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 Chirenemidae  larvae  and  midges  cause  allergic  reactions  in approximately  20  percent of

exposed  people;  predominantly  aquarists  using  insect larvae as  fish food and  environmen-

tally exposed  subjects  living in areas  abounding  in water  are  affected.  Our  studies  include
642  subjects  of  whom  205  are  aquarists;  85  are  occupationally  and  352  environmentally

exposed  people.  123  of  them  were  shown  to be sensitized  to  these  insects. Using  highly

purified allergens,  we  could  demonstrate  that  (]hironomitlae hemoglobins  (Chi tD  represent

the  major  allergenic  components  causing  rhinitis,  conjunctivitis  and  bronchial asthma.

Considerable immunolegical  cross-reactivity  exists  between  hemoglobins  of  the  same  and

closely  related  Ciiironomitiae species.  Genetic factors  seem  to be important for the suscep-

tibility of  this type  of  allergy.  In studies  with  peptides  of  Chi tI  component  III, we  identified

several  epitopes  recognized  by  human  IgE  antibodies  and/or  T-cells.
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 Our  interest as  clinicians  in the insect family
Chironomitine began when  in I978 several  aquar-

ists consulted  our  outpatient  department  because

of  severe  allerglc  reactions.  Contact with  freeze-
dried "red

 mosquito"  larvae (species Chironomus

(C,? thummab, a  common  fish food, induced imme-

diate-type hypersensitivity such  as conjunctivitis,

urticaria,  sneezing,  rhinorrhea  and  bronchial
asthma.  In addition,  several  studies  performed in
areas  abounding  in water  proved Chirenomitine
midge  swarms  also  to be responsible  for asthma
and  rhinitis  outbreaks  in Japan9)ii)i6), Wisconsin/

USAiO}, the Nile region  in the SudanS} and  in
Egypt7),

ldentijications and  characteri2ation  of the mdyor

allergen  of the genus Chironomtes

 In order  to identify the causative  components  in
C. thummi  larvae we  used  different chromato-

graphic methods.  Two  fractions, red  in color,  were

obtained  from Sephadex G-75 gel electrophoresis,
containing  all of  the  allergenic  material  as  shown

both in skin  tests and  in RAST  studiesi). As we

know  now,  these  two  fractions represent  the

monomeric  and  dimeric hemoglobins, Studies
with  the  immunoblot  method  and  with  the  HPLC-

separated  twelve individual C. thummi  hemQglo-
bins demonstrate that all of  them  strongly  cross-

react  and  bind IgE antibodies  of allergic patients
(Fig. 1). The same  is true  for hemoglobins  of  at

least some  other  species  of  the genus Chironomsts.
Corresponding results  were  obtained  with  rabbit

hyperimmune serum  against  the total hemoglobin
fraction of  C. thummi, Chi t P).
  Interestingly, hemoglobins or  cross-reactive

components  of  adult  Chironomidae midges  also

bind IgE antibodies  and  produce allergic  reactions

in the skin  test`). Sequence analyses  of the indi-
vidual  C. thummi  hemoglobins (Chit t D compo-

nents  (I-XII> were  performed by Braunitzer and

coworkers  of  the Max-Planck-Instutute for Bio-
chemistry  in Martinsried. It could  be shown  that
each  of  these  twelve hemoglobins consists  of

136-151 amino  acid  residues  (see example  in Fig.
2); homology varies  from 30 to 85%S). It should  be
mentioned  that their primary  structures  are  quite
different from vertebrate  hemoglobins. The  mo-

lecular weights  are  approximately  16 and  32 kD
for the  monomeric  and  dimeric forms respectively;

each  Chironomus hemoglobin  chain  is complexed
with  one  heme group which  is covalently  bound to
the  histidine residue  in position F8i7).



The Japanese Society of Allergology

NII-Electronic Library Service

The  JapaneseSociety  of  Allergology

82 Chironomid Midge Allergy

Page

  Chi ti

compotlents

 lm

IA

lgE 
n

 lmmunoblot
Patient'sNo.
1 2 3 4 5

Tab]e 1 Chi t J-specific IgE antibodies  in

   environmental]y  exposed  subiects

AreaStudygroupNo.ofsubjectsChitf+

VeniceJapanL

sudanI

.AtopicsAtopicsC,leza,isi-

sensitized

9422926 9.6%4.4%46.2%
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 Fig, 1. Polyacrylamide gel electrophoresis  of

Chitlundernen-denaturingconditionswithsubse-

quent  immunoblottingi") using  sera  of five sensi-

tized patients. All twelve Chi t J components  (I-X)
are  shown  to bind human  IgE antibodies  more  or

less.

Table  2 Chi tJ-specific IgE antibodies

      in 229 Japanese atopics

Area .4LtopicS(no.)Chitf+Takam
Chiti

andTaka+

13Kumamotoi

20TokyeZ

33KanagawaS

36Fukuokat

953231716.3r/.3,10/oo%4.2%12.6%6.3%6,5e/e18.3"/o4.2%o%o%1.4%

Total 2294.4%14.4%2.2o%

 Sera and  clinical  data were  kindly provided  through

the  HLA  and  Allergy workshop  by ilshikawa,  
20kudaira,

3Ya$ueda,
 
`Nishimura.

Tak  a=crude  extract  of  TbkunLrga/vusuriha akainttsi

larvae,

lewisO allergic Sudanese patients, 46.2% were

shown  to be sensitized  to ChitL

 As we  know  from  studies  of  Steigemann  and

Weberi7) who  performed X-ray analyses  of  com-

ponent III at  1.4 A resolution,  the tertiary struc-

tures of Chironomus hemoglobins  are  very  sirnilar

to those of myoglobin.  They are  coiled  into eight
helical sequences,  named  A  to H, which  are

connected  by six non-helical  segments.  The  heme

group  is located within  a  hydrophobic pocket
between helices E  and  F,

Demonstration of Chi t I as  an  important environ-
meninl  alleigen  in areas  abounding  in water

  Screening of  atopic  subjects  from Venice and
from four different Japanese regions  showed  9.6%
and  O-6.3% of  these study  groups to be sensitized
to Chi tI  (Tables 1, 2). Hypersensitivity to a

distantly related  Chironomus midge  7bkuncrgtt-

yusurika akamusi  was  found four times more

frequently in Japanese atopics  (6.3-23.5%). 2%  of

the Japanese groups had IgE antibodies  for Chi t I
as  well  as  for the Tbfeuncrgqyusurilea ahamusi

extracts,  Among  green nimitti (Cladolanylarsus

Chi t I-retated immunotQgicat cross-reactivity  be-
tween  33 dijXl?rent Chironomidae species
 We  prepared crude  extracts  of  Chirenomidae

larvae andlor  adult  midges  (imagines) from 33
species, collected from  different areas  or  reared  in
the  laboratory. Pool serum  from  two  allergic

patient groups were  used.  Pool serum  
"Aquari-

aner"  was  obtained  with  equal  amounts  of  sam-

ples taken  from  five German  asthmatic  aquarists

who  have been in contact  with  C, thummi  larvae
for 2-12 years, Pool serum  

``USA''

 consisted  of

serum  samples  (kindly provided by Steven Kagen)
of  three sensitized  patients from Wisconsin, USA,
who  live near  lakes and  have suffered  from
conjunctivitis,  rhinitis  andlor  bronchial asthma
when  in contact  with  C. Plumosus midges.  All
these probands showed  positive results  to C,
thummi  hemoglobin ChitIin  skin  test andfor

RAST.  Both patient groups' pool sera exhibit

moderate  to strong  IgE reactivity  to larval and
midge  extracts  of all but one  species  (C, salinarius)
of  the genus  Chironomus and  GlyPtotendipes (Fig.

NII-Electronic  
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Fig, 2, Amino  acid  sequence  of  Chi t J component  III as pub]ished by Buse et al,5)
'Single

 letter amino  acid  codes

PheIF  Leu1L  IIe 1I  Met1M  Va]/V
His/H  GIn1Q  Asn/N  I.ys1K  Asp1DSerGlulsIEPro:P

 Thr]T  AIa1A  Tyr:Y
CysIC  Trp1W  Arg1R  GIy:G
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 Measurement  of IgE antibody  binding to ChitL  to ChitIcomponent  III and  to

crude  larval and/or  imagines extracts  of  33 species  of  the Diptera family Chironomidoe, Pool
sera  of five aquarists  sensitized  to Chironomus thummi  larvae ("Aquarianer'') and  pool serum
obtained  of three patients sensitized  to Chironemus Plumosus imagines4) was  used  for these
lnvestlgatlons.

 Individual Chironomidae species  tested: Chironomus (C,j thummi,  C, annularius,  C.

Ptumosus, C, moratensis,  C. Pigen C. bernensis, C. holometas, C, luridus, C, dorsatis, C, topPeri, C,
circumdatus.  C, flaviplumus, C. leiiensis, C. nipPenensis,  C, salinarius,  C. yoshimatsui. C.
tentans, C. Patlidivittatus, C. storai, ClyPtotendipes (Gl.? Pallens, Gl, tokunagai, Dicrotendipes
tobigeL PblyPedilum rPo.)faPonicum, Ilo. kyotoense, Pb. nubeculosum,  Ilo. nubifeny  Microtendipes

PedeUus, faratanylarsus grimmi4  Cladotaayta7sus lewisi, 7kenylarsus ayamai, CricotqP"s sytves-
tris, 7bkuncrgayusun'ka akamblsi,  MdkropetQPia nebntosa.

3). The  other  species  give low or  nonsignificant

results.  IgE antibody  binding of both human  pool
sera  to the larval extract  of C. thummi  is similar
to the  antibody  binding to ChitL  This  demon-

strates  that Chi tJis the predominant  or  exclusive

allergen  of  C, thummi,  Interspecies cross-reactiv-

ity obtained  with  the 
[`USA''

 pool serum  is
stronger  than  that of  the 

``Aquarianer''

 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  sensitized  by midges  instead of larvae, The
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lower antibody  binding in midges  is probably  due
to their lower hemoglobin content.  In the adult
midge,  hemoglobins are  progressively degraded

and  their synthesis  is stopped.

  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  Macropelo-

pia nebulosa4].

  According to the pattern of reactivity  of rabbit

anti  Chi tl  component  III, expression  of the
epitopes  of  this molecule  varies  considerably  in
the genus Chironomus and  GlyPtotendipes; they
seem  to be totally absent  in all other  species. Six
monoclonal  antibedies  raised  against  Chit t I
component  III recognize  epitopes  in most  closely

related  species  er  in only  a  few species  of  the

genus Chironomus4).

ldentdication of B-celt and  T-ceU opitcipes of Chi t J
component  M

  In order  to localize antigenic  determinants with-
in the known  3 D-structure of Chi t I component
III we  analyzed  a  naturally  derived set of relative-

ly small  peptides as  well  as  several  synthetic

peptides.

  First, we  looked at the antibody  binding sites,
the  so-called  B-cell epitopes. The  individual, puri-
fied peptides were  coupled  to CNBr-activated

paper discs and  tested for their binding to IgE
antibodies  of sensitized  individuals. Four peptides
boung  IgE antibodies  up  to a value  of five U/ml.
These were  the  N-terminal region  1--15, sequence
91-101, which  begins between helices F and  G  and

extends  into helix G  and  the C-terminal-sequence
110-135 (for the sequences  see  Fig. 1). The  results

of seven  peptides were  negative,  that means  they
did not  bind human  IgE-antibodies to a  significant

extent3}13)14}.

  To  demonstrate the immunogenicity of indi-

vidual  peptides of  ChitIcomponent  III at the T
cell level, we  stimulated  peripheral blood lympho-

cytes  of  hypersensitive patients in vitro.  The

stimulation  indices were  determined by 3H  thy-
midine  uptake.  We  examined  40 allergen-exposed

sensitized  patients and  17 non-exposed  controls.

The SI of  patients ranged  from  5 to 80, whereas
nonexposed  controls  showed  no  reactivity  (SI<5),
when  tested with  ChitI, containing  each  of the

twelve C. thummi  hemoglobins. Using different
component  III peptides, it could  be shown  that
nearly  the whole  sequence  of  the  molecule  stimu-

lates T  cells  of  some  sensitized  patients at  leasti2).

Cenetic bases of Chi t I h)tPersensitivily in humans

  The  human  immune  response  to foreign anti-

gens is genetically restricted  due to the different
structures  of MHC  class II molecules,  which  are

important for the  presentation of immunogenic

peptides. HLA  D-subtyping of  61 Chi t I sensitized

patients and  128 exposed  healthy controls  showed

the immune  response  to Chi tlin non-atopics  to be

positively correlated  with  the HLA  types  DRI  and

DQw  1.1. Furthermore, a  negative  association  in
this group with  DRw52a  and  DQw3  existsi8}.

Preliminary results  obtained  in DQA  typing indi-
cate  a reduction  of  type 050J in ChitIresponders
and  strong  reduction  of type 03012 in non-atopic
ChitInon-responders2).
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