus sphaericus releases a single toxin named the binary toxin (Bin) and has a single
type of binding sites on the midgut epithelium, whereas Bti releases 4 types of toxins Cry4Aa, CryBa,
CryllAa, and CytlAa (Ferreira and Filha, 2013). Rique et al. (2024) also studied the larvicidal effect of
LysiniBacillus  sphaericus and Bacillus thuringiensis var. israelenis (Bti) microbes on Culex
quinquefasciatus and Ae. aegypti. Four bacterial species Serratia marcescens, Bacillus subtilis,
Pseudomonas fluorescens, and Streptomyces albus have shown larvicidal capability against the Culex pipiens
mosquito (Mansour et al.,2023).

Xenorhabdus and Photorhabdus bacterial species have also shown the potential to reduce the populations of
Ae. albopictus larvae. These bacteria produce some toxic components with larvicidal properties. Fabclavine
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and Xencoumacin are the larvicidal compounds released by Xenorhabdus szentirmaii and Xenorhabdus
nematophila, respectively. The above bacteria also lower the rate of Aedes egg hatching. These
Xenocoumacin and Fabclavine can be produced commercially as bio-larvicide for effective mosquito control
(Touray et al., 2024).

Dengue regulation by Wolbachia through the development of Cytoplasmic incompatibility

Cytoplasmic incompatibility (CI) is a reproductive incompatibility noticed in many insects. It is developed
by the bacteria Wolbachia, which prefer to live in the cytoplasm of insect cells and modulate the insect's
sperm when fertilizing the eggs of Wolbachia-uninfected insects. Due to this, the embryos will not survive.
Cytoplasmic incompatibility is unidirectional and bidirectional. It was first studied in Culex pipiens
mosquitoes (Hertig, 1936).

Trpis et al. (1981) studied cytoplasmic incompatibility in Ae. polynesiensis and Ae. kesseli mosquitoes are
infected by Rickettsia-type microbes. Wolbachia has been detected in 15% of insects out of the total
analyzed (Werren et al., 1995).

Ae. albopictus has two Wolbachia strains, wAIbA and wAIlbB, vertically transmitted from females in natural
conditions (Gratz, 2004; Sinkins et al., 1995). This bacterium is also present in natural conditions in more
than 28% of mosquitoes as examined in Thailand (Kittayapong et al., 2000). Superinfections of more than
one strain of Wolbachia have been noticed in Ae. albopictus (Sinkins et al., 1995; Zhou et al., 1998). Kaur et
al. (2024) studied the role of Wolbachia-induced cytoplasmic incompatibility in regulating virus transmission
by Ade. aegypti mosquitoes. Moretti et al. (2018) applied an incompatible insect technique using bidirectional
incompatibility to regulate Ae. albopictus. Ross et al. (2019) investigated the role of Wolbachia transfection
in Ae. aegypti.

Wolbachia's utilization to develop cytoplasmic incompatibility by transinfection in mosquitoes is an
emerging disease-controlling strategy.

Aedes control by Paratransgenesis

The genetic manipulation of the symbiotic gut microbial community of an insect host and its reintroduction
to regulate the transmission of disease-causing organisms is known as Paratransgenesis (Wang et al.,2012).
This strategy controls vector-transmitted infections by reducing the number of insect vectors after
transferring a gene into the gut symbiotic microbe.

Wolbachia is successfully used against the dengue virus, malaria parasite, chikungunya virus, and yellow
fever virus (Moreira et al.,2009). Egyirifa & Akorli (2024), investigated two gut bacterial genera, Asaia and
Elizabethkingia, in the control of the Anopheles gambiae mosquito by genetically manipulating them using
paratransgenesis. Ojha (2025) investigated the role of Enterobacter bacteria in the paratransgenic control of
Helicoverpa insects. Some other microbes, in addition to bacteria, also have paratransgenic capabilities,
including fungi and viruses (Ren et al., 2008).

CONCLUSION

It is important to understand the bacterial composition of its native microbiome to enable more effective
regulation strategies of virus transmission from Aedes to hosts. Wolbachia, an endosymbiont, infects and
lives naturally in many insect species, including Aedes mosquitoes. Wolbachia has a negative effect on the
replicating dengue virus in the Ae. aegypti mosquito. DENV infects different body parts of Aedes
mosquitoes, including the two crucial for its transmission, the midgut and salivary glands. In de. albopictus,
DENV replication takes place in the midgut, whereas dissemination from the salivary glands. Different gut
microbiota, especially Wolbachia, regulate pathogens in various ways, such as limiting the vector population
through the cytoplasmic incompatibility (CI), weakening the cytoskeleton, and limiting the entry and
establishment of arboviruses, including DENV.

Wolbachia strain wAlbB introduction reduces the DENV populations in Ae. aegypti by limiting the
expression of dystroglycan, a cell adhesion protein, and tubulin.

The transinfection of Wolbachia reduces DENV populations by outcompeting them for different nutrients
such as lipid, iron, and cholesterol, hindering DENV replication inside Aedes. Wolbachia downregulates
DENYV after introduction in Aedes mosquitoes by immune priming, activating the immune system in 3
different pathways, as the JAK/STAT pathway, the toll pathway, and the IMD pathway. Wolbachia utilizes
the available nutrients inside Aedes mosquitoes, which reduces the autophagy that reduces DENYV replication
and establishment. Another alternative way to limit DENV in Aedes is the Phenoloxidase cascade activation.
The Phenoloxidase cascade produces melanin in Aedes mosquitoes, which reduces the pathogen.
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Gut symbiotic bacteria are also helpful in synthesizing the nutrients that are deficient in the insect’s diet.
Paratransgenesis is a novel mosquito control strategy in which different gut bacteria are reintroduced after
genetic manipulation.

Notwithstanding the research gaps in understanding the exact mechanism of the Aedes-gut bacteria-DENV
association at the trophic level, our review aims to elucidate how gut bacteria contribute to dengue control
from a perspective. We attempted to understand the tri-trophic relationship between the Aedes mosquito, its
gut bacteria, and the dengue virus by reviewing the relevant literature. This knowledge of the tripartite
relationship will be helpful in efficient DENV management.
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