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 Introduction 

 Mosquitoes are insects belonging to the order Diptera 
and members of a family of the nematocerid flies Culici-
dae (from the Latin culex, genitive culicis, meaning 
‘midge’ or ‘gnat’)  [1] . The word ‘mosquito’ (formed by 
‘mosca’ and the diminutive ‘ito’) is from the Spanish or 
Portuguese for ‘little fly’  [2] . Mosquitoes resemble crane 
flies (family Tipulidae) and chironomid flies (family Chi-
ronomidae). The females of many species of mosquitoes 
are blood-eating pests and dangerous vectors of disease 
whereas members of the similar-looking Chironomidae 
and Tipulidae are not.

  At least 14 orders of arthropods, containing over 400 
different genera and more than 15,000 species, evolved to 
feed on blood from warm vertebrate animals  [3] . Three 
subfamilies are recognized within the family Culicidae, 
namely Toxorhynchitinae, Anophelinae and Culicinae. 
Toxorhynchitinae includes only one genus, while Anoph-
elinae consists of nearly 400 species. More than 2,600 
mosquito species belong to the subfamily Culicinae. More 
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 Abstract 

 Allergies caused by mosquito bites may produce local or sys-
temic reactions. The inhalation of mosquito allergens may 
also cause asthma and/or allergic rhinoconjunctivitis in sen-
sitized individuals. The mechanisms implicated in the devel-
opment of these immune responses involve IgE antibodies, 
different subtypes of IgG and proinflammatory cytokines as 
well as basophils, eosinophils and mast cells. Several aller-
genic components have been identified in the saliva and 
bodies of mosquitoes and some of these are present in dif-
ferent mosquito species. The most common species impli-
cated in allergic reactions belong to the genera  Aedes ,  Culex  
and  Anopheles . Several  Aedes aegypti  allergens have been 
cloned and sequenced. The recombinant molecules show 
IgE reactivity similar to that of the native allergens, making 
them good candidates for the diagnosis of mosquito aller-
gies. Allergen-specific immunotherapy with mosquito ex-
tracts induces a protective response characterized by a de-
creased production of IgE antibodies, increased IgG levels, a 
reduction in the severity of cutaneous and respiratory symp-
toms and the need for medication. The aims of this review 
are to summarize the progress made in the characterization 
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than 40 genera and 3,000 species of mosquitoes are dis-
tributed worldwide ( table 1 )  [4] . Some of these species are 
more clinically relevant than others because they affect 
humans, directly or indirectly. These species include, but 
are not limited to,  Aedes   aegypti, Aedes vexans  and  Culex  
 quinquefasciatus   [5–7] . Adult female mosquitoes require 
blood-feeding to produce eggs. In this process, they bite 
and inject their saliva before sucking their victim’s blood 
 [8] . Mosquito saliva contains various substances like ly-
sozymes, antibacterial glucosidases, anticoagulants, anti-
platelet aggregating factors and vasodilators  [9–13] . It 
also contains allergens that may induce local cutaneous 
reactions and, in some cases, a systemic response in atop-
ic individuals  [14–17] . Allergens derived from the ema-
nations and detritus of mosquitoes are also present in the 
air and in house dust, and may be inhaled and induce 
various immune responses  [18, 19] .

  The term ‘mosquito allergy’ is used to describe a series 
of signs and symptoms caused by mosquito bites. Indi-
viduals may experience a variable degree of symptoms 
after a mosquito bite consisting of unusual large local ec-
chymotic and vesiculated reactions and, in some cases, 
systemic reactions, such as generalized urticaria, angio-
edema or wheezing and even anaphylaxis  [20–23] . How-
ever, it has also been shown that mosquito debris remains 
suspended in the air and produces an allergic respiratory 
response similar to that caused by other airborne aller-
gens, such as those from the dust mite and cockroach  [18, 
24, 25] .

  Allergies caused by mosquitoes have a negative im-
pact on the affected population, on their quality of life 
and, in some cases, even put their lives at risk. Although 
the general opinion is that mosquito allergy may be 
highly prevalent, there are only a few epidemiological 
studies supporting this perception. In a cross-sectional 
study conducted in Mexico City, 82% of the patients 
who were admitted to the allergy service reported that 
they were allergic to mosquito bites; however, only 2.5% 
of them showed positive skin reactions to this insect 
 [26] . In another study, conducted in India, it was shown 
that 47% of the population with asthma and/or allergic 
rhinitis were sensitized to mosquito allergens, as deter-
mined by skin-prick tests, serum IgE antibodies and 
bronchial provocation tests with whole mosquito body 
extracts  [25] . There is no epidemiological data about 
mosquito allergy in South America, where several mos-
quito species and mosquito-borne diseases are highly 
prevalent.

  Mosquito sensitization may also be associated with 
other diseases.   Children and individuals with primary or 

secondary immunodeficiency are most at risk for mos-
quito-bite allergy, especially those living in areas heavily 
exposed to mosquitoes and their allergens  [23, 27, 28] .  
 Several cases have been described in which sensitization 
to mosquito bites is accompanied with natural killer (NK) 
cell lymphoproliferative disorders, the presence of T cells 
infected with Epstein-Barr virus or lymphocytosis associ-
ated with HIV infection  [29–32] . The study by Asada et 
al.  [33]  demonstrated that mosquito saliva induces lym-
phoproliferation, which, in turn, increases the expression 
of an oncogene in NK cells, which apparently plays an 
important role in the etiology of mosquito allergy. It has 
been shown that the inflammatory and/or allergic re-
sponse induced by mosquito bites, especially  Anopheles  
spp., favors infection with  Plasmodium  spp., thereby fa-
cilitating the occurrence of malaria  [34, 35] . Therefore, 
mosquito-sensitized individuals seem to be at a greater 
risk of contracting malaria.

  Allergy to house dust mites is one of the most impor-
tant risk factors for asthma in tropical regions. The main 
species involved are  Blomia tropicalis  and  Dermatopha-
goides pteronyssinus   [36–38] . Mosquitoes are abundant in 
these latitudes, since the climatic conditions of tropical 
regions favor the life cycle and proliferation of mosquito 
species  [39–42] ; this fact might favor high exposure to 
their allergens. Mosquitoes, like mites, may also be an im-
portant environmental factor that induces or exacerbates 
allergic diseases. Moreover, studies on mosquitoes, mites 
and cockroaches indicate that these arthropods have 
some allergens in common  [43–46] . These allergens have 
not been investigated and identified yet, despite the fact 
that cross-reactivity between mites and mosquito may 
play a significant role in the prevalence and clinical man-
ifestations of allergic respiratory and dermatological 
 diseases.

  Immunological Basis of the Allergic Reactions 

Produced by Mosquitoes 

 Symptoms and Clinical Stages of Reactivity 
 Mosquito bites produce a local reaction consisting of 

a rash and heat, with the subsequent appearance of a 
wheal and flare, and itching in nonatopic individuals. The 
term ‘mosquito allergy’ refers to reactions which cause 
severe or atypical (ecchymotic or vesiculated) local or sys-
temic reactions, such as anaphylaxis, angioedema, gener-
alized urticaria or wheezing. Four types of reactions occur 
as the consequence of a mosquito bite: (1) local reactions 
(immediate and delayed), (2) severe, delayed reactions 
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with scar formation (via a cell-mediated mechanism), (3) 
exaggerated local reactions, and (4) systemic anaphylaxis 
 [47] . Local cutaneous reactions consist of immediate 
wheals and flares peaking at 20 min and delayed pruritic 
indurated papules peaking at 24–36 h  [48, 49] . Large local 
reactions consist of itchy red, warm swellings appearing 
with minutes, itchy papules and ecchymotic, vesiculated, 
blistering, bullous or even Arthus-type reactions, appear-
ing 2–6 h after the bites  [20, 23, 50] .

  Sensitization may occur after the first exposure to a 
mosquito bite. Subsequent bites may induce the charac-
teristic signs and symptoms of an allergic reaction. Based 
on clinical observations, the natural history of sensitiza-
tion and desensitization to mosquito bites has been clas-
sified into 5 well-defined clinical stages: (1) no reaction 
after the initial bite in individuals who have never been 
bitten, (2) delayed cutaneous lesions appear after ap-
proximately 24 h in individuals after subsequent bites, 
(3) wheals appear within approximately 15 min in indi-
viduals after repeated bites, (4) no delayed reactions oc-
cur and only immediate wheals are noted in individuals 
after further exposures to mosquito bites, and (5) there 
is a loss of the immediate reaction in individuals who are 
repeatedly exposed to huge numbers of mosquito bites 
 [51–53] .

  Evidence suggests that mosquitoes might also induce 
allergic respiratory symptoms through the inhalation of 
suspended allergens that derive from their bodies and 
emanations. The available evidence and similar findings 
with regard to other flying insects suggest that asthma 
and allergic rhinitis might be exacerbated by the inhala-
tion of mosquito allergens, in a similar way to other air-
borne allergens derived from arthropods such as mites, 
moths  [54] , bees  [55]  and cockroaches  [56] .

  Humoral and Cellular Response to Mosquito Bites 
 Immunological changes that occur during the process 

of sensitization and desensitization have been studied in 
humans and in animal models, and involve the humoral 
as well as the cellular components of the immune re-
sponse. In a prospective study  [48]  on the natural course 
of the allergic response against mosquito bites, a nonal-
lergic individual was exposed to 100 bites of  C. quinque-
fasciatus  every 2 weeks for 10 months. The levels of spe-
cific IgE and IgG antibodies increased steadily with each 
exposure. Skin tests with a mosquito extract were posi-
tive, and the size of the wheal correlated with IgE and IgG 
antibody levels. However, after 21 weeks of exposure, the 
levels of specific antibodies to the extract decreased. Al-
though these results demonstrate that an individual may Su
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be desensitized to mosquito bites, in real life, such indi-
viduals try to avoid contact and thus reduce the number 
of bites, thereby requiring more time for desensitization. 
In a population of children from Winnipeg, Man., 
 Canada, high levels of specific IgE and IgG occurred in 
the first 6 months, but had decreased by adolescence, sug-
gesting that these children were desensitized naturally by 
exposure  [57] . Kulthanan et al.  [21]  showed the required 
interval between sensitization and desensitization in a 
population in Thailand to be approximately 4 years.

  The participation of specific IgE in mosquito allergy 
has been demonstrated by immediate skin reactivity in-
duced by the passive transfer of specific IgE antibodies 
 [58] . These antibodies were associated with local and sys-
temic, and immediate or delayed reactions. It has been 
demonstrated that specific IgE levels are higher in the 
serum of individuals allergic to at least 1 of 10 mosquito 
species distributed worldwide than those in nonallergic 
individuals  [44] . Brummer-Korvenkontio et al.  [22] 
 showed that individuals sensitized to  Aedes communis  
with immediate and delayed reactivity had high levels of 
specific IgE and IgG4 to  A. communis . Peng et al.  [14]  
showed that individuals sensitized to mosquito bites who 
experienced acute systemic reactions had higher specific 
IgE levels than nonallergic individuals. In these cases, 
there was also a positive and significant correlation be-
tween the size of the sting wheals and the levels of serum 
antibodies. It seems that IgG antibodies may play a role 
in immediate local reactions, but not in systemic reac-
tions. A study by Reunala et al.  [59]  demonstrated that 
between 82–90% of children in Finland, Kenya and 
 Mexico had specific IgE antibodies against  A. communis  
and  A. aegypti , with the presence of IgG4 antibodies in 
the children being 85, 41 and 20%, respectively. The titers 
of specific antibodies were associated with the degree of 
exposure. It was demonstrated that in the early allergic 
response caused by mosquito bites, in addition to the lev-
els of the antibodies, those of histamine and leukotriene 
C4 also increased  [60] . In a mouse model of mosquito 
allergy,  A. aegypti  induced a Th2 immune response with 
immediate and late reactions and higher levels of IgE and 
IgG1 antibodies compared to mice that were nonsensi-
tized. A higher lymphoproliferation was also observed in 
sensitized mice treated with mosquito extracts  [61] .

  Mast cells may also play a role in allergic symptoms 
caused by mosquito bites. Demeure et al.  [62]  showed 
that the bites of  Anopheles   stephensi  activated mast cell 
degranulation in healthy mice; this induced changes in 
vascular permeability, the extravasation of fluid and the 
recruitment of neutrophils at the bite site. This response 

was accompanied by hyperplasia of the lymph nodes and 
the recruitment of dendritic cells, B lymphocytes, macro-
phages and T lymphocytes. These effects were not ob-
served in mast cell-deficient animals, unless they were re-
constituted with mast cells. An important finding in this 
study was that the in vitro degranulation of mast cells oc-
curs in the absence of IgE, suggesting that the saliva may 
be responsible for the inflammatory response.

  Other Manifestations of Mosquito Allergy 
 Papular urticaria may also appear as a hypersensitivity 

reaction after mosquito bites, or after the bites of other 
arthropods. The exact immune mechanisms behind pap-
ular urticaria are unknown, but some evidence support 
the involvement of type I, III and IV hypersensitivity re-
actions, and therefore the participation of IgE and IgG 
antibodies. Abdel-Naser et al.  [63]  showed that a group of 
patients with papular urticaria had specific IgG against 
 Culex pipiens  antigens. The levels of these antibodies cor-
related with the size of both immediate and delayed skin 
reactions and specific IgE levels  [64] . Immunoglobulin 
and complement depositions have also been detected in 
the skin, suggesting that these participate in the mecha-
nism of papular urticaria lesions  [65, 66] .

  In some cases, the mosquito bite may also induce a 
strong reaction involving an extensive part of the body 
such as the face, hands, arms, feet or legs. These reactions 
are often misdiagnosed as cellulitis. However, they appear 
a few hours after the mosquito bites, which makes it un-
likely to be due to a bacterial infection. Simons and Peng 
named this clinical disorder Skeeter syndrome  [20] .

  Mosquito Allergens 

 It has been suggested that there may be differences in 
the allergenic composition of mosquito saliva, salivary 
glands and whole body extracts. Mosquito saliva contains 
allergens that sensitize atopic individuals  [64] . Sixteen 
IgE-reactive proteins with a molecular weight of between 
16 and 95 kDa have been detected in the saliva and salivary 
glands of 10 different mosquito species distributed world-
wide  [44] . When analyzed with sera from allergic indi-
viduals, allergens in the saliva of  C. quinquefasciatus  with 
a molecular weight of 35.5, 32.5 and 22.5 kDa showed a 
frequency of IgE reactivity of 41, 28 and 24%, respectively 
 [67] . Fourteen IgE reactivity fractions with a molecular 
weight of between 23 and 93 kDa were identified using 
sera from allergic patients in extracts from the salivary 
glands of  Aedes togoi ,  Culex tritaeniorhynchus  and  C. pip-
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iens pallens . In addition, mice immunized with these ex-
tracts produced mainly IgG1 that recognized bands of 31, 
37 and 57.5 kDa  [17] , respectively, suggesting that these 
antigens could play a protective immune response.

  Several studies have shown that mosquito saliva is not 
the only source of allergens. In fact, extracts used for aller-
gen-specific immunotherapy and diagnosis are produced 
from saliva, salivary glands or whole mosquito bodies. Al-
though these preparations have different biological activi-
ties, all are useful for the diagnosis of allergic individuals 
 [68] . In Yazd, Iran, a subtropical city with a warm, dry 
climate, 32.6% of 95 patients with allergic rhinitis had a 
positive skin test to whole-body mosquito extracts. The 
frequency of reactivity to mould, cockroach and mite ex-
tracts was lower  [24] . These results suggest that the anti-
gens contained in mosquito bodies are important envi-
ronmental factors associated with allergic rhinitis in this 
region. An extract prepared from airborne particles col-
lected in the homes of mosquito-allergic patients could 
block the binding of IgE antibodies to the antigens con-
tained in a whole-body extract of  C. quinquefasciatus   [18] . 
This study proposes that mosquito allergens are present in 
the environment and that they retain their immunological 
properties, as shown in ELISA inhibition experiments. 
When inhaled, these allergens can induce an allergic re-
sponse in atopic individuals sensitized to mosquito bites. 
The clinical manifestations of this response are different 
from those caused by insect stings  [69] . Similar findings 
have been described in south-eastern Minnesota, where 
large amounts of outdoor  Lepidoptera  allergens have been 
detected, suggesting that the inhalation of insect debris 
could play an important role in the ethiopathogenesis of 
allergic respiratory diseases  [54] . Other biting insects such 
as fleas are also a source of indoor allergens, but their role 
as inducers of allergic diseases is less known  [70] . Mos-
quito saliva primarily induces skin reactions, while the an-
tigens that are suspended in the air may induce respira-
tory symptoms. Therefore, it is important to identify and 
characterize the allergens associated with these different 
clinical manifestations, in order to design better strategies 
for diagnosis and treatment. Allergen cross-reactivity 
must also be fully delineated to the contribution of spe-
cies-specific or cross-reacting allergens.

  We have demonstrated that the sera from mite-allergic 
individuals contain specific IgE antibodies that react with 
more than 10 allergens from an  A. aegypti  extract  [71] . 
Although the clinical relevance of these allergens in aller-
gic symptoms is unknown, the results suggest that mos-
quitoes are a source of aeroallergens, which may play a 
role in allergic respiratory diseases. Wongkamchai et al. 

 [19]  reported the presence of 16 allergens in the saliva, 
6  in the salivary glands and 2 in whole-body extract of 
4 mosquito species. These allergens are not common to 
all three sites, suggesting that allergic symptoms are re-
lated to the route of exposure (i.e. cutaneous or respira-
tory) and are associated with unique allergens. It is still 
necessary to further investigate if the allergens present in 
the saliva can induce respiratory symptoms.

  Although several allergens have been identified in 
mosquito extracts, only a few from the saliva have been 
characterized in terms of their role in the allergic re-
sponse. Most reported mosquito allergens belong to 
 A.  aegypti  spp. ( table  2 ) (see http://www.allergome.org 
and http://www.allergen.org).

  Characterized Allergens 
 Aed a 1 
 This allergen shows homology with apyrase (ATP di-

phosphohydrolase) and has a molecular weight of 68 kDa. 
It interferes with platelet aggregation in human blood by 
hydrolyzing ADP and ATP released by the platelets and 
other cells  [72] . It also has homology with members of a 
family of enzymes with 5 ′ -nucleotidase activity, also pres-
ent in humans and rats  [73] . The serum of mosquito-al-
lergic individuals may have specific IgE against this apy-
rase  [44] . The truncated Aed a 1 (residues 150–562) was 
found to react with serum specific IgE and IgG antibodies 
of allergic individuals, suggesting that this fragment con-
tains B cell epitopes  [74] . In another study, 9 of 31 sensi-
tized individuals (29%) had a positive skin test to rAed a 
1  [15] . Rabbits immunized with Aed a 1 produced poly-
clonal sera that reacted with allergens in the saliva ex-
tracts of  A. vexans  and  Aedes albopictus   [44] . Apyrase ac-
tivity was detected in the salivary glands of  Ochlerotatus 
triseriatus  and  Ochlerotatus hendersoni   [75] , suggesting 
the presence of homologous allergens to Aed a 1. Because 
apyrase from mosquitoes inhibits platelet aggregation in-
duced by collagen and thrombin, it has been suggested 
that it could be of therapeutic use in treating thrombosis 
 [9] . It seems that Aed a 1 is expressed only in the salivary 
glands, which suggests that individuals may come into 
contact with this molecule through mosquito bites. How-
ever, it has still to be established whether this allergen can 
be detected in the environment and if it is capable of in-
ducing sensitization through inhalation.

  Aed a 2 
 This allergen belongs to the family of proteins called 

D7, which are highly conserved in insects that require 
blood for feeding and reproduction and are released in 
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the saliva just after piercing the skin. Aed a 2 contains an 
N-terminal and a C-terminal domain, capable of binding 
to leukotrienes and biogenic amines that are released by 
an individual as a mechanism of defense against the mos-
quito bite  [76] . The gene encoding this protein was first 
identified in a cDNA library constructed from the sali-
vary glands of  A. aegypti . Northern blot assays and in situ 
hybridization showed that the mRNA of the protein is 
only present in the salivary glands of female mosquitoes, 
suggesting that it plays an important role in blood feed-
ing  [77] . This molecule has been cloned and obtained as 
a recombinant protein by expression in insect cells in-
fected with baculovirus. It retains the ability to bind to 
specific human IgE antibodies and induces skin reactiv-
ity in a similar way to the natural protein  [78] . Mice im-
munized with rAed a 2 produced IgG1 and IgE antibod-
ies capable of binding to the recombinant and natural 
allergens. Sensitized mice showed a positive skin test to 
the recombinant allergen, which suggests that this pro-
tein induces a Th2 response, characteristic of an allergic 
reaction. Aed a 2 cross-reacts with proteins from other 
species of  Aedes  ( A. vexans ,  A. albopictus ,  A. communis  
and  A. togoi ),  C. quinquefasciatus  and  O. triseriatus   [44] . 
The saliva of  C. quinquefasciatus  contains allergens ho-
mologous to Aed a 2  [79] . These allergens are homolo-
gous with the family of proteins D7 and show high struc-
tural homology with the protein THP12 of the hemo-
lymph of  Tenebrio molitor , which is part of the family of 
pheromone-binding proteins and odorants that partici-
pate in the transport of hydrophobic molecules  [80] . It 
seems that Aed a 2 should be included in preparations for 

the diagnosis and immunotherapy of mosquito allergy, 
since it has a significant frequency of IgE reactivity  [44]  
and may participate in cross-reactivity among various 
species. Because recombinant Aed a 2 is biologically and 
immunologically similar to the native purified allergen, 
it could be used in the diagnosis and immunotherapy of 
mosquito allergies as well. This would overcome the dif-
ficulty of obtaining this molecule from the saliva. Aed a 
1 and Aed a 2 seem to be expressed only in mosquito 
salivary glands.

  Additional Allergens 
 The allergens Aed a 3 and Aed a 4 have been obtained 

by molecular cloning and expression in insect cells infect-
ed by baculovirus. Aed 3 is expressed as a 30-kDa protein 
which binds specifically to collagen. It prevents the inter-
action of collagen with physiological ligands, such as plate-
let glycoprotein IV, integrin α2β1 and von Willebrand fac-
tor, blocking platelet aggregation induced by collagen 
 [81] . This property suggests its potential use as an anti-
thrombotic drug. It has been suggested that this allergen 
may also be valuable for the diagnosis of mosquito allergy. 
It has been shown that a mixture of rAed a 1, rAed a 2 and 
rAed a 3 can identify approximately 65% of mosquito-al-
lergic patients  [82] . It has been shown that 36% of  A. ae-
gypti- allergic individuals have specific IgE against Aed a 4, 
suggesting that its inclusion in vaccine preparations might 
be desirable  [83] . Aed a 7 is recorded in the Allergome plat-
form, as an allergen with homology to tropomyosin. How-
ever, no further information is currently available about its 
biological and structural properties.

 Table 2.  Reported A. aegypti allergens

Allergen Molecular
weight, kDa

Biological function Amino acids, n Frequency of reactivitya 
(patients, n/% posi tives)

References

IgE antigenic
challenge

Aed a 1 68 antiplatelet aggregant (apyrase) 562 – 31/29; 28/43 [15, 44, 74–76, 80]

Aed a 2 37 transport of hydrophobic molecules
(pheromone and odorant)

321 21/42.8 28/11 [16, 44, 78–80]

Aed a 3 30 antiplatelet aggregant (aegyptin) 273 – 28/32 [81, 82]

Aed a 4 67 not described 579 25/36 – [83]

Aed a 7 32.3 muscle contraction (tropomyosin) 284 – – see Allergome

Other mosquito species may also contain homologous allergens, as described in the text.
a Based on serology (IgE) or skin test (antigenic challenge).
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  Allergen Cross-Reactivity 

 Allergen cross-reactivity occurs when IgE antibodies 
induced by exposure to an allergen react with a different 
protein with structural homology to the antibody-induc-
ing allergen. This phenomenon is common among aller-
gens from mites and other arthropods  [84, 85] . The sera 
from individuals allergic to mosquito bites react with sev-
eral common proteins present in the extracts of  C. quin-
quefasciatus ,  A. aegypti ,  A. albopictus  and  Anopheles min-
imus , with molecular weights between 35.5 and 75.4 kDa 
 [19] . These results suggest that exposure to 1 species may 
induce sensitization to other species to which the indi-
vidual has not been previously exposed. In the province 
of Manitoba in Canada, the most prevalent mosquito spe-
cies and the main sensitizer is  A. vexans . Individuals al-
lergic to  A. vexans  also show skin test reactivity to 5 other 
species not reported in Manitoba.

  Mosquito-allergic individuals in Shanghai in China 
also have specific IgE against  A. vexans  allergens, de-
spite the fact that this species has not been reported in 
this region  [43, 44] . It can be speculated that, in these 
cases, allergen-specific immunotherapy with allergen 
extracts prepared from a single mosquito species might 
be sufficient to confer protection against other species. 
However, this should be carefully analyzed because spe-
cies-specific allergens may exist and participate in the 
sensitization process. Vaccine preparations lacking spe-
cies-specific allergens might thus be ineffective. A com-
ponent-based molecular diagnosis would be of great 
value in these cases.

  Rabbits immunized with rAed a 1 produce serum an-
tibodies that react with extracts from  A. vexans  and 
 A.  albopictus   [44] , indicating that these 2 species have ho-
molog allergens to that which is present in  A. aegypti . In 
the salivary gland of  O. triseriatus  and  O. hendersoni , a 
protein with apyrase activity has been detected; this might 
be a homolog of Aed a 1  [75] . Serum from rabbits immu-
nized with rAed a 2 also reacted with extracts of  C. quin-
quefasciatus ,  O. triseriatus  and several species of  Aedes  
 [16, 44] , indicating the participation of this allergen in the 
cross-reactivity among these 3 species.

   C. quinquefasciatus ,  A. aegypti  and  A. stephensi  ex-
press D7 family proteins; 73.1% of sera with IgE reactiv-
ity to  C. quinquefasciatus  also have specific IgE antibodies 
to whole-body extracts of  A. aegypti  and  A. stephensi   [80] . 
The D7 family is highly conserved in many species of 
blood-sucking insects and mites (ticks), so it is possible 
that cross-reactivity among these species may involve this 
protein family.

  Studies of cross-reactivity between mosquitoes and 
wasps, dust mites, cockroaches and shrimp are scarce. 
However, some individuals develop the so-called ‘wasp/
mosquito syndrome’, which involves a cross-reactivity 
phenomenon between these species. Individuals afflict-
ed by this syndrome have specific IgE against a 44-kDa 
hyaluronidase in mosquitoes and wasps  [86] . The exis-
tence of cross-reactivity between chironomids and mos-
quitoes, based on the results of positive skin tests to 
 C. pipiens  and serum IgE reactivity to  A. communis , has 
also been suggested in individuals allergic to chirono-
mids  [45] . A study conducted in Reykjavik, Iceland, 
showed that most individuals sensitized to  D. pteronys-
sinus  also had specific IgE against mites  (Lepidoglyphus 
destructor) , shrimps and, to a lesser extent, cockroaches 
and mosquitoes  [87] . There were virtually no mites in 
the dust samples collected from mattresses in the homes 
of these individuals  [46] , indicating an absence of expo-
sure to mite allergens. The sensitization to mites in this 
population could therefore be attributed to exposure to 
cross-reactive allergens from mosquitoes or other ar-
thropods.

  Cross-allergenicity has important clinical and epide-
miological implications, such as polysensitization to var-
ious sources of allergens in the same or different taxo-
nomic groups. To circumvent this problem, a better diag-
nosis could be achieved by identifying the specific 
molecules involved in the allergic response, which may be 
performed using highly purified recombinant or natural 
allergens in order to define the IgE-binding profile of 
each patient. Component-resolved diagnosis would allow 
a component-resolved immunotherapy, in which only 
the allergens involved in sensitization could be adminis-
tered and not irrelevant allergens or nonallergenic mol-
ecules  [88] .

  Sensitization to arthropods seems to be a predisposing 
factor for the onset of cutaneous and allergic respiratory 
responses to mosquitoes. Cross-reactivity among mos-
quitoes and other arthropods has been suggested. How-
ever, the main allergens involved here have not been iden-
tified. In the tropics, mosquitoes and the mite species 
 D.  pteronyssinus  and  B. tropicalis  are very common. 
Therefore, it is probable that cross-reactivity between 
these arthropods may have an impact on the prevalence 
and manifestations of allergic diseases. We have shown 
that 40% of allergic individuals from the tropical Carib-
bean island, Martinique, have specific IgE against  A. ae-
gytpi . Furthermore, ELISA inhibition assays showed that 
 A. aegypti  contains allergens that cross-react with  D. pter-
onyssinus  allergens  [89] . Two tropomyosin isoallergens 
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(Uniprot code: Q17H75 and Q17H80) of 32 kDa purified 
from a whole-body mosquito extract reacted with 33% of 
the mosquito-positive sera. They also showed cross-reac-
tivity with the shrimp allergens: nPen m 1 and rLit v 1 
 [71] . These results confirm that there is a high frequency 
of sensitization to  A. aegytpi  in mite- and shrimp-allergic 
individuals in Martinique. Species-specific as well as 
cross-reactive allergens, such as tropomyosin, are in-
volved in IgE sensitization.

  Allergen-Specific Immunotherapy 

 There are only a few studies on mosquito immuno-
therapy. The natural history of mosquito allergy suggests 
that after prolonged exposure to mosquito bites, desensi-
tization may occur. This is accompanied by a decrease in 
the serum levels of specific IgE and an increase in spe-
cific IgG antibodies  [21, 48] . The abundance of  A. com-
munis  in Finland in the summer is accompanied by in-
creasing levels of IgE, IgG1 and IgG4 in the population. 
The increase in IgG subclasses may also play a protective 
role  [90] . These observations suggest that immunothera-
py with mosquito extracts or recombinant allergens could 
induce a protective response against subsequent expo-
sures. Several studies have shown that immunotherapy 
with allergen extracts is effective for treating mosquito 
allergy. In a group of 20 mosquito-allergic individuals 
with a positive skin test and positive specific IgE determi-
nations to  A. communis , the subcutaneous application of 
whole-body extract for 18 months induced the disappear-
ance of the skin lesions as well as respiratory and eye 
symptoms that appeared after the mosquito bite. The 
treatment also reduced the need for antiallergic medica-
tion. These effects were not observed in the control group 
that did not receive immunotherapy. No adverse reac-
tions occurred during the treatment  [91] . A randomized, 
double-blind, placebo-controlled trial showed that im-
munotherapy with extracts of  C. quinquefasciatus  for 
1  year in 40 patients with asthma and/or rhinitis im-
proved allergic symptoms and decreased bronchial hy-
perreactivity  [92] . In addition, there was a slight decrease 
in IgE levels accompanied by a significant increase in 
IgG4, which is indicative of effective immunotherapy. 
These changes were not observed in the placebo group 
 [92] . Administration of mosquito extracts mixed with ex-
tracts of other insects has shown efficacy in treating al-
lergy to various insects. In another double-blind, place-
bo-controlled study, the group of patients treated for 
12 months with one or mixed extracts of cockroach, mos-

quito or fly, showed decreased skin test reactivity and 
lower IgE levels after the 12 months of immunotherapy. 
Moreover, skin test results, allergic symptoms and bron-
chial hyperreactivity were significantly lower in the group 
treated with the extract compared with the placebo group. 
The treatment induced significantly lower IgE and higher 
IgG4 levels than in the placebo group  [93] .

  Conclusions 

 Mosquito allergy is distributed worldwide, but is es-
pecially common in tropical regions and in areas where 
mosquitoes are abundant. Few studies have investigated 
the epidemiology and immunological mechanisms im-
plicated in mosquito allergy. Early efforts to identify 
mosquito allergens focused mainly on the saliva. It was 
assumed that the bites were the only source of exposure 
to their allergens. However, airborne mosquito allergens 
may also play a sensitizing role. Studies on the cross-
reactivity among different species of mosquito and oth-
er sources of allergens are scarce. However, the few 
available studies suggest an important degree of cross-
reactivity between mosquitoes and other arthropods. A 
small number of mosquito allergens have been obtained 
and characterized by molecular cloning. Two recombi-
nant allergens from  A. aegypti , Aed a 1 and Aed a 2, have 
been isolated and obtained as highly purified molecules. 
The rate of sensitization to these two allergens is often 
less than 50%, which suggests that other allergens may 
play an important role. Studies have shown that allergen 
immunotherapy with mosquito-allergenic extracts is ef-
fective. More research is needed to produce a more spe-
cific diagnosis and effective treatment for mosquito 
 allergies.
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