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Frequent Occurrence of lgE and
bGa Antibodies against Saliva of
Aedes communisand Aedes
aegypfí Mosquitoes in Children

Abstract

We examined the prevalence of IgE and lgG4 class antibodies to the saliva of

Aedes conununis and Aedes uegtpti mosquitoes in the sera of three groups of

exposed chi ldren using a sensi t ive i rnmunoblot  method. The f requencies of  IgE

antibodies to the major 36-kD A. c:ommunis and A. aegypti saliva antigens ranged

fiorn 82 to 90% in the 20 Finnish, 17 Kenyan, and 20 Mexìcan children. The cor-

responding IgG4 ant ibody f requencies were 85,  41,  and20oA, respect ively.  The

nonexposed 20 Icelandic chi ldren did not  show IgE or IgG4 ant isal iva ant ibod-

ies.  Several  of  the Fin ish chi ldren showed also IgE, and IgG4 ant ibodies to a22-

kD I c'omntunis saliva antigen. The Finnish children abnormally sensitive to

mosquito bitcs had fiequently lgE and IgG4 antibodies to the22-kD A. communis

saliva antigen. suggesting that these antibodies play a role in the pathogenesis of

immediate cutaneous mosqui to b i te react ions.  ln contrast  to th is,  no increase was

found in the l .  aeg t ,p t i an t ibody f requenc ies in theKenyanandMex icanchr ld ren

with papular ufiicaria, suggesting that hurnoral immune response Io A.aegv"pti

saliva is not involved in the development of this disorder. The present results

show that  humoral  lgE and IgG4 immune responses to Aedes mosqui to sal iva

ant igens is  common in chi ldren l iv ing both in temperature and t ropical  zones.

The IgE ant ibodies seem to be involved in the immediate mosqui to b i te wheal-

ing,  and the occurrence of  the IgG4 subclass ant isal iva ant ibodies might  be an

indicator  of  intense rnosqui to b i te exposure.

Introduct ion

Irnrnediate hypersensi t iv i ty  react ions to bee and wasp

st ings are coulrnon in many countr ies.  Al lergic pat ients have

IgE ant ibodies against  the venom protc ins,  and high IgG4

antibody levels are found especially aficr desensitization

trcatment [, 2]. Mosquitoes, too. cause fiequently hannful

b i te react ions such as imrnediate whcals and delayed bi te

papulcs [3 5]  In chi ldren,  a condi t ion cal led papular  ur l ica-

r ia is  common, especia l ly  in t ropical  countr ies,  and seems to

be caused by insect bites [6]. In contrast to bee and wasp

sting allergy, l itt le is known about the immune response

against mosquito bites. Experimental evidence suggests that

people exposed for the first time fo Aecles aegvpti mosqui-

toes are first nonreactive, but afier repeated bites appears a

delayed and then an immediate cutaneous reaction, and fi-

nally after long-lasting bite exposure a stage of nonreactiv-

ity, i.c., tolerance. could be achieved [4]. Several serological
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studies have found IgG class mosquito antibodies, providing
evidence that also a humoral immune response occurs
against mosquito bites [7-ll]. However, the specificity of
these antibodies is not well known because whole-body or
salivary gland extracts, but not pure saliva, have been used
as mosquito antigens. Recently, we developed a sensitive
immunoblot method to measure mosquito saiiva specific an-
tibodies [see ref. l3]. We used saliva from Aedes communis
mosquito, the most frequent man-biting mosquito in south-
ern Finland [2], and found that almost all examined adults
with cutaneous bite reactions had IgE and IgG4 antibodies
against the 36- and22-kD saliva antigens [13].

In the present study, we examined saliva-specific IgE
and lgG4 antibodies to Aedes mosquitoes in four groups of
children from Europe, Africa, and Central America to deter-
mine the prevalence of these antibodies. To examine wheth-
er these mosquito antibodies would be of clinical impor-
tance, we compared antibody patterns between the mosqui-
to bite sensitive and nonsensitive Finnish children and also
between the Kenyan and Mexican children with and without
papular urticaria.

Subjects and Methods

Sub jec:t.s
Sera were collected from four groups of children. Thcse rverc

20 Finnish children (mean age 6.1. range 0.5 l2 years) from Tampcre,
l7 Kenyan children (mean age 8 ?, range 0.5 l6 years) frorn Nairobi.
20 Mexican children (mean agc 3.3, range I 6 ycars) from Mexico
City,  and 20 lcelandic chi ldren (mean age 11.3.  range 6 l5 years) .  The
sera were transporled to Finland in dry icc and storcd at - 20.C until
uscd lor  immunoblotr ing.

Thirteen of the Finnish children were classified as abnorntally sen-
sitive to mosquito bites because thcy had experienced large immediate
wheals (diameter at l5 min > l0 mnt) and/or delayed cutaneous bite
lesions (diarrreter at 24h > 20 mnt). Sera were collected also from
Tchi ldren in whom thc mosqui to b i te lcs ion was smal l  (<5mm at
l5 min and 24 h) or absent. These children wcre terrncd nonscnsitive.
The ubiquitous man-biting mosquito in southern Finland where the
chi ldren l ived is  A.comnunis [12] .  None of  the Finnrsh chi ldren had
visited any subtropical or tropical country and , thereforc, hacl nclt been
exposed to the bites of A. aegt:ptif l4l.

The Kcnyan and l0 Mexican children suflired from papular urtica-
ria due to which they had consulted cither a dernratologist or a pediat-
rican. These children lived in the suburbs of Nairobi or Mexico City or
in the surrounding rural areas. Mosquitocs or other insect bites wcrc
suspected to have caused thcir papular urticaria. The remaining 7 Ke-
nyan and l0 Mexican children had no history of abnormal insect bitc
react ions or  papular  ur t icar ia.

All 20 Icelandic children were healthy, most of them lived in rural
areas, and their serum had been collected to control the efîcacy of
vaccinations. These children had not been abroad, and, because ncr
blood-feeding mosquitoes exist in lccland [15], their sera served as a
control for the antibody studies.

Mosquitoes
A.comntunis rnosquitoes were raised 1ì"orr larvae col lected and

reared as described earl ier [1].  After adults had crncrged. the sal iva
was col lected from the lemales by placing thcir mouth parts in capi l-
lary tubes containing water. Sal ivat ion was induced by malathion as
prcv ious ly  descr ibcd  [  3 ] .

.1.aeg.vpÍi  mosqultoes were derivecl f}om strains reared fbr many
years in the Laboratory of Protozoology, Inst i tutc of Tropical Med-
icine, Antrverp. Bclgiurn. Ncwly hatched aclult  ntosquitocs were trans-
pofted to Finland where sal iva was col lcctcd and storcci as that of
A  .  conntu  n  i s  .

I mnunob lott i ng /òr A nt isa livu A nt i bod i es
Mosquito sal iva samples di luted l :2 in a buffcr were electropho-

resed in sodium clodecyl sulfate-polyacrylarnidc gels, transfèrrcd into
polyvinyl idinc dif l  uoride mer.nbrancs, and electroblotted as prcvious-
ly  dcscr ibed [3 ] .  Each ge l  was  loaded w i th  2 .9  l r l /mmr  mosqu i to  sa l i -
va. Str ips werc incubatcd with serum samples (di lutcd l : .1 lor IgE and
l :10  fo r  IgG4)  and b io t iny la ted  goat  an t rhuman IgE,  (d i lu ted  l :250;
Kirkcgaard & Perry) and rnouse monoclonal antihuman IgG and IgCì4
(d i lu ted  l :250;  Zymed)  an t ibod ies .  Thc  s t r ips  were  thcn  s ta ined w i th
a lka l inc  phosphate  con jugated  s t rep tav id in  (d i lu tcd  l :1 .000)  and i t s
subs t ra te  (Arnersham,  UK)as  car l i c r  descr ibcd  !31 .

The F-innish and Icclandic sera wcra examincd for A. t t tmmunis an-
t ibodies and those from Kenyan and Mexican chi ldren for A.ucg.t 'pt i
antibodies. Posit ivc controls included a rcfcrcnce IgE scrurn lrom a
Finnish mosquito-al lergic patient and polyclonal IgG antiscrum from
a rabb i t  immunized w i th  l .  c ,ommunis  b i tes  I l l .  l3 ] .  l rnn tunob lo t  rcac-
t ions in the Icelandic chìldren wcre used for dctemtination of cutoff
l imits f 'or posit ivi ty. Only reactions that were clcarl l l  more intcnse than
thosc seen in a lew Icelandic sera wrth laint bancls rvere rcsarded as
pos ì t i ve .

Results

P reva I e nce of' A ntisa li va A nt i bo d i e s
The IgE and IgG4 ant ibodies f rcquencies in the di f fcrent

groups of  chi ldren are compi led in tables I  and 2.  IgE and
IgG4 ant ibodies to A.comrnuni .s 'sal iva 36-kD ant igen were
found in 85% of  the Finnish chr ldren ( f ig.  1,  2) .  The f requen-
cies of  IgE ant ibodies to l .  uegypt i  36-kD sal iva ant igen
were similarly high (82-90%) in the Kenyan and Mexican
chi ldren,  whereas the f requencies of  IgG4 ant ibodies were
lower (41%) in the Kenyan and low (20%) in the Mexrcan
chi ldren ( f ig.3,  4) .  Some of  the immunoblots f rom Icelan-
dic chi ldren showed fa int  IgE and IgG4 stain ing fo A.com-
munis 36- and 30-kD sal iva ant igens.  A c luster  of  bands
with molecular  weights f rom 60 to 65 kD was seen in a lmost
al l  F innish and Icelandic sera studied asainst  A.communis
sal iva.

422-kD ant igen was found only in A.commnni^s sal iva
( f ig.  1,2) .  In the Finnish chi ldren,  the f requencies of  IgE and
IgG4 ant ibodies against  the 22-kD ant igen in A.  comrnunis
saliva were 45 and750 , respectively (table l). A A. aegl;pti



Fig.1. Immunoblott ing showing IgE anti-
bodies to 36-, 30-, and22-kD A. communis sa-
liva antigens. The mosquito-sensitive Finnish
children (lanes l-5) have more intense bands
than the nonsensit ive chi ldren ( lanes 6-10).

Serum samples from the nonexposed lcelan-

dic chi ldren ( lanes I I  l5) are shown for com-
parison. C : Control serum from a rabbit im-

munized with l. communis bifes.

Fig.2. Immunoblott ing showing IgG4 an-
t ibodies to 36-, 30-, and22-kD A.communis

sal iva antigens. The serum samples and sym-
bols are the same as in figure 1.

Fig.3. lmmunoblott ing showing IgE anti-

bodies to 46-,36-, and 30-kD A.aegtpti  sal i-
va antigens in the Kenyan and Mexican chi l-

dren. Serum samples are from children with
(lanes I 3 and I 9) and without ( lanes 4 6

and l0 -  l2  )  papu lar  u r t i car ia .

saliva 30-kD IgE antibodies were found in 3 (10%) Kenyan

and4 (20%) Mexican children (table 2). One Mexican child

had also IgG4 antibodies to the 30-kD antigen (fie. 4)

Antisaliva Antibodies in Mosquito Bite Sensitive and

N onsens itive Finnis h C hildren

All 13 Finnish mosquito-sensitive and 4 of fhe 1 (60%)

mosquito nonsensitive children had IgE and IgG4 antibod-

ies to l. communis 36-kD saliva antigen (table 3). Erght of

the l3 (62%i) sensitive children had IgE, and all had lgG4

22-kD saliva antibodies in contrast to only 2 (29%) non-

sensitive subjects (table 3). The 36-kD antibody bands were

somewhat more intense than the 22-kD bands, and the sen-

sitive children had as rule more intense bands than the non-

sensitive children (frg. l, 2;.
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Fig.4. Immunoblotting showing IgG4 an-
tibodies to 46-, 36-, and 3O-kD L aegypti sairr-
va antigens in the Kenyan and Mexican chil-
dren. The serum samples .are the same as
those shown in fieure 3.

A. aegypti

1 2  3  4  5  6  7  B  I
lgc4 lgG4

Kenyan

Tabfe 1. Frequence of A. communis mosquito saliva specific IgE Table 2. Frequence of A. aegyptí mosquito saliva specific IgE and
and IgG4 antibodies in the Finnish and Icelandic children IgG4 antibodies in the Kenyan and Mexican children

Saliva antigen Finnish children Icelandic children Saliva antigen Kenyan children Mexican children
kD 

9-zo l  (n :19)  kD (n :17)  (n :20)

IgE IgG4 IgE IgG4 IgE IgG4 IgE IgG4

36
30
22

11 (8s%) t7 (8s%) 0 0 46
1 ( 5 % )  r ( 5 % )  0  0  3 6
e (4s%) ts (7s%) 0 0 30

4 (24%) 3 (rs%) 3 (rs%) 0
t4 (82%) 1 (41%) 18 (e0%) 4 (20%)
3 ( r 8 % )  0  4 ( 2 0 % )  1 ( 5 % )

Antisaliva Antibodies in the Kenyan and Mexican Table 3. Frequence of A.communis saliva antibodies in the Finn-
Children with Papular Urticaria ish mosquita-sensitive and mosquito-nonsensitive children

The antibody pattems to A. aegyptt 30-kD saliva antigen *
t  -  ra  ̂ - . ,^- ^-,{ r \r^., :^^^- ^L:rr-^.^,-. :aL ^-r, . . : .u^__..^"^_ Salivaantigen Sensit ive Nonsensitive

lllî5:lry Td,Y""l1."l:ltt9':: with and without pap- @rvo a.r6er' 
iliffi;in: 13) 

',iià"Jìiii"jrl
ular urticaria are shown in table 4. No clear difference have
been found between affected and nonaffected children ei-
ther in the frequency of the antibodies or in the intensity of 36
the immunoblots. The only possible difference was that the 30
children with papular urticaria had somewhat lower fre- 22

(table 4).

IgE IgG4 IgE IgG4

13 (100%) 13 (100%) 4 (s7%) 4 (s7%)
l (8%) I (8%) 0 0
8 (62%) 13 (100%) | (t4%) 2 (2e%)

quencies of IgG4 antibodies than the nonaffbcted children

Tabfe 4' Frequency of A. aegypti 36-kD saliva antibodies in the Kenyan and Mexican children with and without
papular urticaria (PU)

Kenyan children Mexican children

PU(n :  l 0 )  noPU(n=7)  PU(n=  l0 )  noPU(n=  l0 )

IgE IgG4 IgE IgG4 IgE IgG4 IgE IgG4

F r e q u e n c y  8 ( 8 0 % )  5 ( 5 0 % )  6 ( 8 6 % )  2 ( 2 9 % )  8 ( 8 0 % )  t ( t 0 % )  t 0 ( 1 0 0 % )  3 ( 3 0 % )
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Discussion

In ourprevious study [3] we showed the presence of IgE

and IgG4 antibodies Io A. communis saliva in sera from

most of the examinated adult Finns with cutaneous mosqui-

to bite reactions. In the present study, we examined chìldren

reacting to A. communis bites and could confirm the fre-

quent occurrence ofthese antibodies and especially ofthe

antibodies reacting against the 36-kD saliva antigen. The

fact that these antibodies were not found in Finnish infants

in our previous study [3] shows that humoral IgE and IgG4

antisaliva antibody responses seem to be a specific phenom-

enon starting early in childhood. In southern Finland young

adults are exposed to a variable amount of bites in a 34

month long mosquito season, and more than 100 bites can

be achieved within 1 month [6]. All but I of the Finnish

children in the present study had been exposed to mosqui-

toes in more than one mosquito season. and their sera were

collected after the mosquito season during October and No-

vember 1992. Most of the children showed at this time IgE

and IgG4 class antibodies to A.communís saliva antigens.

Therefore, humoral IgE and IgG4 antibody responses to

mosquito bites seem to resemble those known to occur in

the pollen season in subjects with hay fever. The finding of

weak reactivities to A. communís 36- and 30-kD saliva anti-

gens in some of the nonexposed Icelandic children and the

cluster of 60 to 65-kD antigens seen in almost all Finnish

and Icelandic sera could be due to cross-reactivity with

other insect antigens acquired by alimentary or inhalant

route [7].
IgE antibodies to l. aegypti saliva 36-kD antigen were

found in the Kenyan and Mexican children in the same fre-

quency as A. commurzzs antibodies in the Finnish children.

The corresponding frequencies of IgG4 antibodies were

somewhat lower in the Kenyan and clearly lower in the

Mexican children. A. aegypti mosquitoes are common in

tropical countries, but an altitude of 6,000-8,000 ft is likely

to limit their distribution [4]. However, we do not know

how common A. aegypti or related species are in Nairobi or

Mexico City areas and how frequently children are bitten

there by these mosquitoes. Yet, the present finding of a high

prevalence of IgE antisaliva antibodies shows that exposure

seems to be rather general. In contrast to IgE antibodies, the

IgG4 class A. aegypti mosquito antibodies were rather in-

frequent. It would be interesting to know whether these anti-

bodies are more prevalent in people living at lower altitudes

in tropical or subtropical areas where A. aegypti exposure

would be more common than in the areas where the present

children were living. Previous Korean [9] and Japanese [0]
studies have suggested that IgG antibodies fo Aedes albop-

ictus are common among people living in these countries.

However, in these studies pure saliva was not used as mos-

quito antigen, nor were IgG subclasses examined. There-

fore, the results cannot be compared with the antibody fre-

quencies found in the present study.

Various insect bites are considered a major cause of pap-

ular urticaria [6]. In Nairobi 22oA of the children visiting a

dermatologist suffer papular urticaria [8], and this condi-

tion is common also in the Mexico City area [19]. We, there-

fore, compared the IgE and lgG4 mosquito saliva antibody

patterns in the Kenyan and Mexican children with and with-

out papular urticaria. However, we did not find any differ-

ences supporting the explanation that their papular urticaria

was not associated withl. aegypti antisaliva antibodies. IgE

antibodies cause, e.g. in bee and wasp sting allergy, cutane-

ous whealing and edema and also immediate systemic

symptoms by releasing histamine and other mediators from

the mast cells. Eleven of the present Finnish mosquito-sen-

sitive children exhibited wheals ) 5 mm, and I of them also

had immediate systemic symptoms from mosquito bites. In

agreement with their clinical history we could show in the

sera of most of these children IgE and also IgG4 antibodies

to A. commurzrs saliva antigens. These antisaliva antibodies

were found also at a lower frequency in the sera from mos-

quito-nonsensitive Finnish children. It should, however, be

remembered that, although these children were classified as

mosquito nonsensitive, 5 of the 7 reacted with small wheals

to the bites. The bands in the immunoblots seemed also to be

more intense in the mosquito-sensitive than in the mosqui-

to-nonsensitive children, also supporting the contention

that the IgE antisaliva antibodies mediate cutaneous wheal-

ing after mosquito bites. The role of the IgG4 antisaliva an-

tibodies is more obscure, but, as in Hymenopthera or pollen

allergy ll,20l, the presence of high levels of this antibody

subclass could be a marker of prolonged natural immuniza-

tion to mosquito bites. The low frequency of A. aegypti sali-

va IgG4 antibodies in the Mexican children would indicate a

low exposure level, whereas the more frequent occurrence

of these antibodies in the Kenyan children would then re-

flect a higher exposure rate. The prevalence of IgG4 anti-

bodies to various mosquito species should be examined in

highly exposed populations. If the correlation between the

increased IgG4 antisaliva antibody levels and a high rate of

mosquito bite exposure can be confirmed, the IgG4 anti-

body measurements could be used to study how frequently

people have been exposed to certain, e.g., disease-transmit-

ting mosquito species. On the other hand, it would be in-

teresting to know whether mosquito antisaliva antibodies

play any role in malaria, yellow fever, or other disease trans-

mission. The mosquito bite tissue reaction caused by IgE
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antisaliva antibodies with subsequent accumulation of in-
flammatory cells such as eosinophils could be harmful to
the disease agents injected into the skin with mosquito sali-
va[211.

In conclusion, the frequent occurrence of IgE and IgG4
antisaliva antibodies in the children from various geograph-
ical areas confirms that a humoral immune response to
Aedes mosquito bites is a ubiquitous phenomenon. The pre-
sent findings suggest that a 36-kD protein is a major antigen
in both A. communis and A. aegypti saliva. Moreover, a22-
kD antigen seems to be specifi c fo A. communis saliva, and
antibodies to this protein are found especially in Finnish
children exhibiting large cutaneous bite reacrions.
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