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that their response was predictable by their initial basophil 
allergen sensitivity. In the rhinitis allergy model, the IgE 
transfer correlated with the patients’ initial basophil respon-
siveness because the grass pollen IgE of the subjects with 
high basophil allergen sensitivity induced significantly high-
er responsiveness of donor basophils than the IgE of subjects 
with initially low basophil allergen sensitivity.  Conclusions:  
Our results suggest that basophil allergen sensitivity eval-
uated by flow-cytometric CD63 analysis depends on two
distinct contribution factors. In anaphylactic Hymenoptera 
allergy, the major factor was intrinsic cellular sensitivity, 
whereas in pollen allergy, the major factor was allergen-spe-
cific IgE on the cell surface.  © 2016 S. Karger AG, Basel 

 Introduction 

 The IgE-mediated activation of basophils and mast 
cells following exposure to an allergen and the release of 
mediators is a critical point in the allergic response. At the 
cellular level, this response corresponds to 2 independent 
variables  [1] . Basophil reactivity is the maximal response 
to allergen stimulation at the plateau of the dose-response 
curve. The basophil threshold of allergen sensitivity rep-
resents the lowest or half-maximum part of the dose-re-
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 Abstract 

  Background:  We sought to determine whether basophil-al-
lergen sensitivity could be transferred to donor basophils by 
passive IgE sensitisation in allergic rhinitis and anaphylactic 
Hymenoptera venom hypersensitivity.  Methods:  We studied 
15 wasp venom-, 19 grass pollen- and 2 house dust mite-al-
lergic patients, 2 healthy donors, and 8 wasp venom-allergic 
donors. In all subjects, we first evaluated the initial basophil 
response to wasp venom, grass pollen, or house dust mite 
allergen. Donor basophils were then stripped, sensitised 
with the different patients’ serum IgE, and challenged with 
the corresponding allergen. The CD63 response of donor ba-
sophils was then compared with initial basophil responses. 
 Results:  In wasp venom-allergic subjects, the IgE transfer did 
not reflect the initial basophil-allergen sensitivity, because 
the venom IgE of subjects with high or low basophil sensitiv-
ity induced comparable responsiveness in healthy donor ba-
sophils. Furthermore, vice versa, when we sensitised the do-
nor basophils of wasp venom-allergic individuals with differ-
ent wasp venom or house dust mite IgE, we demonstrated 
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sponse curve  [2, 3]  and could also be analysed by CD-sens 
calculation  [2] . The major determinants of allergic baso-
phil responses are IgE antibodies, which are critical to the 
induction of the response, the expression of a high-affin-
ity receptor for IgE (FcεRI), which is tightly regulated by 
IgE antibodies, and very likely intracellular factors, such 
as factors produced from a signal transduction cascade in 
which spleen tyrosine kinase (Syk) plays a central role  [4, 
5] . The cellular effect of IgE antibodies was recently ex-
plored in vivo using omalizumab to manipulate the IgE 
levels. In cat allergy and grass pollen allergy, the basophil 
response is markedly decreased via   the suppression of al-
lergen-specific IgE antibodies; this decrease is significant-
ly correlated with a decrease in clinical signs and symp-
toms during an experimental allergen challenge  [6, 7] . 
Unexpectedly, in anaphylactic peanut allergy after oma-
lizumab treatment, the decreased basophil and clinical re-
sponse was not evident in the majority of patients  [8, 9] .

  In patients who develop anaphylaxis from a Hyme-
noptera sting, many studies have reported no clear rela-
tionship between the levels of allergen-specific IgE and 
the presence, absence, or severity of the clinical response 
to the allergen, which was also evident when the sensitisa-
tion was confirmed using a major venom recombinant 
allergens  [10–13] . Previous reports have described pa-
tients with a history of systemic reactions but negative 
serum venom-specific IgE and skin test results in re-
sponse to a Hymenoptera sting  [11, 14] . Moreover, these 
patients can subsequently experience another severe re-
action to a sting  [11] . In fact, in cases of fatal sting ana-
phylaxis, venom-specific IgE is very low or even unde-
tectable in more than 30% of patients  [15] . 

  In patients with pollen allergy, allergen-specific IgE 
levels were more closely associated with the severity of al-
lergic seasonal rhinitis or with an increased likelihood of 
atopic wheezing, especially in the case of a high specific/
total IgE ratio or positive IgE reactivity to major pollen 
species-specific recombinant allergens, such as Phl p 1 
and p 5 or Bet v 1  [16–19] . The recombinant allergens 
help to avoid IgE-binding to profilins and/or cross-reac-
tive carbohydrates with no or limited clinical significance 
 [20] .

  To further explore the relationship between IgE anti-
bodies and the basophil sensitivity in different allergic 
diseases, we set up a controlled experimental design of 
passive IgE sensitisation of stripped donor basophils that 
was first used in the 1980s for histamine release assays 
 [21]  and then adapted for a basophil activation assay  [22] . 
First, we selected subjects that were allergic to wasp ven-
om or grass pollen with significantly different basophil 

allergen sensitivity. We then transferred their serum IgE 
antibodies to donor basophils of healthy or wasp venom-
allergic subjects by passive IgE sensitisation and evaluat-
ed whether basophil responses of sensitised donor baso-
phils were comparable with the patients’ initial basophil 
responsiveness. We were interested in whether specific 
IgE antibodies in these diseases are a major predictor of 
basophil allergen sensitivity or whether this response is 
also significantly related to the intrinsic sensitivity of baso-
phils. To confirm the results related to the role of the in-
trinsic sensitivity of basophils, we selected another group 
of wasp venom-allergic basophil donors, who were sensi-
tised with the sera of house dust mite-allergic subjects. 

  Patients and Methods 

 Study Groups 
 The first study group included 15 wasp venom-allergic subjects 

(8 women and 7 men with a mean age of 37 years and an age range 
of 18–64 years) with a history of systemic sting reactions of Muel-
ler grades I–IV (3 grade I, 3 grade II, 5 grade III, and 4 grade IV). 
All of the subjects had positive, specific IgE to wasp venom (me-
dian 13.1 kU/L; range: 3.1–24.9), and 13 of them (87%) had also a 
positive, specific response to the major recombinant allergen Ves 
v 5 (median 4.3 kU/L; range: 0.6–32.9). The second study group in-
cluded 19 grass pollen-allergic subjects (6 women and 13 men with 
a mean age of 37 years and an age range of 18–64 years) with a his-
tory of allergic rhinitis without asthma. All of the subjects had posi-
tive specific IgE to timothy grass (median 21.5 kU/L; range: 1.3–
91.6) and to the major recombinant grass allergens rPhl p 1 and p 
5b (median 29 kU/L; range: 0.4–72.4). We tested individual sera of 
those 2 study groups with basophils of healthy non-allergic donors 
(1 man and 1 woman aged 41 and 27 years, respectively), and wasp 
venom-allergic donors (2 men, 27 and 51 years old, respectively; 1 
with grade I and 1 with grade II reactions; specific IgE to wasp ven-
om 0.57 and 9.7 kU/L). A third study group consisted of 6 wasp 
venom-allergic donors (2 women and 4 men with a mean age of 51 
years and an age range of 24–68 years; 1 grade II, 2 grade III, and 3 
grade IV reactions; specific IgE to wasp venom: median 11.9 kU/L; 
range: 1.2–21.9; 5 of them had positive specific IgE to Vesp v 5: me-
dian 1.8 kU/L; range: 0.35–69.2), and the basophils of those donors 
were sensitised with sera of 2 house dust mite-allergic subjects (1 
women and 1 man, 20 and 28 years old, respectively; specific IgE to 
 Dermatophagoides pteronyssinus:  12 and 19.1 kU/L). The data of 3 
wasp venom-allergic donors have been published recently  [23] . At 
serum inclusion or donor testing, none of the subjects had been 
treated with immunotherapy. All of the subjects provided written 
informed consent for participation in the study. The study was ap-
proved by the Slovenian National Medical Ethics Committee.

  IgE Measurements 
 The levels of IgE antibodies to wasp venom (i3), major wasp 

venom allergen rVes v 5 (i209), timothy grass (g6), major grass 
pollen allergens rPhl p 1 and p 5b (g213),  D. pteronyssinus  (d1), 
and total IgE were quantified using the ImmunoCAP system 
(Thermo Fisher Scientific, Waltham, MA, USA).
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  Passive IgE Sensitisation 
 Peripheral blood mononuclear cells (PBMCs) from the hepa-

rinised blood of the healthy or wasp venom-allergic donors were 
first separated by a Ficoll-Paque (GE Healthcare Bio-Sciences AB, 
Uppsala, Sweden) density gradient centrifugation according to the 
manufacturer’s instructions and washed twice with RPMI 1640 
(Gibco, Grand Island, NY, USA). From here on to the sensitisation 
step, everything was kept in an ice bath or at 4   °   C. PBMCs were first 
washed twice with RPMI 1640 with 0.5% BSA (Sigma-Aldrich, St. 
Louis, MO, USA) (RPMI-BSA) and then treated with pH 3.9 lactic 
acid buffer  [21]  containing 10 m M  lactic acid, 130 m M  NaCl, and 
5 m M  KCl (Buhlmann Laboratories, Basel, Switzerland) for 3.5 
min. The stripping process was stopped by adding RPMI-BSA and 
PBS-TrisBase (Im munoConcepts, Sacramento, CA, USA) and 
washed twice with RPMI-BSA. 

  The cells were resuspended and sensitised in a solution con-
taining 40% sera from subjects that were allergic to wasp venom, 
grass pollen, or house dust mites, RPMI-BSA, 8 m M  EDTA (Sig-
ma-Aldrich), and 5 IU/mL heparin (Krka, Novo mesto, Slovenia) 
in a heated water bath for 90 min at 37   °   C. The incubation was 
stopped by adding cold RPMI-BSA, and cells were washed twice 
with RPMI-BSA at 4   °   C and resuspended in RPMI-BSA before be-
ing immediately used in a basophil activation assay  [22] . For the 
wasp venom-allergic donor basophils, the response to wasp venom 
was also tested after IgE removal before passive sensitisation, in 
which no basophil activation was demonstrated. 

  Basophil Activation Assay 
 The basophil activation test was performed as previously de-

scribed  [3, 14, 19, 23] . Briefly, whole blood (with heparin antico-
agulant) or sensitised PBMCs was preincubated in basophil stim-
ulation buffer with IL-3 (Buhlmann Laboratories) containing a 
final concentration of 0.1 and 1 or 0.01–1 μg/mL of wasp venom 
 [1–3]  (Hal Allergie) or 0.01–10 or 100 μg/mL of grass pollen al-
lergen (Aquagen ®  SQ, freeze-dried allergen extract of grass pol-
len mix L299; ALK Abello, Madrid, Spain) or 1.665–333.3 ng/mL 
of  D. pteronyssinus  extract (Buhlmann Laboratories) at 37   °   C for 
15 min. We also included anti-FcεRI mAb (0.55 μg/mL; Buhl-
mann Laboratories) and fMLP controls (2 μ M ; Sigma-Aldrich). 
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. Fi-
nally, whole-blood probes were lysed, washed, fixed, and anal-
ysed within 2 h on a FACSCalibur flow cytometer (BD Biosci-
ences). The data were acquired using a FL2 threshold that elimi-
nated most of the CD123-negative cells, and at least 400 
CD123-positive cells were acquired per sample. The basophils 
were identified as low-side scatter, CD123-positive, and HLA-
DR-negative cells, and the percentage of degranulated basophils 
was quantified in FL1 (CD63). In some experiments, the basophil 
sensitivity was also evaluated by CD-sens calculation as previ-
ously described  [2, 6, 19, 23] . Briefly, basophil CD63 dose-re-
sponse curves for single patients were plotted using Magellan 7.1 
data analysis software (Tecan, Männedorf, Switzerland), fol-
lowed by the CD-sens calculation, which is the inverse value of 
the allergen concentration (in μg/mL) at 50% of individual max-
imal response multiplied by 100.

  IgE and FcεRI Cell Surface Expression 
 The cell surface expression of IgE and FcεRI receptors was eval-

uated as previously described  [2, 23–25] . Briefly, the number of IgE 
molecules and FcεRI receptors per basophil were calculated using 
an FITC-conjugated antibody to IgE (Miltenyi Biotec, Teterow, 
Germany) or FcεRI (eBioscience, San Diego, CA, USA), and com-
pared to a standard curve of calibration beads (QIFIKIT; DakoCy-
tomation, Glostrup, Denmark). With assigned molecules of equiv-
alent FITC fluorochrome values for the fluorescent bead popula-
tions, arbitrary units of mean FITC fluorescence intensity could be 
transformed into absolute units.

  Statistical Analyses 
 The distribution of the data was assessed using the D’Agostino 

and Pearson omnibus normality test. Based on the distribution of 
the data, we used a  t  test or a Mann-Whitney test, and the results 
were presented as means or medians and ranges. The correlation 
coefficients were calculated using the Spearman rank correlation 
coefficient. In the case of binominal outcomes, we used the χ 2  test 
without the Yates correction. Probability values of  p  < 0.05 were 
considered significant. If not stated otherwise, the results were pre-
sented as medians and ranges. The analyses were performed using 
GraphPad Prism 5.

  Results 

 Selection and Comparison of Healthy and Wasp 
Venom-Allergic Donors 
 We first compared the response of the basophils of 2 

healthy donors after sensitisation with the sera of 2 se-
lected subjects that were allergic to wasp venom or grass 
pollen. The basophils of the 1st donor had 84 × 10 3  IgE 
and 136 × 10 3  FcεRI molecules per cell. The basophils of 
the second donor had 79 × 10 3  IgE and 73 × 10 3  FcεRI 
molecules per cell. Both of the donors had a negative ini-
tial basophil response to wasp and grass pollen allergens 
and a positive response to both fMLP and anti-FcεRI con-
trol stimuli ( Fig.  1 a, b). After passive IgE sensitisation, 
both of the donors showed highly comparable respon-
siveness to wasp or grass pollen allergen stimuli and to 
both fMLP and anti-FcεRI control stimuli ( Fig.  1 c, d). 
Therefore, only 1 healthy donor was selected for further 
experiments (healthy donor 1).

  We selected 2 wasp venom-allergic basophil donors, a 
donor with an initially high basophil allergen threshold 
sensitivity (CD63 response to 0.1 μg/mL of venom 99% 
and to 1 μg/mL 98%) and a donor with an initially low 
basophil allergen threshold sensitivity (6% to 0.1 μg/mL 
and 70% to 1 μg/mL). The high-sensitivity wasp venom-
allergic donor basophils had 138 × 10 3  IgE and 111 × 10 3  
FcεRI molecules per cell. The low-sensitivity wasp ven-
om-allergic donor basophils had 125 × 10 3  IgE and 114 × 
10 3  FcεRI molecules per cell.
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  We then selected another 6 wasp venom-allergic baso-
phil donors. We first evaluated whole dose-response 
curves of initial wasp venom basophil responses in these 
donors. The curves and thus threshold basophil allergen 
sensitivity differed between donors. Five donors demon-
strated comparable IgE levels (mean [range] = 134 [97–
166] × 10 3 ) and FcεRI (mean [range] = 122 [87–141] × 
10 3 ) molecules per basophil. One donor had a lower IgE 
level (23 × 10 3 ) and a lower number of FcεRI (26 × 10 3 ) 
molecules per cell.

  Passive Sensitisation of Healthy Donor Basophils with 
Wasp Venom IgE 
 Of the 15 wasp venom-allergic subjects whose sera 

were used for passive IgE sensitisation, 7 subjects showed 
initially high basophil allergen sensitivity and 9 showed 
low basophil allergen sensitivity. Sensitivity was deter-
mined according to the CD63 response to the submaxi-
mal (0.1 μg/mL) venom concentration, as previously de-
scribed  [3, 14, 26, 27] . In the high-sensitivity subgroup, 

the median basophil response to 0.1 μg/mL was 72% 
(range 58–99), whereas in the low-sensitivity subgroup, 
the response was 11% (range 0.7–30) ( p  = 0.0003;  Fig. 2 ). 
The basophil response to the high venom concentration 
(1 μg/mL) was comparable in both subgroups: (median 
[range] = 90% [59–99] vs. 84% [69–96]). The CD63 re-
sponse to fMLP (median [range]: 49% [17–79] vs. 50% 
[14–83]) and anti-FcεRI mAb (median [range]: 86% [48–
100] vs. 94% [73–99]) was also comparable.

  After passive IgE sensitisation of healthy donor baso-
phils with the sera of the wasp venom-allergic subjects 
with an initially high or low basophil allergen sensitivity, 
the median CD63 response to 0.1 μg/mL venom was 37% 
(range: 15–80) for sera from the high-sensitivity sub-
group and 34% (range: 20–91) for sera from the low-sen-
sitivity subgroup ( Fig. 2 ). This highly comparable CD63 
response of healthy donor basophils was also evident at
1 μg/mL venom, with a median response of 61% (range: 
28–93) and of 64% (range: 20–91), respectively.
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  Fig. 1.   a–d  Initial CD63 response of basophils in 2 healthy donors (HD) and 2 wasp-allergic (WA;  a ) or grass-
allergic subjects (GA;  b ) and the response of HD basophils after passive IgE sensitisation with the sera of 2 WA 
( c ) or GA subjects ( d ). Basal, stimulation buffer with IL-3 alone; fMLP, stimulation with N-formyl-Met-Leu-Phe; 
FcεRI, stimulation with 0.55 μg/mL anti-FcεRI mAb. 
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  Passive Sensitisation of Healthy Donor Basophils with 
Grass Pollen IgE 
 Of the 19 grass pollen-allergic subjects whose sera 

were used for passive IgE sensitisation, 11 subjects showed 
initially high allergen threshold sensitivity, and 8 showed 
low basophil-allergen threshold sensitivity. The basophil 
sensitivity was evaluated according to the CD63 response 
to four different grass pollen log allergen concentrations, 
as previously described  [19] . The most prominent differ-
ences were at the allergen concentrations of 0.1 and 1 μg/
mL because in the high-sensitivity subgroup, the median 
CD63 responses to 0.1 and 1 μg/mL allergen were 8 and 
89% (range: 6–29 and 58–99), and in the low-sensitivity 
subgroup, responses were 3% (range 1–8) and 8% (range: 
3–29), respectively ( p   ≤  0.001;  Fig. 3 a, b). These differ-
ences were also demonstrated by CD-sens analysis (me-
dian [range]: 330 [142–955] vs. 37 [17–66];  p  = 0.0003; 
 Fig. 3 c). The median responses to 0.01 and 10 μg/mL grass 
allergen were 4 and 98% (range: 1–29 and 88–100) for the 
high-sensitivity subgroup and 3 and 85% (range: 1–3 and 
33–95) for the low-sensitivity subgroup, respectively 

( Fig. 3 a, b). The response to control stimuli was compa-
rable (fMLP: median 53 vs. 34% [range: 3–86 vs. 10–86]; 
anti-FcεRI mAb: median 98 vs. 97% [range: 82–99 vs. 23–
100]) between both subgroups.

  After passive IgE sensitisation, the sera of grass pol-
len-allergic subjects with initially high basophil-aller-
gen threshold sensitivity induced a significantly higher 
healthy donor basophil CD63 response as did IgE sensi-
tisation with the sera of subjects with initially low baso-
phil allergen sensitivity ( Fig.  3 a, b). Thus, the median 
CD63 response to 1 μg/mL allergen was 46% (range: 
5–70) for sera from the high-sensitivity subgroup and 8% 
(range: 4–34) for sera from the low-sensitivity subgroup 
( p  = 0.004). Similar significant differences were also found 
for the response to 10 μg/mL (median [range]: 69% [22–
85] vs. 23% [14–85];  p  = 0.002) and to 100 μg/mL (me-
dian [range]: 75% [33–89] vs. 38% [25–90]) ( p  = 0.02; 
 Fig.  3 a, b) grass allergen. Furthermore, this differences 
were also shown by CD-sens analysis (median [range]: 
122 [7–538] vs. 18 [2–67]; p = 0.007;  Fig. 3 c). The medi-
an responses to grass allergen concentrations of 0.01 and 
0.1 μg/mL were 4 and 10% (range: 1–8 and 3–32) for the 
high-sensitivity subgroup and 4 and 4% (range: 0.4–7 and 
1–20) for the low-sensitivity subgroup.

  Passive Sensitisation of Wasp Venom-Allergic Donor 
Basophils with Wasp Venom IgE 
 For passive sensitisation, we included the sera of 4 

wasp venom-allergic subjects that showed initially a high 
basophil allergen threshold sensitivity (median 85% 
[range 60–99] at 0.1 μg/mL) and the sera of 3 subjects that 
showed initially a low basophil allergen threshold sensi-
tivity (median 5% [range 1–23] at 0.1 μg/mL;  p  = 0.002). 
In both subgroups, the CD63 response to 1 μg/mL venom 
(median [range]: 84% [59–100] vs. 74% [69–88]) was 
comparable. 

  After passive IgE sensitisation of high-sensitivity 
wasp-allergic donor basophils, the median CD63 re-
sponse to 0.1 μg/mL venom was high at 79% (range: 74–
82) for sera from the high-sensitivity subgroup and 74% 
(range: 72–87) for sera from the low-sensitivity subgroup 
( Fig. 4 a). The median response to 1 μg/mL venom was 
77% (range: 69–100) and 79% (range: 79–81), respective-
ly. By contrast, after the passive IgE sensitisation of the 
low-sensitivity wasp-allergic donor basophils, the medi-
an CD63 response to 0.1 μg/mL venom was low at 28% 
(range: 5–46) for the sera from the high-sensitivity sub-
group and 15% (range: 12–25) for the sera from the low-
sensitivity subgroup ( p   ≤  0.002;  Fig. 4 b). The low-sensi-
tivity donor response to 1 μg/mL venom was also lower, 
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with a median of 55% (range: 40–78) and 39% (range: 
34–59), respectively ( p  = 0.01;  Fig. 4 b). Comparably low 
results were also found after passive IgE sensitisation of 
healthy donor basophils with a median response of 34% 

(range: 15–46) and 5% (range: 1–22) at 0.1 μg/mL venom 
and 57% (range: 46–75) and 59% (range: 47–61) at 1 μg/
mL venom, respectively ( Fig. 4 c). There was a trend to a 
higher CD63 response for sera from the high- (55 and 
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28% at 1 and 0.1 μg/mL, respectively) versus low-sensitiv-
ity (39 and 15% at 1 and 0.1 μg/mL, respectively) sub-
groups after passive IgE sensitisation of low-sensitivity 
wasp-allergic donor basophils ( Fig. 4 b), but the differenc-
es were not significant. 

  Passive Sensitisation of Wasp Venom-Allergic Donor 
Basophils with House Dust Mite IgE 
 For passive IgE sensitisation, we included the sera of

2 house dust mite-allergic subjects who showed similar 
initial basophil responses (from 1.665 to 333.3 ng/mL of 
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house dust mite allergen was 1.1 and 2.6, 34 and 39, 86 
and 96, and 83 and 99%, respectively) ( Fig. 5 a). With the 
1st sera, we sensitised the basophils of 2 ( Fig. 5 b) and with 
the 2nd sera the basophils of 4 wasp venom-allergic do-
nors ( Fig. 5 c). In these experiments, we showed that the 
response curves to house dust mite stimulation after pas-
sive sensitisation of donor basophils corresponded to the 
donor initial basophil response to wasp venom ( Fig. 5 b, 
c). This was also clearly demonstrated by CD-sens analy-
sis, which indicated that the donors with higher CD-sens 
and thus higher basophil sensitivity also showed higher 
CD-sens and basophil sensitivity after passive sensitisa-
tion ( Fig. 5 b, c). Furthermore, we showed a highly sig-
nificant positive correlation (R coefficient of 1, p = 0.003) 

between CD-sens after passive sensitisation and initial 
CD-sens ( Fig. 6 ).

  Serum-Specific IgE, Specific IgE/Total IgE Percentage 
Ratio and IgE and FcεRI Cell Surface Expression 
Analysis 
 In wasp venom-allergic subjects whose sera were used 

for passive IgE sensitisation, the serum-specific IgE to 
wasp venom and rVes v 5 and the total IgE did not show 
any significant differences between the high- and low-
sensitivity subgroups: (median [range]: 13.1 kU/L [3.9–
24.9] vs. 12.9 kU/L [3.1–31]; 2.9 kU/L [<0.35–22.9] vs. 8.2 
kU/L [<0.35–32.9]; 84 kU/L [18–404] vs. 202 kU/L [26–
1,332], respectively) ( Fig. 7 a). The percentage of IgE an-
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tibodies to wasp venom in relation to the total IgE tend-
ed to be higher in high-sensitivity subgroups (median 
[range]: 16.9% [5.9–34.6] vs. 5.7% [1–92.7]), but these 
differences did not reach statistical significance (p = 0.05; 
 Fig. 7 c). There was no correlation between IgE humoral 
parameters and the basophil response to wasp venom. In 
the high-sensitivity subgroup, 3 wasp-allergic subjects ex-
perienced the most severe Mueller grade IV reaction, and 
2 experienced grade III, and 2 grade II reactions. By con-
trast, in the low-sensitivity subgroup, only 1 subject expe-
rienced the Mueller grade IV reaction, 3 grade III, 1 grade 
II and 3 grade I reactions. Despite the tendency to a more 
severe reaction in the high-sensitivity subgroup, the dif-
ferences did not reach statistical significance (p  ≥  0.07).

  In wasp venom-allergic donors whose basophils were 
used for passive IgE sensitisation, we compared IgE and 
FcεRI cell surface expression and the severity of sting re-
actions. In the group of 7 donors with similar IgE lev-
els (range: 97–166 × 10 3 ) and FcεRI numbers (range: 87–
141 × 10 3  molecules per basophil), 2 subjects experienced 
Mueller grade IV reaction, 2 grade III, 2 grade II, and 1 
grade I reactions. A donor with a lower IgE (range: 23 × 
10 3 ) and FcεRI (range: 26 × 10 3 ) molecules per basophil 
experienced a Mueller grade IV reaction. There was no 
correlation between IgE or FcεRI cell surface expression 
and basophil responses to wasp venom and specific IgE 
to wasp venom and rVes v 5. The only significant, highly 
positive correlation was between IgE and FcεRI cell sur-
face expression (R coefficient of 0.91,  p  = 0.005).

  In the high-sensitivity grass pollen-allergic subgroup, 
serum-specific IgE to timothy grass was higher than that 
in the low-sensitivity subgroup (median [range]: 25.6 
kU/L [6.7–91.6] vs. 10 kU/L [1.3–50.1];  Fig. 7 b,  p  = 0.04), 
but these differences did not show statistical significance 
for rPhl p 1, 5 (median 30.4 kU/L [6.8–72.4] vs. 11.9 kU/L 
[0.4–60.6]; p = 0.08). No differences were found for the 
total IgE (267 kU/L [48–478] vs. 161 kU/L [105–1,168]). 
However, the percentage of IgE antibodies to timothy dif-
fered in relation to the total IgE (median [range]: 14.6% 
[5–36] vs. 4.7% [1–17];  p  = 0.02). There was also a sig-
nificant correlation between specific IgE antibodies or the 
grass-specific IgE fraction and the basophil response at 
0.1 and 1 μg/mL of allergen or CD-sens ( R  coefficient 
0.47–0.65;  p   ≤  0.04).

  Discussion 

 IgE arms basophils, and mast cells can be activated 
within seconds of exposure to small amounts of allergens, 
yet the underlying factors that determine the sensitivity 
threshold for this activation are not completely under-
stood. Using passive IgE sensitisation, we explored the 
relative role of allergen-specific IgE in this cellular re-
sponse, as the IgE antibodies from the patient’s sera were 
transferred to the stripped donor basophils, and the do-
nor basophil response was compared with the initial re-
sponses of the patient or donor basophils. This study de-
sign demonstrated that in anaphylactic Hymenoptera 
venom-allergic patients, the intrinsic cellular sensitivity 
appears to be a key factor contributing to the sensitivity 
of the basophil response. By contrast, in rhinitis patients, 
the magnitude of the basophil sensitivity was the conse-
quence of the allergen-specific IgE ratio on the cell sur-
face.

  The major observation of this study was that when we 
tested healthy donor basophils sensitised with the IgE an-
tibodies of different wasp venom-allergic subjects, the IgE 
antibodies of subjects with an initial high or low basophil 
sensitivity induced a highly comparable responsiveness. 
Furthermore, the donor basophils of anaphylactic wasp 
venom-allergic subjects demonstrated after passive sensi-
tisation with unrelated house dust mite or wasp venom 
IgE antibodies, the same cellular sensitivity or CD-sens as 
was initially recognized. This unexpected behaviour sug-
gests that the basophil intrinsic sensitivity contributed 
considerably to Hymenoptera venom allergen cellular 
sensitivity and that the antigen-specific IgE or FcεRI re-
ceptor density on the cell surface seems not to be the ma-
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jor factor contributing to the size of the basophil response 
in this disease. IgE antibodies might be more important 
in patients with low basophil allergen sensitivity, and this 
trend was also observed in our report. Those findings 
provide novel insights into the nature of cellular respons-
es in anaphylactic Hymenoptera allergy and fit well into 
the current knowledge about the lack of a correlation be-
tween IgE antibody levels and allergen sensitivity in this 
disease. Namely, it has been repeatedly demonstrated that 

differences in specific IgE levels or specific/total IgE ratios 
are not linked to the presence, absence, or severity of the 
clinical response to Hymenoptera stinging  [10–13] . 
Moreover, up to 30% of the population are IgE sensitised 
to Hymenoptera venom, but fewer than 4% react in an 
anaphylactic way, and the majority of those sensitised in-
dividuals remain asymptomatic  [28] . A recent report also 
demonstrated that an increase in specific IgE levels as in-
duced by a sting challenge of asymptomatically sensitised 
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subjects does not increase the risk of developing anaphy-
lactic reactions to future stings  [29] . In addition, previous 
reports have clearly described patients with a severe Hy-
menoptera venom allergy but with a negative or very low 
level of serum venom-specific IgE  [11, 14] . Furthermore, 
we demonstrated that up to 60% of patients with severe 
and/or repeated sting reactions but negative venom-spe-
cific IgE and skin test had a positive allergen-specific ba-
sophil response  [14] .

  In patients with grass pollen-allergic rhinitis, we dem-
onstrated that the extent of specific IgE sensitisation, es-
pecially the specific/total IgE ratio, significantly correlat-
ed with both the initial patient’s basophil allergen sensi-
tivity and the sensitivity of healthy donor basophils after 
passive IgE sensitisation. These results suggest that in 
grass pollen allergy, the basophil sensitivity is preferably 
determined by the degree of IgE sensitisation, which re-
flects the cell density of the antigen-specific IgE. Another 
factor that might also influence those correlations is a dif-
ferent affinity of specific IgE  [30] ; however, this factor was 
not tested in the current study. A significant positive cor-
relation between basophil sensitivity and the extent of 
grass pollen-specific IgE sensitisation was also evident in 
our previous report  [19] . Similar results were also ob-
served after in vivo passive sensitisation of patients re-
ceiving a plasma transfusion containing IgE antibodies to 
a timothy grass pollen allergen  [2] . Namely, in this report, 
the transfused IgE antibodies had sensitised basophils to 
an allergen sensitivity level that was similar to those of al-
lergic plasma donor patients.

  The relationship between different factors contribut-
ing to the basophil allergen response was recently ex-
plored using omalizumab to manipulate IgE levels. In 
asthma and/or rhinitis patients allergic to cat, grass pollen 
or house dust mites, downregulation of the IgE factor by 
anti-IgE treatment markedly reduced both basophil re-
sponses and clinical signs  [6, 7, 31] . During omalizumab 
treatment, symptoms reduce when the basophil but not 
the mast cell response was reduced  [7] . The omalizumab 
experimental design was also extended to subjects with 
anaphylactic peanut allergy. Unexpectedly, in peanut al-
lergy, despite the decreased antigen-specific IgE densities 
during anti-IgE treatment, the majority of the subjects’ 
basophil responses to peanut allergen did not decrease  [8, 
9] . The key determinant that opposes the effect of the 
downregulation of the IgE factor and causes a failure to 
suppress the basophil response, which was also inversely 
correlated with improvement in the patient’s ability to 
tolerate peanut ingestion, was the increased intrinsic sen-
sitivity of basophils to IgE-mediated stimulation  [9] . 

These observations appear to be similar to our observa-
tions and speak in favour of differences in the character-
istics of cellular responses in different allergic diseases. 
Namely, both the omalizumab  [6, 7, 31]  and the current 
passive sensitisation study suggest that in subjects with 
cat, mite or pollen allergy, the differences or changes in 
the cell surface density of specific IgE shift the magnitude 
of the basophil response, which is a logical link because 
the IgE density determines how readily an antigen can 
reach levels for optimal stimulation. However, in patients 
with anaphylactic Hymenoptera or peanut allergy, this 
pattern was considerably interrupted by the influence of 
intrinsic cellular sensitivity. The basis and underlying 
mechanisms for these differences are not yet known, al-
though some authors indicate that Syk expression and 
some other early elements might efficiently change and/
or regulate intrinsic basophil sensitivity  [5, 32] . Unfortu-
nately, we did neither titrate the response to anti-FcεRI 
mAbs, as described recently  [23] , nor evaluated if the ba-
sophil sensitivity to anti-FcεRI stimulation is related with 
allergen basophil sensitivity. Anti-FcεRI and fMLP were 
only used as positive control stimuli, as we described pre-
viously  [3, 14, 19, 26, 27] , to confirm if the study patients 
and controls were basophil responders. Another limita-
tion of this study was that healthy donor basophils and 
part of the wasp venom-allergic donor basophils were 
only tested with 2 wasp venom log concentrations. How-
ever, this was upgraded in house dust mite experiments, 
in which we used whole response curves with up to 6 wasp 
venom concentrations and CD-sens calculation. 

  A recent report demonstrated that basophil allergen 
sensitivity is a potential marker of clinical airway allergen 
sensitivity in asthma patients  [33] . Furthermore, during 
pollen or Hymenoptera venom immunotherapy, baso-
phil allergen sensitivity is significantly decreased  [26, 27, 
34–36] . In pollen immunotherapy, the obvious reason for 
these decreases is the induction of allergen-specific IgG 
antibodies with inhibitory activity against IgE-facilitated 
binding, and these antibodies showed sustained disease 
and cell-modifying effects that persisted for years after 
the discontinuation of immunotherapy  [35–37] . By con-
trast, in the Hymenoptera venom immunotherapy mod-
el, blocking IgG antibodies seems to be of low or no im-
portance  [38, 39] , especially for long-term cellular chang-
es, making it likely that other intrinsic mechanisms are 
responsible for the suppression of basophil sensitivity 
 [26, 27] . These differences further suggest the importance 
of IgE allergen binding for the basophil response in pollen 
allergy and the importance of cellular intrinsic factors for 
the basophil response in Hymenoptera venom allergy. 
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  This study was not designed to compare the severity of 
clinical symptoms with the patient’s basophil allergen 
sensitivity. Nevertheless, the most severe sting reactors 
were apparently more often in the high-sensitivity sub-
group (3 of 4 with Mueller grade IV reactions, but only 2 
of 5 with Mueller grade III reactions), whereas mild sys-
temic reactors were only found in the low-sensitivity sub-
group (all 3 with Mueller grade I reaction). In the anaphy-
lactic Hymenoptera venom hypersensitivity model, no 
study has comprehensively compared the relationship 
between the severity of the reaction and basophil sensitiv-
ity. Previously, Erdmann et al.  [40]  demonstrated that ba-
sophil reactivity did not correlate with the protective ef-
fect of venom immunotherapy. In addition, several stud-
ies have reported that venom immunotherapy primar-
ily modified basophil sensitivity  [26, 27] . However, in
the anaphylactic peanut model, patients who developed 
symptoms in an oral food challenge to peanut had higher 
basophil sensitivity than patients who tolerated provoca-
tion  [41, 42] , and recently it was even suggested that dis-
tinct parameters of the basophil CD63 response reflect 
the severity and threshold of allergic reactions to peanut 
 [43, 44] .

  In grass pollen-allergic patients, we did not perform 
nasal allergen challenge experiments or a diary evaluation 
of the symptom and medication scores during the grass 
pollination season permitting a comparison of the baso-
phil allergen sensitivity with the severity of the rhinitis 
symptoms. However, previous studies suggested that ba-
sophil allergy sensitivity correlates with the nasal provo-
cation titre and the appearance of clinical symptoms in 
allergic rhinitis  [6, 19]  and with the allergen-specific 
bronchial provocation threshold in allergic asthma  [33] . 
Furthermore, patients with allergic rhinitis confirmed by 
nasal provocation with no detectable specific IgE or skin 
testing but a positive basophil response are a notable ex-
ample  [45] . 

  In summary, these studies demonstrate that basophil 
allergen sensitivity depends on different contribution fac-
tors in different allergic diseases. In anaphylactic Hyme-
noptera allergy, basophil allergen sensitivity was largely 
determined by cellular sensitivity to IgE-mediated stimu-
lation. In allegic rhinitis triggered by pollens of seasonal 
plants, the major factor that determined the basophil al-
lergen sensitivity was the variability in the activity of al-
lergen-specific IgE.
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