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Yf o k u n ag ay y s a-rik a akgm u s-i Tokunaga (Diptera :
Ctttuonomidae) in as_thmatic patients of the
fietropolitan area of Tokyo
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pritk tey and radioallergosorbent te.st to extracts of lamal and adult midges, Tokunagayusurika akamusi (Tokunaga)-iire 
done in randomly selected asthma c patíents in the metropolitan area of Tokyo, Japan. Thirty-eight percmt of

i1J athmatic patients were prick4est positive to either lamal or a/ult midges, and 32.4% of 105 asthmatic patimts-àe 
positive to either extracts by MST, while only one out of 20 normal individuals was positive to MST. These

asiive rates in the aslhma,lic Wlimts were the second to the positive rates of prick test and RAST using mite'aaigen. Antigms from midges seem b be the second important allergens in the metropolitan area of Tokyo.lini
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ABBREVIATIONS gens. Alleryic patients sensitive to
various fungl are also found.

Various species of chironomid
midges (non-biting midges) have
been recorded in Tokyo. These
midges swann and die. The dead
bodies accumulate on the ground,
break up and might be inhaled;
however, there has been no report
concerning hypersensitivity to these
insects in this area. Hypersensitivity
to chironomid midges was exten-
sively studied in the northern
S udandand radioallergosorbent test
(RAST) was carried out by Gad El
Rab in patients allergic to "green
nimitti" midge, Cladotanytarsus
lev,isi.2 These studies were done in
the district along the White, Blue,
and Main Nile rivers in Africa.

The purpose of our study is to
examine IgE antibodies to chiron-
omid midges in asthmatic patients
of the metropolilan areas of Tokyo.

MATERIALS AI{D METHODS
Extract of Adult Midge
Adult midges of Tokunagaltusurika
akamttsi were collected in early No-
vember on the shore of the Lake
Kasumigaura. They were lyophi-.
lized ané stored at--20"C. Thé lv-:'

ophilized midges were homogenized
in an ice cold bath. Defatting was
done in the following manner. Ether
was added to the homogenized ma-
terial at a ratio of 30 mL of ether to
I g of the lyophilized midges, and
the homogenizing was continued.
The whole material was centrifuged
at 15,000 rpm for 30 minutes in
4"C. The supernatant was discarded
and the sediment was lyophilized
again. Such procedures of defatting
was repeated, and the defatted ma-
terial was added with PBS of pH 7 .4
at a ratio of 20 mL of PBS to I g of
the original lyophilized midges,
stirred with a magnetic stirrer for 48
hours at 4 "C and centrifuged at
15,000 rpm for 30 minutes. The
supernatant was dialyzed against
PBS for 24 hours at 4'C with several
changes of the bufler, and centri-
fuged at 15.000 rpm for 30 minutes.
The supernatant was lyophilized
and stored at -20 'C until use. The
lyophilized material contained
52.1% protein when examined by
Lowry's method.3
E-rtract of l-arvae
Larvae of T. akamusi were collected
from mud in the Lake Kasumi-
gaura. The procedure for preparing

adult midges
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IÌVTRODUCTION
In Tok1,o, the house dust mites are
thc main allergens in perennial
asthma and rhinitis. In seasonal al-
lergy, Japanese cedar in early spring
and ragweed in late summer and
autumn are other important aller-
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extract was the same as that for the
AM-extract. The material contained
80.0% protein.
Extract for Prick Test
The lyophilized larval or AM ex-
tract was dissolved in glycerinated
Coca's solution (NaCI 0.5 g,
NaHCO: 0.25 g, glycerin 100 mL,
adjusted to a total volume of 200
mL with distilled water) at a ratio of
20 mL solution to I g of the lyoph-
ilized midges and filtrated through
a millipore filter (Millex-HA, 0.45
pm, Filter Unit, Millipore Corpo-
ration, Bedford, MA, USA). The fil-
tered material was used as a l:20
extract. A l:100 extract was pre-
pared similarly as above using 100
mL glycerinated Coca's solution in
place of 20 mL. The protein concen-
tration of l:20 AM extract was 8.8
mg/ml and that of the larval extract
was 16.3 mg/mL.
Skin test
Prick tests using l :20 and l :100 lar-
val or AM extracts were done in 303
adult ( 165 female, 138 male) asth-
matic patients in the Allergy Clinic,
Tokyo University Hospital and in
the Allergy Clinic, Teikyo Univer-
sity Hospital. both in Tokyo. The
range of age was I 7 to 76 years, and
92% of the patients were 20 to 55
years old. Four percent were over
55, and 47o were less than 20 years
old. In the same patients, other 30
different allergens including house-
dust mite (Dermatophagoides Jàri-
nae), ragweed, Japanese cedar, other
pollens, food allergens, and fungi
were examined for prick test. Eval-
uation of the skin reaction was done
according to the criteria described
by Vanselow.o Prick tests with larval
and AM extracts were also done in
20 normal adult individuals who
had never suflered from asthma, al-
leryic rhinitis, atopic dermatitis, or
drug allergy.
Patient Sera
One hundred and five sera were ran-
domly collected lrom asthmatic pa-
tients of the two allergy clinics
whose skin reactions to the midge
were known. Blood samples were
obtained by venous puncture and

maintained at room temperature for
two to three hours. Sera were sepa-
rated and stored at -20'C until use.
Another l5 sera were collected f,rom
asthmatic patients who were prick-
test positive to larval and/or AM
extracts. Twenty normal sera were
collected from the same normal in-
dividuals as described above.
Radioallergosorbent Test ( RASZ)
RAST was done according to the
modified method described by
Ceska et al5 with some modihca-
tions. Paper discs, 5-mm diameter,
were activated with CNBr. Five
hundred pieces of activated paper
disc were'suspended in l0 mL of l0
mg protein/ml solution of the lar-
val or AM extract in a 50-mL test
tube. The tube was rotated end-
over-end overnight at 4"C. Then
the paper discs were washed and
treated as described by Ceska. A
paper disc was suspended in 0.05
mL of patient serum and incubated
for 24 hours at 4 "C. The paper disc
rvas washed with RAST incubation
buffer and 0.05 mL of ':5f-anti IgE
was added and incubated for 24
hours at 4'C. The ' :sl-anti  IgE was
purchasqt from Pharmacia Chemi-
cals. Co. Ltd, Uppsala. Sweden and
used as instructed by the company.
After the paper disc was washed, the
radioactivity was counted by an au-
tomatic gamma counter.

Rast for house-dust mite (Der-
matophagoides .larinae) was done
by the use of RAST kit purchased
from Pharmica Chemicals, Upps-
ala. Sweden. A refqrence serum con-
taining IgE antibodies to birch pol-
len was also purchased from the
company. All counts of radioactiv-

Figure l. Conelation between skin
tion to extracts of larvae and adult mi
Grades of reactions to prick test are
described by Vanselow.a The correlation
low(y :  0 .329x + 1 .418,  r  :  0 .302,F:  I  I
P < .01 ). Patients negative (0) to both
gens were not included in the calculation.

RESULTS
Prick Test v'itlt fuÍidge,lllergens
and Other 30 .Allergens
In 303 patients with asthma, the rate
of positive reaction to chironomid
midge. mite. ragweed, and Japanese
cedar are shown in Table l. One .9
hundred and fifteen patients
G8.A%) were positive to either of
the l:20 larval or AM extract. Out
of the I l5 patients, 75 were positive
to both larval and AM extracts. 22
were positive to only AM. and 18
were positive to larval extract only.
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ity in RAST for the midge or thfi
mite were converted to PRU frorff
a standard curve obtained bV th#
use of the reference serum and thdfr
reference discs. Rast score was de-W
termined as 0 to 4 fiom PRU as'ì.t'
follows: PRU < 0.35: RAST score,#"
:  0 :  0 .35 to 0.70:  l ;  0 .70 to 3.5:  2#
3.5 to 17.5: 3, 17.5 < : a. RAST$
scores of 2 and over were defìned as:S,
posit ive. r. .

Table 1. Skin Reaction to the Larval and Adult Midges of T. akamusi, Mite (D. farinael,
Ragweed, and Japanese Cedar in 303 Asthmatic Patients.

T. akamusi Rasweed '?S:rt"

Positive to both larval and
adult midge

Positive to only adult midge

Positive to only larva
Negative to both larval and

adult midge

Total

':il - ' )

j 1 5  + 9 1  B  2 1
(100"/0) (79.1"/"1 (6.9o/d (18.39'")

1 8 8 93  16  41
(49.5old (8.5%) (21.g'hl(100"/.)

303
(100%)

184 24 62
(60.7"/o) 17.9Y") (20.5"/")

' Rate of mit+.positrve patients is higher than in midge-positive patients and midgenegative patients. The rale
of ragweed-positive or Japanese cedar-positive patients is not different in both groups.

1 1 5
(38.0"/o)
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.Às show'n in Figure l, the correla-
tion between skin reactions to larval
and AM extracts was low (r:  .30,
p < .0Al ) when calculated without
completely negative patients. Two
out of the I I  5 Patients (1.7%) were
positive onlY to the midge (AM and
iarval) and negative to other 30 al-
lergens. When l:100 extracts were
used in prick test, positive patients
decreased from 97 to 53 with AM,
and from 93 to 48 with the larval
extract.

On the other hand, 184 out of
303 patients (60.7%) showed posi-
dve reaction to the mite extîact,24
(7.9%) to ragweed, and 62 (20.5%)
ro Japanese cedar. The positive rate
ro the other 27 common allergens
uas lower than that to Japanese ce-
dar. Fifty-nine out of 303 patients
(19.5%) were negative to all 30 al-
lergens and midges. Of I 15 midge-
positive patients. 79.1% were also
positive to mite. whereas 49.5% of
188 midge-negative patients were
positive to mite. The difference was
signif icant in 12 test (P < .001). The
positive rate of skin reaction to rag-
u'eed or Japanese cedar was not diÈ
ferent between midge-positive and
negative groups.

The correlation between the
strength of skin reaction to AM ex-
tract and that to mite extract was
low ( r  :  0 .3 15,  P < 0.01) .  A s imi lar
correlation was observed between

'r reaction to larval extract and
.:;ii i to mite extract.

In the Kasumigaura Hospital
near the Lake Kasumigaura, skin
test to AM extract was positive in
two out of four asthmatic patients,
and two out of ten nonnal individ-
uals. The results of prick test to
larval extract was completely con-
sistent with the results of the prick
ic.St to AM extract.

R{ST
RAST was done in 105 randomly
selected asthmatic patients and 20
normal volunteers. Relation be-
t\\'een skin reactions to l:20 extracî
and RAST is shown in Table 2. Out
oi 105 patients. 4l patients were
r:rck test-positive to AM. RAST to

AM was positive in 26 patients out
o[the 4l prick test-positive patients,
while RAST was positive in only
five patients out oî 64 prick test-
negative patients. A total of 3l out
of 105 asthmatic patients (29.SVo)
were positive to AM RAST.

In tests to larvae, prick test was
positive in 33 out of 105 patients
and RAST was positive in l2 out of
the 33 prick test-positive patients.
Only seven out of 72 pnck-lest neg-
ative patients were positive in
RAST. A total of I 9 out of 105
asthmatic patients (18J%) were
positive to larval RAST. A total of
34 out of '105 patients (32.4%) were
positive to either of AM or larval
RAST.

The relation between skin reac-
tion to l:100 extract and RAST is
shown in Table 3. The rate of posi-
tive reactions to the prick test were
close to that of RAST, although pa-
tients who were skin test-negative
but RAST-positive somewhat in-
creased.

Details of the results in RAST are
shown in Table 4. When l:20 ex-
tract was used, skin test was more
sensitive than RAST; however, ex-
ceptions were observed as follows.
Two patients who were skin test-
positive to only AM extract were
positive to larval RAST. In the
group of 62 patients who were neg-
ative to both allergens, four were
positive to both RAST, one was

Table 2. Relation Between Results of Prick Test with 1:20 Extracts and RASÎ
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I,1?""id iî3[ I"rtjrils.tASr 
to Larval and Adult Midses in 105 Asrhmatic patients usins RAST in score .1. 

prick test_negativg
individuals in the normal ero;p OiO
nor show positive reaction to nÀSf.
Correlation Between Strength of
Skin Reaction und R4ST
Correlation between reactions to
prick test and RAST was examined.
The correlation was low between the
strength of prick-test reactions and
that of RAST scores when the AM
extract was used as antigen (r =
0.39, P<.001), and the correlat ion
was very low when the larvalextract
was used as antigen (r - 0.08, N.S).
Correlation Betyveen .Jful and Lanal
RJ.S7"
Correlation between the result of
RAST using AM exrract and that of
RAST using larval extract is shown
in Figure 2. A high correlation was
observed between RAST scores for
the both anrigens (r - 0.70. p <
.001). RAST scores of larval RAST.
however, were lower than those of
AIVÍ RAST.
Correlation of P.-4ST L,sing ,-l.ll and
,\lite Extracts -from D. farinae
In a randoml-"- selected group of 105
asthmatic patients. 52 sera were
available for RAST using D. -farinae
as the antigen. Thirt"v--four sera were
positive to RAST: therefore. ar leasr
34 out of 105 patients were positive
to mite-RAST. A total of 67 sera

Skin Reaction
to Prick Test RAST

1:20 1:100' =2 1 0 
'

Prick Test

1:2O 1:lf i) = 2  1 0
Positive to both larval and

adult midge (3't)

Posiùve to only adult midge
( 1 0 )

Positive to onty tarvat (2)

Negative to both larva and
adult mictge (62)

Total (105)

3 1 2 2 2 1 7 9

1 0 4 6 3 1

|  
-  J -  , i - l - ,  . " , '  u

I' i "

2+- -  2  ,2

5 t 9 4 8
\---_J

62

41 26 32 19 54l--r#

105

s t 2 s s
\---ì__J

62

19  15  71
--..J

105'Numbers are cases.Lîindicates results o

;::f:tt 
e aod + ffi€€toS the same patient. pricti teét É ffi;.séil1ìive tnan RASr wnen 1i20 extract was

î Sorne discrepancies between skin test and RAST.

positive only to AM RAST and one
was posirive only to larval RAST. A
total of l7 our of l9 patients positive
to larval RAST were included in 32
patients positive to AM RAST.
Only two patients were positive to
only larval RAST. Twenty-one pa-
tients who were skin test-positive to
both I : 100 AM and larval extract
and four patients who were skin
test-positive only to l:100 extracr
AM were also positive to AM
RAST.

Other than 105 patienrs described
above, 15 were selected from asth-
matic patients who showed positive
reaction to l:20 midge extract. This
group contained patients who
showed relatively strong reactions
(+++) to prick rest with l :20 AM
or/and larval extract, whereas the
group of 105 patients described
above contained only ten who
showed strong reactions (+++) to
the same extracts. Eleven patients
were prick test-positive to both lar-
val and AM extract, three patients
were positive to only AM extract,
and one patient was positive to only
larval extract.

Out of 15 patients, nine (60%)
were positive to AM RAST and
seven (46.7%) were positive to larval
RAST. A discrepancy between prick
test and RAST was found in two
patients. One patient was skin-test

positive to only larval, but was pos-
itive to only AM RAST. One was
skin-test positive to only AM, but
was positive to both RAST. Nine of
all l5 patient were positive to either
of AM or larval RAST. The positive
rate of RAST in this group was
higher than in the group of 105 pa-
tients already described (p <.05,-xt
test).

tlq ZO normal individuals. three
(15%) were prick rest-positive to
both l:20 larval and AM extracts in
grade I but negative to I : 100 ex-
tracts. Two out of the three individ-
uals were positive to both larval and
AM RAST in score two. and one
was positive to both larval and AM

^our{rDcr-r^sr tcc[ 
------ - 

. 
I;

Figure 2. Correlation between adult
midge RAST scores and Iarva-RAST scores.
The correlation is highly significant (v :
0 .822x  -  0 .201 ,  r  =  A .6g j .F  :  65 .2 .  p  <
0.001). Patients negative (0) to both antigens
were not included in the calculation.

Figure 3. Correlation tretween adulr
midge RAST scores and mite RAST scores.
The correlation coeflìcient is verv low lv :
-0.100x + 3.226, r : 0.090 F : 0..1 NS).
Patients negarive (0) to borh antigens were
not included in the calculation.
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vrcre available for both RAST to the
mite extract and to the AM or larval
extract. These 67 sera consisted of
52 sera described above and l5 sera
from asthmatic patients who were
prick test-positive to AM and/or lar-
val extract, as described in patient
sera in "Materials and Methods."

The correlation between AM
RAST scores and mite-RAST scores
was very low as shown in Figure 3
(r: .09, N.S). A similar correlation
was found between the results of
mite-RAST and larval RAST.

DISCUSSION
In Japan, 169 species of chironomid
midges had been recorded up to
1977.6 In Lake Kasumigaura, 100
km north of Tokyo, the emergence
of adult midges were observed four
times in a year: March, May to
June, September, and October to
November. A diflerent species can
be seen each time. AM of T. aka-
musi emerge in late October to early
December.

The Tama river, which flows in
the suburbs of Tokyo, contains sev-
eral species of chironomid midges.T
The distribution of species depends
on pollution of the water. Chirono
mus yoshimatsui Martin et Sublette
have been observed in the Kanda
River. which is located in Central
Tokyo. This species emerges in all
seasons except winter. All these
:nidges swarrn and die. The dead
oodies break up and might be in-
haled.

There has been no report about
hypersensitivity to chironomid
midges in a big city such as Tokyo.
In this study, it was unexpectedly
shown that approximately 40% of
asthmatic patients were prick test-
positive to either of the extracts of
larval and AM of T. akamushi. ln
RAST, 32.4% of asthmatic patients
were positive to either of the larval
RAST or the AM RAST. The rare
of positive RAST is higher rhan that
of positive skin-reaction to other al-
lergens such as Japanese cedar
(20.5Vo): therefore, the midges seem
to be important allergens next to

mites in asthmatic patients in To-
kyo. At this time only the extract of
T. akamusi was available for the
experiment. But the high rate of
positive skin tests and RAST in
asthmatic patients in Tokyo indi-
cates that there is some allergenic
similarity between T. akamu.si and
midges in Tokyo such as C. voshi-
matsui.

Approximately 60% of asthmatic
patients were prick test-positive to
mite (D. farinae) and approximately
80% of midge-positive patients were
also positive to mite. The correla-
tion coefficient between the results
of mite-RAST and that using AM
or larval extract was low. This
means that the main allergenicity of
the midges is different from that of
mites; however, some common an-
tigenicity between mites and midges
cannot be completely ruled out.

Coincidence between the results
of skin test and those of RAST using
midges was high: however, strength
of skin reaction did not correlate
with RAST score. The reason is not
clear. It was reported by Miyamoto
et alil that IgE antibody levels cor-
relatc well with thresholds of skin
reactibn to mite. Evaluation of skin
reaction by Vanselow's criteria may
be different from evaluation by
th reshold determination.

A hightly significant correlation
was observed between larval RAST
score and AM RAST score. From
these results. there seems to exist
common antigenic components be-
tween larvae apd AM. But in I 15
prick test-positíve individuals, there
were 22 individuals who were posi-
tive to only AM and 18 individuals
who were positive only to larvae.
These results suggest that there
might also exist different antigens
between larvae and AM. Strength of
skin reaction to AM extract did not
correlate with that to larval extract.
It might also refìect existence of dif-
ferent antigens between them, or
might reflect some problem in clas-
sification of skin reaction as men-
tioned above. Details of the anti-
genic relationship between larvae

and AM. and also betn'een the two
antigens and the mites will be pub-
lished in another paper. It should be
also investigated how IgE antibodies
to the midges are related to asth-
matic attacks. In a preliminary
experiment, a patient who was
strongly positive to RAST, had an
asthma attack following provoca-
tion with AM extract. Many trials,
however, are needed for confirma-
tion. It should also be investigated
whether there is a difference in the
rate of positive skin-tests between
Tokyo and the area around Lake
Kasumigaura. where tremendous
numbers of the midges emerge every
year.

It was reported by' Bauf that
some of the individuals handling
dried larvae of chironomid midges
as fish food, and workers engaged in
the production of fish food became
alleryic to the larvae. The author
lractionated an extract lrom larvae
of Chironomus thummi thummi
and demonstrated that hemoglobins
of the larvae were responsible for
the allergy, and demonstrated also
that there existed immunologic
cross reactivity between larvae of
different species of Chironomidae.e
The author also succeeded in locat-
ing the antigenic determinant of one
of these hemoglobins, with a defined
amino acid sequence. It rvas re-
ported recently by Tee et alro that
the major allergen of green nimiti
midges Cladotanvtarsus /ex'isi was
associated with molecules of ap-
proximately 17,000 daltons. An-
other allergen of weaker allergenic-
ity of molecular weight of 66.000
daltons was also found. Their pre-
liminary observation indicated that
there was variable inhibition of
RAST to the C. lewisi b-v hemoglo-
bin from Chironomus thummi
thummi.

A similar analysis of allergens in
larvae and adult midge of T. aka-
mushi and investigation on their al-
lergenic relationship to midges of
other species should be carried out.
If there are common allergenicities
between many' species of chiron-
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omid midges that emerge in differ-
ent seasons, allergy to these insects
may be a very important problem.
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