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lntroduction

Mosquitoes are important vectors of many diseases. Be-
sides transmitting pathogens mosquito saliva is antigenic
and regularly elicits an immune response in the exposed
host []. Saliva-specific IgE and IgG antibodies are
formed, and immediate and delayed cutaneous bite reac-
tions are comrnon in sensitized peopie [2]. In contrast to
bee and wasp venom allergy anaphylactic reactions to
mosquito bites are rare l2). We have previously shown by
immunoblotting that 36-kD proteins from Aedes commu-
nis and Aedes aegypti saliva bind human IgE and IgG4 an-
tibodies and could be the main saliva allergens in these

Saliva Antigens by Immunoblotting

species [3, 4]. In addition, several previous mosquito bite

challenge sfudies suggest that both species-specific and

shared saliva antigens exist between different mosquito

species [5-12].
In the present study we characterized mosquito saliva an-

tigens in more detail by immunizing mice with the bites of

A. communis, A. aegtpti and Anopheles stephensi mosqui-

toes. In immunoblotting, homologous immune sera detect-

ed several saliva antigens. Immunoblotting with heterolo-

gous immune sera and immunoblot inhibition were used to

study the cross-reactivity of saliva antigens. In addition, we

examined whether the antigenic mosquito saliva proteins

bind human IgE and IgG4 antibodies.
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Abstract
Background: Mosquito bites cause immediate wheals and delayed bite papules

in sensitized subjects having saliva-specific IgE and IgG4 antibodies. At present,

mosquito saliva antigens are not well characterized. Methods: To identify immu-

nog"rri. proteins in mosquito saliva and study their cross-reactivity we immu-

niÀa lnióe wit'n Aedes communis, Aedes aegtpti and Anopheles stephensi bites'

lmmune sera yere used in immunoblotting and immunoblot inhibition experi-

irrents. Results: The mainl. communis saliva antigens were 22-,30-, and 36-kD,

À. aegltpti saiiva antigens 3l-, 36-, 46- and 64- to 66-kD, and A. stephensi salíva

anfigél+O-tD proteins. Most of the saliva antigens appeared to be species-spe-

cific- and only weak cross-reactivity was observed with heterologous immune

sera. Distinct cross-reactivity was observed only between saliva proteins of

A. comnunis andAedes punctor,t,\'o taxonomically closely related species' Hu-

man IgE and IgG4 antibodies from mosquitolsensitive children bound to the

same saliva proteins as antibodies from the inimunized animals' Conclusions:

This study disclosed several immunogenic proteins in Aedes and Anopheles

mosquito saliva and suggests that these proteins can also be allergenic in man.
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Material and Methods

Mosquitoes
A. communis mosquitoes were collected as larvae in Southern Fin-

land and reared to adults as previously described [l 3]. Adultl . aegtpti
and A. stepherri rnosquitoes rvere laboratory strains from the prince
Leopold Institute of Tiopical Medicine in Antwerpen, Belgium. Fe-
rurale mosquitoes \4'ere used for animal immunization. Saliva was col-
lected from females and males of these species as earlier described [3].
In addition, saliva samples were obtaine d from Aedes punctor, Culex
pipiens, Culex molestus and Culex quinquefasciafr.rs mosquitoes.
Adult fcmale L punctor mosquitoes were collected in a field in South-
ern Finland and identified under the stereomicroscope by postcoxal
scales [4]. Culex species were laboratory strains fiom the London
School of Hygiene and Tiopical Medicine.

Animal Immunization
Immunizations were carried out by allowing the mosquitoes to

feed through a small net cage as described earlier [13]. Two mice
(NIH) were used for l. communis, 4 mice for A. ae gtpti and3 mice for
A. stephensi immunizations. The mean number of bites in one expo-
sure was 7 (range l-26). Serum samples were collected before and
75-210 days after the onset of immunization. A serum from a rabbit
(f{ew Zealand white) immunized with A. communis mosquito bites
fl3] was uscd to study the cross-reactivity' between A. cotnmunis. A.
aeg;pti and A. punctor saliva antigens. The animal experiments were
performed according to the rules of the Institutional Animal Care and
Use Cornmittee. All sera were str:red at-20.C before used.

Human Sera
Three sera from Finnish, Kenyan and Mexican mosquitqsensitive

children with saliva-specific IgE and lgG4 antibodies to A. communis
or A. aegtpti [4] were used in comparison with animal-immune sera.
In addition, sera from 3 children were studied for occurrence ofsaliva-
specific IgE and IgG4 antibodies to l. stephensi. All sera were stored
at -20"C before use.

Electrophoresis
Saliva samples were electrophoresed in Laemmli's U5] l2% SDS-

PAGE. Water saliva solution was diluted l:2 to electrophoresis sample
buffer containing B-mercaptoethanol and 4.6 pl were loaded per mm2 of
l2o/opage gel (conespondin gl.7 1t"l water-saliva solutiorVmm strip stud-
ied). Otherwise electrophoresis was carried out as described earlier [3].

Immunoblotting
Saliva samples from different mosquito species were analyzed

against the sera of species-specif ic mosquito bite-immunized animals,
except A. punctor saliva which was analyzed only with sera of A. com-
rnunis-immunized rabbit. Immunoblotting to polyvinylidine difluo-
ride membrane (Millipore) was carried out for 2 h at 100 V in melting
ice. To study the total saliva proteins the blotted membrane was stained
with colloidal gold kit (Bio-Rad). For immunoblot studies the mem-
brane was cut into 3-mm-wide strips, washed 3 times for 5 min in Tris-
buffered sal ine (TBS)-0.1% Tween, blocked for I  h with 5% milk in
TB S and incubated overnight with serum dilutions I :500 for rabbit and
mouse IgG, l:4 for human IgE and for l:10 for human IgG4. After
washing twice for I min and 3 times for 5 min in TBS-Tween, alkaline
phosphate (AP) conjugated polyclonal goat anri rabbit IgG (l :500) and
goat anti mouse IgG (l:500) antibodies (Zymed) or biorinylated poly-
clonal goat anti-human IgE (l:250; Kirkegaard & Perry) and mouse
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Table 1. Molecular weights of the proteins found in the sal iva of
dif ferent mosquito species after SDS-pAGE and col loidal gold staining

A. communis
A. punctor
A. aegypti
A. stephensi
C. pipiens

C. molestus
C. quinque-

fasciatus

t 6  22
16  22
t 6  t 9
15  24  27
1 7  2 3
l 7

1 1
t t J J  5 I

30 36 48 55 64_70
30 38 55 64_70
3 I 36,38 46 55 64_70

33 40,44 55 64_70
33 37 6446
33 37 6446

6446

monoclonal antihuman IgG4 (l:250; Zymed)antibodies were added in
5% milk in TBS and incubated for 30 min. The strips were rvashed as
before and the biotinylated antibodies were further incubated for
30 min with AP-conjugared srreptaviclin (l:1,000) in TBS. After final
washings in TBS-Tween, the subsfrate for Ap was added (Bio-Rad).
The reaction was stopped by rinsing the strips in rvater.

Immunoblot Inhibition
Immunoblot inhibition experiments were performed with the sera

of A. communrs- and A. aegtpti-imrnunized mice. The immune sera
were tit-rated against homologous saliva antigen. The highest reactive
IgG antibody di lut ion ( l :1,000 for A. conmuiis sera, l :5,000 for A. ae-
gttpti sera) was selected for inhibition studies. These were performed
by preincubating the di luted mice immune sera with l  mr of l .  comnru-
rrs and A. aeg,pti saliva samples (400 pg/ml, measured by rhe bicin-
choninic acid method, pierce, l l l . ,  USA) in 5% milk_TBS for 2 h.
Preirrcubated sera were then immunoblotted by using A. contmunis
and A. aegltpti saliva antigen strips.

Resul ts

E I e ct r oph o retic C h ar acterizati on of S aliv a p r ot e ins
Molecular weights of the main proteins found in the sali-

\/a of female Aedes, Anopheles and Culex mosquito species
Jre given in table l. Colloidal gold staining disclosed several
protein bands ranging from 14 to 68 kD. Saliva from A. com_
munis, A. aegltpti and A. stephensi showed both low (15_31
kD) and high (64-70 kD) molecular weight proteins (fig. l).
A ferv bands rvere broad and seemed to be clusters of several
proteins. Saliva from rhe Culex species showed 17 -,33_,37 -
and 64- to 66-kD bands.

Immunoblot Characterization of Saliva Antigens
The antigenic proteins found in the saliva;f different

mosquito species with homologous mice immune sera are
listed in table 2.ln the saliva of female A. communis the
strongest antibody binding was seen against 22_,30_ and,
3 6-kI), in A. ae gtpti 3I -, 3 6-, 46_, andO+- to OO-kO and in A.

2
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Table 2. Molecular weights and cross-reactivi ty of the main sal iva
antigens of A. communis, A. aegtpti and A. stephensi mosquitoes stud-
ied with mice immune sera in immunoblott ine

A. contmunis 3?i*S-Q;--3"q NR NR

31.0

21.5
s

14.4 -

I  
T  M 1  

|  
T  M 2  |  t T  M 3  

I

A. communis A. aeavpti A. stephensi

Fig. 1. Total colloidal gold staining (T) ano rmmunoolotting (M1-

M3) of saliva antigens from A. communis, A. aegtpti and A. stephens i

mosquitoes after SDS-PAGE. Several antigens were detected in the

saliva of the three mosquito species with immune sera (Ml-M3) of

homologous mice.

stephensi 46-kD antigens (fig. l). No antrgens were detected

in the saliva of male A. communis and A. aegypti mosqui-

toes.
Human IgE and IgG4 antibodies bound to the 22-, 30-

and 36-kD antigens in the saliva of A. communis and to the
31-, 36-, 46- and64- to 66-kD antigens in the saliva of A. ae-
g1,pti (fig.2). The A. stephensi 46-kD saliva protein bound
IgE antibodies from two human sera and 36- and 68-kD pro-
teins from one human serum (fig. 2).

Cr o s s -Reactiv ity of Saliv a Antigens
Immunoblotting with heterologous mice immune sera

was used to study the presence of putative cross-reacting
antigens in the saliva of A. communis, A. aegypti and A. ste-
phensi mosquitoes. The results are shown in table 2. Immu-
noblot reactivity to the main saliva antigens was always
weaker with heterologous than with homologous immune
sera. Overall, only few and usually faint bands were seen
with heterologous immune sera. A. communis immune sera
did not detect any antigensínA. aegypti or A. stephensi sali-
va. In contrast,A. aegypti immune sera showed a weak bind-
ing to A. communis 30-kD (one semm), 36-kD (fwo sera)
and 54-kD (one serum) saliva proteins, and also to A. ste-
phensi 54-kD (one serum) protein. A. stephensi immune se-
ra reacted weakly to A. communis 64- to 66-kD (one serum)
and 54-kD (t'wo sera) saliva proteins, and to A. aeg,pti 36'
kD (trvo sera) and 54-kD (one serum) proteins.

A.aestpti 30,36,54 
E;be,ffi:? 

s4
A.stephensi 54,64-66 36,54 ts;4bli!p:is4,

645E;.à?Q0

Bold figures represent a strong reaction. Shaded areas represent
reactions with homologous immune sera. NR : No reaction.

Immunoblot inhibition experiments, too, did not dis-

close cross-reactivity between the saliva antigens of A. com-

munis and A. aegtpti. Saliva of A. communis did not inhibit

binding of A. aegypti immune sera to homologous saliva

antigcns, and the same was true for A. aegtpti saliva in

A. communis antibody inhibition test (fig. 3).

Additional immunoblot experiments with A. communis,

A. aegtpti andA. stephensi mice immune sera did not show

any reactivity against the saliva antigens of Culex species

[data not shown]. Whenl. communis rabbit immune serum
was tested, it showed weak bindingto A. aeglpti 3l-, 36-

and 66-kD saliva antigens and strong binding to several

A. punctor saliva antigens (fig. 4).

Discussion

In the present study, total protein staining detected many
proteins in the saliva of Aedes, Anopheles and Culex mos-
quitoes. These findings are in agreement with previous

studies characterizingA. communis, A. aegypti and C. mo-

/estus saliva proteins [3, 16, 17]. To study antigenic proper-

ties of saliva proteins mice were immunized with the bites
of A. communis, A. aeg)lpti and A. stephensi.Immunoblot-
ting showed that the main A. communis saliva antigens were

22-, 30- and 36-kD proteins. The same saliva proteins

bound also human IgE and IgG4 antibodies, a finding which

is consistent with our previous studies in mosquito-bite-
sensitive children and adults [3, 4]. The main A. aeg/pti sa-

liva antigens detected by mice immune sera were 31-, 36-,
46- and 64- to 66-kD proteins, which also bound human IgE

and IgG4 antibodies. These results are in agreement with

our previous immunoblot studies with human IgE antibod-

ies from mosquito-bite-sensitive children [4], and also with

Characterization of Mosquito Saliva
Antigens

lnt Arch Allergy lmunol



A. communis A. aegypti A. stephensi

Fig. 2. Immunoblotting showing human
IgE (E) and IgG4 (G4) antibody binding tol.
contmunis, A. aegtpti and, A. stephensi saliva
antigens. Sera were obtained from Finnish.
Kenyan and Mexican mosquito-bite-sensitive
chi ldren.

gel electrophoresis sfudies reported by Racioppi and Spiel-
rnan [6]. Recently, James et al. [18] isolated a gene ex-
pressing a 37-kD protein from A. aegypti salivary glands
The 37-kD protein could well be same as the 36-kD antigen
found in îhe present sfudy in the saliva of A, aegypti. In the
saliva of l. stephensi we found several immunogenic pro-
teins of which the main antigen seemed to be a 46-kD pro-
tein. Human IgE antibodies bound also to this protein sug-
gesting that the 46-kD A. stephensi saliva protein is also
allergenic in man.

At present, the function of the mosquito saliva antigens
is unknown. Female mosquitoes need blood to complete the
development of their ovaries, whereas males do not take
blood meals. We could find saliva antigens only in the fe-
male but not in the male A. communis which suggests that
these proteins are involved in blood feeding. A salivary
gland-specific protein, 63-kD apyrase-inhibiting platelet
aggregation, has recently been sequenced from female
A. aeg,,pti salivary glands [19]. This protein could be one of
the 64- to 66-kDl. aeglpti saliva antigens found in the pre-
sent study.

Theoretically cutaneous reactions to mosquito bites may
be either species-specific or due to cross-reactivity between

E t1^
l ' " - t

Kenyan

saliva antigens of various species. All previous data consid-
ering the cross-reactivity of saliva antigens is based merely
on the observation of skin reactivity during mosquito bite
cxposures. Mellanby [5] and other investigators [6, 7] doc-
umented in adult subjects that the first exposureto A. aegyp-
ti could cause bite reactions which were possibly due to pre-
vious sensitization from other mosquito species. Bite chal-
lenge sfirdies performed by Killby and Silverman [11]
presented some evidence that cutaneous reactivity to the
bites could also be specific to the mosquito genera. In ac-
cordance with this view, we have shown with passive trans-
fer experiments that IgE-mediated cross-reactivity can oc-
cur between the bites of A. aegtpti and other Aedes species
[20]. In the present immunoblotting and immunoblot inhib-
ition experiments with mice immune sera, the cross-reac-
tivity between the saliva antigens of A. communis andA. ae-
gypti however, seemed to be weak. Some l. aegtpti im-
mune sera reacted weakly to A. commrrnis saliva 30- and
36-kD antigens but not vice versa. However, A. communis
rabbit immune sera detected a faint bin<ling to A. aegltpti
3l-, 36- and 66-kD saliva antigens. Overali, thcse findings
sugst: .ît that there is a u'eak in vitro cross-reactivity between
A. contmunis 30- to 36- and 64- to 66-kD andA. aeglpti3l-,

r  
uoo 

I
Mexican
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= o =ì ìù'Fig.3. Immunoblot inhibition experiments showing marked in'

hibition u,ith homologous but not with heterologous mosquito saliva.

A. aegl,pti(a) and A. communis (b) mouse immune sera were prein-

cubated for 2 h u'ith saliva antigens before immunobloning. First co-

lumns sbow controls preincubated \À'ithout sali'r'a antigens.

35- ar,d 66-kD saliva antigens. It is ofinterest that nc cross-

reactivity was.seen \ /ith l. conununis 22-kD saliva protein

which is one ofthe main saliva allergens of this species [3,4,
201.

In contrast to weak cross-reactivity observed between

tte saliva antigens of A. comnrunis andA. aegypti,the saliva

of the third Aedes species, A. punctor, strongly bound

A. communis antibodies from rabbit immune sera. A- com-

munis andA. punctor are taxonomically and geogaphically

closely related; they belong to the Ochlerotafus subgenus of

Aedes mosquitoes and are prevalent in northem Europe

rvhile l. aegtpti is a subtropical species [21]. It seems evi-

dent, therefore, that even within one mosquito genus,

Aedes, the saliva antigens may show considerable variation.

On the other hand, some degree of cross-reactivity may oc-

cur between the saliva antigens of even unrelated mosquito

species. Supporting this, the present study showed that

Fig.4. Immunoblotting with l. communis rabbit immune serum

shows cross-reactivity betwe en A. communis and A' punctor saliva anti-

gens, rvhereas only a weak reactivity was seen againstl' aegl'pti sal,iva'

A. stephensi immune serareactedweaklywith theA. aegyp-

lt 36-kD saliva antigen. However, A. aegtpti immune sera

did not recognize the main A. stephenst 46-kD saliva anti-

gen. In agreement with these seemingly contra<lictory im-

rnunoblot results, French and West [12] showed fhat A. ste'

phensi-sensitized animals reacted to A. aegptibites but not

vice versa. These findings suggest that depending on the im-

munogenic properties of the saliva antigens involved in pri-

mary sensitization the cross-reactivity may expand even to

unrelated mosquito species.
In the present study we could clearly show that human

IgE and IgG4 antibodies bound to the main immunogenic

saliva antigens ofl. communis,A. aegtpti tndA. stephensi.
'fhese 

findings confirm our previous immunoblot results

v.'ith Aedes mosquito saliva in mosquito-sensitive subjects

[3, 4] and extend the data to the immunogenic and allergen-

ic properties of the saliva of Anopheles mosquitoes. Addi-
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