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 Insect hemz}g&ﬁ}ém (Chirl) of the Diptera family Chironomidae
are relevant environmental, occupational, and hobby-related allergens
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Summary. Six bundred and forty-two persons with hobby-
related (n = 205), occupational (n = 85), or environmen-
tal contact (n=352) to the midge and larval allergen
Chitl were studied. Frequencies of IgE-mediated sen-
sitization in these sclected populations were 36.1%
24.7% , and 9.6% respectively. Occupationally sensitized
subjects who had been heavily exposed showed higher
levels of antibodies, were more frequently diagnosed as
having bronchial asthma and less frequently as having
conjunctivitis, and had a significantly shorter latency
period when compared to environmentally exposed people
or aquarists. Our results are evidence for a higher risk of
sensitization and of bronchial asthma in highly exposed
subjects.

Key words: Allergy — Chironomidae — ChitI - IgE anti-

bodies

Introduction

Chitl comprises the 12 homologous hemoglobins of the
Diptera species Chironomus thummi, a widely distributed
insect species [5]. Our recent studies revealed Chitl to
be a potent inhalative allergen [2-4]. Many aquarists
using C. thummi larvac as fish food have hitherto been
examined. The present study compares for the first time
three Chirl exposure groups: aguarists, workers predom-
inantly engaged in fish food production, and inhabitants
of certain arcas abounding in water where larvae or adult
midges of different species of the family Chironomidae
occur in Jarge numbers.

Material and methods

Skin prick test. Chitl was prepared from C.thuommii layvae as previ-
ously described [S], and « skin prick test solution of 0.1 mg/ml was
used. Wheal reactions 7 530% of the induced by 0.1% of histamine
were regarded as positive. Skin prick tests were performed in 124
exposed subjects,
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Antibody determination. We quantified Chirl-specific IgE anti-
bodies by the RAST method (radio-allergo-sorbent test {1, 2]).
Chitl was bound to cyanogen bromide-activated paper disks in our
laboratory. Total TgE serum levels were measured by PRIST
(Pharmacia).

Subjects. In total, 642 Chironomidae-exposed persons from differ-
ent areas were examined. Of the 290 from Germany, 205 used
C. thummi larvae as fish feod and 85 were employed in fish food
factories or in scientific laboratories dealing with these insects. All
these Geyman subjects had a physical examination (inspection,
auscultation, percussion of the chest, etc.) and 150 of them under-
went lung function testing (airway resistance measured by oscil-
lometry or by a body plethysmograph). Ninety-four atopic railway
workers from Venice (Italy), where the species C. salinarius is pre-
dominant, were screened. Previously published data [12] on 26
symptomatic Sudanese subjects heavily exposed to “green nimitti
midges” (Cladotanytarsus lewisi) were included in the study. Sera
as well as clinical data of 229 consecutively taken Japanese atopics
in contact with midges of the species C. plumosus and Tokuna-
gayusurika akamusi were obtained from the HLA & Allergy Work-
shop organized by D. Marsh. Baltimore. Data conerning three pa-
tients exposed to large numbers of C. plumiosus midges near lakes
in Wisconsin, USA | were delivered by S. Kagen. The total number
of environmentally exposed persons examined was thus 352.
Each case history was evaluated by a trained physician of the

respective area using a standardized questionnaire.

Statistical analysis Data were analyzed by Students ~-1est ar the %
nethod (a P value of 0.05 was teken as the limit of significance).

Results

All 642 Chironomidae-cxposed subjects were examined
for Chitl-specific antibodies by RAST (n <+ 620) and/or
skin prick tests (n = 124) (Table 1). Of these subjects,
20% were sensitized to Chitl. Among aquarists, 36.1%,
among the occupationally exposed group, 24.7%, and
among cnvironmentally exposed persons, 9.6%, had
Chirl-specific 1gFs antibodies. There was a close correla-
tion between results of skin tests and RAST, positive re-
sults of antibody mcasurements being associated with
positive skin tests in 98.6% (73/74) of the cases, Four
subjects showed weakly positive skin test reactions in
spite of negative RAST results.
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Fig.1. Strong immediste asthmatic reaction after inhalative chal-
lenge by 1.25ng of Chirl. This aquarist has suffered from bronchial
asthma and conjunctivitis for 5 years owing to the handling of
freeze-dried C. il larvae. Specific airway resistance (sRaw)
was measured with a whole body plethysmograph (Jaeger. Wiirz-
burg. FRG). An increase in sR,, of > 100% is considered a signif-
icant response

Chitl-specific IgF antibodies were always associated
with a case history compatible with or even clearly indi-
cative of type 1 hypersensitivity. Tn ten doubtful cases,
nasal or bronchial challenges were performed. resulting
in immediate nasal and/or asthmatic reactions (see ex-
ample in Fig. 1).

The prevalent dingnoses in occupationally exposed sub-
jeets were rhinitis (81.0%) and bronchial asthia (76.2%),
whereas in aquarists conjunctivitis (77%) and rhinitis
(74.3%) dominated (Table 2). In cnvironmentally ex-
posed subjects syimptoms induced by Cliittare often am-
biguous due to the coexposure to many other allergens.

The Tatency periad, ie., the interval b tween €xpo-
sure onset and development of symptoms, was signifi-
cantly Jonger in aquarists than in occupationally sensitized
people (4.8vs 1.6 years; P < 0.05; Student’s 1-test).

The total 1gF of 239 German subjects wirs determined.
We divided these people into four subgroups and com-
pared their total Igl levels:

aticnts are from Tee et al. [12]

Table 2. Disgnoses of ChitI-sensitized subjects?

Diagnosis Chit] contact: Chit1 contact:
occupation hobby
(n=21) (n=74)
Bronchial asthma* 76.2% 36.5%
Rhinitis 81.0% 74.3%
Conjunctivitis 57.1% 77.0%
Urticaria 52.3% 36.5%

* P<0.01 (3* test)

* Hobby-related Chironomidae contact was due to the use of fro-
zen, lyophilized, or living larvae as fish food from once per week
up ta twice daily. Occupationally exposed subjects were workers of
a fish food factory or research institutes; the former were in inten-
sive contact with the allergen in the production or packing area,
the latter were exposed almost daily since they were engaged in the
pruification and characterization of Chi1l components

—

Chitl-expesed, but healthy subjects (11 = 108)

2. Chirl-sensitized subjects without further sensitization
(n = 40)

3. Atopics sensitized to at least one out of 20 common
allergens but without Chirl sensitization (n = 40)

4. Chirl-sensitized atopics also sensitized to common al-

lergens (n = 51)

Total Igk Jevel was shown to be lowest in nonatopic
Chitl-negative subjects and highest in individuals sen-
sitized to Chiil as well as to common allergens {(publica-
tion in preparation).

Of all Chirl-sensitized people, 74.8% were atopics,
ie., shewed a significant skin fest response to at least
one common allergen. Amang the atopics, 9.6% of the
Halian, 4.4% of the Japanese, and 50.5% of the German
group had JgkE antibodies to Chirl (Fig. 2).

Of the 352 environmentally exposed people with spe-
cific 1gF antibodies to Chirl, a similar number of sub-
jects fell into cach of the first three RAST classes but
none were in the highest RAST class (37.5% RAST class
1533.3% RAST class 2: 29.2% RAST class 3). Armong
aquarists, 12.2% belonged to RAST class 1, 20.3% 1o
RAST class 2, 23.0% to RAST class 3, and 44.6% (o
RAST class 4. Among the 21 accupationally Chitl-sen-
sitized subjects, none could be allotted to RAST class 1
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Fig. 2. Frequency of Chirl sensitization in 410 atopics from Italy,
Japan (environmentally exposed), and Germany (hobby-related
and occupational Chitl contact)
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Fig. 3. Chitl-specific IgE in subjects with environmental, hobby-
related, or occupational exposure
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13.6% were RAST class 2 and 18.2% RAST class 3, but
68.2% had specific IgE levels above 17.5U/ml (RAST
class 4) (Fig. 3). These data are evidence for a relation-
ship between intensity of exposure (usually low in the
environment, moderate in aquarists, and very high in
fish foad factories) on the one hand and levels and fre-
quency of specific IgE antibodies on the other hand.

Biccussion

Our results clearly deynonstrate Chironomidae hemoglo-
bins o be potent allergens of occupatiomal and world-
wide emvironmental relevance. Until now, rehiable data
on the prevalence of this type of sensitization have not
existed. We found 36.1% of partially selected aquarists
and 24.7% of screened exposed workers to be sensitized
to Chirl. The same was true for 4.4% of screened atopic
Japanese and 9.6% of atopic people from the Venice
arca. The high prevalence of IgE-mediated sensitization
in Sudimesc people (46.1% [12]) and Americans (each
of the three cases) scems to be due 1o the selection of
heavily exposed and symptomatic people. Tt should be
mentioned that several thousand Diptera species belong-
ing to the family Chironomidac exist. Distribution and
number vary greatly from area (o area; only rough data

y o1 predominant allergens at lea
ac species belonging 1o the Chircnomus genus
sological cross-reactivity be-

2] Inaddition, stro;
tween closely related

bodies [4].

Toral IgE obviously roughly reflects number and de-
gree of individual sensitizations. This may be due to the
stunulation of polyclonal I1gE production by specific sen-
sitization.

Our data prove the prevalence of sensitization to de-
pend on degree of exposure since people heavily ex-
posed owing to the handling of freeze-dried larvae were
more frequently and more intensely sensitized than per-
sons having hittle contact with midges of the environ-
ment. In addition the former group suffered significantly
more frequently from asthma. It should be mentioned
that a relationship between the degree of exposure on
the one hand and symptoms and specific IgE antibodies
on the other hand was also found in a previous study
comparing 187 aquarists and 37 workers of a fish food
factory {7].

The findings indicate that a reduction in the allergen
load might result in a decrease in symptoms in exposed
workers. This is important since many allergologists
would not have expected IgE-mediated sensitization to
be associated with exposure intensity. A relationship be-
tween degree of exposure and risk of sensitization has
also been observed for mite allergens in atopic children
and young adults [6].

It should be mentioned that recent studies with highly
purified and characterized allergens including Chit] dem-
onstrate that genetic factors are also important for the
development of IgE mediated hypersensitivity [9, 11].
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