Frevalence of insect allergen-specific IgE in
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Airborne insect antigens can represent significant outdoor aeroallergens. In this pilot study, allergic asthmatic children
vore screened by RAST for IgE directed against common outdoor insects. Insects studied included ant, cricket,

e o

-asshopper, housefly, and moth. Spiders were also tested. Three different extraction procedures were compared to
‘stermine which method(s) best preserves the allergenic proteins. RAST discs were made for each insect extract and
-ra from allergic, asthmatic and nonallergic, nonasthmatic children were tested. The allergic asthmatic sera had a

| ‘gher percentage of isotope binding than the nonallergic nonasthmatic sera for all insects tested. The number of
ubjects with a Phadebas RAST score of 2 or greater was significantly higher in the allergic asthmatic group for moth
16 0f 37, 43%), housefly (7 of 30, 23%), cricket (8 of 41, 19%), and grasshopper (7 of 36, 19%). Only one of the 25
-ontrol sera had a score of 2 to moth; none of the control sera reacted to any of the other insects. Most positive sera
«2sted showed cross-reactivity between insects. A few sera, despite showing positive RAST results to two different
- Xtracts, showed no cross-reactivity between the two extracts, suggesting that these sera contained species-specific IgE.
These results indicate that a significant proportion of allergic asthmatic children have IgE that binds to extracts of
-noth, cricket, grasshopper, and housefly. Further studies are needed to determine whether these insect aeroallergens
can produce clinically significant symptoms in sensitized atopic individuals.

iINTRODUCTION
The substances generally recognized
as important inhalant allergens in-
clude pollens, mold spores, dust
mite, and animal proteins. Insects
are a large and ubiquitous source of
protein antigens that may be an un-
recognized cause of allergic disease.
Airborne insect-derived particles,
such as shed hairs, scales, excreta,
and bits of disintegrated insect bod-
ies, have been implicated as a cause
of respiratory allergy. The insects
that have been studied most exten-
sively include caddis fly,'* May
fly,>”” moth and butterfly,*** chi-
ronomid midges,'*'® and cock-
roaches.”®?* Various other insects
(eg, mushroom flies, aphids, bed-
bugs, locusts, bees, house flies, bee-
tles, moth flies, blowflies, and silver-
fish) have also been reported to
cause sensitization.”2>-3!

While certain allergic individuals
are exposed to high concentrations
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of cockroach and other indoor in-
sect allergens, exposure to outdoor
insect-derived particles is universal,
similar to pollen and mold spore
exposure. In this pilot study, asth-
matic children were screened by
RAST for IgE-mediated sensitivity
to several outdoor insects prevalent
in the midwestern United States.
The goal of the study was to target
potentially allergenic insects for fu-
ture in-depth evaluation.

Several different extraction meth-
ods for insects have been described
in the literature.®**% In this study,
three of these methods, and a com-
mercially available extract, were
compared to determine which
method(s) best preserve the aller-
genic proteins.

METHODS

Specimen Collection

The insects studied included mixed
species of moth (Lepidoptera spe-
cies), grasshopper (Acrididae),
cricket (Gryllidae), house fly
(Musca domestica), and ant (For-
micidae species). Spiders, like in-
sects, are members of the phylum
Arthropoda but fall into the class
Arachnida rather than Hexapoda.

Spiders were also studied. Speci-
mens were collected by hand, by
cordless vacuum, or by light trap,
and immediately frozen at —20 °C.
Within 24 hours the insects were
transferred to a —70°C-freezer
where they were stored until the ex-
traction procedure was performed.

Extraction Procedure

Three extraction methods were
tested (Table 1). The lyophilized ex-
tracts were stored at —20 °C. The
commercially available whole body
extract of moth (Hollister-Stier) was
also obtained.

Subjects

Two groups of subjects were stud-
ied: an “allergic asthmatic” group
and a “nonallergic nonasthmatic”
group. The allergic asthmatic group
was composed of children older
than 1 year of age, who presented
with symptoms of cough, dyspnea,
and/or wheezing responsive to
bronchodilators and antiinflamma-
tory medications. All of the allergic
asthmatic subjects had typical
symptoms of allergy: seasonal or ex-
posure-related flareups of symp-
toms, and associated rhinoconjunc-
tivitis and/or eczema. Sera from 50
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Table 1. Extraction Methods

Method A. (7,25)

-4

w N

. The frozen whole insects are coarsely ground with mortar and pestie.
- The ground insect material is defatted with ether, then dessicated and finely ground.
. The dessicated powder is mixed with sterile buffered salineina 1:10 wt/vol ratio; this solution

is kept at 4 °C for three days, with intermittent agitation.
4. The solution is centrifuged for 15 minutes at 12,000 rpm and the supernatant removed.
5. The supernatant is dialyzed in cellulose tubing (Spectrapore 3; Spectrum Medical Industries,

Inc., Los Angeles, CA) against sterile distilled water at 4 °C, for 4 days with two changes of

water per day.

6. The dialysate is filter sterilized using Millex-GV 0.22-um filter units (Millipore Corp, Bedford
MA) and then lyophilized using a Thermovac (FDC-8) lyophilizer.
Method B. (24)

Steps 1, 2, and 3 are followed as in Method A.

4. The crude agueous extract is passed through a Buchner filter.
5. Four parts of cold acetone are added to the extract. This precipitates the protein.
6. The material is centrifuged at 12,000 rpm for 15 minutes. The supernatant is discarded.
7. The residue is air dried, then dissolved in buffered saline in a 1:10 wt/vol ratio.
8. Dialysis, filter sterilization, and lyophilization are performed as in Method A.
Method C. (25)

Steps 1 and 2 are followed as in Method A.

3. Approximately 1 g of ground insect particles are placed in a Ten Broeck tissue grinder with

10 mL of cold sterite buffered saline.

4. The insect material is ground for six 1-minute intervais.
5. The suspension is centrifuged for 15 minutes at 12,000 rpm.
6. The supernatant is filter sterilized/lyophilized as in Methods A and B.

allergic asthmatic patients were
tested. Of these, 26 patients had pre-
viously had positive skin tests to
dust mite (73%), ragweed pollen
(85%), grass pollen (65%), weed pol-
len (65%), tree pollen (62%), molds
(62%), and/or animal allergens
(19%). The remaining 24 subjects
had not had allergy skin testing.
Excess sera obtained from chil-
dren admitted to Children’s Hospi-
tal for surgical treatment, and hav-
ing no history of allergy, asthma, or
other chronic disease, were included
in the “nonallergic, nonasthmatic”
group.
Evaluation of Extraction Methods
and Extract Concentrations
The first set of allergic asthmatic
sera was assayed using moth extracts
prepared by all three extraction pro-
cedures and the commercial extract.
Method C and commercial extracts
were tested in various concentra-
tions to determine the optimal con-
centration for coating the RAST
disc. The ant RASTs and the ma-
Jority of the cricket and grasshopper
RASTs were performed using ex-

tracts A, B, and C in concentrations
of 10 mg/mL. The remainder of the
moth, cricket and grasshopper
RASTSs, and all of the housefly and
spider RASTs, were performed
using extraction method C and a
concentration of 10 mg/mL. Be-
cause of limitations in the volume
of serum available, not all allergic
asthmatic sera were tested to all spe-
cies of insect. A total of 42 allergic
asthmatic sera were tested to spider;
41 to cricket; 37 to moth; 36 to
grasshopper, 31 to ant and 30 to
housefly. All the nonallergic non-
asthmatic sera were tested using ex-
traction method C and a concentra-
tion of 10 mg/mL. Twenty-five
nonallergic nonasthmatic sera were
tested with moth, cricket, grasshop-
per, and spider; only 19 were tested
with ant and housefly.

RAST Testing

In preparation for RAST, 5-mm
paper discs were coated with each
insect extract after priming with
cyanogen bromide. Each disc was
incubated with 50 yL of serum for
three hours at room temperature;

the discs were then washed with

RAST buffer three times. Fifty mj.

croliters of '*I-labeled rabbit anti-

human IgE was added to each disc
and incubated at room temperature
for 16 hours. After washing three
times with RAST buffer, the sam-
ples were tested for bound radioac-
tivity using a gamma counter (Mi-
cromedic model 28026). All assays
were performed in duplicate. Two
negative controls, using RAST
buffer rather than serum, were in-
cluded in each assay. Two 50-uL
aliquots of the anti-IgE solution
were also included in each gamma
counter run to determine the total
activity in counts per minute (cpm)
available for each assay. Pharmacia
reference discs were also included in
each run. The reference discs are
coated with a reference allergen
(birch). Reference serum A is pre-
pared from a standardized human
serum pool with a high content of
anti-birch IgE. Sera B, C, and D are
standardized dilutions (1:5, 1:25,
and 1:50) of serum A.

Data Analysis

The data were evaluated by two
methods. The first method is per-
centage of radioisotope binding.

The radioactivity bound to each
RAST disc was measured; the cpm
of the negative control discs, repre-
senting nonspecific binding, was
subtracted from the cpm of each
specimen. The remaining cpm was
expressed as the percentage of the
total activity available. The mean
percentage of bound radioisotope
was compared between the allergic
asthmatic and nonallergic nonasth-
matic groups for each insect species
by two-tailed Wilcoxon two-sample
rank test. It was necessary to use this
nonparametric analysis because of
the large differences in standard de-
viation between the two groups. The
second method is number of sub-

Jjects with Phadebas RAST score of
2 or greater. RAST scores were as-

signed based on the Pharmacia ref-

erence discs. A RAST disc with ac-

tivity lower than that of reference

disc D was assigned a score of 0;
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Table 2. Allergenic Potency of Extracts Produced by Methods A, B, and C and a Commercial
Extract (HS)

acti ity between D and C received
a score of 1; between C and B, the
score was 2; between B and A the

o B
Extraction Method Mean cpst/Mean % Binding

score was 3; and activity greater and Grasshopper
than that of reference disc A was Concentration* Moth Ant Cricket (n=24)
scoi=d as 4. The number of subjects (n=127) (n=31) (n=18)
in 1:¢ allergic asthmatic versus the A; 10 mg/mL 2731/5.8 97421  1150/3.3 1656/5.9
no:illergic  nonasthmatic  group B; 10 mg/mL 2618/5.6 699/1.5 934/2.7 1605/5.7
having RAST scores of 2 or greater C; 10 mg/mL 4201/8.9 1115/2.4 1367/3.9 1632/5.8
to <ach insect species was compared C; 50 mg/mL 4193/8.9
by Fisher’s exact test. C; 100 mg/mL 4341/9.2

. - . HS; 1 mg/mL 1413/3.0
Cr:ss Reactivity Studies HS; 10 mg/mL 3523/7.5
Cross-reactivity between insect al- HS; 100 mg/mL 3653/7.8

ler.ens was evaluated by RAST in-
hitition, as follows: sera that
showed positive RAST results to
twe different insects were tested. A
5C-uL aliquot of serum was prein-
cuhated with a RAST disc coated
w.h extract of insect A. After 24
hiars, the disc was removed, a
R..ST disc coated with extract of
ir:ect B was added, and a standard
R “ST assay was performed. Con-
trol sera were RAST tested to insect
B after preincubation with a blank
d sc. The amount of anti-insect B
Iz£ removed from the serum by
pr-eincubation with insect A was ex-
pessed as the percent decrease in
izntope binding, compared with the
control: C - A/C X 100, where C is
¢sm measured for the control sera,
a:d A is cpm measured for the sera
p-eincubated with insect A. Each
FAST inhibition assay was per-
f-rmed in quadruplicate. Sera with
I ssitive RAST results to both moth
a.:d cockroach or dust mite were
t sted for RAST inhibition by these
¢ .tigens, using commercial extracts
(-{ollister-Stier) of cockroach and
cust mite. RAST inhibition of 50%
¢ more was considered to represent
s.znificant cross-reactivity. To eval-
vate the validity of the method,
AST inhibition was also per-
i»rmed using cat, milk, and egg al-
l.rgens as negative controls.

.ESULTS

Comparison of extraction methods
A, B, and C revealed that for moths,
inethod C extracts had the highest
i 4E-binding capacity (Table 2). For
«ats, crickets, and grasshoppers,
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* Concentration of extract used to coat the RAST discs.
t Mean cps = mean counts per second measured after RAST testing each group of sera with
the extract indicated. Mean % binding refers to the percentage of the total gamma radiation in
50 uL of isotope that bound to each set of RAST discs.

methods A and C were roughly
equivalent. A few individual sera,
however, reacted more strongly with
the method A or B extracts of each
insect studied. No significant in-
crease in IgE binding was found
when the concentration of moth ex-
tract used to coat the RAST discs
was increased above 10 mg/mL.

The commercial moth extract
was comparable in allergenic po-
tency to the method C extract;
again, the 10-mg/mL solution ap-
peared to coat the RAST disc max-
imally.

The age range in the allergic asth-
matic group was 2.5 years to 17.2
years with a mean age of 10.5 years.
The ages in the nonallergic nonasth-
matic group ranged from 1.5 to 18.0
years with a mean age of 8.5 years.

The mean percentage of radioi-
sotope binding was significantly
higher in the allergic asthmatic
group than in the nonallergic non-
asthmatic group for all insect species
studied (Fig 1). The number of sub-
jects with Phadebas RAST score of
2 or greater was significantly higher
in the allergic asthmatic group for
moth, cricket, grasshopper, and
housefly (Table 3).

Results of cross-reactivity studies
are shown in Table 4. Significant
cross-reactivity was found among
the insects studied; however, two of

the 30 sera that were RAST-positive
to two insects showed no cross-re-
activity between the two.

In the few sera tested, there was a
wide range of cross-reactivity be-
tween moth and dust mite. As ex-
pected, cat and food antigens
showed little cross-reactivity with
the insect allergens.

DISCUSSION

In order to determine whether out-
door insects are significant respira-
tory allergens, three criteria must be
met: (1) a significant proportion of
the allergic population must be
shown to have IgE directed against
the insect antigens. (2) The insect
antigens must be shown to be pres-
ent in the outdoor air in sufficient
quantity to cause sensitization of
susceptible individuals (ie, concen-
trations comparable to those of
known allergens such as pollens). (3)
The insect antigens must be shown
to produce symptoms of allergic rhi-
nitis and/or asthma upon inhala-
tion challenge.

This study demonstrates that a
significant proportion of allergic
asthmatic children have IgE that
binds to moth, cricket, grasshopper,
housefly, and ant antigens. There is
some cross-reactivity among these
insect extracts, implying that there
are shared insect allergens. The find-

47




—

50

40

30 A

Percent Binding

20

[olelo]

a

(24

aa

-

a + »
+ o -
o8 h# oo asaa ° »
0 [=t=2-] “g‘: Y +::+ x ...“ ada A » -== (]
v - v - " . y . rrERe--a L LB )
Ant Ant Cri Cri GH GH HF HF Moth  Moth Spi Spi

AA NN AA NN AA
n=31 n=19 1n=41 n=25 =36

NN

AA NN AA NN AA NN

n=25 10=30 n=19 =37 n=25 n=42 0=25

Figure 1. Percentage of radioisotope bound by each RAST assay was calculated as follows:
counts per minute (CPM) of test disc/total cpm available X 100, where total cpm available is the
count obtained by placing 50 uL of the isotope solution in the gamma counter.,

AA = allergic asthmatic sera; NN = nonallergic nonasthmatic sera; Cri = cricket; GH =

grasshopper; HF = housefly; Spi = spider.

Probability levels yielded by two-tailed Mann-Whitney U test, comparing AA with NN group
for each insect species: ant and housefly: P < .0001, grasshopper and spider: P < .005, moth: P

< .01, and cricket: P < 0.05.

Table 3. Percentage Bound Radioisotope Found by RAST to Each Insect

Allergic Asthmatic

Nonallergic Nonasthmatic

Median/Mean Median/Mean

n % Binding  Range n % Binding  Range P*
Ant 31 0.40/2.06 0-158 19  0.00/0.04 0-0.4 <.0001
Cricket 41 0.30/205 0-282 25 0.20/0.21 0-0.2 <.05
Grasshopper 36  0.30/3.67 0-481 25 0.00/0.12 0-1.2 <.005
Housefly 30 055/330 0-335 19  0.10/0.09 0-0.5 <.0001
Moth 37 1.10/6.58 0-353 25 0.10/0.39 0-29 <01
Spider 42  0.20/0.63 0-59 25 0.10/0.10 0-09 <.005

* Probability levels yielded by two-tailed Mann-Whitney U test.

ing that some of the individual sera
showed no cross-reactivity between
insect extracts indicates that these
sera reacted with different allergens
peculiar to each species. In previous
studies, several insect allergens have
been identified. Baur et al,'® study-
ing chironomid midges prevalent in
the Sudan, found that the major

allergens reside in the hemoglobin
molecule and that these allergens
are cross-reactive among several
midge species. Similar allergens
have also been reported in a midge
species found in Wisconsin.'$
Koshte et al** identified a promi-
nent caddis fly allergen that ap-
peared to be located on the hemo-

globin molecule and cross-reacted
with a homologous protein in ex-
tracts of mussel, oyster, shrimp,
crab, honeybee, and yellow jacket
venom. Cockroach allergens have
also been studied®*35-4; several dif-
ferent allergens have been identi-
fied, some of which are species-spe-
cific and some of which are shared
among several species of cockroach,
Species-specific allergens have also
been identified for house fly, blow
fly, moth, grain borer, and silver-
fish.?®

Evaluation of the role of insects
as sources of outdoor and indoor
aeroallergens has been hampered by
the inability to identify visually in-
sect-derived debris on standard air
sampling media. Quantitation of
airborne insect antigens and their
correlation with symptom patterns
of insect-sensitized patients has
been difficult. In recent years, how-
ever, the development of immuno-
chemical assays has allowed reason-
able estimation of the concentration
of insect antigens in outdoor and
indoor air. Kino et al'' used a vol-
umetric air sampler and a RAST
inhibition assay to measure the con-
centration of moth, butterfly, and
caddis fly antigens in the outdoor
air in Japan. They found concentra-
tions of insect allergens of <10
diameter to peak at 2 to 5 ng/m’
during the period of May to June,
and noted a second peak of 3 to 18
ng/m? during September to Novem-
ber. These concentrations are in the
same range as those reported by
Agarwal et al*' for ragweed antigen
E (1 to 4 ng/m?) and Alternaria Alt-
1 (1 to 8 ng/m?®), using a similar
technique. Wynn and colleagues
utilized RIA inhibition to quantify
outdoor moth antigens in Minne-
sota.'? They detected peaks of moth
allergen concentration during June
through October ranging from 2 to
22 ng/m> Significant concentra-
tions of insect allergens have also
been measured in indoor air*? and
in dairy barns** using immuno-
chemical assays.

The role of insects as inhalant

h
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Ta .2 4. Crossreactivity of Insect Extracts with Other Extracts prevalence of asthma and rhinitis in a Sudanese
- community seasonally exposed to a potent air-
No. of Sera borne allergen (the “green nimitti” midge, Cla-

O, L.y
Extract A Extract B Tested Mean % RI Range of RI, % dotanytarsus lewisi). J Allergy Clin Immunol
- 1983;71:345-52.

Grasshopper ~ Moth 9 23% 0-40 17. Tto K, Miyamoto T, Shibuya T, et al. Skin test
Moth Grasshopper 9 59% 42-72 and radioallergosorbent test with extracts of
Moth Fly 6 59% 47-66 lakr;'al and adult midges of To{:unagay:gur)ika

i o akamusi Tokunaga (Diptera chironomidae) in
CrICKetv Grasshopper 6 55% 0-93 asthma patients of the metropolitan area of
Dust Mite Moth 7 30% 0-81 Tokyo. Ann Allergy 1986;57:199-204.
Cockroach Moth 4 65% 52-84 18. Kagen SL, Yunginger JW, Johnson R. Lake fly
Cat Moth 4 11% 0-22 allergy: incidence of chironom]id sensitivity ljn

; o an atopic population [Abstract]. J Allergy Clin
Milk Moth 4 1% 8-15 Immunol 1984;73:187.
Egg Moth 4 0% 0 19. Baur X, Liebers V. Insect hemoglobins (Chi tI)

of the diptera family Chironomidae are relevant
environmental, occupational, and hobby-re-
lated allergens. Int Arch Occupational Env
Health 1992;64:185-8.

F. = Rast inhibition calculated as C — A/C x 100 (A = counts per minute of the RAST to insect
E sfter the serum was preincubated with a RAST disc coated with extract A; C = counts per
r.wte of the RAST to insect B, after the serum was preincubated with a blank disc). RAST
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crgens is further supported by
ta showing positive bronchial or

..sal challenges with various in-

:ts. Several studies have docu-

~ented positive inhalation chal-

1ge
ach.2223445 Gupta et al found

results with cock-

at 61.5% of asthmatic subjects

»th positive skin tests to moth, bee-
2, cockroach or mosquito whole

)dy extracts had positive bronchial

-allenges with these insects.*® Fruit
/ extract has also resulted in posi-

se nasobronchial challenges in six

" seven laboratory workers with

spiratory allergic symptoms asso-
ited with fruit fly exposure.*’

Increasing evidence indicates that
sects are potentially a significant

-urce of both indoor and outdoor
. halant allergens. Further study is

:eded to determine which outdoor
sects are significant causes of res-
-atory allergic disease. The data
ssented here suggest that moth,
«cket, grasshopper, housefly, and
t antigens may be important al-
‘gens; their possible role as aeroal-

¢ ‘gens requires further study.
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