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Dengue virus, one of the most important arthropod-borne viruses, infected to human can severely
cause dengue hemorrhagic fever and dengue shock syndrome. There are expected about 50

Comments
This is a very good review because

million dengue infections and 500 000 individuals are hospitalized with dengue hemorrhagic fever,
mainly in Southeast Asia, Pacific, and in Americas reported each year. The rapid expansion of
global dengue is one of a major public health challenge, together with not yet successful solutions
of dengue epidemic control strategies. Thus, these dynamic dengue viral infections exhibited high
demographic, societal, and public health infrastructure impacts on human. This review aimed to
highlight the current understanding of dengue mosquito immune responses and role of mosquito
salivary glands on dengue infection. These information may provide a valuable knowledge of
disease pathogenesis, especially in mosquito vector and dengue virus interaction, which may help
to control and prevent dengue distribution.
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the author described fundamental
of mosquito immmune system and
raised a good point of association
between bacterial respones and viral
infection in mosquito. The author also
mentioned the role of salivary proteins
to both possibility of enhancement and
inhibition of dengue virus transmission
to vertebrate host.

1. Introduction
Dengue fevers with its severe clinical manifestations are
called dengue hemorrhagic fever (DHF) and dengue shock
syndrome. This disease is now endemic in most tropical
country zones and emerged as a major public health
problem of worldwide concerned because of an increasing
potential for mosquito vectors breeding and rapid growth
of urban centers with a strain on public services like water
containers. Availability of more than 100 countries are
endemic for DHF and about 2.5 billion people of the world
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population are at risks in tropics and sub-tropics. As per
estimates, over 50 million infections with about 500 000 cases
of DHF have been reported annually, which leads to a cause
of childhood mortality in several Asian countries[1-3].
Dengue viruses (DENV) are flaviviruses, which including
four serotypes named dengue-1, 2, 3, and 4. The DENV virion
is a spherical, enveloped RNA virus that has a diameter of
approximately 50 nm. The dengue viral particle contains
a lipid bilayer surrounding a capsid that packages the
positive-single-strand RNA genome of 10.7 kb in length[4-6].
The lipid bilayer and the envelop glycoprotein shell protein
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organization had been observed by electron microscopy and
image reconstruction, which provided three-dimensional
structure of DENV. T he structural proteins including a
capsid protein (C), an envelope protein (E) play roles in
receptor binding, membrane fusion, and viral assembly,
which assists by transmembrane protein for proper folding
and function of the E protein. The e-glycoprotein is also
the principal antigen that elicits neutralizing antibodies,
haemagglutination, and seven non-structural (NS) proteins
( NS 1 , NS 2 a, NS 2 b, NS 3 , NS 4 a, NS 4 b, and NS 5 ) , which are
involved in viral RNA replication[7-10].
The viruses can be transmitted from infected patient to
healthy man by infective female mosquitoes, mainly Aedes
(Stegomyia) spp. mosquitoes[11,12]. Dengue mosquito vectors,
Aedes spp., which breed in domestic and peri-domestic
water containers, provided high frequency of mosquitoes and
humans interactions. Not only the viruses are maintained
in a human-mosquito-human transmission cycle, but the
infective mosquitoes can also transmit the viruses from
mosquito to mosquito via transovarial transmissions [13,14].
Previously, many researchers reported that transovarial
transmission of all four DENV serotypes can be occurred both
in laboratory and nature[12,15-17].
2. Dengue virus and mosquito vector, Aedes spp.
interactions
T he principal vector of DENV is Aedes aegypti ( Ae.
aegypti) mosquito, an anthropophilic species that exhibited
well adaptation to the urban environment. It is a fully
domesticated mosquito which can be found in both indoors
and outdoors closely to human dwellings[11,18,19]. Ae. aegypti
is believed to live originally in the jungles of Africa and
spread most throughout the rest of the world via slave and
trading ships. It was reported that epidemics of dengue
exhibited a correlation with the spread of Ae. aegypti in
S outh and S outheast A sia. W hile Aedes albopictus, the
Asian tiger mosquitoes, can be a secondary vector of DENV
in Southeast Asia, the Western Pacific, and increasingly
in Central and South America. However, it has also been
documented as the important vector in some certain dengue
epidemics[20,21].
T ransmission cycles of mosquito-borne viruses are
depended on the intricate interrelationships that existed
between virus, vector, and vertebrate host, of which each was
influenced by environmental conditions[22,23]. Mosquitoes
acquired the DENV by feeding on an infectious blood meal
from human. During blood digestion, virus particle will
escape from the blood bolus, then enter and replicate in
midgut epithelial cells. Later, virus disseminates from the
gut into the hemocoel and then infects the secondary sites
of replication including the fat body, hemocytes, brain, and
salivary glands. Finally, DENV is secreted into the salivary
gland lumen. In the saliva, virus can be transmitted to a

human during subsequent blood feeding. The ability of
mosquitoes to become infected with an arbovirus after
ingestion of an infective blood meal and subsequently virus
transmission by bite or through the egg remains infected
during its entire lifetime[24-26].
3. Mosquito’s immune responses
M osquitoes are exposed to a variety of infectious

microorganism in their habitats throughout their life cycle
and some species feed on animal or human blood infected
with parasites and viruses. Mosquitoes have developed
several structural barriers and a multifaceted innate immune
system comprising a variety of synergistic[27,28]. The first
line defense against microbes is the physical barriers which
includes the outer exoskeleton, the peritrophic matrix
of the midgut, and the chitinous linings of the trachea.
The peritrophic matrix is a chitinous sack that facilitates
digestion and also protects the midgut epithelium from
direct contact with the meal and a large proportion of the
microbial midgut flora, which can be boosted up to a 16 000
fold after a blood meal in some hematophagous arthropod.
The midgut epithelium is served as a structural barrier for
microbes and parasites. It is also an immune competent
organ[29-31].
Mosquito immune system plays a key role in pathogenvector interactions[14]. Innate immunity of mosquito has
been referred to the first-line defense against the pathogens
infection including melanotic encapsulation, phagocytosis,
and production of anti-bacterial compounds and immune
peptides. T he hemocyte is a multifaceted cell that is
probably involved in pathogen recognition, cell signaling,
production of enzymes and immune system associated
molecules (e.g. transferrin), and phagocytosis[32,33]. Another
important organ that plays a role in mosquito immune
response, which produced defensins, cecropins, and
proline-rich - glycine-rich peptides, also exhibited antimicrobial activity is the fat body. Although the humoral
immune response of mosquitoes does depend upon the fat
body for immune system peptide production, other tissues,
such as the midgut and salivary glands, do transcribe
immune system peptides following activation by a
pathogen[34-36].
4. Aedes salivary glands and their functions
Viral infection is disseminated throughout the mosquito
body via hemolymph. Eventually, the dengue virus infect
and possibly replicate within salivary gland before it can be
shed into the lumen for final transmission in a subsequent
bite[16]. Salivary gland infection barrier or escape barrier can
prevent viral transmission. The virus must finally escape into
the lumen of the salivary gland, where it can be transmitted
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to a vertebrate host during the mosquito’s normal feeding
activities[37,38].
Aedes mosquito transmitted dengue viruses to vertebrate
host by the infected mosquito feeding. The transmission
occurs through mosquito’s salivation when the female
mosquito takes a blood meal. This mosquito’s saliva in
salivary glands seems to be a potent pharmacologically
active fluid, principally proteins, which can affect vascular
constriction, blood coagulation, platelet aggregation,
inflammation, immunity, and angiogenesis. The key for
the successful parasitism of blood-feeding arthropods is
the ability to avoid host immune responses through the
production of specific salivary antagonists. However, these
secretions must have the effective neutralization to host
hemostatic responses, making a suitable environment for
parasitism. The pathogens in vector saliva must interact
with both saliva components and host mediators, which take
advantage of the changed host physiology to enhance the
pathogens infectivity[39-41]. These secretions are secreted in
salivary glands principally by only female mosquitoes and
are synthesized in specialized regions especially the distal
lateral and medial lobes of the salivary glands. However,
male mosquitoes feed only on nectar and incapable of blood
feeding due to lack these specialized regions[41,42].
Female mosquito salivary glands perform several functions
for effective survival of mosquitoes. The structural design
and physiology of the salivary glands makes them effective
organs to overcome both physical barriers and host
hemostatic and inflammatory/immunological responses
for the successful location of host blood vessel and also
implicated to be the important organ in transmission of
pathogen[19]. T he salivary glands play some important
roles including facilitating blood feeding, transmission
of pathogens, minimizing pathogens infection, producing
chemical stimuli for completion of pathogens life cycle, and
recognition of pathogens by their specific receptors[43-45].
Mosquito saliva contains many biological materials which
can be classified according to their functions as follows in
Table 1 enclosed (1) anti-clotting and anti-platelet factors
and vasodilators which presumably increase the speed at
which blood from the host is imbibed, (2) substances that
affect parasite transmission by arthropod vectors, (3) enzymes
which are associated with sugar feeding, (4) lysozyme, which
may help to control bacterial growth in the sugar meal stored
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in the mosquito crop, and (5) immunomodulators.
Some of these substances in mosquito saliva have been
identified as allergens, such as four recombinant salivary
proteins of Ae. aegypti, a 68 k D apyrase, a 37 k D D 7
protein, a 30 kD Aed a 3, and a 67 kD α-glucosidase[44,45].
However, these substances in the mosquito’s saliva can
inhibit hemostasis, vasoconstriction, and the development
of inflammation and an immune response of host to them.
Fortunately, not only the host hematological effects from
mosquito’s saliva, but it also clears that the feeding of
mosquitoes has an immunomodulatory effect on their
hosts[46,47].
5. Common secreted salivary proteins
5.1. D7-salivary proteins
Members of the D7 subfamily are the most abundant in
salivary secretions of mosquitoes including Aedines and
Culicines. There are two main types of D7 proteins: large
and short sequences. Structurally, these D7 proteins related
to larger family proteins of the odorant binding proteins
but there showed some unusual high degree of divergence
among the members of the family, even within the same
mosquito subgenus[48]. Possibly, these indicated that they
could have diverse functions. It was speculated that these
D7-related proteins may exhibit an anti-hemostatic role by
trapping agonists of host hemostasis[40,48,49].
Ae. aegypti D7 gene corresponds to a 37 kDa polypeptide
presented in the saliva. Isolation and sequencing of 15
unique cDNA fragments were obtained from the salivary
glands of Anopheles gambiae (150-550 bp). Three of these
cDNAs such as D7r1 (dB1), D7r2 (iB6), and D7r3 (iC5) showed
a high degree of resemblance to the D7 and apyrase genes
of the Ae. aegypti salivary glands. Although the functions
of D7 are remain to be elucidated, their location, sex- and
tissue-specificity, and in the secretory cavities suggested
their potential roles in blood feeding and/or pathogens
transmission[50,51].

5.2. Nucleotidases
The salivary purinergic degradation machinery of Ae.

Table 1
Secretory products in salivary glands and its function of Ae. aegypti (Modified from Peng et al[51,63].).
Biological function

Protein

Odorant-binding protein family

D7 salivary proteins

Secreted protease inhibitors

Serpins

Enzymes
Immunity-related proteins
Antimicrobial peptides
Anticoagulant
Vasodilator

Immunomodulator
30-kDa GE-rich

family

Nucleotidases apyrase adenosine deaminase purine nucleosidase

serine proteases sugar hydrolases amylase, β-glucosidase
Lectins lysozyme bacteolytic proteins
Gambicin lysozyme defensins
Factor Xa
Sialokinins
Aed a 3

Activities

Inhibit the action of biogenic amines such as serotonin, - histamine, and norepinephrine help blood

feeding- allergen

Protease inhibitor

Antiplatelet aggregation, anti-inflammatory function - related to immunity, - activating anti-

inflammatory pathways (such as protein C)- sugar digestion

Opsonization, melanization - antimicrobial polypeptides - immune recognition
Antimicrobial activity
Anticoagulant
Vasodilator

Anti-tumour necrosis factor - anti-tumour necrosis factor
Allergic reactions
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aegypti comprises the enzymes apyrase (a member of the
5’ nucleotidase family), adenosine deaminase, and purine
hydrolase, which may serve as an anti-hemostatic and antiinflammatory function by removing nucleotide agonists of
platelet aggregation and mast cell degranulation. In addition
to these previously described enzymes, we found a second
5’ nucleotidase that may function either as an alternative
apyrase or as a secreted salivary 5’ nucleotidase[52,53].
5.3. Serine proteases
Nine secreted serine proteases varying in predicted mature
molecular weight between 28 kDa and 43 kDa were found in
the Ae. aegypti sialotranscriptome. Some of these enzymes

are possibly related to immunity that similar to other
enzymes annotated as prophenoloxidase activators. But they
could have been encompassed to function in activating antiinflammatory pathways (such as protein C) or deactivating
inflammation[54-56].
5.4. Immunity-related proteins

The mosquito’s salivary glands produce various antimicrobial polypeptides and other immunity-related
products such as bacterial surface-recognizing proteins
and lectins that may be important in opsonization and
initiates the activation of prophenoloxidase enzyme leading
to pathogen melanization [57-59]. T he purpose of these
products may help to control microbial growth in the sugar
solutions stored in the crop or in the gut following a blood
meal. The salivary glands of Ae. aegypti have been reported
the defense molecules as anti-microbial agents including
gambicin, lysozyme, and defensin[60-62]. Moreover, lysozyme
may prevent bacterial growth in the insect crop and exhibits
anti-fungal compound called drosomycin. It is possible
that the expression of immune molecules from the salivary
glands might decrease microbial infection during feeding,
which could be beneficial for the parasite transmission[62].

6. Summary and perspective
D engue is now a vigorously threat to human health
worldwide and is endemic or epidemic in most of tropical
areas. W hile the solution to cure the disease such as
dengue vaccine, anti-viral medicine, or well methods for
diagnosis are still remain to be elucidated. Study of dengue
pathogenesis should be well provided. The challenges,
in which to explore the accurate mechanism and reveal
the target for controlling dengue strategies are currently
available. It is very interesting to reveal the mechanism of
virus and mosquito interactions, also the mosquito’s immune
responded to the viral infection. This leaded to explore
the target organ for viral transmission from mosquito to
human through feeding activity. The Aedes salivary glands

were discovered to be a final gateway for successive viral
transmission to vertebrate host. Thus, this finding exhibited
a new innovative approach to prevent transmission of
the virus. A well understanding of the precise molecular
mechanisms in interaction of dengue virus versus
mosquitoes and also the disease pathogenesis would be
beneficial to compete the global burden of dengue health
challenge.
Conflict of interest statement
I declare that I have no conflict of interest.
Acknowledgements
The author is grateful to thanks Mr. Thitinan Kitisin for
his valuable assist in this review. This review was partial
supported by Trop Med Grants and Dean Fund Grant, 2012,
Faculty of Tropical Medicine, Mahidol University, Bangkok,
Thailand.

Comments
Background
Dengue virus is one of the most important arthropod-borne
viruses which mainly prevalent in tropical countries. Aedes
mosquito is the principal vector that plays some important
roles for disease distributions and host infections especially
their salivary proteins. The interaction among dengue virusAedes mosquitoes and host response still need for further
elucidation.
Research frontiers
This review aimed to highlight the current understanding
of dengue mosquito immune responses, and general role of
mosquito salivary glands on dengue infection.
Related reports
E ntomologists try to present the relationship among
mosquitoes or arthropods salivary proteins, their specific
pathogens and definite host to explain their pathogenesis
and disease severity.
Innovations and breakthroughs
This review may provide a valuable knowledge of dengue
pathogenesis especially in mosquito vector and dengue virus
interaction, which may guide further experimental design
and help to control and prevent dengue distribution.
Applications
This review may guide the further scientific research to
study about dengue pathogenesis and their important role
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of mosquito salivary proteins. Not only their pathogenesis,
but also some diagnostic tools, inhibitors or vaccine
development and disease control correlated to their specific
properties of mosquito’s saliva.
Peer review
This is a very good review because the author described
fundamental of mosquito immmune system and raised a
good point of association between bacterial respones and
viral infection in mosquito. The author also mentioned the
role of salivary proteins to both possibility of enhancement
and inhibition of dengue virus transmission to vertebrate
host.
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