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The Immune Response to Bee Venom

Comparison of the Antibody Response to Phospholipase A: with the Response to Inhalant Antigens
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Abstract. The antibody response to phospholipase A, (PLA;) was studied by using radiolabelled
antigen-binding techniques for both IgG and IgE antibodies. The results are compared with results for antigen
P from Dermatophagoides pteronyssinus and for rye 1 from rye grass pollen. The response to PLA differs from
the response to the inhalant allergens in several ways: almost all exposed bee keepers produce 1gG antibodies
to PLA>; among the allergic bee keepers there was no quantitative correlation between 1gG and IgE antibodies;
and the antibodies to PLA; are not produced locally 'n the nose.

Bee keepers with hay fever did not appear to have an increased incidence of allergic reactions to bee venom.
In addition, the bee keepers with hay fever had the same levels of IgG and IgE antibodies to rye [ as other indi-
viduals with hay fever. However, the bee keepers who had no history of hay fever were found to have high lev-
els of IgG antibodies to rye 1. These antibodies did not cross-react with PLA, or bee venom, and the results
suggest that bee stings may act as an adjuvant for IgG antibodies to pollen antigens.

Introduction

Bee keepers and their families may be stung fre-
quently during the summer months [1]. Some become
allergic to bee venom, whilst others are able to toler-
ate large numbers of stings without ill effect. It has
been shown that the majority of bee keepers make
IgG antibodies to bee venom [2-4], while only the al-
lergic bee keepers have high titres of IgE antibodies
[2-6]. These antibodies may be directed against a
number of bee venom antigens: acid phosphatase
[7-9], hyaluronidase [10, 1], phospholipase A,
(PLA;) [12, 13} and melittin [14, 15]. Of these venom
components, PLA; is the most important allergen,
giving rise to the highest frequency and highest titres
of both IgG and IgE antibodies to bee venom [11].
PLA; is also quantitatively the major protein of bee
venom [16, 17]. Previous investigations in our depart-
ment suggested that the allergic response of bee keep-
ers to bee venom was related to their personal and
family history of allergy [18]. In order to study the re-
lationship between bee venom and inhalant allergy in
more detail, we have measured IgE and 1gG antibod-
ies to two inhalant antigens, antigen Py, from Dermat-

ophagoides pteronyssinus, and the group 1 protein
from rye grass pollen, rye I, as well as to PLA; from
bee venom. Antibodies to these antigens were
measured using a class specific radiolabelled
antigen-binding assay [19, 20]. Antibodies to these al-
lergens in bee keepers were compared with those of
hay fever patients, volunteers who were not allergic to
grass pollen, and farmers.

Materials and Methods

Subjects Studied

137 bee keepers and their families were questioned about their
reaction to bee stings and their personal history of allergic disease.
44 had had a general reaction within the past 3 years, 39 a severe lo-
cal reaction, and 54 no reaction. A general reaction was taken as
one or more of the followings: (i) generalized skin rash or swelling;
(ii) wheezing or difficulty in breathing; (iii) vomiting, diarrhoea, or
abdominal pain; (iv) swelling of the tongue or throat, and (v) loss of
consciousness; occurring after not more than 5 simultaneous stings.
A severe local reaction was defined as a swelling of 2 or more inch-
es, at the site of a single sting.

The sera from bee keepers were compared with sera from 25
non-allergic laboratory staff, with 45 patients with hay fever, and
19 farmers who did not have hay fever. Histories and skin test re-
sults were available for all these individuals. In addition, serum was
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available from 44 pregnant mothers who had no history of hay
fever but who had not been skin tested.

Measurement of Antibodies to Rye I, PLA,. and P,

1gG and IgE antibodies to the purified antigens: rye I from rye
grass pollen (kind gift from Dr. D. Marsh, Johns Hopkins Univer-
sity, Baltimore); antigen P, (kind gift from Dr. M.D. Chapman,
London School of Hygiene and Tropical Medicine, London) and
PLA, from bee venom (kind gift from Prof. C.A. Vernon, University
College, London), were measured by an antigen-binding radioim-
munoassay previously described in full [19, 20]. Briefly, 0.1 ml of a
dilution (1/12.5, 1/25) of patient’s serum was incubated with 7 ng
of "*I-labelled antigen for 4 h at room temperature. Specific anti-
body was precipitated overnight at 4°C using monospecific goat an-
ti-1gE or anti-1gG. For the IgE antigen-binding assay, 0.1 mlof a 1/
100 dilution of PS IgE myeloma serum was added to form an
lgE/anti-IgE precipitate. The precipitates were washed 4 times
with borate-buffered saline pH 8.0 and the radioactivity counted in
a y-counter (NE 1600, Nuclear Enterprises, Edinburgh, Scotland).
I he assay was quantitated by reference to a standard curve which
was obtained by assaying 1gG binding activity in serial two-foid di-
lutions of a hyperimmune serum pooled from 3 patients sensitive to
rye I, and antigen P, respectively, and from | hyperimmune bee
keeper.

Total IgE and Total IgG

A double-antibody inhibition radioimmunoassay was used to
measure total IgE in serum and IgG in nasal secretions {21-23]. To-
tal 1gG in serum was measured by the assay of Mancini et al. [24].

Nasal Secretions

Nasal secretions from 20 bee keepers who had had general reac-
tions to bee venom were collected using filter paper strips (approx.
6%0.8 cm) [25]. The secretions in the filter paper were eluted with
1.0 ml of borate-buffered saline, and both total Ig and specific an-
tibodies were measured in these samples. The methods for assaying
nasal secretions and for calculating results have been described in
detail elsewhere [25]. Brie(ly, the specific activity per milligram of
immunoglobulin for each antibody in nasal secretions was related
to the specific activity in the serum:

nasal 1gG antibody serum IgG antibody

nasal IgG " serum 1gG

values greater than | suggest that the antibody in nasal secretions is
locally produced.

Results

Antibodies to the Grass Pollen Allergen Rye I in Bee

Keepers

The bee keepers were divided into those who had
experienced allergic reactions to bee venom, both
general and severe local, and those who had not. Fur-
ther, each of these groups was subdivided into those
who had a personal history of hay fever, and those
who did not. Antibodies to the grass pollen allergen,
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Fig. 1. Immunoglobulin G antigen binding activity for rye I in
sera from bee keepers compared with results in patients with hay
fever and non-allergic controls. The bee keepers were divided into
those who had had allergic reactions to bee venom and those who
had not. Individuals who had a history of seasonal hay fever and
positive skin tests to grass pollen are indicated by solid circles (@).
Numbers below the dashed line indicate the number of sera with no
detectable IgG-binding activity.

rye I, were measured in these sera and compared with
results for several groups of non-bee keepers, hay
fever patients, non-allergic pregnant mothers and
non-allergic laboratory staff. The results (fig. 1, table
1) show that the bee keepers had a similar incidence of
hay fever, irrespective of their allergic response to bee
venom. This suggests that a personal history of hay
fever does not make it more likely that an individual
will become allergic to bee venom. The results also re-
vealed the very surprising finding that almost all bee
keepers have IgG antibodies to rye I in their serum in
quantities similar to those found in patients with hay
fever. Not all sera were assayed for IgE antibodies to
rye I, but in sera from 45 patients with hay fever 38
(84.4%) had detectable IgE antibodies to rye I (i.e. >
65 units binding activity) while no IgE antibody to rye
I was found in sera from 34 bee keepers who had high
titres of IgG anti-rye [ and no history of hay fever
(table I). The increased 1gG anti-rye 1 levels seen in
the bee keepers were not paralleled by 1gG antibodies
to antigen P, since only 16% of the bee keepers
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Table I. Binding activity for rye I in sera from bee keepers

Binding activity for rye '

% 1gG % IgE
Hay fever patients 100 (45/45) 84.4  (38/45)
Non-allergic controls? 319 (22/69) 0 0722)*
Bee keepers
Non-allergic 1o venom
With hay fever 100 (13/13) ND
Without hay fever 90.4 (47/52) [} 0721y
Allergic to venom
With hay fever 100 (7/7) ND
Without hay fever 96.7 (29/30) 0 (0/13)8

' Binding activity was measured by antigen binding radioimmu-

noassay, figures are the % of sera showing > 65 units binding activi-
ty, per milliliter, values in parentheses show the incidence of posi-
tive sera.

*  Non-allergic controls were city dwellers and include sera fro.a
45 pregnant mothers who were not skin tested.

' Incidence significantly higher than in non-allergic controls
(¥ p <0.001).

* Results for skin test negative laboratory workers.

* Results for selected sera with high levels of 1gG-binding activity.

showed detectable IgG anti-antigen P, (data not
shown).

In an attempt to determine whether the IgG anti-
body to rye I was produced locally, in the nose of the
bee keepers, we compared the specific activity of IgG
antibody to rye | in the nasal secretions of 20 bee ven-
om allergic bee keepers with the specific activity of
1gG antibody to rye I in their sera. Antibody levels
were high enough to calculate ratios in t1 patients
and in these the specific activity of IgG antibody to
rye [ was higher in the nasal secretions than in the se-
rum (fig. 2), suggesting that the 1gG antibodies to rye |
in the bee keepers were produced locally, in the nose.
Conversely, we found no evidence to suggest that 1gG
antibodies to PLA; or diphtheria toxin were produced
locally [25].

Specificity of the Anti-Rye I Antibodies in Bee

Keepers

The possibility that the 1gG antibodies to rye I in
bee keepers were due to a direct cross-reaction be-
tween bee venom and rye 1 does not seem to be correct
for a variety of reasons. Firstly, the antibodies to rye I
were only of the IgG class. Secondly, we did not find
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Fig. 2. Ratios of the specific activity of antibodies in nasal secre-
tions and serum. For each antigen the [gG-binding activity is relat-
ed to the total 1gG both in secretions and serum. Values greater
than 1.0 indicate that a proportion of the antibodies in the secre-
tions must have been produced locally. Results for patients with
hay fever are indicated (@).

1gG-binding activity for PLA; in non-bee keepers
with hay fever. Thirdly, there was no significant
correlation between the quantities of IgG anti-rye 1
and 1gG anti-PLA; in sera from bee keepers (r =
0.017). In addition, we assessed cross-reactivity by us-
ing bee venom to inhibit the binding of PLA,, rye I
and antigen P,. Bee venom showed no inhibition of
antigen Py binding, i.e. < 5% inhibition, in any of six
sera tested. By contrast, bee venom inhibited the bind-
ing of PLA; at a very high dilution; 58-78% inhibition
at 1/390,000 dilution of | mg/ml bee venom (fig. 3).
Bee venom did show some inhibition of rye I binding
but this required at least 1,000 times more venom than
for PLA, and with only one serum did inhibition ex-
ceed 50% (fig. 3). These results show that the IgG an-
tibody to rye I in bee keepers cannot be explained
simply by a cross-reaction between rye I and bee ven-
om proteins.

Exposure to Grass Pollen

An alternative explanation for the high levels of
I1gG antibody to rye [ found in the sera of bee keepers
might be that, by working outdoors, their exposure to
grass pollen was increased and that such an exposure
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Fig. 3. Percentage inhibition of antigen
binding for both PLA, and rye [ by serial dilu-
tions of bee venom. Serum ditutions chosen to
give 5-15% binding of the relevant antigen
Anti were incubated with dilutions of bee venom

RYet  undiluted (1 mg/ml) for 3 h, before the addi-
viading tion of radiolabelled PLA, or rye 1. Sera for
the binding of rye 1 were derived from bee
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Fig. 4. Ratios of 1gG-binding activity : IgE-binding activity for
rye I, antigen P, and PLA, in patients with hay fever, dust mite
rhinitis and bee venom allergy. The values for anti-PLA, include
values extrapolated from anti-PLA, RAST results.

might lead to increased antibodies to rye I. Since most
bee keepers in England keep bees as a part-time hob-
by their exposure to grass pollen may not necessarily
be high. However, we also looked at antibody levels
to rye I in the sera of dairy farmers who were not al-
lergicto grass pollen but worked outdoors for at least 6
h/day during the pollen season. Even these sera
showed a lower incidence of IgG antibodies to rye 1
than the bee keepers, although they did show higher
levels than the non-allergic controls (fig. 1, table I).

keepers with hay fever (A), bee keepers with-
1/25 out hay fever (), and non-bee keepers with
hay fever (@).

Comparison of the Relationship between 1gG and

IgE Antibodies to Injected and Inhaled Allergens

The results for antibodies to rye I, antigen P; and
PLA; were expressed as a ratio of [gG/IgE antibody
(fig. 4). The mean ratio for antibodies to rye | in 47
non-bee keeping hay fever patients was 6.34: [, for 60
mite-sensitive patients from Hong Kong this ratio for
antibodies to antigen P, was 7.63 : 1, and for 31 aller-
gic bee keepers the ratio of 1gG to IgE for PLA; was
722: 1. Clearly, in the presence of a large excess of
IgG antibody it becomes difficult to be sure of the
measurements of IgE antibody. However, several
techniques have been used to check the results, firstly,
increasing the quantity of venom allergen on radioal-
lergosorbent test (RAST), beads and secondly, simple
fractionation of sera into IgE-rich fractions using am-
monium sulphate [19}. Even if the values for IgE an-
tibody to PLA; were slightly underestimated, it is
clear that the ratios of IgG: IgE antibody are much
higher for this antigen. It seems likely that the ‘large’
doses of PLAa, 10-12 pg/sting favour the production
of IgG antibody.

Discussion

The present study was designed to compare the an-
tibody response to PLA; with the response to two in-
halant allergens. The object was to gain more insight
into the factors which control whether different indi-
viduals will develop IgE antibodies following these
different types of antigen exposure. In all sera studied
IgE antibodies were never present without IgG anti-
bodies and the quantities of IgG antibody were always
greater than the IgE antibodies. However, while the
levels of 1gG antibody to rye I and antigen P, were on-
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ly about 2- to 10-fold greater than IgE antibody, the
IgG antibody to PLA; was often 500-fold greater than
the IgE antibody. Similarly, for both rye I and anti-
gen Py there is an excellent quantitative correlation
between IgG and IgE antibodies [19, 26}, and this was
not apparent for antibodies to PLA,. Thus, the anti-
body response to PLA, is distinct from that to inhalant
allergens in three respects: (i) there was 1gG antibody
to PLA; in most of the non-allergic bee keepers; (ii)
IgG antibody to PLA; was often much higher than the
[gE antibody and there was no correlation between
the two classes, and (iii) the IgG antibodies to PLA»
did not appear to be produced locally in the nose. The
1gG/IgE antibody ratios were often low in subjects
who had rhinitis and did not appear to be related to
the severity of symptoms [26]. By contrast, [gG/IgE
ratios of anti-PLA; were often very high in patients
who had severe generalized reactions to bee stings.
This emphasizes that at present simple measurements
of IgE antibodies and blocking antibodies cannot
predict the nature of allergic symptoms.

We were surprised to find that most bee keepers
made IgG antibodies to rye I, even though they were
not allergic to grass pollen, and whether or not they
were allergic to bee venom. The only apparent differ-
ence between the bee keepers and other non-atopic in-
dividuals that could explain these antibodies seemed
to be that bee keepers were exposed to, and stung by,
bees. This observation could not easily be explained
by an increased exposure to grass pollen since we did
not find the same incidence of [gG antibodies to rye I
in farmers who must have been exposed to much
higher levels of grass pollen through their work.
Cross-reactivity between PLA, and rye I does not ex-
plain our findings because (i) the serological evidence
does not suggest a cross-reaction; (ii) there is no evi-
dence that non-bee keepers with hay fever are liable to
have allergic reactions to bee strings, and (iii) the inhi-
bition of rye I binding by bee venom was modest and
required high concentrations of venom. Bee keepers
showed a normal antibody response to diphtheria
toxin, had normal total IgG levels, and were taken as
being no different from the rest of the population in
their general immune responsiveness. At present, it
seems probable that bee venom has a stimulatory or
adjuvant-like effect on the 1gG antibody response to
rye 1. The fact that there was no parallel increase in
IgG antibodies to antigen P; might be explained be-
cause the maximum exposure to mite antigens occurs
at a different time of year from the bee stings. The al-

ternative explanation is that bee venom can specif-
ically prime for an antibody response to grass pollen.
This could occur either because trace amounts of
grass pollen are present in certain samples of bee ven-
om or because there was some subtle form of cross-re-
activity possibly at a T-cell level. It is possible that
cross-reactions might have been found with venom
collected at a different time of the year or from an
English (rather than Bulgarian) source. Aalberse et al.
[27] have recently described a cross-reactivity between
bee venom and certain foods. However, they report
direct cross-reactivity for IgE antibodies, whereas we
have found an isolated IgG antibody response in the
absence of IgE antibodies.

Our studies did not find any evidence that bee
keepers with hay fever were more likely to develop
allergic reactions to bee stings, and this was true both
for generalized reactions and for severe local reac-
tions. In our earlier study on the relationship between
atopic disease and allergy to bee stings [I8], we
showed that there was a higher incidence of atopy in
those bee sting allergic patients with high titres of IgE
antibodies to bee venom. Furthermore, when these
patients were followed for 6 months it appeared that
the atopic bee sting allergic patients were more likely
to react to subsequent bee stings. It appears possible
that the atopic bee keepers are likely to have higher ti-
tres of IgE antibodies and more persistent symptoms
if they become allergic to bee venom. In keeping with
this view Setripane et al. [28] have shown that Hymen-
optera sting-sensitive patients with asthma tend to
have more serious reactions to stings.

Although it is generally accepted that immediate
reactions to bee venom are mediated by IgE antibod-
ies, some studies have suggested that the presence of
IgE antibodies to bee venom does not discriminate
very accurately between bee keepers who are allergic
to bee venom from those who are not. In a recent
study 58% of non-allergic bee keepers had detectable
IgE antibodies to bee venom although they had had
no recent reactions to venom [4]. In two other studies
the majority [3] and 40% [6] of non-allergic bee keep-
ers were found to have IgE antibodies to venom with-
out symptoms. However, these results may reflect the
ability of bee venom to bind non-specifically to IgG
and IgE [4]. Certainly, more recent studies in our lab-
oratory using purified venom antigens to measure
IgE antibodies have found a very good correlation be-
tween symptoms and IgE antibodies[11].

We would argue that human inhalant allergy re-
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presents repeated low-dose immunization, and that
atopic individuals are analogous to those strains of
mice that respond to low doses by producing persist-
ent IgE and IgG antibody responses [19, 20, 29, 30].
By contrast bee venom ‘immunization’ is equivalent
to high dosage in mice. A large proportion of bee
keepers produce high levels of IgG antibody to ven-
om proteins, and there is no apparent correlation be-
tween IgG and IgE antibody production. This is in
keeping with results in mice immunized with high
doses, where the production of IgE antibodies is not
related to IgG antibody production, and all strains
produce IgG antibody. Those mice that produce 1gE
following high-dose immunization appear to be those
strains of animals who fail to produce 1gE class-spe-
cific suppressor T cells [31]. By direct analogy with
mouse models it seems that suppressor T cells are un-
likely to be relevant in inhalant allergy but may well
be relevant in controlling 1gE antibody production to
bee venom allergens. Certainly it appears that the un-
derlying factors that lead some individuals to produce
IgG and IgE antibodies to pollen or dust antigens are
different from the factors that lead some bee keepers
to produce IgE antibody to venom proteins.

Acknowledgements

QOur thanks are due to Mr. S. Fish and Mr. R.W. Peate for ar-
ranging for us to collect blood from non-allergic farmers, and to
Mr. A. Trull for his valuable technical assistance. D.M. Kemeny is
supported by a grant from the Asthma Research Council.

References

Light, W.C; Reisman, R.E.;: Wypch, J.1.; Arbesman, C.E.: Clin-
tcal and immunological studies of bee keepers. Clin. Allergy 5:
389-395(1975).

Light, W.C.: Reisman, R.E.; Shimizu, M.; Arbesman, C.E.:
Clinical application of measurements of serum levels of bee
venom-specific IgE and 1gG. J. Allergy clin. Immunol. 59:247-
253(1977).

Yunginger, J.W.; Jones, R.T.; Leiferman. K.M.; Paull, B.R;
Welsh, P.W.; Gleich, G.J.: Immunological and biochemical
studies in bee keepers and their family members. J. Allergy clin.
Immunol. 67:93-101 (1978).

Kemeny, D.M_; Lessof, M.H.: Trull, A.K.: Measurement of IgE
and IgG antibodies to bee venom as measured by a modifica-
tion of the RAST method. Clin. Allergy 10:413-421 (1980),
Miyachi, S.; Lessof, M.H.; Kemeny, D.M.: Evaluation of bee
sting allergy by skin tests and serum antibody assays. Int. Archs
Allergy appl. Immun. 60: [48-153 (1979)

Miiller, U.; Spiess, J.: Roth, A.: Serological investigations in hy-

[N

DS}

I

[

=N

-~

S

©

tl
12

=

20

2

menoptera sting allergy: 1gE and haemagglutinating antibodies
against bee venom in patients with bee sting allergy, bee keepers
and non-allergic blood donors. Clin. Atlergy 7:147-154(1977).
Karpas, A.B.; Baer, H.; Hooton, M.L.: Evans, R.: A high molec-
ular weight allergenic fraction of honey bee venom. J. Allergy
clin. Immunol. 60:155-162(1977).

Hoffman, F.R.; Shipman, W.H.: Allergens in bee venom. 1. Se-
paration and identification of the major allergens. J. Allergy
clin. Immunol. 58:551-562 (1976).

Hoffman, D.R.: Allergens in bee venom. 111. Identification of
allergen B of bee venom as an acid phosphatase. J. Allergy clin.
Immunol. 59:364-366 (1977).

King, T.P.: Sobotka, A.K.; Kochonmian, L.: Lichtenstein, L.M.:
Allergens of honey bee venom. Archs Biochem. Biophys. 172:
661-671(1976).

Kemeny, D.M.: Unpublished resuits.

Sobotka. A.K.. Franklin, R.M.; Adkinson, N.F.; Valentine,
M.D.; Baer, H.; Lichtenstein, L.M.: Allergy to insect stings. I1.
Phospholipase A,: The major allergen in honey bee venom. J.
Allergy clin. immunol. 57:29-40(1976).

Sobotka, A.K.: Valentine, M.D.; Ishizaka, K.; Lichtenstein,
L.M.: Measurement of IgG-blocking antibodies: development
and application of a radioimmunoassay. J. Immun. 777: 84-90
(1976).

Paull, B.R.; Yunginger, J.W; Gleich, G.J.: Melittin - an aller-
gen of honey bee venom. J. Allergy clin. Immunol. §9:334-338
(1977).

Jarisch, R.; Yman, L.; Boltz, A.: Sandor, I.; Janitsch, A.: IgE an-
tibodies to bee venom, phospholipase A., melittin and wasp
venom. Clin. Aliergy 9:535-541(1979).

Shipolini, R.A.; Callewaert, G.L.. Doonan, S.. Vernon, C.A.;
Banks, B.E.C.: Phospholipase A, from bee venom. Eur. J. Bio-
chem. 20:459-468 (1971).

Haberman, E.: Bee and wasp venoms. The biochemistry and
pharmacology of their peptides and enzymes are reviewed.
Science 177:314-322(1972).

Miyachi. S.; Lessof, M.H.: Kemeny, D.M.: Green, L.A.: Com-
parison of the atopic background between allergic and non-al-
lergic bee keepers. Int. Archs Allergy appl. Immun. 58:160-166
(1979).

Platts-Mills, T.A.E.. Snajdr, M.J.; Ishizaka, K.. Frankland,
A.W.: Measurement of IgE antibody by an antigen-binding as-
say: correlation with PK activity and 1gG and IgA antibodies to
allergens. J. Immun. 120:1201-1210(1978).

Chapman, M.D.. Platts-Mills, T.A.E.: Measurement of 1gG.
IgA and 1gE antibodies to Dermataphagoides pteronyssinus by
antigen binding assay, using a partially purified fraction of mite
extract (F¢P,). Clin. exp. Immunol. 34:126-136 (1978).
Platts-Mills, T.A.E.; Von Maur, R.K.; Ishizaka, K.; Norman,
P.S.: Lichtenstein, L.M.: IgA and IgG anti-ragweed antibodies
in nasal secretions: quantitative measurements of antibodies
and correlation with inhibition of histamine release. J. clin. In-
vest. 57:1041-1050 (1976).

Ishizaka, K.; Tomioka, H.; Ishizaka, T.: Mechanisms of passive
sensitization. Presence of IgE and IgG molecules on human leu-
cocytes. J. Immun. 105:1459-1467 (1970).

3 Gleich, G.J.; Averbeck, A.K.; Swedland, H.A.: Measurement of

IgE in normal and allergic serum by radioimmunoassay. J. Lab.
clin. Med. 77:690-698 (1971).



Kemeny/Miyachi/Platts-Mills/Wilkins/ Lessof

>

Mancini, G.; Carbonara. A.O.; Heremans, L.F.: Immunochemi-
cal quantitation of antigens by single radial immunodiffusion.
Immunochemistry 2:235(1965).

Platts-Mills, T.A E.: Local production of IgG, IgA and IgE an-
tibodies in grass pollen hay fever. J. Immun. 122: 2218-2225
(1979).

Chapman, M.D. Platts-Mills, T.A.E.; Gabriel, M.; Ng, H.K.;
Allan, W.G.L.: Hill, L.E.; Nunn, AJ.: Antibody response fol-
lowing prolonged hyposensitization with Dermatophagoides
pteronyssinus extract. Int. Archs Allergy appl. Immun. 6/ :
431-440(1980).

Aalberse, R.C.: Koshte, V. Clemens, J.G.).: IgE antibodies that
cross-react with vegetable foods, pollen, and Hymenoptera ven-
om. J. Allergy clin. Immunol. (in press, 1981).

S Settipane, G.A.; Chafee, F.H.; Klein, D.E.; Boyd, G.K.; Stu-
ram, J.H.: Freye, H.B.: Anaphylactic reactions to Hymenoptera
stings in asthmatic patients. Clin. Allergy 10:695-665 (1980),
Levine, B.B.; Vaz, N.M.: Effect of combinations of inbred
strain. antigen and antigen dose on immune responsiveness and

reagin production in the mousc. Int. Archs Allergy appl. Im-
mun. 39:156-171 (1970).

30 Prouvost-Danon, AL Mouton, D.; Abadie, A.; Mevel, 1.C.:

Boizzi, G.: Genetic regulation of IgE and agglutinating anti-
body synthesis in lines of mice selected for high or low immune
responsiveness. Eur. ). Immunol. 7:342-348 (1977).

31 Tuakatsu, K.: Ishizaka, K.: Reaginic antibody formation in the

mouse. VIL Induction of suppressor T cells for 1gE and 1gG an-
tibody responses. J. Immun. 176:1257-1264 (1976).

Received: September 24, 1981

Correspondence to: Dr. D. Kemeny,
Department of Medicine,
Guy's Hospital Medical School,

London SEI (England)



