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Our examination of 225 subjects who had been exposed to the insect
allergen Chi i I involved the degree of allergen exposure, the
exposure-associated symptoms, and their relationship to the presence of
specific IgE and IgG antibodies as well as sensitization to ubiquitous
allergens. It could be shown that specific IgE antibodies found in 34"^ of
these subjects were closely associated with symptoms (/'<0.01), whereas no
relationship between IgG antibodies and complaints could be observed.
Conjunctivitis (63%) and rhinitis (62%) were predominant, followed by
asthma (45%) and urticaria (37%). Antibody levels of patients suffering from
asthma were highest. In addition, symptoms were associated with the
degree of exposure. While nearly all IgE-sensitized subjects of the medium-.
high-, and very high-exposure group .were symptomatic, only 57% ofthe
sensitized individuals of the low-exposure group reported complaints.
Furthermore, specific IgE antibodies were most frequently present in the
groups with medium (46"^) and high (54.5%) exposure, whereas IgG
antibodies predominated in individuals with very high exposure (69.1%).
In the low-exposure group, most subjects (73.6%) had neither IgE nor IgG
antibodies.

In addition, within Chi i I sensitized subjects, sensitization to common
allergens and elevated total IgE levels were more frequently present than
within non-Chi t 1 sensitized individuals, indicating a predisposition to
allergy.
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Inhalative uptake of organic materials elicits specific
immune responses in a proportion of exposed per-
sons. The initiation ofthe immune response and its
type depend, among other factors, on the nature and
amount of the airborne substance(s). In addition,
immune responses are determined by genetic fac-
tors, since restriction takes place as a result of spe-
cific binding of immunogenic peptides by corre-
sponding structures of MHC class 11 molecules
encoded within the HLA-D loci (7, 8).

Aquarists often use larvae of the Diptera species
Chironomus thummi ihummi in freeze-dried form or
as a component of mixed flake food. Hemoglobins
(Chi I I) ofthe larvae of this insect species are well-
characterized allergens (2, 3, 9, 13).

In this retrospective study, we evaluated the data
of 225 subjects who had been in contact with Chi i
I. The intention was to identify the dependence of
serum levels of specific IgE and IgG antibodies on
the degree and duration of exposure as well as their

correlation with symptoms, total IgE, and sensitiza-
tion to common allergens.

Material and methods
Study group

The case histories of 225 subjects (68 females, 157
males) who had responded to our advertisement in
aquarists" journals were recorded, and blood sam-
ples were taken. A trained physician, using a stan-
dardized questionnaire, obtained a careful case his-
tory and made the anamnestic diagnoses used in the
following investigation. All subjects ofthe study were
volunteers who had contact with fish food because
of their hobby or occupation and were interested in
testing their allergic state.

The group was subdivided according to duration
and intensity of exposure. Before skin testing and
antibody determination, the degree of exposure was
calculated according to the following information:
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1) the amount of C. thummi thummi larvae used per
month;

2) the form of fish food (C. thummi thummi larvae
are sold freeze-dried as frozen bars or live in
water);

3) the frequency of contact per month (some sub-
jects use C thummi thummi only once or twice a
week, whereas other subjects, especially in fish-
food production, have daily contact with the lar-
vae).

The form offish food was important since the lar-
vae in freeze-dried form are most allergenic owing to
dust occurrence in handling. An estimated amount
of less than 5 mg of C thummi thummi larvae aller-
gen per month was assumed to be low, 5-25 mg
to be medium, and more than 25 mg to be high ex-
posure. An extremely high degree of exposure
(> 100 mg) was assumed in 15 workers engaged in
industrial fish-food production. The following pro-
portion of fish food was related to the hemoglobin
allergen: 0.001% ofthe frozen larvae, 0.002% ofthe
hving larvae, 0.024% of mixed fish food, and 0.1%
of the freeze-dried larvae.

Allergen preparation and skin prick test

Chi 11 was prepared from C. thummi thummi larvae
as previously described (6). Skin prick tests were
performed in 94 volunteers (cone. 0.1 mg/ml). Wheal
and flare reactions greater or equal to 25% of those
induced by 0.1% histamine were regarded as posi-
tive. The intensity of skin test reactions was subdi-
vided into four groups:
1) 25% compared with the histamine reaction;
2) 50% compared with the histamine reaction;
3) 100% compared with the histamine reaction;
4) 200% compared with the histamine reaction.

Antibody determination

Chi t I specific IgE and IgG antibodies were quan-
titated by the RAST method (radioallergosorbent
test) and a modified RAST technique using protein
A instead of anti-IgE.

Each subject underwent RAST screening with
disks coupled with extracts from mixed molds,
mixed animal dander, wheat flour, Dermatophagoides
pteronyssinus {V\\'CLrm3iQVd\ mixed grass pollen, mixed
tree pollen, mixed flower pollen (Bencard), and Chi
t I (bound to cyanogen-bromide-activated paper
disks in our laboratory). Further RAST reagents,
including the reference system, were bought from
Pharmacia. Results greater than 0.35 U/ml were re-
garded as positive. Total IgE in the serum was de-
termined by Phadebas IgE PRIST (Pharmacia).

Statistical analysis

Data were analyzed with paired /-test or Chi-square
test; 0.05 was taken as the limit of significance. Cor-
relation is given as Spearman's correlation coeffi-
cient.

Results

Most subjects had been exposed to C. thummi thummi
larvae for 5-25 years (63.3%) and were assigned to
the medium-exposure group (49.3%). The study
group consisted of 190 aquarists, 32 workers in a
fish-food factory, and 3 employees of a research in-
stitute.

IgE antibodies specific to Chi t I were detectable
in 34% (/7 = 76) ofthe whole study group, ranging
from 0.41 to 635 U/ml. Specific IgG antibodies were
found in 20% (fl-45) of all cases studied; 27 of
them also had Chi 11 specific IgE antibodies, while
131 showed neither IgE nor IgG antibodies (Fig. 2).

In the skin prick test, Chi i I produced results in
90 subjects corresponding to those of RAST; thus,
skin test reactions are associated with positive RAST
results. In four cases, weakly positive skin test re-
actions were observed in spite of a negative RAST
result. With regard to skin test groups, 5 patients
were assigned to group 1, 19 to group 2, 17 to group
3, and 10 to group 4. Forty-three patients showed no
skin test reaction. Correlation between skin test re-
actions and specific IgE was significant (F<0.001/

Respiratory, conjunctival, and/or cutaneous com-
plaints induced by fish food were reported by 34.2%
(rt - 77) of the total population and by 86% (« = 65)
of IgE-sensitized subjects (Table 1). Only 8%
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Fig. 1. Association of allergic complaints caused by fish food with
specific immune response to Chi t 1. The presence of IgE anti-
bodies is strongly associated with complaints caused by fish food.
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Table 1, Frequency of symptoms related lo fish food. Subjects are subdivided into those
with {Chi 11+1 and those without [Chi/I-) specific IgE antibodies

Number ol sublecls

Total
population

Chii\{+]
subjects

Chit\{-]
subjects

No symptoms
Totai symptoms
Bronchial asthma
Rhinitis
Conjunctivitis
Unicaria

n=225

148
77
37
54
52
33

100%

66%
34%
16%
24%
23%
15%

n=76

11
65
34
47
48
28

100%

14%
86%
45%
62%
63%
37%

^=149

137
12
3
7
4
5

100%

92%
8%
2%
5%
3%
3%

{n= 12) of subjects without Chi 11 specific IgE an-
tibodies reported symptoms; 4 2 \ (« = 5) of them
released Chi t I specific IgG antibodies. The close
relationship of symptoms to specific IgE antibodies
(P<0.01) is shown in Figure 1. While 90% of sub-
jects with IgE antibodies developed complaints, only
55% ofthe IgG positive group and only 5% ofthe
group without antibodies reported symptoms. The
incidence of allergic complaints within the different
exposure groups is shown in Figure 2. The percent-
age of subjects reporting complaints increased with
the intensity of exposure. With regard to IgE-
sensitized persons, most subjects in the medium-
(94%), high- (94"/,), and very high-exposure (100%)
group reported symptoms, but only 57% of patients
of the low-exposure group developed complaints.
Among the different diagnoses, the Chi t I specific
IgE antibody levels of persons suffering from asthma
were the highest (the mean value of specific IgE in
asthmatic people was 88.65 U/ml, and in nonasth-
matic people it was 17.5 U/ml; P<0.01).

When we compared subjects with specific IgE an-
tibodies to Chi 11 with non-Chi t I sensitized sub-
jects, the first group showed more frequent sensiti-

% of subjects with complaints

low medium high very high

exposure group

Fig. 2. Percentage of subjects of the whole study group with al-
lergic complaints {rhinitis, urticaria, conjunctivitis, asthma) in the
various groups of people exposed to Chi i 1.
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• no antibodies
Fig. S. Dependence of specific immune response lo Chi f 1 on
exposure degree, and numbers of subjects having the indicated
antibodies in each exposure group.

zation to common allergens (50% vs\ 20%) and more
elevated lotal IgE levels (55% vs. 28%) than the
second group. With regard to the level of total IgE
antibodies, the mean value of Chi 11 sensitized sub-
jects with further sensitizations to common allergens
was significantly higher, as compared with Chi t I
monosensitized subjects (498.5 U/ml v.v. 108.4 U/
ml; P<0.0\).

Chi t I-specific IgE is mostly elevated in persons
with medium exposure, whereas Chi i I-specific IgG
is mainly found in factory workers with extremely
high exposure (Fig. 3). Exposure duration appears
to infiuence neither specific IgE nor IgG (no signif-
icant correlation for IgE and IgG antibodies).

Discussion

Our study shows symptoms to be associated with
the degree of Chi l I exposure. In addition, these
symptoms are combined with Chi t I-specific IgE
antibodies but not with IgG antibodies. Complaints
observed in 8 % ofthe subjects without Chi I I-specific
IgE were probably due to sensitization to other al-
lergens ofthe fish food or to common aeroallergens.
Among symptoms, conjunctivitis and rhinitis were
predominant. Antibody levels of patients suffering
from asthma were highest. In addition, persons with
elevated total IgE antibodies to common allergens
were significantly more frequently RAST-positive for
Chiil.

A high degree of Chi t I-monosensitization (50%)
exists, however. Whereas people with pollen allergy
are commonly sensitized to different pollens, sug-
gesting related allcrgenic components, the high per-
centage of Chi 11 monosensitized subjects indicates
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no crossreactivity with common allergenic compo-
nents but, rather, a strong immunogenicity.

CA(/ I-specific IgG antibodies show a relationship
to the degree of exposure. Similar results have been
reported for several occupational inhalative antigens
(1, 16). In addition, the finding that people suffering
from asthma develop the highest IgE antibody lev-
els corresponds lo previous results with indoor al-
lergens (19). It has been shown that IgE antibodies
can be an important risk factor for acute asthma (17)
and that bronchial hyperreactivity can increase as a
result of allergen exposure. Our results indicate that
the IgE immune response to Chi 11 is not necessarily
associated with the presence of significant levels of
IgG antibodies in the serum. Allergen-spec ific ef-
fects seem to infiuence the immunoglobulin class
shifting. As reported, allergen-specific effects are also
important in lymphocyte proliferation, skin tests,
histamine release, and antibody determination. A
positive correlation with skin test, histamine release,
and total IgE level could be found for Amb a I, but
not for Amb a V (5). Genetic factors responsible for
recognizing defined antigenic structures may be im-
portant as well. As a matter of fact, an association
between Chi 11 immune response and certain genes
of the HLA D-Iocus was found-* Subjects without
sensitization to common allergen-s. expressing the
HLA-type DR 1 or DQw 1.1 1 ^ a significantly
increased risk of sensitization to Chi 11. On the other
hand, DQw3-positive individuals are more com-
monly non-Chi 11 responders (18). Associations be-
tween HLA D-types are also described for allergies
to Dermatophagoides farinae (14, 15), ragweed pollen
allergens (12), and bee venom (11).

In conclusion, our study shows Chi ; I to be an
important allergen affecting many aquarists. Further-
more, it is an important occupational (10) and en-
vironmental (4) allergen. Our data indicate that the
intensity of exposure is relevant in eliciting the IgE
antibodies finally inducing allergic symptoms. There
was, however, no association between exposure
duration and antibodies; we have no evidence
whether this is due to a "healthy worker effect",
since previously affected subjects were also included
in our study. According to our results, lower expo-
sure degrees significantly reduce the frequency of
sensitization. Therefore, we strongly advise avoid-
ing the allergen in the case of an established Chi t I
allergy.
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