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Abstract

Background: New in vitro methods are essential for developing better follow-up cri-
teria for venom immunotherapy (VIT).

Methods: Thirty-one children with a history of honeybee venom—induced systemic
anaphylaxis were included in this prospective, single-blinded study. The basophil
CD63 activation test (BAT) was assessed before starting VIT, at the end of the
build-up phase (day 5), 6 months later, and after 2-4 yr of VIT.

Results: Basophil CD63 activation test allowed identification of the culprit insect in
74% of honeybee venom-allergic children. In comparison, IgE reactivity was single
positive in only 52% of children. Five days after starting VIT, BAT was highly
comparable to before VIT. However, after 6 months and further after 24 yr of
VIT, a significant and approximately fourfold decrease was demonstrated in CD63
response at sub-maximal 0.1 pg/ml allergen concentration, which mainly represents
cellular sensitivity. No such differences were found at a higher 1 pg/ml of allergen
concentration. Person-to-person analyses showed that after 2-4 yr of VIT, a marked
CD63 decrease was evident in 85% of children. In addition, elevated basophil sensi-
tivity measured before VIT was associated with the appearance of side effects
observed during the build-up phase of VIT.

Conclusion: Basophil CD63 allergen—specific sensitivity seems to be a promising tool
for monitoring protective immune response in honeybee VIT.

Life-threatening anaphylactic reactions to Hymenoptera
venom affect between 0.3% and 7.5% of the general popu-
lation, and up to 75% of patients develop further systemic
symptoms when re-stung (1, 2). In general, children have a
better prognosis for severe systemic sting reactions, mortal-
ity, and the natural course of insect venom allergy,
although the precise mechanisms for this are not known (3,
4). It has been well documented that specific venom immu-
notherapy (VIT) can lead to years of tolerance to insect
stings. VIT is used in conjunction with positive skin and/or
specific serum IgE tests in both children and adults with a
history of severe systemic reactions such as respiratory and
cardiovascular symptoms (5-7). Unfortunately, these stan-
dard diagnostic tests can neither predict the occurrence or
severity of systemic reaction, nor can they predict the out-
come of VIT. Recent advances in understanding basophil
biology have led to advances in testing, such as flow cytom-
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etry quantification of basophil activation by measurement
of CD63 expression (8-14). This measurement may signifi-
cantly improve diagnostic sensitivity in complex cases in
which other testing methods have yielded inconclusive
results (11). Moreover, several reports have suggested that
changes in specific basophil CD63 responses might be
related to adverse reaction or VIT outcome (10, 12, 13),
although some authors were not able to demonstrate such
correlations (8, 14). To evaluate the role of basophil testing
in Hymenoptera venom allergies, we studied a group of 31
children with severe honeybee venom allergy. We measured
and compared the results of CD63 testing prior to starting
honeybee VIT, at the end of the build-up phase (5 days),
6 months later, and after 2-4 yr of VIT. We also investi-
gated whether basophil CD63 activation test (BAT) results
can predict adverse reactions during the build-up phase
of VIT.
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Material and methods
Study population

Thirty-one children (mean age 10.7 yr; range 4-18; 8 girls
and 23 boys) with a clear history of systemic allergic reac-
tion after honeybee sting (Grade I-II or higher according
to Miiller) (15) were included in this prospective, single-
blinded study. None of the children had reported a systemic
allergic reaction to wasp sting. Whole blood was collected
from the patients after informed consent and approval of
the Slovenian National Medical Ethics Committee was
obtained. All of the children had positive (>0.35 kU/I)
honeybee venom-specific IgE (median 22.8 kU/Il; range 0.6
to >100) and 15 of them (48%) also had wasp venom-spe-
cific IgE (median 4.3 kU/l; range 0.5-24.5; Immulite, Sie-
mens AG, Munich, Germany; Table 1). The median
honeybee venom IgG4 was 1.9 mgA/l (range <0.01 to
>30), and the median wasp venom IgG4 was 0.06 mgA/l
(range <0.01 to 4.79; CAP-FEIA, Phadia, Uppsala, Swe-
den). The median total IgE was 318 kU/l (range 17.9-1907;
CAP-FEIA). Skin prick and intradermal tests with honey-
bee and wasp venom were not performed. Basal serum
tryptase levels were below 10 pg/l (median 2.4; range 1-9.8)
in all children. Testing occurred at least 2 wk after the sting
reaction.

Honeybee venom immunotherapy

All 31 children started VIT (in a period of <1 yr after ana-
phylactic reaction) with honeybee venom (Venomenhal,
HAL, Haarlem, the Netherlands) according to the position
paper of the EAACI, reaching the maintenance dose of
100 pg of honeybee venom within 5 days using the rush pro-
tocol (15, 16). The maintenance dose was administered at
intervals of 4 wk thereafter. The first BAT sample was taken
just before starting VIT and the second sample was taken on
the morning of the 5th day (the end of the build-up phase).
The third and fourth samples were taken after 6 months and

Table 1 Diagnostic comparison of venom-specific IgE measure-
ment and basophil activation test in 31 honeybee venom-allergic
children. None of the children had a history of systemic allergic
reaction to wasp sting

Positive sIgE* Positive BATY

Honeybee venom 31/31 31/31

Wasp venom (additional wasp 15/31 (25/31)  8/31 (14/31)
sensitization during honeybee VIT):

Sensitivity 100% 100%
Specificity 52% 74%

BAT, basophil CD63 activation test; VIT, venom immunotherapy.
*>0.35 kU/L.

TThe threshold value for diagnostically positive venom CD63 results
was defined as a positive reaction in 15% basophils at 1 pg/ml of
venom concentration (6, 7).

tAfter 4 months (N = 5) or 2-4 yr (N = 26) of honeybee VIT.
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2 (16 children) to 4 (10 children) years of VIT, just before
the maintenance dose was administered. At the 6-month and
2- to 4-yr time point, we also collected a serum sample for
specific IgE and 1gG4 measurement. Five children were lost
to follow-up after 2 (three children) to 4 (two children) years
of VIT.

Basophil activation assay

The BAT was performed as previously described (10, 11).
Briefly, heparinized whole blood was incubated in a baso-
phil stimulation buffer with IL-3 (Buhlmann Laboratories,
Basel, Switzerland) containing a final concentration of 0.1
or 1 pg/ml of honeybee or wasp venom (3-5) (Hal Aller-
gie), 0.55 pg/ml of anti-FceRI mAb (Buhlmann Laborato-
ries), or 2 uM fMLP (N-Formyl-Met-Leu-Phe, Sigma, St.
Louis, MO, USA) at 37°C for 15 min. Degranulation was
stopped by chilling on ice, after which FITC-conjugated
anti-CD63 mAb, PE-conjugated anti-CD123 mAb, and
PerCP-conjugated anti-HLA-DR mAb (BD Biosciences,
San Jose, CA, USA) were added and incubated for 20 min
on ice. Finally, whole blood probes were lysed, washed,
fixed, and analyzed within 2 h on a FACSCalibur flow
cytometer (BD Biosciences). Data were acquired using an
FL2 threshold that eliminated most CD123-negative cells,
and at least 600 CDI123-positive cells were acquired per
sample. Basophils were identified as low side scatter,
CD123-positive, and HLA-DR-negative cells, and the quan-
titative percentage determination of degranulated basoph-
ils was measured in FLI. The threshold value for
diagnostically positive results was defined as 15% of CD63-
positive basophils. This threshold was described previously
(10, 11).

Statistical analysis

Data distribution was calculated using the D’Agostino &
Pearson normality test. Depending on the distribution of the
data, we used either an ANOvA or Kruskal-Wallis test, and
Mann—Whitney tests. Data were expressed as median and
range, if not otherwise stated. Correlation coefficients were
calculated using the Pearson or Spearman test. For side effect
analysis, a ratio between basophil CD63 expression after
stimulation with honeybee venom at concentrations of 0.1
and 1 pg/ml (0.1/1 index) was calculated, as described in
detail previously (10). Probability values (p) <0.05 were
accepted as significant.

Results
Honeybee venom immunotherapy

Of the 31 children included in the study, five experienced
Grade I systemic reactions and two experienced Grade II sys-
temic reactions during the build-up phase of VIT. After
reducing the rate of honeybee venom dosage increase, all
children reached the maintenance dose of 100 pg of honeybee
venom without any further side effects.
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Specific IgE and 1gG4

Honeybee venom-specific IgE after 6 months of VIT (median
20.9 kU/I; range 1.7 to >100) were comparable to values
before VIT. However, after 2—4 yr of VIT, these IgE values
significantly decreased (median 4 kU/l; range <0.35 to 57,
p < 0.001). Fifteen of 31 children had double-positive (hon-
eybee and wasp) venom-specific IgE before starting VIT.
Another six children became double-positive 6 months after
introduction of VIT (novel wasp sensitization), and four
more after 2-4 yr of VIT (Table 1). Serum concentration of
honeybee venom-specific 1gG4 significantly increased
6 months (median 17.1 mgA/l; range 0.7 to >30) and 24 yr
after starting VIT (median 16.4 mgA/l; range 2.4 to >30,
p < 0.0001). However, no increase was observed for wasp
venom-specific 1gG4 (median 0.09 and 0.13 mgA/l; range
0.01 to >30).

Basophil baseline, fMLP, and anti-FceRI response

The baseline CD63 response was similarly low before VIT
(median 3.4%; range 1.4-8.8), after 5 days (median 3.7%;
range 0-7.3), after 6 months (median 3.5%; range 2.4-5.1),
and after 2-4 yr of VIT (median 3.9%; range 2.4-5.1; Fig. 1).
The response to fMLP was comparable to before VIT (med-
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ian 45.5%; range 6.8-83.3), after 5 days (median 44.1%;
range 17.5-85.9), after 6 months (median 50.4%; range 17.7—
82.5), and after 24 yr of VIT (median 58.6%; range 9-80.4).
The basophil response to anti-FceRI mAbs was equally high
before VIT (median 75.5%; range 14.1-99.2), after 5 days
(median 79.3%; range 12.4-98.9), and after 6 months (med-
ian 63.4%; range 12-99.2); however, it become higher after
2-4 yr of VIT, but only in comparison with 6 months of VIT
(median 95.6%; range 13-100; p < 0.01; Fig. 1).

Basophil honeybee venom response

All 31 children had a positive (by >15%) BAT response
to honeybee venom before starting VIT at 1 pg/ml (median
77.8%; range 17.9-97.4). The response to 0.1 pg/ml of hon-
eybee venom concentration (median 33%; range 5.3-91.5)
was about one-half lower in approximately two-thirds of
children. The CD63 response was nearly identical when
tested S5 days after starting VIT (median 72.2%; range
11.3-99.5 for 1 pg/ml, and median 45.5%; range 0.5-96 for
0.1 pg/ml; Fig. 1). However, 6 months after VIT, the CD63
response decreased almost fourfold following stimulation
with 0.1 pg/ml of honeybee venom (median 8.7%; range
2.3-81.5) and it stayed similarly low after 24 yr of VIT
(median 10.8%; range 2.1-73.3; five children were lost to
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Figure 1 /n vitro basophil CD63 response just before starting honeybee VIT, after 5 days, after 6 months (N = 31), and after 2-4 yr of hon-
eybee VIT (N = 26). The box plot indicates the median (horizontal line), interquartile range (box), and minimum and maximum values (whis-

kers). *p < 0.05; **p < 0.01.
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follow-up at this point). This suppression of allergen-spe-
cific response was highly significant (Kruskal-Wallis test
with Dunn’s Multiple Comparison; Fig. 1). The basophil
CD63 responses at 1 pg/ml of venom had transiently
decreased after 6 months of VIT (median 44%; range 9.1—
91.2), but it returned to previous values after 2-4 yr of
VIT (median 71.2%; range 4.8-98.8). Person-to-person anal-
yses showed that after 24 yr of honeybee VIT, of 26 chil-
dren, 22 (85%) showed a significant decrease and four
children (15%) showed an increase in basophil-specific
response (Fig. 2a). There was no significant correlation
between CD63 responses at 1 or 0.1 pg/ml of honeybee
venom and concentration of IgG4 antibodies to honeybee
before, after 6 months, or after 24 yr of VIT. Moreover,
a subgroup of 22 children that showed a decrease in baso-
phil response after 2-4 yr displayed no differences in
I1gG4 or IgE dynamic in comparison with a subgroup of
four children that showed an increase in CD63 response
(Fig. 2b,c).

Basophil wasp venom response

Twenty-three children had a negative (by <15%) and eight
had a positive (by >15%) initial BAT response to wasp
venom (median 7.9%; range 3.7-86.6 at 1 pg/ml and median
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4.6%; range 1.1-88 at 1 pg/ml; Fig. 3). Seven of those nega-
tive children had positive wasp venom—specific IgE (Table 1).
The CD63 response remained comparably low after 5 days
and also after 6 months of honeybee VIT; however, it
become higher (although not significantly) after 2-4 yr of
VIT, preferably at a maximum 1 pg/ml of wasp venom
concentration (median 23.8%; range 1.2-100), but not at
sensitivity-related sub-maximal 0.1 pg/ml of allergen concen-
tration. Consequently, six children additionally showed a
positive CD 63 response (by >15% at 1 pg/ml) to wasp
venom after 6 months or 2-4 yr of VIT.

Basophil 0.1/1 index and systemic side effects of VIT

The basophil 0.1/1 index was calculated as a ratio between
the basophil CD63 response to honeybee venom at 0.1
and 1 pg/ml, as previously reported (10). We found that the
0.1/1 index was significantly higher in a subgroup of seven
children that had experienced systemic side effects during
the build-up phase (median 1.03; range 0.61-1.08) as
compared to the 24 children without adverse systemic
reactions (median 0.45; range 0.06-1.7; Fig. 4a). The 0.1/1
index was further evaluated by ROC curve analysis. The
area under the ROC curve was 0.83 and p < 0.01. The
optimal calculated threshold index was >0.69, with a
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Figure 3 /n vitro basophil CD63 responses to wasp venom before,
after 5 days, after 6 months (N = 31), and after 2-4 yr of honeybee
VIT (N = 26). The box plot indicates the median (horizontal line), in-
terquartile range (box), and minimum and maximum values (whis-
kers).

true positive rate (sensitivity) of 86% and a false positive
rate of 33% (giving a specificity of 67%). We also com-
pared the 0.1/1 index during honeybee venom VIT
and found a highly significant decrease in the sensitivity
index after 6 months and after 2-4 yr of VIT (p < 0.001;
ANOVA with Newman—Keuls multiple comparison test,
Fig. 4b).

Discussion

This study showed that venom immunotherapy in chil-
dren induces a significant and long-term decrease in allergen-
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specific basophil sensitivity, which was evident after 6 months
and after 2—4 yr of VIT. Furthermore, we also demonstrated
the usefulness of basophil testing for identifying the culprit
venom and showed that initially increased basophil allergen
sensitivity is associated with adverse reactions during the
build-up phase of VIT.

Basophils and mast cells are directly responsible for the
clinical symptoms of IgE-mediated reactions by releasing his-
tamine and other mediators. At the cellular level, the
response of basophils corresponds to two independent vari-
ables: reactivity and sensitivity (17). Reactivity is the maximal
response to allergen stimulation at the plateau of the dose
response curve. In our study, reactivity is presented by the
response at the 1 pg/ml of venom concentration and it was
important for diagnostic confirmation of IgE sensitization,
with a threshold set at more than 15% of CD63-positive
basophils (10, 11). In addition to diagnostic confirmation,
reactivity is very useful for defining the culprit venom in
patients that exhibit simultaneous skin tests and/or IgE dou-
ble-positivity (18). Double-positivity can be a result of the
presence and serological recognition of cross-reactive carbo-
hydrate epitopes, which lack allergenic activity and hence
may give rise to false positive in vitro diagnostic results (19).
Basophil testing overcomes those factors because it can
distinguish between biologically active and inactive allergens.
Consequently, our study showed that almost half of the IgE
double-positive children (7 of 15) had positive BAT results
for honeybee venom only. Similar observations were demon-
strated by Ebo et al. (20) for diagnosing latex allergy. In this
report, Ebo showed that BAT is a very specific tool that can
determine the relevance of sensitization in relation to cross-
reactive carbohydrate epitopes that cause positive latex IgE
without apparent clinical significance.

Basophil sensitivity represents the threshold concentration
of allergen that elicits a positive response (17). It can be eval-
uated by various approaches previously described. One of the
first approaches, which was also used in this study, was to
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calculate the ratio (0.1/1 index) of basophil CD63 expression
between a value on the plateau and a value on the steep part
of the response curve, using two log concentrations (10).
When using this approach, it is important that the median
response at a step-log allergen concentration be about half of
the response at the highest allergen concentration (10, 11,
13). This was also the case for the majority of our subjects
because the median response to honeybee venom before VIT
was 33% at 0.1 pg/ml and 77.8% at 1 pg/ml. Nevertheless,
additional person-to-person analyses showed that this
approach was limited to about one-fifth of the children.
Namely, children that have an initially low response at
0.1 pg/ml, and were therefore out of the steep part of the
response curve at this concentration, showed only minor
changes at 0.1 pg/ml, but significant changes at 1 pg/ml, fol-
lowing 2—4 yr of VIT. Therefore, other more precise and
sophisticated approaches, which are now more broadly avail-
able, should be used in further basophil sensitivity studies.
One possibility is to construct a dose-response curve and cal-
culate the allergen concentrations, giving 50% of maximum
CD63 response; if this value is inverted and multiplied by
100, then it is referred to as ‘CD-sens’ (21-24). Another very
robust and useful approach is to expand the CD63 response
by at least 4 log allergen concentrations and compare the
responses between different sub-maximal concentrations (24,
25). Skin tests are not suitable for evaluating allergen sensi-
tivity because they cannot be measured precisely enough to
permit exact quantitative evaluation. For allergen sensitivity
measured by a skin test, a coefficient of variation (CV) of
100-200% was reported (21, 22). On the other hand, for
allergen sensitivity measured by the CD63 basophil in vitro
response, a CV of 5-15% was reported (21, 22).

Our study showed that honeybee venom-specific basophil
sensitivity decreases significantly after 6 months and after 2—
4 yr of honeybee VIT. This decrease was clearly evident in
more than 80% of children. No long-term changes were
observed at the level of basophil reactivity. In addition, no
such changes were observed for the CD63 response to wasp
venom. However, for wasp venom we demonstrated an
increase at the level of the basophil reactivity and therefore
additional CD63 positivity (> 15%) in seven children. Never-
theless, wasp venom-specific basophil sensitivity (the
response to sub-maximal venom concentration) did not
change during honeybee VIT and it stayed similarly depleted
to before VIT (median < 5.3% at 0.1 pg/ml). This might sug-
gest that additional wasp venom sensitization probably had
no clinical relevance because it was evident only at the level
of cellular allergen reactivity, but not at the level of allergen
sensitivity. There were also no marked changes for anti-
FceRI stimulation, which acts via the IgE high-affinity
receptor. Unfortunately, in this study we did not perform
additional dose-dependent anti-IgE antibody stimulations,
which might have allowed a more detailed assessment of the
possible influence of VIT on IgE-mediated responsiveness.

Currently, we do not know whether the changes in
basophil sensitivity are associated with induction of long-
term tolerance after completing VIT. Nevertheless, during the
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course of immunotherapy we carefully followed up a re-sting
history and we found that 14 of 31 children experienced a
honeybee field re-sting. However, none of them showed a sys-
temic allergic reaction. We also monitor for novel wasp stings
and re-stings. These were evident in five and three children,
respectively. Of these five children, four became wasp
venom—positive for CD63 testing. Again, none of them
showed a systemic allergic reaction.

Similar observations concerning a decrease in basophil sen-
sitivity were observed during pollen immunotherapy (23, 25)
and after 6 months of oral peanut immunotherapy (26). Pol-
len immunotherapy models showed a significant association
between the reduction in basophil allergen sensitivity and the
rise of allergen-specific IgG antibodies (23, 25).

Nevertheless, we could not find any correlation between
decreases in basophil sensitivity and an increase in specific
IgG4 antibodies. Similar observations were demonstrated by
Varga et al. (27), showing that, in contrast to pollen immu-
notherapy, IgG-dependent serum inhibitory activity might
not be relevant for the clinical efficacy of wasp venom immu-
notherapy. On the other hand, Mikkelsen et al. (28) demon-
strated that after 3-7 wk of VIT the involvement of the
plasma component correlates with the decrease of basophil
sensitivity. Currently, the precise mechanism for suppressing
basophile sensitivity during VIT is unknown, as is whether it
is a humoral or intracellular one, or maybe even a combina-
tion of both. Obviously, further studies are needed, including
in relation to induction of long-term tolerance after complet-
ing a course of VIT.

We confirmed previous observations obtained using an
adult population (6) that demonstrated that increased sensi-
tivity on the basophil 0.1/1 index is significantly associated
with systemic side effects observed during the build-up phase
of VIT. For the group of children we studied, we also per-
formed ROC curve analysis to determine the diagnostic use-
fulness of the 0.1/1 index. We found a high diagnostic
sensitivity of 86%, but a relatively limited diagnostic specific-
ity of 67%. In other words, some of the children passed the
build-up phase without adverse reactions, thus displaying
high allergen basophil sensitivity. On the other hand, among
the children that experienced side effects, almost all showed
high allergen sensitivity exceeding the threshold value of
0.69. In addition, we could not demonstrate any correlation
between side effects and basal serum tryptase levels. A recent
report suggests that increased basal tryptase may be associ-
ated with side effects in vespid VIT, but not with side effects
in honeybee VIT (29).

In conclusion, our findings showed that basophil CD63
testing is a highly specific method for diagnostic evaluation
of insect-sting allergies in children and that changes in baso-
phil sensitivity might be a promising tool for monitoring the
immune response initiated by venom immunotherapy.
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