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Table 1 Biting Flies (Diptera)

Hoffman

Common name Family Genera

Mosquito
Blackfly
Bit ing midge
Horsefly
Deerfly, yellow fly
Sand fly
Botfly and warble fly
Stable fly
Tsetse fly

Culicidae
Simul i idae
Ceratopogonidae
Tabanidae
Tabanidae
Psychodidae (Phlebotominae)
Oestr idae
Muscidae
Glossinidae (Muscidae)

Aedes, Culex, Anopheles, others
Simulium, Prosimulium, Cnephia
Culicoides, others
Tabanus, Hybomitra
Chrysops
Lutzo myia, P h lebotom u s
Dermatobia, others
Stomoxys, Haematobia
Glossina

$iiFtfntîiij.t+titait ir at!! !!t!i ii: .it!! n alla:,litil

itii i, i ti:i:+;:;titi:n:rt:tri it it:; .:i!:i:ta;t i:i
i:i:i:i :ill:::!irL! n i l:li:::! : li:i:i ! i: !

E i : in t i l t i i t t i t ; i . l t i  I  i  i  t t i  i i u i  i '  i l

tiìiîrg!s!) ltrî !tltsl! lir!!rtìlij 9ii !t it q 1 !tìii !i

Figure 1 (See color insert ) Photograph of a blackfly,
Simulium; note the humped appearance. Source:
Courtesy of Jerry F. Butler, University of Florida.

Figure 2 (See color insert ) A deerfly, Chrysops, in biting
posit ion. The insect is usually yel low or green, and the bite
is painful. Source: Coudesy of Jerry F. Butler, University of
Florida.

Figure 3 (See color insert ) A horsefly, Tabanus, biting.
Horseflies are typically larger than deerflies, have very
noisy f l ight, and the bites are quite painful.  Source:
Courtesy of Jerry F. Butler, University of Florida.
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saliva may increase resistance to infection with protozoans (9). ln 2002, the first complete
genome sequence of a biting insect, the malaria mosqurto, Anopheles gambiae,became available

!0) fne set of proteins expressed by the salivary glands have been named the sialome (10) by
Ribeiro (11) and have been mapped for mosquitoes (11), kissing bugs (72), and ticks (13).

Mosquitoes
Many of the characterized protein components of mosquito saliva are described in Table 2. A
number of the proteins appear to be related to either digestive functions such as maltase,
amylase, and esterase or inhibition of hemostasis such as tachykinin, factor Xa inhibitor, purine
nucleosidase, and apyrase or adenosine triphosphate diphosphohydrolase, which inhibits
ADP-dependent platelet aggregation (17,74-79). Protein D7 contains two insect pheromone/
odorant-binding protein domains and is expressed in a number of different sizes (71.,79). D7
proteins appear to be major allergens in most species.

There are numerous published studies of IgE-binding components of various mosquito
extracts. Some are performed with "saliva," some with salivary gland extract, some with
thorax extract, and some with whole-body extract. Numerous species and at least four genera
have been investigated. Table 3 is a compendium of the major and shared allergèns in

Tabfe 2 selected Protein components in Aedes aegyptiMosquito Saliva
ldentified by Two-Dimensional Electrophoresis Followed by Trypsin Digestion
and Mass Spectrometry, and Also by cDNA Expression

Component Genbank identi f ier (gi)

Protein D7 11
Protein D7 12
Antigen 5--.like protein
Apyrase
Purine nucleosidase
Protein disulf ide isomerase
Heat shock protein 70 kDa
Adenosine tr iphosphate phosphatase

Beta unit
Alpha unit

Angiopoiet in-l ike protein
Salivary serpin 'l

Salivary serpin 2
62-kDa proteins
Amylase
Adenosine deaminase
C type lectins
34-kDa protein 1
34-kDa protein 2
Angiopoietin-like protein 2
30.5-kDa salivary protein
30-kDa salivary antigen

Source: From Ref. 11.

Table 3 Molecular Weights (in kDa) of lgE-Binding Components in Mosquito Extracts from Various Species

Aedes aegypti Aedes vexans Aedes communis Culex tarsalis Culiseta inornata

ir

F
a
2
S

E
S
n
r
S

S

e
d
e
n

F
t
ir
f t

h
n
r
a

16225992
118216
1 B568284
1 703351
21654712
94468800
9446881 B

94468834
94468442
1 858298
1 8568304
94469320
18568300 and2
21 90949
1 8568326
94468370, 1 856831 8
94468642
1 8568296
94468352
61742033
1 8568322

c

S
a
,.1
L I

À
ll

n
l-

Major allergens
65
48
3 4 : D 7
31
1 5

65
43
38

65
40
34

36
30
22

43
1 7
1 5

Mino ra l l e rgens  sha red  by  a t  l eas t t h ree  spec ies  160 ,  110 ,65 ,62 ,50 ,  46 ,40 ,32 .5 ,24 ,17 ,  and  15  kDa .
Allergens have not been purif ied; data mainly from immunoblot experiments, some, e.g., D7, have been cloned or
expressed.
Source'. From Refs. 21-26.
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Hoffman

The saliva of the bedbug, C.lectularius, contains a nitrophorin (44) and also an inhibitor of
activation of factor X to factor Xa in the tenase complex, which does not directly inhibit factor
VIII (45). The apparent molecular weight of this factor was 17,000 Da. Bedbug saliva also
contains apyrase.

Fleas
Very little work has been done applying contemporary methods to studies of flea saliva. The
only characterized proteins in flea saliva are apyrase, which prevents ADP-induced platelet
aggregation (46), platelet-activating factor acetylhydrolase, and naphthyl esterases.

Diagnostic studies of allergy to flea bites in humans are complicated by the relatively
more common occurrence of inhalant allergy to cat fleas. The major salivary allergen of
cat fleas causing allergy in dogs is a protein of molecular weight 18,000 Da and pI9.3, termed
Cte f 7 (4n.

Ticks
There has been a great deal of interest in ticks with the recognition of Lyme disease and
ehrlichiosis. Allergic reactions to tick bites are usually the result of bites by soft ticks, Ixodidae.
Pigeon ticks, Argas reflexus, as well as deer ticks and paralysis ticks have all been reported to
cause systemic allergic reactions. Tick salivas have been found to contain apyrase and
antiplatelet activities (13,48) as well as numerous proteins from 18 to 160 kDa. Several proteins
from 15 to 50 kDa were induced by feeding (a9).

Five salivary allergens have been isolated from the Australian paralysis tick, Ixodes
holocyclus, of molecular weights 28, 45, 50,55, and 355 kDa (50). The allergens at 28 and 355
kDa appear to react with IgE from most patients and SGAT at 28 kDa is useful for skin prick
testing and radioimmunoassay (51).

CROSS.REACTIVITY AMONG BITING INSECTS

There is very limited experimental data on IgE cross-reactivity among biting insects. There are
some common antigens exhibiting a limited degree of cross-reactivity among mosquito genera
and species (21-23). However, typical clinical reactions, including nonallergic responses/ are
species dependent for most individuals. There appears to be some cross-reactivity based on
RAST testing between horseflies and deerflies and sometimes also blackflies (1). It is not
known if this is clinically relevant. There are antigen S-related proteins in insect salivas (11),
which could be cross-reactive with vespid venom proteins.

Allergic reactions to kissing bugs and bedbugs exhibit a strong species dependence,
and it is rare to find patients either skin test positive or RAST positive to more than a single
species (52).

There are no data on cross-reactivity with fleas in human subjects, but studies on dogs
suggest species specificity. Reactions to sand flies, biting midges, ticks, tsetse flies, and other
biting arthropods are probably species specific, but experimental data are lacking.

BITING INSECT CONTROL

The control of biting insects is a very difficult problem, as attempts at mosquito vector control
in the tropical world have demonstrated. Use of most pesticides, especially large area spraying,
is best left to public health authorities. Spraying of yards is usually not recommended, is
almost always of limited value, and may involve significant risk of pesticide exposure to
children and pets.

Control of biting insects in the home should emphasize avoidance. Screens should be
used on all doors and windows. Various forms of flypaper traps with and without attractants
are effective and environment friendly. One highly recommended type is clear and is placed
on glass doors and windows, another uses 7-W light bulbs. Control of fleas from pets,
particularly in warm and humid areas, can be extremely difficult. Veterinarians can
recommend several programs, including the use of growth regulators that are fed to dogs
and cats to prevent development of adult fleas and substances tl-rat are spotted onto the animal
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2sg Hoffman

distal extremities, despite treatment with terfenadine, cimetidine, and prednisone (55). Life-
threatening anaphylactic reactions have been observed in studies of experimental vaccines
derived from mosquito cell tissue culture (60).

The use of other biting insect vaccines has not been reported to cause unusual reactions,
and the experiences reported in the literature correspond to those seen with other allergens
routinely used in allergen vaccine therapy.

Potential Risks
The existence of species and genus specificity for many biting insect reactions requires the use
of more sophisticated diagnostic reagents than are currently commercially availa6le. There is a
significant risk of using an ineffective preparation and a potential risk of sensitization. Also,
many hematophagous insects are vectors for serious diseases (parasitic, viral, rickettsial, and
bacterial). Extracts prepared from salivary glands must be carefully monitored to be free of
infectious agents. The use of biting insect extracts in allergen vaccine therapy is, for the most
part, an experimental procedure, and proper safety procedures and regulations are necessary.

MOST IMPORTANT AND SALIENT POINTS

There are a large variety of hematophagous insects and arachnids.
Many different arthropods can cause bite allergy.
Many, if not most, insect bite allergies may be species and/or genus specific.
Insect saliva varies widely, but most species contain potent anticoagulants and
digestive enzymes.
The best diagnostic reagents are insect saliva or salivary gland extract, but none are
commercially available or licensed in the United States or in Europe.
Immunotherapy has been shown to be effective prophylaxis for severe systemic
reactions for T. protracta, deerflies, and mosquitoes in uncontrolled studies.
Immunotherapy with mosquito whole-body vaccine has been associated with
significant side effects.

o Immunotherapy with biting insect whole body, salivary gland, and saliva extracts is
still, for the most part, an experimental procedure.

o Control of many biting insects is difficult, but risk of exposure to bites can be greatly
reduced.

o Reactions to mosquito bites are best managed by prophylaxis with cetirizine or
loratadine.
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