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Detailed IgG and IgE antibody patterns

during immunotherapy with honey bee venom
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Fourteen patients with a known honey bee venom (HBV) allergy were followed during

1-2 years of immunotherapy. HBV-specific IgG antibody levels increased in all patients

but one. HBV-specific IgE antibodies decreased slightly during the first year of therapy.

The ratio HBV-specific IgG-/IgE showed a marked increase during the first year for

most of the patients, and a further increase during the second year in the four patients

followed that long. As could be expected an increased radiostaining was found after 1

year of treatment to all important allergens in IgG CRIE, but after 2 years a sustained or

increased radiostaining was obtained to phospholipase (PLA) alone. A decreased radio-

staining might more easily be seen with weaker immunogens.
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Bee sting allergy constitutes a considerable threat
to the allergic subject and causes disabling anxiety
to many people. Immunotherapy with pure ven-
om has been shown to be an effective means to
reduce the risks of life-threatening reactions (11)
and is now used extensively. A major immu-
nological effect of immunotherapy is the rise of
allergen-specific IgG (23). Venom-specific IgE
levels also often increase in the initial phase of the
therapy but later decline in spite of the continued
immune stimulus (4, 29). Bee venom is a complex
mixture made up of several proteins, peptides and
different low molecular weight components with
varying biochemical and pharmacological effects
(7). It could be anticipated that many of these
substances would elicit an immunologic response
on synthesis of antibodies of different classes.
Separation of the individual components is re-
quired in order to study the antibody response to
the components of this complex mixture. By
applying crossed immunoelectrophoresis (CIE)
and crossed radioimmunoelectrophoresis (CRIE)
the antigenic and allergenic composition of the
mixture have been established (2, 5). Previously
the antibody patterns in bee keepers have been

studied using these immunological methods (22).
The present study deals with the detailed anti-
body response towards clinically important al-
lergens during the course of regular bee venom
immunotherapy.

MATERIAL AND METHODS

Patients

Fourteen patients of both sexes aged 25-68
years with a history of an allergic reaction to
bee sting were included in the study (Table 1).
Eleven of the subjects belonged to bee keeper
families. All patients except one had a positive
RAST reaction = 0.35 PRU/ml (Phadebas
RAST Unit per ml) but all were skin test posi-
tive (Table 2).

Blood samples were drawn at regular inter-
vals and serum was kept frozen (-18°C) until
analysed. Antibody examinations with IgE
RAST, IgG RAST and crossed immuno-
electrophoresis
obtained before the start of immunotherapy,

were performed using sera
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after 1 year of active therapy, and in four
patients after 2 years of treatment.

Honey bee venom

Honey bee venom (Apis mellifera, lot 00500) col-
lected by electrical stimulation was obtained from
Mr. C. Mraz, Champlain Valley, Middlebury,
Vermont. This bee venom source material was
used for the manufacturing of Pharmalgen bee
venom (Pharmacia Diagnostics AB, Uppsala,
Sweden) used in this study.

Antisera

Antisera to bee venom proteins were raised in
rabbits by multiple bi-weekly intracutaneous
immunizations with approximately 300 ug bee
venom source material in Freund’s complete
adjuvant, essentially as described by Harboe &
Ingild (8).

Treatment

Pharmalgen bee venom was used for immuno-
therapy. Eight patients followed a rush treat-

Table 1
Pretreatment sting reactions according to Mueller (19)

Grade No. of patients
1. Slight general reaction 5*
2. General reaction 7
3. Severe general reaction 1
4. Shock reaction 1

* Including two patients with large local reactions

Table 2
Skin prick test classification

End point conc. (pg/ml) No. of patients

100 =
33 2
10 7
3 1
1 4

ment schedule (3) and six a schedule with week-
ly injections (16). The maintenance dose was
100 pg given once monthly for both groups.

Radioallergosorbent test (RAST)
HBV-specific IgE and IgG antibody con-

centrations in the patient sera were determined
by Phadebas RAST® kit (Pharmacia Diagnos-
tics Uppsala, Sweden). The results were ex-
pressed in Phadebas RAST Units/ml (PRU/ml)
for IgE and U/ml for IgG.

Crossed immunoelectrophoresis (CIE)

CIE was performed on gelbond film essentially
as previously described (5) using a 0.05 mol/l
TRIS/Tricine buffer (Bio-Rad), pH 8.6 in 1 %
Agarose (Agarose A, Pharmacia Fine Chemi-
cals). In the first dimension electrophoresis 75
ng bee venom was run for 55 min, 10 V/cm at
15°C. The second dimension electrophoresis
was performed for 18 h using 14 pl rabbit
antiserum per cm’ gel.

Crossed radiotmmunoelectrophoresis (CRIE)

Allergen-specific 1gG and IgE detection. 1gG-CRIE
and IgE-CRIE were performed as previously
described (2, 21). The CIE plates were incubated
over night in patient serum diluted 1/200 (IgG)
and 1/17 (IgE), respectively. After washing,
using 10 % PDT buffer solution in 0.9 % sodium
chloride, the plates were re-incubated in a dilu-
tion of *I-anti-IgG or '*I-anti-IgE (72 000 cpm/
ml). Autoradiography was performed with the
rapid procedure (26) using Du Pont Cronex-4
X-ray film, Du Pont Lighting Plus intensifying
screen in Kodac X-Omatic Cassette at low tem-
perature (-70°C). CRIE classification was ob-
tained by sequential exposure according to a
previously described procedure (26).

RESULTS

Patients

The maintenance dose of 100 pg was reached
within 6-7 weeks in all but three patients. Two
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patients reached the maintenance dose 1 and 10
months later. In one patient the top dose could
never be reached due to asthmatic reaction. Six
patients had an accidental sting from honey bee
during the first year of treatment with only a
normal small local reaction.

IgE b
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50
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Fig. 1.
immunotherapy with honey bee venom measured with a)
IgG-RAST; b) RAST and in c¢) as the ratio between geo-
metric means of specific IgG/IgE measured with IgG-RAST
and RAST.

Antibody responses in patients during 2 years

HBV-specific antibodies

Individual values of HBV-specific IgG anti-
bodies during treatment are shown in Fig. la.
After 1 year of immunotherapy with honey
bee venom, the HBV-specific IgG antibody
levels measured with IgG-RAST showed a
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CRIE classes a

years

CRIE classes c

rather steep increase in all patients but one.
Only four of the patients were studied after
another year of treatment and the HBV-spe-
cific IgG serum concentrations were not sig-
nificantly changed during the observation
period. Individual values of HBV-specific IgE
antibodies during treatment are demonstrated
in Fig. 1b. HBV-specific IgE antibody levels
as measured by RAST decreased slightly dur-
ing the first year of therapy. The four

15

CRIE classes b

Fig. 2. Antibody responses to individual components of
honey bee venom in patients during active treatment with
honey bee venom. a) Phospholipase A; b) Hyaluronidase
and c) Allergen C. The antibody levels are given in CRIE
classes (A-G) where class A denotes dense radiostaining
and class G weak radiostaining.

patients’ sera which were analysed after one
more year showed a further slight decrease.
Fig. 1c demonstrates the individual and mean
values of the ratio HBV-specific IgG/IgE dur-
ing the course of therapy. For most of the
patients there was a marked increase in the
antibody ratio during the first year of treat-
ment. The four patients studied after 2 years
exhibited a further increase in the quotient
HBV-specific 1gG/IgE.
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Fig. 3. Allergogram showing CRIE radiostaining of different precipitates in a CIE reference pattern of bee venom before and
after treatment with honey bee venom for 1 or 2 years. a) Specific IgE binding to bee venom components; b) Specific IgG
binding to bee venom components. The intensity of the radiostaining is shown as hatched squares symbolizing the CRIE

classes (A-G).

CRIE analysis

The IgG-CRIE radiostaining data of some indi-
vidual bee venom immunprecipitates before
and after immunotherapy are given in Fig.
2a-c. Only data from the precipitate considered
to be the most representative of the multiple
forms are given, i.e. the radiostaining from
“antigen 10(11)” represents PLA (Fig. 2a).
This precipitate gave, in most cases, a heavy
radiostaining prior to starting active treatment.
In the majority of cases, stronger radiostaining
was found during the therapy. Radiostaining of
hyaluronidase of the pretreatment serum was

low or absent (Fig. 2b). Clearly raised antibody
levels were found after 1 year of treatment, but
after 2 years the levels had decreased to the
pretreatment level. The radiostaining of antigen
1 (Fig. 2c) representing allergen C (2, 10) show-
ed a similar pattern, indicating antibody con-
centrations which initially rose followed by sub-
sidence during the second year of therapy. One
of the patients contrasted in that the serum
showed continually rising antibody levels as
reflected by an increasing degree of radiostain-
ing.

The detailed IgE- and IgG-CRIE patterns of
all patients studied are summarized in Fig.
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3a-b. The most important allergen was PLA,
but hyaluronidase, acid phosphatase, and anti-
gen 1 also gave radiostaining in some patients.
None of the patients showed detectable radio-
staining to melittin. Small changes in specific
IgE antibody concentrations during therapy
were not registered as changed radiostaining in
CRIE (within the specific CRIE class), whereas
more pronounced changes were registered
quantitatively by decreased CRIE scores to
PLA. From the IgG-CRIE patterns (Fig. 3b) it
is obvious that treatment causes a significant
increase in the degree of radiostaining for spe-
cific IgG antibodies, and this observation is
especially pronounced for the multiple forms of
PLA. Most allergens in HBV (hyaluronidase,
acid phosphatase and allergen C) show an
increased radiostaining during the course of

therapy, reflecting increases in the level of spe-
cific IgG.

15"

DISCUSSION

Hymenoptera sting allergy differs from inhalant
allergy in that the allergen dose is considerably
higher and in the route of antigen presentation.
There is also a simultaneous presence of toxic
and vasoactive compounds which may favour
non-specific sensitization. Honey bee venom
has also been suggested to act as an adjuvant
for IgG antibodies to grass pollen antigens in
bee keepers (14). Furthermore, an atopic indi-
vidual is not necessarily developing a bee sting
allergy more often than individuals of the gen-
eral population unless frequently stung (18, 24).
In spite of this, in more than half of repeatedly
stung bee keepers, IgE antibodies to bee venom
can be detected by using sensitive radioim-
munoassay techniques (22). Only in a few,
however, do IgE antibody levels become ele-
vated enough to cause clinical allergy. We know
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from other allergen systems that parenteral
injections of allergens may cause IgE antibody
synthesis, but this may be regarded as a com-
mon part of a humoral immune response.
Immunotherapy involves repeated injections
of high doses of potent immunogens. There is
normally a rise of IgG “blocking” antibodies
whereas the corresponding IgE antibodies are
unchanged or decreased. The aim of the
therapy is clinical protection but no simple
parameter for this is yet established. Allergen-
specific IgG antibody levels, however, provide a
rough indication of protection against systemic
reactions (6, 16, 23, 28). Golden et al. (6) have
suggested that an absolute level of more than 5
ng specific IgG per ml (approximately 150 IgG-
RAST Units) provides statistical evidence of
clinical protection. Patients not reaching that
level might be at a higher risk when re-stung.
Most of the patients included in this study
reached a level of 150 IgG RAST U/ml after 1
year of therapy and consequently should be
protected. About 40% of our patients were
stung after reaching the maintenance dose with-
out any signs of systemic reactions. The deter-
mination of total allergen-specific IgG anti-
bodies, however, does not give the complete
answer, since IgG antibody responses to one or
several components may be absent or of low
degree even with a strong total allergen-specific
IgG antibody response. Such data may provide
a putative explanation for treatment failures as
has been suggested (10, 13) and thus detailed
studies of the antibody responses are of value.
The ratio IgG/IgE increased in all treated
patients but three, where it remained un-
changed. In two of these patients it was difficult
to reach the maintenance dose, but one of them
was accidentally stung before reaching the top
dose with only a normal reaction. The third
patient had the highest pretreatment level of
specific IgG in the group studied and this
patient might thus have reached an adequate
immune response already before initiation of
therapy. In general, the IgG/IgE ratio might be
a better indicator of clinical improvement than
specific IgE and IgG measured separately.
Many of the pretreatment sera in this study
gave strong radiostaining in IgG-CRIE to the

major bee venom allergen, PLA. This fits with
our own previous findings and is not suprising
since sensitization causing IgE development is
known to include IgG antibody synthesis.
There is probably a bias in that many of the
patients were chosen for immunotherapy due to
an increased risk of getting stung since they
belonged to bee keeper families. This fact could
also explain the elevated pretreatment PLA-
antibody levels. Regarding the other allergens,
elevated specific IgG levels were registered pri-
marily to antigen 1, considered to represent
allergen C (1, 10), and also to some extent to
hyaluronidase.

As could be expected, increased radiostaining
was found after 1 year of treatment to all impor-
tant allergens in IgG-CRIE, but after 2 years
sustained or increased radiostaining was obtain-
ed to PLA alone. Thus, regarding the less impor-
tant allergens, hyaluronidase and antigen 1, the
patients examined after 2 years of treatment
showed decreasing radiostaining except in one
case. Decreasing IgG levels in spite of higher
dosages during the course of immunotherapy
have been registered by others (16, 28). This may
not be an unfortunate result, but could instead
represent a lessened tendency towards immune
response once the desired peak level has been
reached during the course of therapy. Specific
IgG and IgE diminishing together might then be
regarded as a more beneficial sign, and it may
stand to reason that this therapeutic effect is more
easily obtained to weaker immunogens, such as
hyaluronidase, than to substances with strong
immunogenic capacity such as PLA. At this
point, however, the data are preliminary and
need to be confirmed.
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