Immunologic mechanisms in mosquito allergy:
correlation of skin reactions with specific IgE
and IgG antibodies and lymphocyte proliferation
response to mosquito antigens
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Background: Allergic reactions to mosquito bites are a common problem. performed in this study, measurement of
Although IgE-mediated hypersensitivity has been reported, other immunologienosquito-specific IgG was not included.
mechanisms may be involved. Mosquito-specific IgG has been found in

Objectives: To study the relationship between skin bite reactions and immuno-human serufi®8but its role in the de-
logic parameters. velopment of sensitivity to the bites is

Methods: Forty-one subjects were experimentally exposed to mosquito (Aedesunclear.
vexans) bites. Immediate and delayed skin reactions were traced at 20 minutes andWe have developed sensitive, repro-
24 hours, respectively, after the bites. Sera were analyzed for mosquito salivamucible, and specific ELISA assays for
gland-specific IgE (mosquito-IgE) and 1gG (mosquito-IgG) by ELISA. Lymphocyte measurement of mosquito salivary
proliferation assays with mosquito extract were also performed. gland-specific IgE (mosquito-IgE) and

Results: One of 41 subjects had only a delayed skin reaction to the bite, 23 hadgG (mosquito-lgG})? In this study we
both immediate and delayed reactions, 6 had only immediate reactions, and 11 hau/estigated levels of serum mosquito-
no reaction. The mean mosquito-IgE and -IgG concentrations were higher in thigE and -19gG, and lymphocyte prolif-
subjects with immediate reactions than in those without immediate reackoqds ( eration responses to mosquito extract.
.007). The mean lymphocyte proliferation stimulation index was higher in theWe compared these immunologic re-

subjects with delayed reactions than in those without delayed reacRons@15).
Further, both mosquito-IgE and -lIgG levels correlated with skin immediate andans bites. Reactions té\edes vexans
delayed reactiond(< .04), while lymphocyte proliferation indices only correlated the most common human biting mos-

with skin delayed reactiong>(< .006).

sults with skin reactions téedes vex-

quito species in North America, Eur-

Inverse correlations were found between the size of skin reactions and the numbasia, and Africa, have never been stud-
of years lived in CanadaP(< .04), but not with age.

Conclusion: These results indicate that IgE-, lymphocyte- and, probably, local

ied previously.

IgG immune-complex-mediated hypersensitivities are involved in mosquito allergyMATERIALS AND METHODS

Naturally acquired desensitization to mosquito bites occurs during long-term expog

sure.

Ann Allergy Asthma Immunol 1996;77:238-44.

INTRODUCTION

Mosquito bites are a common problem
globally. Skin reactions consisting of
an immediate wheal and flare and de-
layed induration are very common. Se-
vere systemic reactiohsto the bites,
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including anaphylaxig,have been re-
ported.

Reactions to mosquito bites are gen-
erally considered immunologic in nature
with both IgE-mediated and cell-medi-
ated hypersensitivities involveéd! Rea-
gin to mosquito extract was identified as
early as 1938 by the PrausnitZ<toer
(P-K) test® After IgE was identified as a
reaginic antibody, serum mosquito-spe-
cific-lgE was reported in several stud-
ies#5%15|n one study, serum mosquito-
specific-IgE levels were compared with
skin bite reactions using a laboratory
bred cloneAedes albopictusAlthough
lymphocyte proliferation assays were

ubjects

This project was approved by The Uni-
versity of Manitoba Faculty Commit-
tee on the Use of Human Subjects in
Research, and the participants gave
written, informed consent before enter-
ing the study. Forty-one healthy sub-
jects (21 men and 20 women), age 19
to 57 years, with various skin reactions
to mosquito bites were selected from
people who responded to advertise-
ments during the summer of 1993. We
specifically included some subjects
highly sensitive to mosquito bites and
some without reactions to mosquito
bites, to ensure that these subjects rep-
resent various grades of reactions. We
also included 12 subjects who were
born outside North America and had
lived in Manitoba between 2 and 15

238

ANNALS OF ALLERGY, ASTHMA, & IMMUNOLOGY



years (nine for 2 to 5 years and three
for 7 to 15 years) to study the relation-
ship between skin reactions and years
of exposure or age. The remaining 29
subjects had lived in Canada, mostly in
Manitoba, since birth. None of the sub-
jects had a history of systemic reac-
tions or papular urticaria followed by
ulceration from mosquito bites, nor
had any subject taken astemizole in the
previous 6 weeks or other antihista-
mines within 1 week before the skin
bite test.

Mosquitoes and Skin Bite Test
FemaleAedes vexansosquitoes were
collected and identified in the Depart-
ment of Entomology, University of
Manitoba. All skin bite tests were per-
formed between July 21 and August 5,
1993. In this test, a mosquito was as-
pirated into a glass aspirator, then
transferred to a 1% 3 X 3 cnt plastic
and screen cage. The screened side of
the cage was placed on the volar aspect
of the subject’s forearm and the mos-
quito was allowed to feed until it was
satiated and left the biting site on its
own inclination.

The wheal and flare sizes were
traced at 20 minutes and 24 hours after
the bite using a felt-tipped pen. All
tests and tracings of wheal and flare
circumferences were made, transferred
to transparent paper, and measured by
the same investigator using an
IBM-PC (IBM Instruments, Inc, Dan-
bury, CT) digitizer and stereometric
measurement softwate . This method
calculates the area of the wheal, flare
or induration, and is more accurate
than the measurement of diameters.

A wheal of less than 0.3 ctwith no
flare was considered to be a negative
immediate reaction. An induration less
than 0.3 cm was considered to be a
negative delayed reaction.

Preparation of Mosquito Extracts
Mosquito salivary gland extract was
used for the ELISA assay. Female
mosquitoes Aedes vexans collected
and identified by the Department of
Entomology, were anesthetized by
chilling them at 4 °C in a refrigerator.
Salivary glands were dissected from
female Aedes vexanm 0.02 M phos-
phate buffered saline, pH 7.2, under a
binocular microscope and immediately
transferred to 1 mL of phosphate buff-
ered saline on ice. Approximately 370
pairs of salivary gland were gathered
in 1 mL of phosphate buffered saline,
ultrasounded for 30 seconds, and cen-
trifuged at 8,82@ for 15 minutes. The
supernatant was collected, aliquotted,
and stored at-70 °C. The protein con-
centration of the antigen preparation
was 0.6 mg/mL as measured by the
Lowry method.

Mosquito Aedes vexanshead and
thorax extract was used for the lym-
phocyte proliferation assay. Female
mosquitoes Aedes vexanswere col-
lected, identified, and then stored at
—70 °C. Heads and thoraces were dis-
sected from the rest of the bodies.
These materials were placed in cold
phosphate buffered saline, homoge-
nized on ice for one minute using a
PCU 11 homogenizer (Kinematic,
Switzerland), centrifuged at 8,820

for 30 minutes, filtered through a

0.45um Amicon filter and stored at

—70 °C. The protein concentration of
this antigen preparation was 2.41 mg/
mL.

Measurement of Mosquito-IgE and
-IgG Antibodies by ELISA

Serum mosquito salivary gland-spe-
cific IgE (mosquito-IgE) and -lIgG
(mosquito-lgG) were measured by an
indirect ELISA as described previous-
ly.1> Standardization of ELISA results
between assays and the estimation of
the relative amount of mosquito-IgE
and -IgG in each sample was accom-
plished by using reference IgE and 1gG
sera. These sera were obtained from
one subject with a high value of mos-
quito-IgE and another subject with a
high value of mosquito-IgG and were
defined as 1000 U/mL for mosquito-
IgE and -1gG, respectively. Micro-
plates coated with mosquito salivary
gland extract were sequentially incu-
bated with serum samples or reference
serum, goat antibody to human IgE
(P.S. myeloma-affinity purified, a gift
from Dr. N.F. Adkinson, Jr, The Johns
Hopkins Allergy and Asthma Center,
USA) or to human IgG (Jackson Im-
munoResearch Laboratories, Inc, PA,
USA), enzyme-conjugated rabbit anti-
goat IgG (Jackson ImmunoResearch
Laboratories, Inc), and finally, the sub-
strate. The values of mosquito-IgE or
-IgG in the tested samples were calcu-
lated by interpolation from the dilution
curve of the reference serum. Each IgE
or IgG determination was performed
on two dilutions of serum, with each
dilution duplicated.

Table I. Coefficients of Correlation Among Years Lived in Canada, Inmediate and Delayed Skin Reactions, Mosquito-IgE and -IgG Levels,

and Lymphocyte Proliferation Assay (LPA) Indices

Years Immediate Immediate Delayed
Lived In Reaction Reaction Reaction Mosquito-IgE Mosquito-lgG
Canada Wheal Flare Induration
Immediate wheal reaction —-0.32¢ —
Immediate flare reaction -0.14 0.72* —
Delayed reaction -0.39* 0.61* 0.44* —
Mosquito-IgE 0.018 0.46* 0.39* 0.51* —
Mosquito-1gG 0.072 0.33* 0.24 0.48* 0.82* —
LPA -0.112 0.19 0.06 0.43* 0.21 0.17
*P < .05.
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Lymphocyte Proliferation Assay
Lymphocyte proliferation in the pres-
ence of mosquito antigen was carried
out by the standard proceduieAfter
titration of optimal conditions, lym-
phocytes were separated from hepa-
rinized blood by centrifugation on Fi-
coll-Hypaque (Pharmacia) gradients
and washed twice with phosphate buff-
ered saline and once with a complete
culture media, RPMI-1640 (Gibco)
supplemented with 2 mmol/L afglu-
tamine, 5X 10~° mM 2-mercaptoetha-
nol, 100 U/mL of penicillin G, 100
ng/mL of streptomycin (Sigma), and
10% fetal bovine serum (Gibco). The
cells were then resuspended at a con-
centration of 3x 1P cells/mL in the
culture media. One hundred microli-
ters of the cell suspension was pipetted
into each well of a flat-bottom tissue
culture plate. As a lymphocyte stimu-
lant, 100uL of the mosquito head and
thorax extract (0.2.g/mL, diluted with

a complete culture media) was added
into each well. Phytohemagglutinin
(PHA) at 10ug/mL and culture media
were used as positive and negative
controls, respectively. All assays were
performed in triplicate. Cells were cul-
tured in 5% CQat 37 °C for four days.
[®H]-Thymidine was added at LCi
per well 16 hours before harvest. The
cells were then collected on glass fibre
filters with an automatic harvester
(Flow Laboratories). Radioisotope in-
corporation was determined in a
B-counter (Beckman Liquid Scintilla-
tion Counter). Results were expressed
as a stimulation index, the mean counts
per minute (cpm) of antigen-stimulated
cultures/the mean cpm of control cul-
tures.

Statistical Analysis

Analysis of the data was performed
using the Number Crunch Statistical
System software. Unpaired tests
were used between group compari-
sons. Linear regressions were used
for the analysis of correlations
among skin reactions, serum mos-
quito antibodies, and lymphocyte
proliferation indexes.
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Figure 1. Correlation between skin immediate and delayed reactions to mosquito bites.
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Figure 2.
reactions to mosquito bites.

RESULTS

Skin Bite Reactions

No systemic reactions were noted after
the bite tests. Immediate and delayed
skin reactions to mosquito bites were
observed. One of 41 subjects had only
a delayed skin reaction to the bites, 23
had both immediate and delayed reac-
tions, 6 had only an immediate reac-
tion, and 11 had no reaction.

In total, 29 of 41 subjects had posi-
tive immediate skin reactions to the
bites. The immediate reaction con-
sisted of a pruritic wheal with a sur-
rounding flare or erythema appearing
within several minutes, reaching a
peak at 30 minutes and then subsiding.
Twenty-four of 41 subjects had posi-
tive delayed reactions to the bites. The
delayed reaction consisted of an indu-
rated papule and erythema that ap-
peared several hours later, reaching a
peak 24 hours after the bite. In five
subjects with severe delayed reactions,

Correlation between the number of years lived in Canada and skin immediate and delayed

vesiculated areas were found in the
centers of the indurated areas, pre-
cisely in the area where the immediate
wheal had been. The size of the imme-
diate reactions ranged from nonreac-
tive up to 3.1 crifor the wheal and up
to 23.0 cni for the flare, and that of
delayed reactions ranged from non-re-
active up to 29.5 ci

Immediate reaction wheal sizes cor-
related with flare sizesr(= .72,P <
.001) (Table 1). Both immediate wheal
and flare reactions showed significant
correlation with the delayed reactions
(r = .61,P < .001 for the wheal areas;
r = .44, P < .02 for the flare areas)
(Table 1, Fig 1). The immediate wheal
and the induration sizes correlated in-
versely with the number of years lived
in Canada( = —.32,P < .04 for the
immediate wheal sizes;= —.39,P <
.01 for the delayed induration sizes)
(Table 1, Fig 2), but there was no cor-
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relation with the age of the subjects
(P > .05).

Mosquito-IgE and -1gG Levels

The mean mosquito-IgE and -IgG were
higher in the subjects with an immedi-
ate reaction (707 and 746 U/mL, re-
spectively) than in those with no im-
mediate reaction (347 and 281 U/mL,
respectively) (p< .007) (Fig 3). A
significant correlationr( = .82, P <
.000) was found between mosquito-
IgE and -1gG levels (Fig 4). The two
antibody levels also correlated with
skin immediate wheal and delayed re-
actions ¢ = .33 to .51,P < .036), but
not with lymphocyte proliferation in-
dices P > .05) (Table 1).

Lymphocyte Proliferation Assay

The mean lymphocyte proliferation
stimulation index was significantly
higher in the subjects with delayed re-
actions (8.5) than in those with no de-
layed reactions (4.0)A( < .015) (Fig
5). There was a significant correlation
between lymphocyte proliferation
stimulation indices and skin delayed
reactions ( = .43, P < .006), but no
correlation between lymphocyte prolif-
eration indices and other immunologic
parameters (Table 1).

DISCUSSION
Skin reactions to mosquito bites con-
sisted of an immediate wheal and flare
and delayed induration. The elapsed
time of the immediate reaction was
compatible with that of IgE-mediated
hypersensitivity, while that of the de-
layed reaction appeared to be consis-
tent with lymphocyte-mediated hyper-
sensitivity, possibly also involving
cutaneous late phase allergic reaction
and local immune-complex-mediated
hypersensitivity. These immunologic
mechanisms will be discussed below.
The participation of reaginic anti-
body in mosquito allergy has been
demonstrated by the successful passive
transfer of immediate skin reactivity to
mosquito bites or extracts in P-K
tests?921.22 Serum mosquito-specific
IgE has also been detected by Western
blot 101113 14RAST 59 ELISA,*1215and
histamine release from basopltts.
Significant correlation between imme-
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Figure 3. Mosquito-IgE and -1gG levels in subjects with or without skin immediate reactions to

mosquito bites.

diate skin reactions and serum mosqui-
to-specific IgE levels was reported in a
previous study usingdedes albopic-
tus* In our study usingAedes vexans
the major species in North America,
immediate skin reactions significantly
correlated with mosquito-IgE levels
(Table 1), and the mean serum mos-
quito-IgE was also significantly higher
in the subjects with immediate reac-
tions than in those with no immediate
reaction (Fig 3). These results further

confirm that IgE-mediated hypersensi-
tivity is involved in the development of
mosquito allergy.

Several investigatot§”?*have sug-
gested that cell-mediated hypersensi-
tivity may play a role in delayed reac-
tions to mosquito bites similar to the
role it plays in Hymenoptera allerdy.
Delayed skin reaction to mosquito
bites has been successfully transferred
with spleen cells in guinea pigé.In
vitro study of lymphocyte proliferation
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Figure 4. Correlations between mosquito-IgE and -1gG levels.
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assays with mosquito extracts has
shown that lymphocyte stimulation in-
dices with mosquito antigen correlate
significantly with delayed skin reac-
tions# In our study, the lymphocyte
proliferation indices correlated signifi-
cantly with only the delayed skin reac-
tions = .43,P < .006) and not with
immediate skin reactions or mosquito-
IgE or -IgG levels (Table 1). This sug-
gests the involvement of lymphocyte-
mediated hypersensitivity in mosquito
allergy.

IgE-mediated reactions may be fol-
lowed by late phase reactions. Cutane-
ous late phase allergic reactions are
characterized by erythema and indura-
tion peaking at four to eight houfs
and can be transferred from a sensi-
tized to a nonsensitized individual with
serum?® The cell-mediated hypersensi-
tivity appears only after several hours,
reaches a maximum at 24 to 48 hairs
and can be transferred with lympho-
cyte$328put not with serum. Although
different mechanisms are involved, it
is difficult to isolate the cutaneous late
phase allergic reactions from the cell-
mediated delayed reactions by appear-
ance and thus we were not able to
delineate the exact nature of the late
phase reactions. In our study, the ve-
siculated area in the centre of the de-
layed induration exactly mirrored the
area in which the immediate wheal had
occurred, suggesting that the acceler-
ated skin damage is caused by the IgE-
dependent late phase reaction as well
as by the lymphocyte-dependent de-
layed reaction.

Mosquito-specific IgG has been pre-
viously identified in human sera using
ELISA121516  Western  immuno-
blot,10111314.17.18 gnd  immunohisto-
chemical method® and is considered
to consist mainly of the IgG4 and 1gG1
subclasse3®* The role of mosquito-
specific IgG is unclear. Some investi-
gators found mosquito-specific 1I9G or
precipitating antibodies to be related to
the exposure to mosquito bitésr the
development of skin reactioi$while
others found that subjects with exten-
sive exposure to mosquito bites tended
to have little or no mosquito-specific
IgG.2°
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Figure 5. Lymphocyte proliferation indices (log scale) in subjects with or without skin delayed

reactions to mosquito bites.

Arthus phenomenon with necrosis,
immune-complex-mediated hypersen-
sitivity, has been reported in mosquito
allergy®3! The cutaneous manifesta-
tions of Arthus-type reactions can be
small or large vesicular pustular, hem-
orrhagic or necrotic lesiorfsThe ele-
vated mosquito-specific IgG may form
local immune-complexes with mos-
quito antigens. The binding of the im-
mune-complexes to complement elicits
inflammatory reactions. This lesion is
characterized by an erythematous and
edematous reaction reaching a peak at
three to eight hours and then usually
waning?’ It is very likely that the ele-
vated mosquito-IgG participates in the
early stage of the delayed skin reac-
tions. In our study, mosquito-IgG lev-
els were significantly increased in the
subjects with positive skin reactions
(Fig 3) and correlated well with the
sizes of both immediate and delayed
skin reactions (Table 1) and with mos-
quito-IgE (Fig 4). Although in Hyme-
noptera allergy there is controversy as
to whether specific 1gG acts as a
“blocking” antibody??-34or not3¢ our
study strongly suggests that specific
IgG may be involved in the develop-
ment of mosquito allergy probably
through a local mosquito antigen-IgG
immune-complex-mediated hypersen-
sitivity mechanism. A further study us-
ing the immunofluorescent staining of
biopsies with conjugated anti-immu-
noglobulins and anti-C3 is suggested
to confirm the involvement of im-

mune-complex-mediated hypersensi-
tivity in mosquito allergy.

Human skin reactions to mosquito
bites have been classified into five
stages’-8In these studies, in the peo-
ple who had never been exposed to a
specific species of mosquito, the initial
bites did not cause reaction (stage 1),
but subsequent bites resulted in the
appearance of delayed cutaneous le-
sions (stage Il). After repeated bites an
immediate wheal developed (stage IlI).
With further exposure, the delayed re-
action disappeared and there was only
an immediate wheal (stage IV). Indi-
viduals repeatedly exposed to thou-
sands of bites from the same species of
mosquito eventually lost their immedi-
ate reactions (stage V33 In our
study, all subjects had been previously
exposed to mosquito bites and were
classified from stage Il to V. One was
in stage ll—delayed reaction only; 23
in stage lll—immediate and delayed
reactions; 6 in stage IV—immediate
reaction only; and 11 in stage V—no
reaction. Different stages involve dif-
ferent immunologic mechanisms and
some mechanisms may overlap.

In one previous study, skin delayed
reaction to mosquito bites was not re-
lated to agé? while another study re-
ported this reaction decreased with
age?® The subjects in the second
study*® had always lived in the same
area, and age was related to years of
exposure (equivalent to the years lived
in Canada in the present study). In
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order to determine if reduction of skin
reactions to mosquito bites is age-de-
pendent, as is also seen in the morbid-
ity of atopic disorders! we included
12 subjects who were born outside of
Canada whereAedes vexanss not
known to be indigenous, and had lived
in Canada from 2 to 15 years. We
cannot establish how many bites the
subjects, living in an area whefedes
vexansis a major pest each summer,
have received, but we can assume that
the more years you live in Canada, the
more bites of Aedes vexangou re-
ceive. We have shown that the imme-
diate wheal and the induration sizes
correlated inversely with the number
of years lived in Canada (Table 1, Fig
2), but there was no correlation with
the age of the subjects (Table 1) sug-
gesting that during natural exposure,
desensitization to the bites eventually
occurs and is exposure-dependent
rather than age-dependent.
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