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Abstract
Introduction: Venom immunotherapy (VIT) is considered to 
be the gold-standard treatment for patients with Hymenop-
tera venom allergy. Data regarding VIT in bee venom (BV) 
allergic patients are scarce. Aim: The aim of this study was to 
evaluate the outcome of VIT in patients with exclusive BV al-
lergy and to try to define risk factors for VIT-induced system-
ic reactions (VIT-ISR) and VIT failure. Methods: This is a retro-
spective study including data from all BV allergic patients that 
were treated by VIT in the Allergy Unit at the Meir Medical 
Center in the years 1995–2018. Results: Two hundred and 
forty-seven patients with exclusive BV allergy were included; 
206 (83.4%) preferred to undergo rush buildup. Sixty-nine 
patients (27.9%) had at least 1 reaction during buildup, with 
the c-kit mutation being the only significant risk factor (100 
vs. 28.9%, p = 0.02). Female gender (25.4 vs. 13.3%, p = 0.04), 
conventional buildup schedule (26.8 vs. 14.1%, p = 0.04), and 
c-kit mutation (100 vs. 16.8%, p < 0.01) but not tryptase level 
were found to be significantly more frequent in recurrent 
reactors. Females (20.3 vs. 9%, p = 0.03), patients with severe 
systemic reaction to the index sting (24.3 vs. 9.5%, p = 0.004), 

and c-kit mutation (66 vs. 12%, p = 0.05) but not tryptase lev-
el were found to be risk factors for severe systemic reactions. 
Conclusion: Despite the considerably high rate of VIT-ISR in 
patients with exclusive BV allergy, VIT can be performed 
safely and efficiently. C-kit mutation, and not basal serum 
tryptase level, seems to be a preferable biomarker for VIT-ISR 
in these patients. © 2019 S. Karger AG, Basel

Introduction

Venom immunotherapy (VIT) is considered to be the 
gold-standard treatment for patients with Hymenoptera 
venom allergy in general and honeybee venom (BV) al-
lergy in particular [1]. The buildup phase of VIT can be 
administered either by conventional once-a-week injec-
tion or by 3-day rush protocol [2]. This treatment, al-
though well tolerated by most patients, is often compli-
cated by side effects in a significant number of patients 
[1]. These side effects include local reactions limited to 
the injection site or systemic reactions (SR), ranging 
from a benign rash to life-threatening anaphylactic shock 
[3]. Besides supportive measures, SR to VIT are treated 
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by prompt administration of intra-muscular epineph-
rine, bronchodilators, antihistamines, and systemic cor-
ticosteroids. Although considered efficient, in different 
series, VIT failure is documented in about 5–15% of pa-
tients.

BV allergy is considered to be a significant risk fac-
tor  for VIT-induced systemic reactions (VIT-ISR) 
and  for VIT failure, but data are scarce and extrapo-
lated from series mostly from Europe where BV aller-
gy  is rare [4, 5]. Although it seems that VIT to bee 
and wasp allergy is not the same, no work to date has 
looked into VIT outcomes in exclusively BV allergic 
patients.

The aim of this work was to evaluate the outcome of 
VIT in patients with exclusive BV allergy and to try to de-
fine risk factors for VIT-ISR and VIT failure in these pa-
tients.

Methods

This retrospective study was conducted in the Allergy and Clin-
ical Immunology Unit at the Meir Medical Center, Kfar-Saba, 
Israel. Inclusion criteria were VIT treatment for BV allergy. BV 
allergy was defined as a history of a SR to bee sting together with 
positive intra-dermal (ID) skin test to 0.1–1 μg of BV (ALK-Abel-
ló, Denmark) or serum venom-specific IgE to BV (Immulite 2000, 
Siemens, Germany). Patients with co-sensitization to other ven-
oms and children under the age of 18 years with a reaction limited 
to the skin – grade 1 according to Brown’s grading [6] – were ex-
cluded.

Venom Immunotherapy 
After comprehensive explanation about the conventional 

(CVIT) and rush (RVIT) protocols, patients chose to be treated by 
either. The detailed protocols of both methods were published else-
where [2]. Briefly, in the absence of SR to the treatment, the build-
up phase lasts 3 days with RVIT and includes 14 injections. The 
CVIT buildup phase lasts 3–4 months and includes 17 weekly in-
jections (Table 1). 

Baseline serum tryptase level and peripheral blood c-kit muta-
tion were measured prior to VIT initiation.

Systemic Reactions
After each immunotherapy session, all patients were observed 

for 30 min for SR. SR were diagnosed and treated by a physician 
specialized in allergy and clinical immunology. Severity of SR was 
graded according to Brown’s criteria [6]. By this grading system, 
grade 1 (mild) involves skin and subcutaneous tissues only, grade 
2 (moderate) includes features suggesting respiratory, cardiovas-
cular, or gastrointestinal involvement, and grade 3 (severe) con-
sists of hypoxia, hypotension, or neurologic compromise. 

Follow-Up
Follow-up was done during all immunotherapy sessions and 

once a year after completion of immunotherapy. 

Statistical Analysis
Data were entered and tabulated using Excel 2007. Data are 

presented as mean and standard error for continuous variables. 
Comparisons between groups were performed with the Student t 
test for continuous variables and with the Fisher exact test for cat-
egorical variables. All tests of hypotheses were considered signifi-
cant when two-sided probability values were p < 0.05.

Results

Two hundred and forty-seven patients with exclusive 
BV allergy were included in our study. Demographic data 
are summarized in Table 2. Most of the patients were 

Table 1. VIT protocols

In-jection 1 µg/mL 10 µg/mL 100 µg/mL

Rush VIT protocol*
Day 1 1 0.05 mL (0.05 µg)

2 0.1 mL (0.1 µg)
3 0.2 mL (0.2 µg)
4 0.4 mL (0.4 µg)
5 0.8 mL (0.8 µg)
6 0.2 mL (2 µg)
7 0.5 mL (5 µg)
8 1 mL (10 µg)
9 0.2 mL (20 µg)

10 0.2 mL (20 µg)

Day 2 11 0.2 mL (20 µg)
12 0.3 mL (30 µg)
13 0.5 mL (50 µg)

Day 3 14 1 mL (100 µg)

Conventional VIT protocol
Week 1 0.05 mL (0.05 µg)

2 0.1 mL (0.1 µg)
3 0.2 mL (0.2 µg)
4 0.4 mL (0.4 µg)
5 0.05 mL (0.5 µg)
6 0.1 mL (1 µg)
7 0.2 mL (2 µg)
8 0.4 mL (4 µg)
9 0.02 mL (2 µg)

10 0.05 mL (5 µg)
11 0.07 mL (7 µg)
12 0.1 mL (10 µg)
13 0.2 mL (20 µg)
14 0.4 mL (40 µg)
15 0.6 mL (60 µg)
16 0.8 mL (80 µg)
17 1 mL (100 µg)

* Doses were administered at 15-min intervals.
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males (188, 76.1%), and the average age was 22.9 ± 5.66 
years (median 18, range 2–75). Twenty-one patients 
(8.5%) had occupational risk for bee stings. The index re-
action was severe (grade 3) in 37 patients (15%) and mild-
er in the rest (n = 210).

Most patients (206, 83.4%) preferred to undergo the 
buildup phase according to the rush protocol. Baseline se-
rum tryptase was available for 131 patients with an aver-
age level of 5.7 ± 4 mg/dL. Six patients (4.5%) had a base-
line serum tryptase level > 11.4 mg/dL. c-kit mutation was 
evaluated in 86 patients and found positive in 3 (3.5%).

Reactions during the Buildup Phase
Sixty-nine patients (27.9%) had at least 1 reaction dur-

ing buildup, most of them (40, 58%) were mild reactions 
limited to the skin. Twenty-nine patients (11.7%) had se-
vere reactions, and 3 patients had (1.2%) life-threatening 
reactions.

The differences between patients reacting during the 
buildup phase are summarized in Table 3. Patients that 
had a reaction during the buildup were older (27.6 ± 17.1 
vs. 25.2 ± 19.3 years) and with higher baseline tryptase 
levels (6.14 ± 6 vs. 5.5 ± 2.4 mg/dL), but both differences 
did not reach statistical significance (p = 0.3 for both com-
parisons). The frequency of reactions in women was 
higher than in men, but this difference did not reach sta-
tistical significance (35.6 vs. 25.5%, p = 0.09). All patients 

with a mutation in c-kit had a reaction in the buildup (100 
vs. 28.9%, p = 0.02).

No significant difference was noted in the rate of reac-
tions between the two buildup protocols (RVIT 27.1% vs. 
CVIT 31.7%, p = 0.5).

Recurrent Reactions during the Buildup Phase
Forty patients (16.2%) had more than 1 reaction during 

buildup and hence were termed recurrent reactors (Table 
4). Recurrent reactors tended to be older, but this difference 
was not significant (29.3 ± 17.3 vs. 25.2 ± 18.9 years, p = 0.2). 

Recurrent reactors had a higher baseline tryptase level. 
This difference almost reached statistical significance 
(7 ± 7.7 vs. 5.4 ± 2.2 mg/dL, p = 0.07). Female gender (25.4 
vs. 13.3%, p = 0.04) and conventional buildup schedule 
(26.8 vs. 14.1%, p = 0.04) were found to be significantly 
more frequent in recurrent reactors (Table 4). All patients 
with a mutation in c-kit were recurrent reactors (100 vs. 
16.8%, p < 0.01). High baseline tryptase level was more 
frequent in recurrent reactors, but this difference did not 
reach statistical significance (50 vs. 19.2%, p = 0.1).

Severe Reactions during the Buildup Phase
Twenty-nine patients (11.75%) had at least 1 severe 

reaction during buildup (Table 5). The average age was 
comparable between patients with severe reactions and 
the rest (26.05 ± 18.1 vs. 25.8 ± 18.8 years, p = 0.9). Base-
line tryptase level was higher in the group with severe re-
actions as compared to the rest, but this difference did not 
reach statistical significance (7.1 ± 8.4 vs. 5.5 ± 2.5 mg/dL, 
p = 0.09). Female patients (20.3 vs. 9%, p = 0.03) as well 
as patients with severe SR to the index sting (24.3 vs. 9.5%, 
p = 0.004) and a mutation in c-kit (66 vs. 12%, p = 0.05) 
were found to be at risk for severe SR during buildup. Pa-
tients with high baseline tryptase level and occupational 
risk had more severe reactions, but these differences did 
not reach statistical significance (33.3 vs. 14.4 mg/dL, p = 
0.2 and 23.8 vs. 10.6%, p = 0.08, respectively) (Table 4).

Achieving Full Maintenance Dose
Initially, 16 patients (6.4%) failed to reach the full 

maintenance dose of 100 μg due to recurrent or severe 
reaction during buildup. The only significant difference 
found between patients who reached the full mainte-
nance dose and those who failed to do so was the type of 
buildup protocol: 198 out of 206 (96.1%) in RVIT versus 
33 out of 41 (80.5%) in CVIT (p < 0.01).

All 16 patients that failed to reach the full maintenance 
dose were switched to the opposite buildup protocol, 
eventually reaching a full maintenance dose of 100 μg. 

Table 2. Demographic data

Age, years 25.9±5.66
<5 years 17 (6.8%)
>70 years 6 (2.5%)

Male 188 (76.1%)
Asthma 8 (3.2%)
Cardiovascular disease 32 (13%)
Beta blocker 14 (5.6%)
ACE-I 20 (8.1%)
Malignancy 2 (0.8%)
Autoimmune disease 4 (1.6%)
Baseline tryptase level, mg/dLa 5.7±4

>11.4 mg/dL 6 (4.5%)
Positive c-kit 3/86 (3.5%)
Occupational risk 21 (8.5%)
Severity of the index reaction

1 39 (15.8%)
2 171 (69.2%)
3 37 (15%)

Rush buildup 206 (83.4%)

ACE-I, angiotensin-converting enzyme inhibitor. a  Tryptase 
level was available for 131 patients.
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Efficacy of VIT
Follow-up was available for an average of 5 years. Dur-

ing the follow-up period, 62 patients, all of them on main-
tenance dose, were field stung 106 times by bees. Nine 
patients (14.5%) had 10 reactions (9%) to field stings. Six 
reactions were mild, limited to the skin, and 4 reactions 
were systemic and required emergency adrenalin treat-
ment. Patients with cardiovascular disease were signifi-
cantly more prone to SR by field stings while on mainte-

nance dose (4/12 stings [33.3%] vs. 6/94 stings [6.4%], p = 
0.01).

The maintenance dose of all patients that had reacted 
to field stings was increased to 200 μg of BV. After dose 
adjustment, subsequent field bee stings that were docu-
mented in 5 patients were uneventful. 

Baseline tryptase level was available in 16 patients that 
were stung. The average baseline tryptase level was high-
er in the group that had reacted to field stings, but this 

Table 4. Recurrent reactions in the buildup

With risk factor Without risk factor p

Age <5 years 0/17 40/230 (17.4%) 0.08
Age >70 years 1/6 (16.7%) 39/241 (16.2%) 1
Male 25/188 (13.3%) 15/59 (25.4%) 0.04
Asthma 2/8 (25%) 38/239 (15.9%) 0.6
Cardiovascular disease 8/32 (25%) 32/215 (14.9%) 0.2
Beta blocker 3/14 (21.4%) 37/233 (15.8%) 0.3
ACE-I 5/20 (25%) 35/227 (15.4%) 0.7
Malignancy 0/2 40/245 (16.3%) 1
Autoimmune disease 0/4 40/243 (16.5%) 1
High baseline tryptase level 3/6 (50%) 24/125 (19.2%) 0.1
Positive c-kit 3/3 (100%) 14/83 (16.8%) <0.01
Occupational risk 5/21 (23.8%) 35/226 (15.4%) 0.3
Severity of the index reaction – 3 8/37 (21.6%) 32/210 (15.2%) 0.4
Rush buildup 29/206 (14.1%) 11/41 (26.8%) 0.04

ACE-I, angiotensin-converting enzyme inhibitor. 

Table 3. Reactions in the buildup

With risk factor Without risk factor p

Age <5 years 2/17 (11.8%) 67/230 (29.1%) 0.1
Age >70 years 1/6 (16.7%) 68/241(28.2%) 1
Male 48/188 (25.5%) 21/59 (35.6%) 0.09
Asthma 3/8 (37.5%) 66/239 (27.6%) 0.7
Cardiovascular disease 10/32 (31.3%) 59/215 (27.4%) 0.69
Beta blocker 3/14 (21.4%) 66/233 (28.3%) 0.7
ACE-I 7/20 (35%) 62/227 (26.4%) 0.4
Malignancy 0/2 69/245 (16.3%) 1
Autoimmune disease 0/4 69/243 (16.5%) 0.5
High baseline tryptase levela 3/6 (50%) 42/125 (33.6%) 0.4
Positive c-kitb 3/3 (100%) 24/83 (28.9%) 0.02
Occupational risk 9/21 (42.9%) 60/226 (26.5%) 0.1
Severity of the index reaction – 3 13/37 (35.1%) 56/210 (26.6%) 0.2
Rush buildup 56/206 (27.1%) 13/41 (31.7%) 0.5

ACE-I, angiotensin-converting enzyme inhibitor. a Tryptase level was available for 131 patients. b c-kit was 
available for 86 patients.
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difference did not reach statistical significance (7 ± 4.3 vs. 
5.2 ± 1.2 mg/dL, p = 0.4). The only patient with baseline 
tryptase level > 11.4 mg/dL, which had been stung, had a 
mild reaction to the field sting before increasing his main-
tenance dose to 200 μg. 

Discussion

In the current study, we aimed to evaluate the outcome 
of VIT in patients with exclusive BV allergy. The data pre-
sented here elucidate the risk factors for VIT-ISR and 
show that VIT can be performed safely and efficiently in 
this special group of patients. 

BV allergy is a known risk factor for VIT-ISR [5]. In a 
recent Cochrane collaboration meta-analysis, the inci-
dence of SR during VIT was found to be 3.7–44.8% (aver-
age 14.2%) in bee VIT and 0–11.1% (average 2.8%) in 
wasp VIT [1]. Our data point to a high but expected rate 
of VIT-ISR in BV allergic patients. Up to 27.9% of the pa-
tients had at least 1 reaction during buildup; most of them 
(58%) were mild. It has to be emphasized that all reactions 
responded as expected to treatment, including prompt 
response to the first dose of epinephrine when indicated. 
This high incidence of VIT-ISR could be explained by the 
fact that previous data regarding BV allergy are based on 
small series, mostly not referring to exclusive BV allergy. 
When both wasp and BV sensitizations were found, it is 
possible that the BV sensitization was a cross-reaction 
rather than a true allergy. The data presented here is the 

largest collection of exclusively BV allergic patients to 
date, probably presenting more realistic numbers. 

On top of BV allergy per se, previous works have de-
fined additional risk factors for VIT-ISR, including high 
levels of baseline serum tryptase, cardiovascular disease, 
antihypertension medication, such as beta blockers or 
ACE inhibitors, and age extremities [4, 5, 7–11]. These 
risk factors are based on series where most of the patients 
were allergic to wasp and only the minority of the patients 
had BV allergy. In the present work, these classic risk fac-
tors for VIT-ISR were not found to be associated with a 
higher incidence of VIT-ISR. 

On the other hand, several risk factors emerged from 
the data: recurrent and severe VIT-ISR were more preva-
lent among women. Bee keepers and patients with a severe 
index reaction were also prone to develop severe VIT-ISR.

Attention needs to be paid to the measurement of 
baseline serum tryptase levels and c-kit mutation. Base-
line tryptase level is regarded as a significant risk factor 
for VIT-ISR and VIT failure, especially in European pa-
tients with wasp allergy [5]. Our work does not support 
this observation in exclusively BV allergic patient. Al-
though baseline tryptase levels were slightly higher in all 
the subgroup tested, this difference did not reach statisti-
cal significance. Moreover, in our cohort we had only 6 
patients (4.5%) with abnormally high (> 11.4 mg/dL) 
baseline tryptase level. This is opposed to previous works 
suggesting that 10–15% of patients have high baseline 
tryptase levels in a population with wasp allergy [12–15]. 
This lower than expected rate is in accordance with our 

Table 5. Severe reactions in the build-up

With risk factor Without risk factor p

Age <5 years 0/17 29/230 (12.6%) 0.2
Age >70 years 1/6 (16.7%) 28/241 (11.6%) 0.5
Male 17/188 (9%) 12/59 (20.3%) 0.03
Asthma 1/8 (12.5%) 28/239 (11.7%) 1
Cardiovascular disease 6/32 (18.8%) 23/215 (10.7%) 0.2 
Beta blocker 1/14 (7.1%) 28/233 (12%) 1
ACE-I 3/20 (15%) 26/227 (11.5%) 0.7
Malignancy 0/2 29/245 (11.8%) 1
Autoimmune disease 0/4 29/243 (11.9%) 1
High baseline tryptase level 2/6 (33.3%) 18/125 (14.4%) 0.2
Positive c-kit 2/3 (66%) 10/83 (12%) 0.05
Occupational risk 5/21 (23.8%) 24/226 (10.6%) 0.08
Severity of the index reaction – 3 9/37 (24.3%) 20/210 (9.5%) 0.004
Rush buildup 22/206 (10.7%) 7/41 (17.1%) 0.2

ACE-I, angiotensin-converting enzyme inhibitor. 
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previous publications pointing out that bee and wasp al-
lergy are probably 2 distinct entities [16]. Among the 
6 patients who had baseline serum tryptase levels > 11.4 
mg/dL, the frequency of VIT-ISR, recurrent reactions, se-
vere reactions, and VIT failure was indeed high. Howev-
er, the small numbers preclude us from drawing strict 
conclusions regarding the effect of high baseline tryptase 
levels on VIT outcome in exclusively BV allergic patients. 
As opposed to baseline tryptase level, mutation in c-kit 
correlated with all risk subgroups tested. There are no 
data to date regarding the use of c-kit as a biomarker for 
VIT outcome in Hymenoptera allergic patients. Despite 
the low numbers, our data point out that probably c-kit, 
and not baseline tryptase level, may provide a more reli-
able biomarker for VIT-ISR in exclusively BV allergic pa-
tients. 

Recent studies suggest that VIT may be less effective in 
patients with high risk for SR, especially in patients aller-
gic to BV [5, 17, 18]. As recently summarized by a Co-
chrane collaboration meta-analysis, the incidence of re-
current SR to insect stings after VIT is expected to be 2.7% 
in comparison to 39.8% for all venom allergic patients 
that were not treated with VIT [1]. The incidence of al-
lergic reactions to field stings during the maintenance 
dose phase in our study population was higher than ex-
pected (14.5% of patients that were stung and 9.5% of all 
field stings) in other venom allergic treated populations. 
Nonetheless, it is still considerably lower than the inci-
dence expected in venom allergic patients who do not re-
ceive VIT. Doubling the maintenance dose to 200 μg pro-
vided complete protection from further stings in these 
patients.

The current literature is inconsistent regarding the 
risk of SR when using accelerated buildup protocols. In 
a multicenter EAACI study, Mosbech et al. [19] found 
that RVIT was associated with a higher incidence of SR 
in comparison with a CVIT protocol. Rueff et al. [4, 5] 
found that 2-day RVIT protocols (referred to as ultra-
rush) were associated with a higher risk of SR than more 
conservative RVIT protocols that took 2 weeks to reach 
the maintenance dose. Others found that RVIT was as 
safe as CVIT, especially in wasp allergy [20]. Previous 
works from our group demonstrated the safety and effi-
ciency of our rush buildup protocol in the general popu-
lation as well as in children and in high-risk patients, 
when most of the patients were allergic to BV [2, 16, 21]. 
Thus, in accordance with our previous findings, the cur-
rent study found that SR were comparable between both 
protocols with the advantage of significantly less recur-
rent reactions and significantly more success in achiev-

ing the full maintenance dose with RVIT in exclusively 
BV allergic patients. RVIT has more advantages as com-
pared to CVIT, including the significantly shorter time 
required to reach the maintenance dose, the reduced 
number of injections required to reach the maintenance 
dose, and decreased expenses [2]. All these facts make the 
option of RVIT preferable in cases of exclusively BV al-
lergic patients, as well as in other populations of Hyme-
noptera allergy.

This study has a few limitations. The first is the retro-
spective nature of this study. Second, due to the small 
numbers of patients with high baseline tryptase and pos-
itive c-kit mutations in our population, the statistical 
evaluation of theses subgroups should be interpreted with 
care. 

To the best of our knowledge, this is the first study to 
describe the outcome of a large cohort of patients with 
exclusive BV allergy. In conclusion, despite the consider-
ably high rate of VIT-ISR in patients with exclusive BV 
allergy, VIT can be performed safely and efficiently. c-kit 
mutation, and not basal serum tryptase level, seems to be 
a preferable biomarker for VIT-ISR in these patients.
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