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Polyclonal human IgE antibodies of patients sensitized to one species of the Diptera 
family Chironomidae as well as polyclonal rabbit anti-Chi t I hyperimmune serum recognize 
antigenic sites present in nearly all of the 33 species of this insect family. Evolutionary 
distantly related genera usually show weaker antibody binding. According to the pattern 
of reactivity of rabbit anti-Chi t I-component 111, expression of the epitopes of this 
molecule varies considerably in the genera Chiranomus and Clyptotendipes; it appears to be 
almost totally absent in all other species. Of five monoclonal antibodies raised against Chi 
t I-component 111, two recognize an epitope which is expressed in nearly all closely 
related species. Three monoclonal antibodies recognize epitopes which are expressed in 
only a few species of the same genus. Our results demonstrate the presence of common as 
well as species-specific epitopes in chironomid hemoglobins which behave as potent 
inhalant allergens. 
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Chironomidae, known popularly as "non-biting 
midges" are a most abundant family of the 
insect order Diptera. The 5,000-10,000 species 
are distributed world-wide. They can appear in 
vast quantities in water-rich areas when the 
water contains a certain proportion of organic 
materials (1). However, high industrial pollu- 
tion of the water diminishes their number. The 
small red larvae are aquatic. A high prevalence 
of allergic respiratory diseases has been reported 
in fancy-fish enthusiasts who use larvae of the 
species C. thummi thummi (C. riparius) as fish food 
(2, 3). Also inhabitants of areas where chirono- 
mid midges seasonally hatch in extraordinary 
numbers and aggregate in aerial swarms often 
suffer from immediate-type allergic reactions 
(5-10). Recently, our group showed that he- 
moglobins (Chi t I; 11, 12) are the predominant 
allergens in some of the species (13, 14). The 

aim of this work was to broaden previous in- 
vestigations, to identify common antigens and 
quantify hemoglobin-related immunological 
cross-reactivity between 33 different species. We 
used human IgE sera, rabbit antisera against 
Chi t I or against Chi t Z-component 111, and 
monoclonal antibodies raised with Chi t Z-com- 
ponent 111. Component I11 is a monomer and is 
one of 12 hemoglobins which comprise Chi t I .  
Furthermore, we intended to correlate immuno- 
logical cross-reactivity with the evolutionary re- 
lationship between the species studied (Fig. 1). 

PATIENTS AND METHODS 

We prepared crude extracts of Chironomidae lar- 
vae and/or midges (imagines) from 33 species, 
collected from different areas or reared in the 
laboratory (14, 15). 
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Fig. 1. Kladogenesis of the species of the Chironomidae family studied. 

Patients’ IgE pool serum “Aquarianer” was 
obtained with equal amounts of serum samples 
taken from five German asthmatic fish hobby- 
ists who had been in contact with C. thummi 
thummi larvae for 2-12 years. Patients’ IgE pool 
serum “USA” consisted of serum samples of 
three sensitized patients from Wisconsin, USA, 
who live near lakes and develop conjunctivitis, 
rhinitis and/or bronchial asthma when in con- 
tact with C. plumosus midges; in these cases 
contact with C. plumosus larvae components has 
also to be assumed. All these probands had 
positive results with Chi t I in skin tests and/or 
RAST investigations. 

Rabbit antisera against Chi t I or Chi t I- 
component I11 as well as five monoclonal anti- 
bodies against Chi t I-component I11 were pro- 
duced as previously described (16). mAbs 
H4B2H2 and H8G9D3 recognize the sequence 
91-101 from Chi t I-component I11 (17). 

All antibody measurements were done with 
solid phase-based radioimmunoassays. We 

quantified patients’ ZgE antibodies by the 
RAST method. Rabbit IgE antibodies and 
mAbs were determined by radioimmunoassays 
using radiolabelled protein A and rabbit anti- 
mouse IgE, respectively (17). 

Antibody levels are expressed as a percentage 
of those obtained with the appropriate immuno- 
gen; i.e. binding to C. thummi thummi larvae for 
“Aquarianer” pool serum, C. plumosus larvae 
for “USA” pool serum, Chi t I for rabbit anti- 
serum against Chi t I ,  or to Chi t I-component 
I11 for rabbit antiserum against Chi t I-compo- 
nent 111 and mAbs. Values of more than 4 %  of 
the binding of the immunogenes are regarded as 
positive since with 10 negative control sera 
results were always < 4 % . 

RAST inhibition studies were performed 
using serum of a German fish-hobbyist with 
asthmatic symptoms due to sensitisation to Chi t 
I .  The serum was preincubated overnight with 
Chi t I ,  with crude larval or midge extracts of 
the different chironomid species. As an unre- 
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lated species, we tested the wild silk moth Anthe- 
raea pernyi of the family Saturniidae. In these 
inhibition experiments amounts of larval or 
midge extracts were always 0.1 mg per tube 
(dissolved in 70 pl 0.05 M phosphate - 0.15 M 
sodium chloride). 

RESULTS 

Both patients’ pool sera show moderate to 
strong IgE reactivity with larval and midge ex- 
tracts of all but one species (C. salinarius) of the 
genus Chironomus or Glyptotendipes. All other spe- 
cies give low or insignificant results (Fig. 2). 
IgE antibody binding of both human pool sera 
to the larval extracts or C.  thummi thummi (de- 
fined for “Aquarianer” pool serum as 100%) is 
similar to antibody binding to Chi t I. This 
demonstrates that Chi t I is the predominant or 
exclusive allergen of C. thummi thummi. Interspe- 
cies cross-reactivity obtained with the “USA” 
pool serum is comparable to that of the “Aquar- 
ianer” pool serum. In all but one species (C. 
dorsalis), larval extracts produce higher IgE 
binding than midge extracts. This is also true 

for “USA” patients who are thought to be sen- 
sitized predominantly by midges instead of lar- 
vae. The lower antibody binding in midges is 
probably due to their lower hemoglobin con- 
tent; in the adult midge, hemoglobins are pro- 
gressively degraded (18). 

Stronger cross-reactivities, especially between 
distantly related species were obtained with the 
rabbit antiserum against Chi t I ,  the only excep- 
tions were Cricotopus sylvestris and Macropelopia 
nebulose (Fig. 3). 

The reaction pattern of the rabbit antiserum 
against Chi t I-component I11 demonstrates only 
moderate cross-reactivity between species of the 
genus Chironomus and Glyptotendipes (Fig. 3). The 
Chi t I-component III antiserum shows rela- 
tively low binding to Chi t I .  Since component 
I11 represents less than 10 % of Chi t I (1 1, 12) it 
can be expected that it does not include all 
antigenic sites recognized by this antiserum. 

mAbs give quite different patterns of reactivity. 
mABs H4B2H2 and H8G9D3, both recognising 
thesequence91-101 ofChit1-component 111, bind 
to most examples of the genus Chironomus and Glyp- 
totendipes to a similar degree; H8G9D3 shows much 

Reaction of human pool immune sera 
with individual chironomid sDecies 

Figs. 2-5. Screening of larvae and/or imagines of 33 species of the Diptera family Chironomidae by human (Fig. 2) and rabbit 
hyperimmune sera (Fig. 3) as well as by mAbs (Figs. 4-5). 
Antibody levels are expressed as a percentage of those obtained with the corresponding immunogen. cpm obtained by the 
different immunogens: “Aquarianer” pool serum (50 pl) 8929 cpm (40 % of total; 42.4 RAST U/ml); “USA” pool serum (25 
pl) 16367 cpm (51.6 % of total; 68.0 RAST Ulml); rabbit anti-Chi t I(0.025 pl) 30727 cpm (35.5 7% of total); rabbit-anti Chi 1 

I-component I11 (0.025 p1) 24672 cpm (28.5 % of total); mAb H4B2H2 (5 pl) 28358 cpm (17.6% of total); mAb H8G9D3 (5 
pl) 29967 cpm (18.6% oftotal); mAb H2D6G10 (5 p1) 23387 cpm (14.5% og total); mAb H7E10B8 (5 pl) 18643 cpm (22.5% 
of total); mAb H8HlF9 (5 pl) 17264 cpm (9.5% of total) (not shown). 
Abbreviations used for different genera: see Fig. 1. 
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higher binding to C. circumdatus, C. jlauiplumus, C. 
kiiensis and C. yoshimatsui, whereas H4B2H2 reacts 
more intensively with C. nippanensis and C. tepperi 
midge (Fig. 4). 

As opposed to this, mAb H2D8G10 recog- 
nizes structures only present in C. thummi thum- 
mi, C. luridus, C. dorsalis and to a weaker extent, 
in C. piger. mAb H7E10B8 and mAb H8H2F9 
show almost identical reactivity patterns (data of 

the latter not shown): in addition to C. thummi 
thummi, only C. piger and C. tepperi are signifi- 
cantly bound by these antibodies (Fig. 5 ) .  

Results of RAST inhibition (Table 1) with a 
single patient’s serum in general reflect the de- 
gree of direct antibody binding in RAST (Fig. 
2). Lower inhibition by midge extracts com- 
pared with larval extracts usually correlates with 
their lower antibody binding in the RAST. 

Reaction of monoclonal antibodies 
with individual chironomid species 

J - n d -  -06- nd 

Fig. 4. 
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RAST inhibition seems to be more sensitive, 
since relatively strong cross-reactivity with some 
species distantly related to C. thummi thummi 
(showing low direct IgE binding) can be demon- 
strated, namely with C. kiiensis, C. yoshimatsui, 
G. tokunagai and P. kyotoense. 

DISCUSSION 

Our investigations include studies of mAbs, 
polyclonal human IgE and rabbit IgG antisera, 
as well as antibody inhibition experiments. The 
results clearly prove hemoglobin-related 
immunological cross-reactivity between larvae 
and midges of various species of Chironomidae. 
This cross-reactivity correlates to some extent 
with the evolutionary relationship of the investi- 
gated species which in turn is associated with 
the genomic and structural diversity of the he- 
moglobin molecules. By means of polyclonal 
human and rabbit antisera, even with distantly 
related species such as the Japanese species To- 
kunagayusurika akamusi, remarkable cross-reactiv- 
ity can be demonstrated. As shown with mAbs, 
the continuous (or part of an assembled topo- 
graphic) epitope 91-101 of Chi 1 I-component 
I11 is conserved in nearly all species of the genus 
Chironomus but not in the other genera. Conser- 
vation of this site is not surprising since X-ray 
analysis of component 111 indicates that posi- 

tions 96 (glutamine), 97 (leucine) and 100 
(phenylalanine) are involved in interatomic 
heme contacts (19). Further, after homologous 
alignment the amino acid residues glutamine 
and phenylalanine are present at the same posi- 
tions in all individual Chi t I-components. This 
and the cross-reactivity indicate, even for phylo- 
genetically distant chironomid species, an evolu- 
tionary conservation of the antigenic epitope 
91-101 in identical or homologous sequences 
and superficial structures. O n  the other hand, 
epitopes recognized by mAbs H2D8G10, 
H7E10B8 and H8H2F9 are present in only a 
few species of the same genus. This result is not 
surprising since mAbs H7E10B8 and H8H2F9 
show heteroclitic binding (16). Obviously, they 
bind to distinct sites which are only present in 
Chi t I-components I11 and IIIa and in hemoglo- 
bins from the species C. luridus, C. dorsalis, C. 
pker andlor C. tepperi. 

These findings as well as broad IgE binding 
patterns from patients sensitized to individual 
chironomid species (e.g. to C. thummi thummi, 
Cladotanytarsus lewisi og C. plumosus; 13, 14) sup- 
port our previous hypothesis that hemoglobins 
are the predominant antigens of this insect fam- 
ily for humans. 

It should be mentioned that antigenic var- 
iability between the different species of the chi- 
ronomid family is probably not only due to 

Reaction of monoclonal antibodies 
with individual chironomid species 
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Table 1. 

RAST inhibition studies using Iarval and midge extracts 
from different chironomid species and human IgE serum 
(German patient S.D.). Included are also some published 

data (13, 14) comparing results from different species 

Species 
% RAST inhibition by 
larvae midges 

pret results of direct antibody measurement and 
especially the RAST inhibition experiments as 
evidence for the existence of antigenically rele- 
vant hemoglobin regions which are structurally 
and/or functionally identical even in distantly 
related species of the Diptera family 
Chironomidae. 

C. thummi 97 98 
C .  annularius 85 nd 
C. plumosus 82 71 
C. moratensis 97 nd 
C. t i g e r  99 nd 
C. bernensis 86 nd 
C. holomelas 97 nd 
C. luridus 98 nd 
C. darsalis nd 94 
C. tepperi : 77 nd 
C. circumdatus 98 92 
C. jlauiplumus 97 nd 
C. kiiensis 98 89 
C. nippanensis 99 nd 
C. salinarius 70 55 
C. yashimatsui 99 86 
C. tentans 69 nd 
C. pallidiuidatus 97 nd 
C. storai 73 nd 
G1. pallens 64 nd 

Di. labiger nd 69 
G1. tokunagai 96 75 

Po. japonicum nd 91 
Po. kyotoense nd 73 

Pa. nubijier 88 35 
Mi. pedellus nd 92 

Pa. nubeculasum nd 89 

Pa. grimmii nd 7 2  
C1. lewisi nd 19 
Ta. oyamai 91 58 

To. akamusi 42 35 
M a .  nebulosa nd 25 

Solid phase allergen: Chi t I .  Amount of human IgE serum 
used per individual tube: 30 ~ 1 .  Without inhibition 4373 cpm 
were obtained (16.3% of total radioactivity; 8.1 RAST U/ 
ml). nd = not done. 

% 

structural differences of the antigenic compo- 
nents. It may also be due to their variant con- 
centrations, especially in midges. Among other 
factors, the degree and speed of hemoglobin 
degradation in the adult midge, which may 
differ from one species to another, could be of 
influence. However, in RAST inhibition studies 
at 0.1 mg/ml, differences in concentrations of 
antigenic components should not greatly affect 
the immunological cross-reactivity. We inter- 

Cr. syluestris 34 0 
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